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ABSTRACT

This study focused on the systematics of Trillium subg. Delostylis, an enigmatic group endemic
to the southeastern United States. Phylogenetic analysis of DNA sequence data was used to examine the
circumscription and phylogenetic placement of Delostylis. The results of the phylogenetic analysis of data
from the ITS, matK, and psbA-trmH sequence data suggested that the circumscription of Delostylis be
narrowed to consist of T. persistens, T. catesbaei, and I. pusillum sensu lato. A revised Delostylis was .
characterized by the presence of a style with three slender stigmatic branches in those plants whose
flowers are either white-fading-to-pink or pink. Results of the phylogenetic analyses showed Delostylis to
be one of four innermost clades in Trillium (the other three being T. ovatum [bootstrap 100%; posterior
probability 1.0], T. subg. Phyllantherum [100%; 1.0], and sister taxa T. grandiflorum and T. nivale
[86%; 1.0]). Phylogenetic analyses of DNA sequence data as well as statistical analysis of quantitative
morphological characters in conjunction with geographic distribution, physiography, and habitat
preference were used to address the questions of species-level taxonomy. Molecular evidence suggested
that the narrowly endemic Trillium persistens was monophyletic, but T. catesbaei was not. The
remaining members of Delostylis form the Pusillum Complex which was found to be composed of ten
species (four of them new) in three groups rather than a single species with one or more varieties. The
Pusillum Cluster included T. pusillum, T. texanum, T. georgianum (sp. nov.), and T. telmacola (sp.
nov.); the Ozarkanum Cluster included T. ozarkanum and T. alabamicum (sp. nov.); and the Virginianum
Cluster included T. virginianum, T. monticola (stat. nov.), T. carolinianum (sp. nov.), and T. palustris
(sp. nov.). Five of the 10 species that are included within the Pusillum Complex are known from five
counties or less (7. telmacola, T. carolinianum, T. georgianum, T. monticola and T. pusillum) and should

certainly be considered for protection.
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1.0 INTRODUCTION

Delostylis is one of the most enigmatic groups within T7illium, a genus that is known for
“containing and concealing many species” (Elliott 1817). The distinct morphological feature that is
characteristic of this group is the presence of a style with three slender stigmatic branches; prior to this
study, the group (if recognized at all) was considered to consist of four species: Trillium pusillum Michx.
(1803), T. catesbaei Ell. (1817), T. nivale Riddell (1835), and T. persistens W .H. Duncan (1971) (Fig.
1). There are several reasons to study Delostylis; most notable of which is the need to ascertain proper
conservation status for these taxa. Not only does Delostylis contain one of the rarest of all Trillium
species (T. persistens), but T. pusillum, the most widespread of the group, is considered locally rare in
many places. The focus of this study was to determine the circumscription and phylogenetic status of this

group as a whole and to address the taxonomic nature and phylogenetic status of T. pusillum.

1.1 Introduction to Trilliaceae and Trillium

Trilliaceae is a family of herbaceous liliaceous, monocots comprising six genera in two tribes.
Tribe Parideae comprises two monotypic genera Trillidium and Kinugasa, Paris (five species), and
Daiswa (ca. 20 species); tribe Trillieae comprises the monotypic genus Pseudotrillium and Trillium (ca.
40-50 species).

The traditional view of generic limits in Trilliaceae has been the classification into the two
Linnaean genera based on floral merosity: Zrillium is trimerous, whereas Paris is 4- 11-merous. Within
Trillium, a major issue is whether the two subgenera (subgen. Trillium having a flower pedicel, subgen.
Phyllantherum lacking a pedicel [Freeman 1969, 1975]) are monophyletic (summary in Zomlefer 1996).
A full formal hierarchy was proposed by Murray (1983, 1984) for T. subgen. Phyllantherum from section
to subseries, but it has not been adopted. Formal subgroups have not been proposed for Trillium subgen.
Trillium, but two subgroups are often mentioned (e.g., Patrick 1984) based on the anthocyanin chemistry
exhibited in aging petals: the Erectum Group (where the white petals just turn brown) and the
Grandiflorum Group (where the petals turn a vivid pink). Within Paris, the debate is whether to
recognize a single broad genus (Hara 1969; Li 1984, 1998; Ji et al. 2006) or split it into three genera
(Takhtajan 1983; Dahlgren et al. 1985; Tamura 1998; Farmer and Schilling 2002; Farmer 2006).

Trilliaceae are plants of North Temperate forests with a holarctic distribution (Takhtajan 1986)
and are thus hypothesized to be Arcto-Tertiary in origin (Tamura 1998), referring to high latitude,
Northern Hemisphere areas having an abundance of Tertiary fossils (Bufford & Spongberg 1983; see
Engler 1879). Most contemnporary botanists agree that this distribution consists of four disjunct areas:
eastern North America, western North America, eastern Asia, and southeastern Europe/Asia Minor
(Wood 1972; Tiffney 1985b). Members of Trilliaceae occur in each of these regions as well as



Figure 1. Putative taxa within Delostylis. a. Trillium nivale, b. T. persistens, c. T. catesbaei, d. T.
pusillum s.1. (image of T. nivale by Dr. Kenneth Robertson and used with permission).



throughout most of Europe. Of these Tertiary relict disjunctions, the most widely studied is that of
eastern Asia and North America particularly eastern North America (Gray 1846; White 1983; Tiffney
1985a; Hong 1993; Wen 1999; see Bufford and Spongberg 1983 for summary). Another pattern of
distribution, that of the southern Appalachians and western North America (Wood 1971), has also been
noted in Trilliaceae (Farmer 2006).

Within Trilliaceae there are some additional interesting distributional patterns: there are no
Trillium in Europe; no members of Parideae are found in the New World; polyploids are restricted to the
Old World; the only documented hybrids are in Asia; and the only sessile-flowered species are New
World. In addition, there is only one globally widespread species, Paris quadrifolia (which is found
from Ireland to Mongolia and Siberia); there are two widespread genera, Paris and Trillium; but there
are three narrowly endemic genera, Pseudotrillium, Kinugasa, and Trillidium. The traditional sister
species groups that are often found in Arcto-Tertiary distributions also exist: the Erectum Group exhibits
the traditional eastern North America-Asia pattern (Fernald 1931; Raven 1972; Thorne 1972; Wood
1972; Xiang et al. 1998), while both the Grandiflorum Group and the sessile flowered species of Trillium
(subgen. Phyllantherum Raf.) exhibit the western North America-eastern North America pattern (Wood
1971).

1.2 Delostylis and its Distribution

Formal infrageneric names have been used only sporadically in Trillium. Rafinesque was the
first to propose subgeneric names for Trillium, which were subsequently relegated to synonymy until
Freeman (1975). Beginning in 1819 Rafinesque proposed subgen. Delostylis, pedicellate species with a
style; followed by subgen. Phyllantherum (1820), the sessile-flowered species; and in 1830 he proposed
subgeneric names: Delostylium, the species with a common style, Anthopium, the pedicellate species, and
Sessilium, the sessile-flowered species. Rafinesque’s taxonomy has not been completely adopted with the
result that Phyllantherum (Freeman 1975) and, by extension, the autonym T'rillium, are the only currently
recognized subgeneric, supraspecific names. In 1983, Murray proposed formal section names for T.
subgen. Phyllantherum based on Freeman (1975); in 1984, he erected an elaborate schema for the
subgenus including subsections, series, and subseries. Formal subgroups have not been proposed for
Trillium subgen. Trillium, but two subgroups are often mentioned based on the visible differences in
anthocyanin chemistry exhibited in aging petals: the Erectum Group (where the white petals turn brown)
and the Grandiflorum Group (where the petals turn a vivid pink) (Patrick, 1984). Gleason (1906),
Barksdale (1938), and Ihara & Ihara (1978, 1982) each proposed dividing 7. subgen. Trillium into three
different subgroups (Table 1); both Thara & Ihara (1978, 1982) and Gleason (1906) recognized a group

corresponding to Delostylis whereas Barksdale (1938) included them in his Grandiflorum Group.
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Table 1. Subgeneric groups within Trillium subgen. Trillium.

E——
author group criteria members
Barksdale (1938)  Erectum Group rhombic leaves and globose, 6- T.cernuum, T.erectum,

Grandiflorum Group

Undulatum Group
Gleason (1906) Erectum Group

Grandiflorum Group

Catesbaei Group
Ihara and Ihara Erectum Group

(1978, 1982)

Grandiflorum Group

Pusillum Group

angled ovaries

elliptic to ovate leaves and
green, 6-angled ovaries

petiolate leaves and 3-angled
ovary

a sharply 6-angled ovary and
recurved, subulate stigmas

a less deeply angled 3-lobed
ovary and slender, cylindrical
stigmas

a slender and cylindrical stigma
and style

karyotype and

microsporogenesis as well as the

variability in pistil characters -
even though that variability
helps categorize this group:
“Their gynoecium forms are
variable in the ovary shape as
well as in the stigmatic portion,
though the variability per se
characterizes the present
assemblage”

slender stigmas

a pale green ovary with a style

T.gleasoni (=T flexipes),
T.rugelii, T.vaseyi

T.catesbaei,
T.grandiflorum,
T.pusillum

T. undulatum

T.cermuuwn, T.erectum,
T.declinatum

(=T flexipes),
T.kamtschaticum
(=T.camtschatcense) ,
T.rugelii, T.simile,
T.smallii, T.tschonoskii,
T.vaseyi

T.govanianum,
T.grardiflorum, T.nivale,
T.ovatum, T.rivale,
T.undulatumn, T.scouleri
(=T.ovatum)

T.catesbaei, T.pusillum,
T.affine

T.cermuuwm, T.erectum
(with var. simile,
sulcatum, vaseyi),
T.flexipes, T.rugelii,
T.affine, T.latifolium

T.grandiflorum, T.nivale,
T.ovatum, T.rivale,

".T.undulatum

T.catesbaei, T persistens,
T.pusillum




Farmer (2000) used a phylogenetic analysis of morphological data to show a group of taxa that
fit within the circumscription of Delostylis to be potentially distinct within Trillium and potentially from
Trillium itself. Even though this name has not been widely adapted, the presence of a style, rare in
Trillium, makes Delostylis an easily recognizable one.

Based on the style character, there are four species that potentially make up Delostylis (Table 2).
Trillium nivale (Fig. 1a; Fig. 2a), the only member of the group not found in the southeastern United

_States, is primarily found in the north central United States with outlying populations in OH, PA, KY,
WV and VA. Morphologically it is the most distinct of the four species. It has the shortest stem;
typically it has a bl_ue-green cast to the distinctly petioled leaves; it has the longest stigma/style ratio; and
the petals are white and remain so throughout the life of the flower. Trillium persistens (Fig. 1b; Fig.
2b), the only species in the group that is currently listed as endangered by the US Fish and Wildlife
Service (Kral 1983; USFWS 1984; 1991), is known from seven populations in and around the Tallulah
Gorge in Habersham and Rabun Cos. in GA and Oconee and Stephens Cos. in SC (Patrick, pers comm.).
Typically T. persistens has the narrowest petals of the four species; it is also one of the tallest species in
the group with stems of 20-30 cm. With age, the acute, non-recurved petals turn pink as do the
remaining members of Delostylis, but in T. persistens, the petal bases remain white. Trillium catesbaei
(Fig. 1c; Fig. 2c) is found primarily in the southern Appalachians and the Piedmont of the southeastern
US. Distinctive with its ‘nodding flowers, the petals are also recurved as are the bright yellow stamens.
In addition to the petals aging to pink, the petals are sometimes hot pink in color even at the time that the
flower first opens. Trillium pusillum (Fig. 1d; Fig. 2d) as circumscribed prior to the current study has
the most scattered distribution within Delostylis; and a number of the widely isolated, geographically
defined, and ecologically distinct populational aggregates have been proposed for varietal or even species
status. The taxonomic history of T. pusillum is further described in section 1.3. Prior to this study,
considerable variability has been observed within T. pusillum, ranging from diminutive plants similar in
stature to those of T. nivale to large plants of similar size to T. catesbaei and T. persistens. The sepals
and petals are similar to each other in size and shape, unlike the other members of the group. The range
of variation coupled with the confusing taxonomy has made the study of this species one of the primary

goals of this study.

1.3 Taxonomic History of Trillium pusillum

Gronovius in 1742 was the first to describe a member of the Trillium pusillum complex with the
name “Paris foiiis ternis subovatis obtusis: flore sessili, erecto, univo, foliis dimidium minore.” (Paris,
foliage in three, subovate, obtuse; flower sessile, erect, solitary, half the size of the leaves) based on
Clayton n. 536 (Fig. 3). This spetimen was determined to be 7. pusillum by Rendle in 1901 and more

accurately to be T. pusillum var. virginianum by Fernald in 1943. Because the date of this protolog is
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Figure 2. County-level distribution maps for putative members of Delostylis. a. Trillium nivale. b.

T. persistens. c. T. catesbaei d. T. pusillum s.l.



Table 2. Character differences between putative members of Delostylis. Diagnostic characters are

bolded.
== = ==
T. catesbaei T. nivale T. persistens T. pusillum
stem 2045 cm 3-5 cm at anthesis to  20-30 cm 6-28 cm
4.5-8 cm at fruit
maturity
leaves [sessile to] petioled distinctly petioled sessile petiolate, subsessile
or sessile
green often with bluish-green green with maroon dark green with
purplish-maroon undertones maroon undertones
undertones
65-150 x 40-80 mm 1545 x 7-34 mm 31-95 x 16-33 mm 25-80 x 10-30 mm
veins and margins
“clear”
pedicel 2040 (-50) mm; 5-20 mm; 12-34 mm; 0-20 mm
deflexed or recurved,  recurving in fruit arched to nearly erect  erect to nearly erect
angled
sepals reflexed or curled spreading, flat, spreading in same plane with
petals
petals white or pink agingto  white; typically white fading to deep white aging to deep
pink or rose remaining so pink rosy pink
35-50 x 10-20 mm 13-35 x 8-15 mm 20-35 x 5-10 mm 15-30 x 5-15 mm
pistil deeply 6-angled round, 3-lobed ovary;  sharply 6-angled obscurely 6-angled
ovary, inconspicuous, ovary; ovary; conspicuous
angular-ovoid,
style 2-6 mm style 0.5-1.5 mm style 2-6 mm style 2.5-8 mm
stigma 4-10 mm stigma 4-12 mm + stigma 3-7.5 mm stigmas 3-12 mm
stamens recurved straight erect to divergent erect-spreading
16-26 mm long, 5-18 mm 9.5-14 mm 8-10 mm
anthers 5-14 mm anther 2.5-11 mm anther 5.6-7.2 mm anther 2.5-11
filaments 11-12 mm filament 2.5-7 mm filaments 4.8-6 mm filaments 2.5-8 mm
habitat Acid soils, open dry limestone-derived humus soils in mixed low swampy
or rich woods. soils deciduous-pine woodlands, spring-
woodlands; wet floodplains,
rhododendron thickets  upland rocky slopes
flowering late Mar. - early June  early Mar. - early early Mar. - mid Apr.  late Feb. to early May

Agr.
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Figure 3. The earliest known specimen of Trillium pusillum, from the Clayton Herbarium.



before the “start date” of 1753 for botanical nomenclature, it is of historical interest only. However in
1762, Gronovius transferred the species from Paris to Trillium with the sentence epithet remaining the
same, resulting in an invalid name under the ICBN (art. 23.1; Greuter et al. 2000).

Michaux in 1803 proposed the first valid name for Trillium pusillum from the pine woods of
lower Carolina (Fig. 4). It appears that the publication of T. pumillum by Pursh in 1814 is an unfortunate
typographical error as his description closely mimics that of Michaux (albeit slightly rearranged).

Rafinesque noted the range of 7. pusillum as from Pennsylvania to Arkansas in 1830, and
included western Kentucky in 1840. Prior to this study, T. pusillum could be considered to have one of
the widest ranges of any of the southeastern Trillium species (Fig. 2d) from Texas north to Arkansas to
Maryland; yet within this range, populations are scattered. It is locally abundant at some sites, but is
considered rare in others. '

In 1860, Buckley extended the known range of the Pusillum Complex by describing Trillium
texanum from Panola Co., Texas. For the next 75 years, most botanists included 7. texanum in T.
pusillum (Watson 1879, Gleason 1906, Gates 1917, and Peattie 1927), but other botanists (Rendle 1901,
Small 1913, 1933) made no mention of either T. fexanum or included Texas in their range of T. pusillum.
In 1977, the range of T. texanum was extended to Louisiana by a find in Caddo Parish (MacRoberts
1977). Palmer & Steyermark in 1935 were the first to use T. texanum as distinct from T. pusillum since
its proposal by Buckley; but in 1981, Reveal & Broome officially made it a variety of T. pusillum (as did
Reed in 1982, evidently unaware of the Reveal & Broome publication). Over the last 75 years, T.
texanum was variously recognized as a species distinct from 7. pusillum (Freeman 1970; Case 1981; and
Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002b), as T. pusillum var. texanum (Bodkin
& Reveal 1982, 1983; Garrett 1982; Mitchell 1990; Freeman undated, 1994, 1995; Case & Case 1997;
Jacobs & Jacobs 1997; Singhurst et al. 2002), or as synonymous with T. pusillum (Barksdale 1938; Thara
& Thara 1978; Samejima & Samejima 1987; Henderson 2000; Case 2002; Timmerman-Erskine et al.
2002a, 2003).

Rafinesque (1830) was the first to note that the range of T. pusillum extended to Arkansas, but it
was not until 1935 that this taxon was described as T. ozarkanwm by Palmer & Steyermark. Barksdale
(1938) included it within T. pusillum as did Fernald (1950). Trillium ozarkanum was not recognized as
distinct again unsil Steyermark (1960) made it a variety in preparation for the Flora of Missouri. The
range of T. ozarkanum was extended to Kentucky (as T. pusillum var. ozarkanum) by Browne (1961).
Since that time, T. ozarkanum has been recognized as distinct from 7. pusillum at the species level by
Case (1981), as T. pusillum var. ozarkanum (Brown, 1961; Reed 1962; Steyermark 1963; Freeman 1970;
Roe 1978; Reveal & Broome 1981; Garrett 1982; Reed 1982; Bodkin & Reveal 1983; Mitchell 1990;
Medley 1991; Freeman undated, 1994, 1995; Case & Case 1997; Jacobs & Jacobs 1997; Henderson
2000), or as synonymous with T. pusillum (Gleason & Cronquist 1963; Thara & Thara 1978; Samejima &
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Samejima 1987; Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a, 2002b, 2003; Case
2002).

Fernald was the first to describe an actual variety of T. pusillum when he described T. pusillum
var. virginianum in 1943 after having earlier determined the plants to be specimens of T. lanceolatum
(sic) or T. sessile (Norton & Brown 1946); the other taxa associated with T. pusillum were first described
as species. Wherry (1949) extended its range to Maryland; with the publication of T. virginianum, Reed
(1982) extended the range to North Carolina. In the interim, the varietal name was accepted by Wherry |
(1949), Fernald (1950), Reed (1956), Steyermark (1963), Roe (1978), Case (1981), Reveal & Broome
(1981), and Garrett (1982); but not by Gleason & Cronquist (1963), or Thara & Ihara (1978). Despite
Reed’s publication as a species (1982), subsequent botanists either retained varietal status, including
Bodkin & Reveal (1983), Mitchell (1990), Freeman (undated, 1994, 1995), Cabe (1995), Cabe & Werth
(1995), Case & Case (1997), Jacobs & Jacobs (1997), Case (2002); or included it within a broader T.
pusillum, including Samejima & Samejima (1987), Timmerman-Erskine (1997, 1999), Timmerman-
Erskine et al. (2002a, 2002b, 2003), Henderson (2000), and Hill (2005).

The last variety to be validly described, T. pusillum var. monticola, was described by Bodkin &
Reveal in 1982 from the West Virginia/Virginia mountains. Originally published as variety monticulum,
the orthography has been corrected to monticola (Greuter et al. 2000). Until 1997, Freeman in his
undated proposal, the preliminary status report (1994), and a survey of Trillium in the southeastern US
(1995) was the only taxonomist to recognize this variety. In 1995, Cabe published the results of a
morphological and isozymatic study in an attempt to determine if the two sessile-flowered varieties were
taxonomically “good” and found insufficient evidence to recognize var. monticola as distinct from var.
virginianum. Since that date, most treatments have considered T. pusillum var. monticola to be included
within 7. pusillum (Samejima & Samejima 1987; Timmerman-Erskine 1997, 1999; Timmerman-Erskine
et al. 2002a, 2002b, 2003; Henderson 2000; Hill 2005), included within T. pusillum var. virginianum
(Mitchell 1990; Jacobs & Jacobs 1997; Case 2002), or as a distinct variety (Case & Case 1997).

Trillium pusillum var. alabamicum was published in a thesis by Garrett in 1982 which is not
considered valid publication under the ICBN (Art. 29.1; Greuter et al. 2000); formal publication of the
name is in preparation (Garrett, pers. comm.). Despite its invalid nomenclatural status, this name has
been used by Freeman (undated, 1994, 1995), Case & Case (1997), and Jacobs & Jacobs (1997).

Trillium pusillum vars. georgianum and kentuckianum were used by Jacobs & Jacobs (1997) to
describe plants in a spring-wet floodplain in Whitfield Co., GA, and upland populations in KY and TN
respectively. As these names were published without a Latin diagnosis or description, and without
declaring type specimens, neither of these names has any nomenclatural standing.

Even though T. pusillum does not have as many described subspecific taxa as some others in the

genus (e.g., T. erectum with 39 named varieties and forms, or T. grandiflorum with 33) its
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nomenclatural/taxonomic history is almost as long and certainly as confusing as any. Table 3 contains
the publication data for each of the associated taxa; Tables 4-7 summarize the differing treatments within
the species. Of the four validly published taxa associated with T. pusillum (originally published as T.
texanum Reveal & C.R. Broome [Table 4], T. ozarkanum Steyerm. [Table 5], T. pusillum var.
virginianum Fernald [Table 6], and T. pusillum var. monticola N.L.Bodkin & J.L.Reveal [Table 7]), one
(T. virginianum) has been elevated to species status, and two (7. pusillum vars. ozarkanum and texanum)
have been reduced to varietal rank at one or more times. In addition, there are three more invalidly
published names (var. alabamicum Garrett, var. georgianum Jacobs & Jacobs, and var. kentuckianum

Jacobs & Jacobs).

1.4 Goals of this Project.

Three specific questions were addressed in this study. The first question concerned the
monophyly of Delostylis. As described by Rafinesque (1819), this group is characterized by a common
style formed by basal fusion of the stigmatic branches, unlike the other Trillium species in which the
stigmatic branches are sessile and sit directly on the ovary. Does the presence of this character delineate
a natural and monophyletic group, or is this a homoplasious trait? Phylogenetic analysis of DNA
sequence data was used to evaluate the monophyly of the group.

The second question concerned the phylogenetic placement of Delostylis. Is the basal position
suggested by a previous morphological analysis (Farmer 2000; Farmer & Schilling 2002) an accurate
representation of the phylogenetic placement of the group in relation to Trillium or might it be an artifact
of long-branch attraction? Phylogenetic analysis of DNA sequence data was used to address the
placement of the group.

The third question concerned the species-level taxonomy of the Pusillum Complex (e.g., T.
pusillum and closely related taxa). Is this best regarded as a single species with multiple subspecific taxa,
a small group of species each with two or more varieties, or is this a larger group of closely related
species each of which is distinct? Traits that were examined to address this question included molecular

evidence, geographic distribution, physiography, habitat preference, and morphology.



Table 3. Taxonomic and nomenclatural history for Trillium pusillum and varieties.
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authority year name action type
Gronovius 1743 Paris foliis ternis subovatis obtusis :  sp. nov. (ined.) BM
Jlore sessili, erecto, unico, foliis
‘dimidium minore
Gronovius 1762 Trillium foliis ternis subovatis comb. nov. (ined.)
obtusis : flore sessili, erecto, unico,
foliis dimidium minore
Michaux 1803 Trillium pusillum Sp. nov. P
Pursh 1814 T. pumilum Sp. nov. unknown
Buckley 1860 T. texanum Sp. nov. here
designated
Palmer & 1935 T. ozarkanum Sp. nov. MO
Steyermark
Fernald 1943 T. pusillum var. virginianum var. nov. GH
Steyermark 1960 T. pusillum var. ozarkanum stat. nov.
Reveal & 1981 T. pusillum var. texanum stat. nov.
Broome
Reed 1982 T. pusillum var. texanum; stat. nov.
T. virginianum stat. nov.
Bodkin & 1982 T. pusillum var. monticola var. nov MARY
Reveal
Garrett 1982 T. pusillum var. alabamicum var. nov. (ined.) AUA!
. Jacobs & 1997 T. pusillum var. georgianur, var. nov. (ined.) none
Jacobs T. pusillum var. kentuckianum var. nov. (ined.) none

1. The name T. pusillum var. alabamicum was published in a thesis, and not validly published
under the ICBN. However, all other requirements of the code were met including the designation of type

specimens.
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Table 4. Taxonomic treatments for entities included within Trillium pusillum: texanum. The

boldfaced reference indicates the first publication at that rank.

as T. pusillum s.1. as T. pusillum var. texanum

as T. texanum

Watson 1879
Gleason 1906
Gates 1917
Peattie 1927

Barksdale 1938

Ihara & Thara 1978

Reveal & Broome 1981
Reed 1982

Bodkin & Reveal 1982
Garrett 1982

Bodkin & Reveal 1983

Samejima & Samejima 1987

Mitchell 1990
Freeman undated
Freeman 1994
Freeman 1995

Case & Case 1997
Jacobs & Jacobs 1997

Henderson 2000

Case 2002 Singhurst et al. 2002
Timmerman-Erskine 2002a

Timmerman-Erskine 2003

Buckley 1860

Palmer & Steyermark 1935

Freeman 1970

Case 1981

Timmerman-Erskine 1997
Timmerman-Erskine 1999

Timmerman-Erskine 2002b




Table 5. Taxonomic treatments for entities included within Trillium pusillum: ozarkanum. The

boldfaced reference indicates the first publication at that rank.
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as T. pusillum s.1.

as T. pusillum var. ozafkanum

———
as T. ozarkanum

Barksdale 1938
Fermald 1950

Gleason & Cronquist 1963

Ihara & Ihara 1978

Samejima & Samejima 1987

Timmerman-Erskine 1997

Timmerman-Erskine 1999

Timmerman-Erskine 2002a
Timmerman-Erskine 2002b
Case 2002
Timmerman-Erskine 2003

Steyermark 1960
Reed 1962
Steyermark 1963
Freeman 1970
Roe 1978

Reed 1982
Garrett 1982
Bodkin & Reveal 1983

Mitchell 1990
Medley 1991
Freeman undated
Freeman 1994
Freeman 1995

Case & Case 1997
Jacobs & Jacobs 1997

Henderson 2000

Palmer & Steyermark 1935

Case 1981
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Table 6. Taxonomic treatments for entities included within Trillium pusillum: virginianum. The
boldfaced reference indicates the first publication at that rank.

S ————
as T. pusillum s.l. as T. pusillum var. virginianum  as T. virginianum

Fernald 1943
Wherry 1949
Fernald 1950
Reed 1956
Gleason & Cronquist 1963 Steyermark 1963
Roe 1978
Case 1981
Reveal & Broome 1981
Garrett 1982 Reed 1982
Bodkin & Reveal 1983

Samejima & Samejima 1987

Mitchell 1990
Freeman undated
Freeman 1994
Freeman 1995
Cabe 1995
Cabe & Werth 1995
Timmerman-Erskine 1997 Case & Case 1997
Jacobs & Jacobs 1997
Timmerman-Erskine 1999
Timmerman-Erskine 2002a Case 2002
Timmerman-Erskine 2002b
Hill 2005
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Table 7. Taxonomic treatments for entities included within Trillium pusillum: monticola. The
boldfaced reference indicates the first publication at that rank.

as T. pusillum s.1.

as T. pusillum var. monticola

Samejima & Samejima 1987

Timmerman-Erskine 1997
Timmerman-Erskine 1999
Henderson 2000
Timmerman-Erskine 2002a
Timmerman-Erskine 2002b
Hill 2005

Bodkin & Reveal 1982

Freeman undated
Freeman 1994
Freeman 1995

Case & Case 1997

as T. pusillum var. virginianum

Mitchell 1990'

Cabe 1995
Cabe & Werth 1995
Jacobs & Jacobs 1997

Case 2002

! Mitchell discusses var. monticola in the text, but does not include it in his list of varieties.
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2.0 MATERIALS AND METHODS
2.1 Sampling Strategy

2.1.1 Taxon sampling.— Because of the taxonomic quagmire surrounding T. pusillum, taxonomy at the
outset follows that of Garrett (1982) in which several sub-speciﬁc taxa were recognized rather than the
single taxon of Timmerman-Erskine (1997, 1999). I selected these more finely drawn taxonomic
boundaries to help ensure adequate sampling.

Samples from each of the species putatively included in Delostylis were included in the study.
Initially, only one accession each of T. nivale and T. persistens was sampled because of their apparent
lack of morphological variation; Trillium catesbaei was sampled from north Georgia and south Alabama.
As the project progressed, additional samples of T. nivale, T. persistens, and T. catesbaei were included
in the analysis including two morphologically distinct specimens of T. catesbaei.

There are eight previously described taxa (five validly published) that collectively comprise
Trillium pusillum: pusillum, texanum, ozarkanwm, virginianum, monticola, alabamicum, kentuckiense
and georgianum each occurring in widely scattered populations from Texas to Maryland (Fig. 5; see also
section 1.2). Because of the nature of the distribution of T. pusillum, (widely isolated, geographically
defined, and ecologically distinct populations), it was essential to adequately define the limits of variation.
To ensure that any variation seen in the DNA sequences was taxonomically or phylogenetically
significant, rather than populational or individual variation, wide sampling was required. As each of the
varieties accepted in Garrett (1982) spanned more than one state, I decided that, rather than attempt to
sample each discrete population, a sample would be taken from each taxon/state pair (e.g., T. pusillum
var. virginianum from Maryland, Virginia, and North Carolina), disjunct population (e.g., Grayson Co.,
VA) or populations of questionable identity (e.g., Cumberland Co., TN or Wake Co., NC) for DNA
analysis. The only such population that was not sampled was the population of T. pusillum var.
ozarkanum occurring in Oklahoma. Taxa sampled, their a priori and post priori identities, and their
locales are given in Table 8.

For the morphological analysis, an herbarium sheet from each vouchered county was selected for
measurements. All plants on a given sheet were measured. Taxa sampled, their identities, their locales,

and the herbarium designation are given in Table 9.

2.1.2 Molecular markers.— Phylogenetic analysis of DNA sequence data was used to assess the
phylogenetic placement and monophyly of Delostylis. In addition, insights into the taxonomic

composition of the Pusillum Complex would be gained by these analyses.



20

A

£
— W

LR 000
DR
e & P42
T o
R Vi, .
B 2

; 3

LS

orange: T.

Top after Garrett (1982); dark green: T. ozarkanum,

gold: T. georgianum,

Figure 5. County-level distribution maps for members of the Pusillum Complex at the beginning

and at the conclusion of this study

texanum, lavender: T. alabamicum,

blue: T.

light green: T. pusillum,

virginianum, dark blue-purple: T. monticola. Bottom this study; in addition to the above colors,

purple: T. telmacola, grey: T. carolinianum, red: T. palustris.



Table 8. Taxon sampling for the molecular analyses of Delostylis. Populations will be vouchered at TENN and sequences will be deposited with

GenBank at the completion of the project. LMC = leaf material collected; PV = population vouchered.

Taxon Locality Voucher Information Sample region
Pseudotrillium rivale OR, Polk Co.-in cultivation Graham s.n. April 2001 792 ITS maiK psbA-trnH
(S. Wats.) S.B. Farmer Graham s.n. April 2006 2319 ITS - psbA-trnH
T. alabamicum stat. nov. AL, Limestone Co. Farmer et al. s.n. 13 Mar 2002 793 ITS marK psbA-trmH
TN, Lincoln Co. LMC: Farmer & Simmons s.n. 18 April 735 ITS matk psbA-trmH
2001; PV: Patrick & Simmons 1113. 29
April 1I90TENN
TN, Cumberland Co. Wofford & Ma. 86-44. 8 May 1986 TENN 817 ITS  psbA-tmH
_ Farmer & Rhinehart s.n. 10 April 2005 2134 psbA-trmH
T. carolinianum non. nov. NC, Nash, Co. Farmer etal. s.n. 3 Mar 2005 2114 psbA-tmH
(T. virginianum) NC, Wake Co. Farmer et al. s.n. 3 Mar 2005 2108 _psbA-tmH
VA, Grayson Co. Freemans.n. 1992 TENN 740 psbA-trmH
 Farmer & Wiebolds s.n. 16 May 2002 783 ITS maK  psbA-tmH
T. catesbaei Elliott AL, Escambia Co. Farmer & Searcy s.n. 19 Mar 2002, 780 ITS maK - psbA-trnH
= o Farmer & Searcy s.n. 19 Mar 2002 781 ITS maK
AL, DeKalb Co.; cultivated TN, Knox Co. LMC: Farmer & Walker s.n. 14 May 1996; 807 ITS maK psbA-tmH
 PV: Sherman 227. 10 May 1959 TENN B
GA, Whiitfield Co. Jones s.n. 11 April 2001 808 ITS matK  psbA-tmH
NC, Franklin Co. Farmer s.n. April 2005 2135 ITS martKk psbA-tmH
SC, Jones Gap State Park Farmer s.n. 21 April 2006 2331 ITS psbA-trmH
T. cuneatum Raf. TN, Knox Co. Farmer s.n. 5 April 2001 802 ITS matK psbA-trnH
T. foetidissimum J.D. Freeman GA, in cultivation from St. Francisville LA Mellard s.n. 22 Mar 2001 ] 748 ITS maK psbA-trmH
T. georgianum nom. nov. GA, Whitfield Co. Farmer & Noble s.n. 11 April 2001 736 ITS marK psbA-trnH
GA, Whitfield Co. Farmer s.n. 5 April 2002 809 ITS
T. grandiflorum (Michx.) Salisb. VA, Wise Co. Farmer s.n. 2 May 1996 812 ITS matK psbA-tmH
T. lancifolium Raf. ‘GA, in cultivation from FL Mellard s.n. 22 Mar 2001 2113 ~_ psbA-tmH
T. ludovicianum Harbison GA, in cultivation from LeCompte LA Mellard s.n. 22 Mar 2001 747 ITS maiK psbA-trnH
GA, in cultivation from Leesville LA Mellard s.n. 22 Mar 2001 749 ITS maK psbA-tmH
T. luteum (Muhl.) Harbison TN, Cumberland Co. Farmer & Rhinehart s.n. 10 Apr 2005 2139 psbA-trnH
T. maculatum Raf. GA, in cultivation from Summerville SC Mellard s.n. 22 Mar 2001 746 ITS maiK psbA-trnH
T. moniicola Bodkin & Reveal VA, Rockingham Co. Farmer & Clevinger s.n. Apr. 27, 2002 785 ITS maiK psbA-tmH
T. nivale Riddell IN, Putnam Co. Steven s.n. Apr. 13, 2003 789 ITS matK psbA-tmH
PA, Westmoreland Co. Kluse s.n. 30 Mar 2006 2290 ITS psbA-trnH
Gund s.n. 6 April 2006 2330 ITS psbA-trmH

12



Table 8. continued.

Taxon Locality Voucher Information Sample region
T. ovatum Pursh var. ovatum OR, Washington Co.; cultivated TN, Knox Co.  Farmer s.n. 7 April 2002 779 ITS marK psbA-tmH
Canada: British Columbia, Westbank Karstad s.n. May 2002 799 ITS maK psbA-tmH
OR, Polk Co. ~cultivated ‘Graham s.n. April 2001 ‘ 801 ITS maK psbA-trmH
- CA, Humboldt Co. Lee 19. 13 April 2004 HSC 2119 ITS psbA-tmH
WA, Skagit Co. Legler 288. 29 April 2003 WTU 2120 ITS psbA-tmH
(= T. scouleri Ryd. in Gleason) MT, Flathead Co. Reams.n. 25 May 2005 2133 ITS psbA-rmH
(= T. scouleri Ryd. in Gleason) CO, Routt Co. Proctor s.n. 13 Apnl 2004 2137 psbA-tmH
T. ovatum var. oettingeri Munz & Thorne  CA, Trinity Co. _ Ferlatte 2101. 28 June 1983. HSC 2117 psbA-tmH
T. ovatum var. hibbersonii Canada: Vancouver-cultivated LMC: Gundlandsen s. n. April 2001 _ 796 ITS marK - psbA-tmH
(T.M.C. Taylor & Szczaw.) Canada: Vancouver-cultivated LMC: Thimble Farms s.n. May 2001 800 ITS marK psbA-tmH
G.W. Douglas & P. Pojar Canada: Vancouver Island Cesca etal. 5109. 10 May 1981 UBC 2116 psbA-trnH
T. ozarkanum E.J. Palmer & Steyermark AR, Montgomery Co. Farmer & Wh:tsell s.n. 22 Mar 2002 791 ITS marK psbA-trmH
KY, Casey Co. Farmer & Estes s.n. 31 May 2005 2112 psbA-tmH
KY, Russell Co. _ Farmer & Estes s.n. 31 May 2005 - 2132 psbA-tmH
MO, Barry Co. Hollu s.n. 27 June 2001 ° 734 ITS marK . psbA-trmH
MS, Jones Co. LMC: Farmer & Wieland s.n. 20 Mar 2002; 790 ITS matK psbA~4rmH
 PV:Morgan 468 9 May 1978 MNHP P -
LMC: Farmer & Wieland s.n. 20 Mar 2002 2141 ITS psbA-trmH
NC, Clay Co. Freeman et al. s.n. 16 April 1988 AUA 2115 psbA-trmH
T. palustris nom. nov. MD, Worcester Co. Frye s.n. 26 April 2002 811 ITS maK psbA-tmH
T. persistens Duncan GA, Habersham Co. Patrick s.n. April 2000 806 ITS matK psbA-trmH
in cultivation at UGA Botanical Garden ~ Chafin s.n. 20 May 2005 2107 ITS matK psbA-tmH
T. pusillum Michx. NC, Brunswick Co. Galloway s.n. 4 April 2005 2110 psbA-trmH
SC, Dorchester Co. LMC: Brunswig s.n. 25 May 05; PV: 2106 ITS maiK ' psbA-trmH
Porcher 1246C 11 Mar 1977 CITA
T. recurvatum Beck TN, Cumberland Co. Farmer & Rhinehart s.n. 10 April 2005 211 psbA-tmH
T. species 1 . TN, Hamilton Co. Farmer & Mellard s.n. 29 Mar 2001 750 ITS maiK psbA-tmH
T. species 2 SC, Kershaw Co. _ Farmer & Gaddy s.n. 1 April 2005 2109 PpsbA-tmH
T. telmacola nom. nov. SC, Aiken Co. McMillan & Porcher 2241. 12 April 1997 816 ITS maK psbA-trmH
(T.. pusillum) USCH
T. texanum Buckley LA, Caddo Parish " Reynolds LRRI950. 16 April 2002 118 ITS matKk psbA-tmH
TX, Cass Co. LMC: Singhurst s.n. 22 Mar 2002; PV: 786 psbA-tmH
. Correll 36935 9 April 1969 NCU _ .
TX, Smith Co. Farmer etal. s.n. 22 Mar 2002_ 794 ITS maiK psbA-tmH

(A4



Table 8. continued.

Taxon Locality Voucher Information Sample region
T. undulatum Willd. VA, Rockingham Co. Farmer & Clevinger s.n. 27 April 2002 784 ITS marK psbA-tmH
T. virginianum (Fernald) Reed VA, James City Co. LMC: Ware & Grubbs s.n. 16 May 2002; 782 ITS maK. psbA-tmH
PV: Ware & Ware 7322 8 April 1979
- - o - . worv va - \.VPI. e - —_— - - - -
T. viridescens Nutt. MO, Barry Co. Hollis s.n. 27 June 2001 810 ITS maK psbA-tmH
2105 ITS maK psbA-tmH

=

£C
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Table 9. Reported county-level distribution and taxon sampling of Trillium pusillum for the
morphological analyses (adapted from Freeman [undated]). The DNA sample was not necessarily
taken from the same specimen that was measured for the morphological analysis. Acronyms in bold
indicate specimens borrowed.

— = ==
Taxon e county sheet herbarium information DNA
ref. no. (after Freeman 1994) sample #
alabamicum AL  Jackson Co. 0067 AUA, TENN, TROY, VDB
Limestone Co. 0068 AUA, JSU, TENN, TROY, UNA, VDB 793
Madison Co. 0072 AUA, GA, GH, JSU, MO, NY, PH,
SMU, TROY, UNA, VDB
Marshall Co. 0074 AUA, JSU, TROY, VDB
Morgan Co. 0986 AUA, TENN, TROY, VDB
TN  Coffee Co. 1626 TENN, UOS, VDB
Cumberland Co. 2499 AUA, NY, TENN, VDB 817, 2134
DeKalb Co. TNHP; population not vouchered
Franklin Co. TENN-photo, UOS
Gnundy Co. UosS
Lincoln Co. 1646 AUA, TENN, VDB 735
Putnam Co. 0299 TENN
carolinianum NC  Halifax Co. DUKE
Johnston Co. NCNHP; population not vouchered
Nash Co. 2500 NCSC; TENN 2114
Wake Co. 1989 DUKE, GA, GH, MO, TENN 2108
VA  Grayson Co. 1243 AUA, TENN, VPI 740, 783
georgianum GA  Whitfield Co. 1120 GA, TENN, USCH 736, 809
monticola VA  Augusta Co. 1295 JMU, VPI, WILLI
Rockingham Co. 1272 CAS, GH, JMU, MARY, NY, TENN, 785
US, VPI, WILLI, WVA
WV  Pendleton Co. 1155 AUA, JMU, TENN, WILLI
ozarkanum AR  Benton Co. 1607 APCR, NLU, NY, TEX, UARK, US,
VDB, VPI, WIS
Boone Co. 1156 AUA, UARK
Carroll Co. 1157 AUA, UARK
Madison Co. 0100 GH, KANU, MO, NCU, NY, SMSU,
UARK, UMO, US, VDB, WILLI
Montgomery Co. 1115 CM. GA, TENN, UARK 791
Newton Co. 1161 APCR, AUA, CLEMS, CM, DHL,
FLAS, FSU, GA, GEO, GH, KE, NCU,
RSA, SMS, SMSU, SMU, TENN,
TROY, UARK, UMO, UNC, US, VDB,
WIS, WVA
Polk Co. 1575 ASTC, AUA, BRIT, CM, UARK
Pulaski Co. 2502 ASTC
Washington Co. 0250 MO, NY, OKL, OKLA, P, PENN,
SMU, UARK, UMO, VDB
KY Casey Co. 1252 EKY, KY, NCU 2112
Christian Co. 1142 ASPC, AUA, VDB
Marion Co. 0301 EKY, KY, TENN
Russell Co. 2501 EKY, TENN 2132
Warren Co. KYNHP; population not vouchered
Wayne Co. 1143 AUA, EKY. TENN




Table 9. continued.
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e
sheet herbarium information DNA
Jasen BN Sty ref. no. (after Freeman 1994) sample #
ozarkanum MO  Barry Co. 1261, AUA, CM, F, GH, MO, SMSU, 734
' 1262 TENN, UMO, US, VPI, WILLI
Howell Co. 1992 MO
Lawrence Co. 1165 AUA, F, SMU, SO, UMO, WIS;
McDonald Co. NODC: population not vouchered
Newton Co. map dot (Garrett 1982)
Polk Co. SMS
Shannon Co. F, MO
Stone Co. map dot (Cabe & Werth 1995)
Taney Co. SO
NC Clay Co. 1149 AUA 2115
- Haywood Co. GA, NCU, US (specimens deemed to
fragile for measurements)
OK Le Flore Co. OKNHI; population not vouchered
TN  Sumner Co. 1610 VDB
palustris MD  Dorchester Co. map dot (Garrett 1982)
Somerset Co. map dot (Timmerman-Erskine 1999)
Wicomico Co. map dot (Garrett 1982)
Worcester Co. 1227, BRIT, DUKE. GH, JMU, LCU, NCU, 811
2262 NY, PH, SRH, VPI, WILLI
NC Camden Co. NCNHP; population not vouchered
Currituck Co. NCNHP; population not vouchered
Gates Co. 0116 NCU
Pasquotank Co. map dot (Timmerman-Erskine 1999)
VA  Accomack Co. VANHP; population not vouchered
Chesapeake, City GH
Norfolk Co. GH (on sheet with type; did not measure)
Suffolk, City of/ 1247 NCU, VDB, VPI, WILLI
Nansemond Co.
pusillum NC  Brunswick Co. TENN
Pender Co. 1166 AUA, NCU, TENN, UC, VDB 2110
SC  Berkeley Co. 1340 type locality; CU, GH, MO, NCU
Calhoun Co. 0114 FSU, GA, GH, NCU, NY, USF, VDB
Dorchester Co. 0115 AUA, CITA, NCU, TENN 2106
Sumter Co. map dot (Cabe & Werth 1995)
telmacola SC  Aiken Co. 0057 USCH 816
Barnwell Co. TENN
texanum AR  Miller Co. map dot (Garrett 1982)
LA  Caddo Parish 0247 ASTC, AUA, LSU, NLU, NY, TENN, 778
VDB
TX  Angelina Co. 1596 ASTC, TEX
Cass Co. 1591 AUA, GH, LL, NCU, TEX UC, VDB 786
Cherokee Co. TPWD
Harrison Co. ASTC _ ) .
Houston Co. 1967 BKL, MO, UMGQ, US, VDB, WIS
Jasper Co. ASTC
Nacogdoches Co. 1581 ASTC, AUA, BAYLU, BRIT, LL,

SMU, TAMU, TEX, VDB
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Table 9. continued.

— ————
sheet herbarium information DNA
Taxon stay vosmby ref. no. (after Freeman 1994) sample #
texanum TX Panola Co. type locality; population not vouchered;
no longer extant
Rusk Co. ASTC, BAYLU
Smith Co. 0251 BAYLU, TENN 794
Upshur Co. map dot (Timmerman-Erskine 1999)
Van Zandt Co. map dot (Timmerman-Erskine 1999)
Wood Co. TXNHP; population not vouchered
virginianum DC  Washington DC map dot (Garrett 1982)
VA  Charles City Co. 1231 NCU, VDB, VPI, WILLI
Dinwiddie Co. GH,; type - did not measure
Gloucester Co. 1238 BRIT, VDB, VPI, WILLI
Greensville Co. 1244 CM, VPI
Hampton City VANHP; population not vouchered
Heanrico Co. 1233 GH, URY, VPI
James City Co. 1239 AUA, BRIT, CM, GA, GH, KANU, 782
MIN, NCSC, NCU, NY, OKL, PH,
POM, SMU, US, VDB, VPI, WILLI,
WIS, WVA
Richmond, City of/ 1232 NCU, VPI
Chesterfield Co.
Surry Co. 0984 AUA, GH, TENN, TROY, VDB
Sussex Co. 1269 VPI, WILLI
Westmoreland TENN
York Co. 1237 BRIT, VPI, WILLI
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At the start of this project, DNA sequence data from GenBank were used as the basis for the
molecular component of this analysis. Initially, the two regions available from GenBank (Table 10)
were the Internal Transcribed Spacer (ITS) region (ITS1, 5.8S, ITS2 sequences) of nuclear ribosomal
DNA, and the chloroplast DNA sequences for the maturase (mafK) gene. Because these sequence data
were already available for species within the family, these two regions were chosen for initial sequencing
for this study. A third géne region, the cpDNA intergenic spacer psbA-trmH, was selected as a result of a
sampling strategy developed by Shaw et al. (2005) which indicated that it was the most variable and thus
the most potentially informative plastid region for Trilliaceae of the 22 regions sampled. The psbA-trmH
DNA sequence was generated for each populational entity (see also Table 8). Additionally, using a
similar sampling strategy, four additional members of the Pusillum Complex were used to sample the
most informative regions for variation within this complex. However, even the next most informative
regions (rpL16 and tmD-tmT) did not provide the same degree of resolution as seen in psbA-trmH.
Because of the lack of variation within both the nrITS and plastid marK data, ITS and mafK sequences
were generated for an exemplar for each taxon. Near the conclusion of this project, additional sequences
for other members of Trilliaceae for the psbA-trmH intergenic spacer became available from GenBank and

were incorporated into the analyses.

2.1.3 Outgroup selection.— Despite the fact that molecular analyses have suggested that
Xerophyllaceae are the nearest relatives of Trilliaceae, (Davis 1995; Chase et al. 1995, 2000; Davis et al.
1998; Fuse & Tamura 20(50; Rudall et al. 2000; Zomlefer et al. 2001), taxa within Melanthiaceae sensu
APG are not satisfactory outgroups for Trilliaceae (Farmer 2000) due to both morphological and
molecular divergence making assessment of character homologies difficult. Based on Farmer & Schilling
(2002), Pseudotrillium rivale is the logical choice as a functional outgroup for the remainder of the family
(Fig. 6).

2.1.4 Morphology.— The validity of taxonomic boundaries suggested by the molecular analysis for the
Pusillum Complex were evaluated using morphological data.

A single herbarium sheet of Trillium pusillum s.l. was selected from each county (Table 9).
Measures traditionally considered to be most important in differentiating the varieties of T. pusillum as
well as other Trillium taxa were used for this study. Measurements were made of stem length, leaf length
and width, pedicel length, sepal length and width, petal length and width, filament length, anther length,
ovary length, style length and stigma length. Anther length was calculated based on filament and stamen
lengths; pistil lenigth was calculated based on ovary, style and stigma lengths; ratios indicative of organ
shape were also calculated including leaf length/width, sepal length/width, and petal length/width. Ratio
characters, traditionally useful in delimiting taxa (Hooker 1840; Gleason 1906; Gates 1917; Peattie 1927,



Table 10. DNA sequence data available from GenBank used in these analyses. Accession numbers are listed ITS, matK, psbA-trmH.
Publication notes: A) published in Kazempour Osaloo and Kawano (1999); B) Kress et al. (2005); C) Ji et al. 2006; D) Kazempour Osaloo et
al (1999); VIU = voucher information unknown.

= — —_ - —
Taxon Locality Voucher Source GenBank numbers
Information
Pseudotrillium rivale USA: OR, Josephine Co. Hayashi et al. VIU A ABO018822 AB017404
(S. Wats.) S.B. Farmer USA: CA, Del Norte Co. Kawano et al. VIU A AB018822 ABO017404
USA: OR, Josephine Co. Kawano et al. VIU A AB018822 AB017404
Trillium albidum Freeman USA: CA, Sonoma Co. Ohara et al. VIU A ABO017376
UK: RBG, Edinburgh (in cultivation) 19623094B C DQ404198 DQ404232
T. angustipetalum (Torr.) Freeman USA: CA, Swanislaus Nat. Forest Kawano et al. VIU A AB017377
T. apetalon Makino Japan: Toyama, Ehcu-miyazaki Yoshida et al. VIU A ABO017378
T. camschatcense Ker Gawl. “Japan: Hokkaido, Samani-cho Kato VIU A AB018808 ABO017379 DQ404231
UK: RBG, Edinburgh (in cultivat_ion) 19741690 C. DQ404197
T. cateabaei Elliott USA: TN, Knox Ce. (in cultivation) Kawano et al. VIU A AB017380
(sample = T. simile)
T. cernuum L. USA: W], Iron Co. Kawano et. al. VIU . A AB017381
(ITS sample = T. cuneatum) UK: RBG, Edinburgh (in cultivation) 19370524B C DQ404193 DQ404227
T. chloropetalum (Torr.) Howell USA: CA, Santa Cruz Co. Ohara et al. VIU A AB018809 AB017382
T. chloropetalum var. giganteum (Hook. USA: CA, Santa Cruz Co. Kawano etal. VIU ‘A ABO017383
& Am.) Munz
T. cuneatum Raf. USA: GA, Rabun Co. Ohara et al. VIU A AB017384
C DQ404199 DQ404233
T. decipiens Freeman USA: FL, Jackson Co. Ohara et al. VIU A AB018810 ABO017385
T. decumbens Harb. A AB017386
T. discolor Wray ex Hooker USA: SC, McCormick Co. Ohara et al. VIU A ABO018811 AB017387
T. erectum L. USA: PA, Westmoreland Co. Kawano et al. VIU A AB018812 ABO017388
UK: RBG, Edinburgh (in cultivation) 19653535A C DQ404196 DQ404230
T. flexipes Raf. USA: IL, Jackson Ce. Ohara etal. VIU A ABO017389
T. foetidissimum Freeman USA: LA, West Feliciana Parish Ohara et al. VIU A AB017390
T. grandiflorum (Michx.) Salisb. USA: PA, Westmoreland Co. Kawano et al. VIU A ABO018814 - AB017392
UK: RBG, Edinburgh (in cultivation) 19685241 C DQ404195 DQ404229
T. kurabayashii Freeman USA: CA, Del Norte Co. Ohara etal. VIU A AB017393 .
T. lancifolium Raf. USA: SC, McCormick Co. Ohara et al. VIU A ABO018815 ABO01739%4
: Ohara et al. VIU A ABO17395

T. ludovicianum Harb.

USA: LA, Rapides Parish

8¢



Table 10. continued.

— i
Taxon Locality Voucher Source GenBank numbers
Information
T. luteum Harb. USA: NC, Graham Co. Ohara et al. VIU A AB017396
UK: RBG, Edinburgh (in cultivation) 19841338 C DQ404200 ~ DQ404234
T. maculatum Raf. USA: GA, EarlyCo. Oharaetal. VIU A ABO018816 = AB017397
T. nivale Riddell USA: PA, Westmoreland Co. Utech VIU A ABO017398
(sample. = T. grandiflorum) . - crvgce oy ST .
T. ovatum Pursh var, ovatum USA: CA, Del Norte Co. Kawano et al. VIU | A ABO018817 AB017399 1
UK: RBG, Edinburgh (in cultivation) 19360567C C ‘DQ404194 _ DQ404228
T. pusillum E.J. Palmer & Steyermark USA: NC, Sokes Co. (sic.) Kawano et al. VIU A ABO018819 AB017401
(sample = T. ozarkanum) Ry,
T. petiolatum Pursh USA: WA, Chelan Co. Oharaet al. VIU A AB018818 AB017400
T. recurvatum Beck USA: AR, Newton Co. Ohara et al. VIU A ABO018820 AB017402
T. reliquum Freeman USA: GA, Columbia Co. Ohara et al. VIU A _ AB018821 AB017403
T. rugelii Rendle Japan: Cult. in Bot. Gard. of VIU A ABO018823 ABO017405
_ Holdaido Univ, |
T. sessile L. USA: PA, Westmoreland Co. Kawano et al. VIU A _AB018824 AB017406
unknown ) Wells 4879 US B DQO006019 DQ006020
T. simile Gleason USA: TN, GRSMNP Kawano VIU A ABO017407
(sample = T. grandiflorum) | K s A S B ¥,
T. smallii Maxim. Japan: Hokkaido, Kojima Island Kawano et al. VIU A AB017408
T. stamineum Harb. USA: MS, Lauderdale Co. Ohara et al. VIU A ABO017409
T. sulcatum Patrick USA: NC, Burke Co.. Kawano et al. VIU A AB017410
T. tschonoskii Maxim. Japan: Hokkaido, Hakodate-yama Kawano et al. VIU A  AB017411
unknown ) GLGS Exp. 20202 KUN C DQ404201 DQ404235
T. underwoodii Small USA: FL, Gaden Co. Ohara etal. VIU A o ABO017412
T. undulatum Willd. USA: PA: Westmoreland Co. Kawano et al. VIU A ABO018825 ABO017413
T. vaseyi Harb. Sweden: Gotehburg Bot. Gard. unknown, VIU A AB017414
(in cultivation) = .
T. viridescens Nutt. USA: AR, Washington Co. Kawano et al. VIU A ABO017416
T. viride Beck USA: MO, Washington Co. Ohara et al. VIU A AB017415
Kato VIU A AB018826 AB017417

Veratum maackii Regel
—_——=

Japan: Nyukawa-mura

6¢
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Figure 6. Strict consensus trees from preliminary analyses of Trilliaceae with different data sets
and different outgroups. a,c. Tree produced using matK data. b,d. Tree produced using ITS data.
a. Veratrum maackii as the outgroup. Strict consensus of 1326 trees; length 285. b. Strict consensus of
6 trees; length 748. c. Trillium rivale (now Pseudotrillium rivale) as the outgroup. Strict consensus of 6
trees; length 107. d. Tree produced using ITS data. Strict consensus of 6 trees; length 331 (Farmer &
Schilling 2002).
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Small 1933; Anderson 1934; Barksdale 1938; Fernald 1950; Gleason & Cronquist 1963; Serota & Smith
1967; Freeman 1975), were also calculated, such as stem length/leaf length, stem length/pedicel length,
pedicel length/sepal length, sepal length/petal length, filament length/anther length, filament length/ovary
length, ovary length/stigma length, stigma length/anther length, stigma length/style length, and stamen
length/pistil length. Stamen and pistil measurements were made using a binocular dissecting microscope
with an ocular micrometer. When necessary, sepal widths, petal widths, and pedicel lengths were
measured with the dissecting microscope as well. Measurements made with the dissecting microscope

were made to the nearest 0.1 mm. All other measurements were made to the nearest mm.

2.2 DNA Extraction, PCR, and Sequencing Protocols

For the analysis of Delostylis, genomic DNA was extracted from plant material using the
DNeasy Plant Kit (QIAGEN Inc., Valencia, California, USA) from frozen, desiccated, or herbarium
specimens (Table 8). PCR amplification and sequencing were carried out using the primers in Table 11.
The PCR reactions were performed in 20 il reactions containing 13.5 pl sterile water, 2.0 pl 10X PCR
buffer, 1.8 pl 25 mM MgClI2, 0.4 p1 0.2 mM dNTPs in equimolar ratio, 1 unit Tag polymerase
(Eppendorf North America, Westburg, New York, USA), 0.4 pl 0.5 mM each primer, 0.4 11 BSA and 1
|1 genomic DNA.

The PCR protocol for the ITS nuclear gene region followed Sun et al. (1994), used primers ITS4
and ITSS, and proceeded as follows: initial denaturing at 94°C for 3 min, followed by 35 cycles of a 94°C
denaturing step for 60 sec, a 58°C annealing step of 60 sec, and a 72°C extension step for 120 sec
followed by an additional extension step for 5 min at 72°C to complete any unfinished DNA strands.

The PCR protocol for the matK gene (Fuse & Tamura 2000) used primers 710F and matK-1 and
proceeded as follows: initial denaturing at 94°C for 2 min, followed by 40 cycles of a 94°C denaturing
step for 60 sec, a S0°C annealing step of 60 sec, and a 72°C extension step for 90 sec followed by an
additional extension step for 3 min at 72°C to complete any unfinished DNA strands.

The PCR protocol for the psbA-trmH intergenic spacer (Shaw et al. 2005) used primers psbA and
trnH for most material and proceeded as follows: initial denaturing at 80°C for 5 min, followed by 35
cycles of a 94°C denaturing step for 30 sec, a 50-56°C annealing step of 30 sec, and a 72°C extension step
for 60 sec followed by an additional extension step for 5 min at 72°C to complete any unfinished DNA
strands.

After PCR, the samples were purified with ExoSAP-IT (USB Corp., Cleveland, Ohio, USA)
before sequencing. ‘In all cases, both strands of the PCR products were sequenced using the ABI PRISM
Dye Terminator cycle Sequencing Ready Reaction Kit (Perkin-Elmer/Applied Biosystems, Foster City,

California, USA) per manufacturers instructions. To sequence the ITS region, primers
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Table 11. PCR and sequencing primers used in the molecular analyses of Delostylis. Amplification
primers are denoted PCR; sequencing primers SEQ.

Region  Reference Primer 5'- Primer sequence -3' Use
ITS White et al., ITSS GGA AGT AAA AGT CGT AAC AAG G PRC, SEQ
1990 ITS4 TCC TCC GCT TAT TGA TAT GC PCR
Sunetal., 1994 17SE ACG AAT TCA TGG TCC GGT GAA GTG TTC G PCR, SEQ
26SE TAG AAT TCC CCG GTT CGC TCG CCG TTA C PCR, SEQ
Nickrent 2000 79R GAT GGT TCA CGG GAT TCT GC PCR, SEQ
79F GCA GAA TCC CGT GAA CCA TC PCR, SEQ
Small 2004 5.8F TCG ATG AAG AAC GTA GCG AAA T PCR, SEQ
5.8R TGA CAC CCA GGC AGA CGT GC PCR, SEQ
matK  Fuse & Tamura 710F GTA TCG CAC TAT GTA TCA TTT GA PCR, SEQ
2000 1470R AAG ATG TTG ATC GTA AAT GA SEQ
1470F TCA TTT ACG ATC AAC ATC TT SEQ
8R AAA GTT CTA GCA CAA GAA AGT CGA PCR, SEQ
psbA-  Tate & Simpson  trnH CGC GCA TGG TGG ATT CAC AAT CC PCR, SEQ
trmnH 2003
Sang et al., 1997 psbA GTT ATG CAT GAA CGT AAT GCT C PCR, SEQ
generated for this 421F CTC CGT CCT CGA GCT CTA GG PCR, SEQ
project 565R GCG TTA TCG GGC ATC TTA T PCR, SEQ
1100F ATG TTC CTT TCC ATT ATG AAT AGC PCR, SEQ
1130R  AAT CCT TTT GTA GCT AAT CAT TTA T PCR, SEQ
- =
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ITS4 and 17SE were used and 79R, 79F, and/or 5.8R were also used with recalcitrant samples (e.g.,
DNA extracted from herbarium material); to sequence the marK coding region primers 710F, 1470R,
1470F, 8R, 8F, and matK-1 were used; to sequence the psbA-trmH region primers psbA and tmH were
used and 565R, 421F, 1130R, and 1100F were also used with recalcitrant DNA. After the sequencing
reaction, the samples were purified with Sephadex G-50 (Sigma-Aldrich, St. Louis, Missouri, USA)
using Centri-Sep tubes (Princeton Separations, Adelphia, New Jersey, USA) and vacuum dried. The
dried samples were sequenced on an ABI Prism 3100 automated sequencer (Perkin-Elmer/Applied
Biosystems, Foster City, California, USA) at the University of Tennessee Molecular Biology Resource

Facility.

2.3 Sequence Manipulation and Alignment

The sequences were trimmed and contiged with Sequencher 4.2 (Gene Codes Corp., 2004) and
aligned using BioEdit (Hall 1997-2005, 1999). The data matrices from these analyses will be deposited at
TreeBase upon publication of this project; DNA sequences will be deposited at GenBank upon publication

of this project.

2.4 Phylogenetic Analyses

Bayesian and parsimony analyses were performed on each of the individual data sets as well as
the combined data set. Before data sets are combined, congruence must be assessed (Bull et al. 1993;
Huelsenbeck et al. 1996; Johnson & Soltis 1998) in order to determine if the data have similar
phylogenetic histories. If the data are congruent, characters from different data sets can strengthen weak
phylogenetic signal to the point that it can overcome noise (Sullivan 1996). The incongruence length
difference test (ILD) implemented in PAUP* as the Homogeneity of Partitions test was used to assess
congruence of data sets.

Parsimony analysis of DNA sequence data was performed using PAUP* (Swofford 2001) vers.
4.0b10 with maximum parsimony using heuristic search methods with TBR (tree bisection reconnection)
and MULPARS and a simple addition sequence. Larkin’s “Bob Barker Strategy” (Larkin et al. 2006)
was used to check for islands of trees (Maddison 1991) before a run to completion. The “Bob Barker”
strategy is a two-step heuristic search strategy which effectively searches a large expanse of tree
space while avoiding extensive swapping on suboptimal islands of trees. In the first step, 10,000 random
addition replicates were conducted, saving only the 50 best trees in each; had any islands produced
shorter trees, those trees would have been used as starting trees which would then be swapped to
completion. Bootstrap support (Felsenstein 1985) was estimated based on 100,000 FastStep replicates

with the same search strategy as simple parsimony. As gaps can be among the more informative



34

(McGuire et al. 2001; Applequist & Wallace 2002; Kress et al. 2005; Lunter et al. 2005; Miiller 2005)
and least homoplasious (Graham et al. 2000; Simmons et al. 2001; Hamilton et al. 2003; Dane & Lang
2004) characters, gaps have been coded as additional characters. For the marK data, gaps were simply
coded as presence/absence characters; gaps for the psbA-rrmH sequence data were coded using a slightly
more complex method (Simmons & Ochoterena 2000). Gaps in the ITS data set were not coded as the
majority were single base-pair indels.

Bayesian analysis of DNA sequence data was performed using MrBayes (Huelsenbeck &
Ronquist 2001; Ronquist & Huelsenbeck 2003) vers. 3.1.2 with the GTR +1+G model as selected by
MrModelTest (Nylander 2004) using the AIC criterion for the ITS and psbA-trmH data sets. GTR+I was
selected as the proper model for each of the codon positions of the matK data set using the AIC criterion.
The indel characters in the matK data set were treated as restriction-site (binary) data; the indel characters
in the psbA-trmH data set were treated as standard (morphological) data. The matK, psbA-trmH, and
combined data sets were analyzed utilizing mixed models. Three heated and one cold chain were run
simultaneously for two million generations; the best tree of the four chains was sampled every 100
generations. Model parameter values (priors) were set using default values. Stationarity was assessed by
plotting each estimated parameter against the generation number via the sump command and viewed in
Excel; burnin value was estimated visually. A majority rule consensus tree was calculated for trees saved
via the sumt command once the likelihood score and all estimated parameter values had reached

stationarity; this consensus indicates the posterior‘probabilities of each clade.

2.5 DNA Sequence Data as Taxonomic Characters

During the alignment of the DNA sequence data, I noticed that many base pair changes and
indels appeared to be taxonomically significant (e.g.,a particular DNA nucleotide, series of nucleotides,
or insertion/deletion events were exhibited in a particular taxon or group of taxa [Davis & Nixon 1992;
Holt et al. 2004; Pons et al. 2006; see also McGuire et al. 2001; Applequist & Wallace 2002; Kress et al.
2005; Lunter et al. 2005; Miiller 2005]). DNA-based taxonomy uses fixed diagnostic or uniquely derived
changes in the DNA sequence (whether it is one or more base pair changes [SNPs] or insertion/deletion
events [indels]) for determining species boundaries (Holt et al.-2004; Pons et al. 2006). ‘One approach is
called population aggregation analysis (PAA; Davis & Nixon 1992) in which individuals in the same
population are assumed to belong to the same species, and individuals sharing fixed character traits drawn

from different populations are conspecific (Davis & Nixon 1992; Sites & Marshall 2003).



35

2.6 Morphological Analysis

Data were analyzed in a variety of ways. The quantitative, morphological cohesiveness was
assessed by treating each of the clusters indicated by phylogenetic analysis of the molecular sequence data
as an Operational Taxonomic Unit (OTU). In addition, each cluster was analyzed separately where each
taxon in that cluster was treated as an OTU. Finally, each taxon was treated as an OTU in a global
analysis of the Pusillum Complex. The analyses were performed using SPSS 14.0.0 for Windows (SPSS
2005).

Standard simple descriptive statistics, which would provide a basis for the morphological
descriptions of the taxa, were used to define the basic distributional characteristics of each of the selected
variableé. Mean, median and mode provide measures of central tendency; standard deviation and
variance indicate the degree of dispersion around the mean; and skewness and kurtosis more precisely
define the shape of the distribution. Box plots were produced to illustrate the distribution and dispersion
of the variables by displaying the median and quartiles, outliers, and extreme values. Extreme values
were double-checked against the herbarium sheets for recording errors.

Discriminant analysis, a kind of factor analysis, tests an a priori classification based on DNA
analyses by observing whether cases are classified into groups as predicted, investigates differences
between those groups, and assesses the relative importance of characters used to separate those groups.
Included in discriminant analysis are: an F-test of differences between group multivariate means
(centroids), statistics of the discriminant functions (eigenvalues, relative percent variance explained,
canonical correlation and group membership); stepwise summery tables (indicates the variables most
useful in separating the groups); the standardized canonical discriminant function coefficients (indicates
the relative importance of each of the original variables); plots of the individuals in discriminant space;
and classification of the individuals into groups, regardless of prior group designation. In addition, group
centroids were plotted on three-dimensional projection graphs in which the first three discriminant

functions are used as the axes.
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3.0 RESULTS

| Sequence lengths of the ITS region in Trillium ranged from 645 to 662 nucleotides. The aligned
matrix (Appendix B.1) consisted of 72 Trillium samples (including 28 Delostylis samples of which 20
were Pusillum Complex samples) with 26 of those sequences from GenBank (Table 12). The aligned
matrix was 683 base pairs long, included 20 indel regions, and was aligned by hand. Of the 683
characters, 163 were variable and 141 of those were parsimony informative. Indels were not coded as
separate characters for the ITS region because of the preponderance of single base indels.

Sequence lengths of the marK coding region ranged from 1542 to 1554 nucleotides. The marK
data set used in phylogeny reconstruction consisted of only the matK coding region. The aligned matrix
(Appendix B.2) consisted of 76 Trillium samples (including 22 Delostylis samples of which 15 were
Pusillum Complex samples) with 39 of those sequences from GenBank (Table 12). The aligned data
matrix was 1586 characters in length including 8 added characters representing indels and was aligned by
hand. Of the 1586 characters, 86 were variable and 72 of those were parsimony informative. When this
region was examined for taxonomic markers, both the 3' marK-rmK spacer region and the 5' tmK-matK
spacer region were used in addition to the coding region; they were not used for phylogenetic analysis
because they were not sequenced for all members of Trillium.

Sequence lengths of the psbA-trmH intergenic spacer ranged from 628 to 1287 nucleotides
including two groups of excluded characters: 10 characters that served as markers for minisatellite
regions and the minisatellite region itself which consisted of 373 characters. The psbA-trnH data set used
in phylogeny reconstruction consisted of only the psbA-trmH intergenic spacer region. The aligned
matrix (Appendix B.3) consisted of 69 Trillium samples (including 31 Delostylis samples of which 24
were Pusillum Complex samples) with ten of those from GenBank (Table 12). The matrix was 1808
characters long including 47 added characters representing indels and was aligned by hand. Of the 1808
characters, 383 were an excluded minisatellite region present only within certain members of 7. subgen.
Phyllantherum, 146 of the remaining characters were variable and 121 of those were parsimony
informative. When the psbA-trmH intergenic spacer region was examined for taxonomic markers, parts
of psbA and trmH were also used in addition to the intergenic spacer; the portions of psbA and trnmH were
not used for phylogenetic analysis because they were not sequenced for all members of Trillium.

The combined data set used in phylogeny reconstruction in Trillium consisted of nuclear DNA
(ITS region) as well as plastid coding (marK) and non-coding (psbA-trnH intergenic spacer) DNA. The
homogeneity of partitions indicated that the data are congruent (p = 0.10), and are thus combinable
(Cunningham 1997). The aligned data matrix (Appendix B.4) consisted of 45 samples and was 4077
characters long including 56 characters representing indels (Table 12). Of the 4077 characters, 383 were
excluded, 362 were variable and 301 of those were parsimony informative. In order to allow four

members of the Erectum Complex (two Asian and two North American) to be included in the combined
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Table 12. Summary statistics for the four data sets used in the phylogenetic analyses of Delostylis.
Numbers in parentheses refer to sequence data retrieved from GenBank.

unaligned aligned # Delostylis # Pusillum # Gap # excluded
data set # Trillium .
range length Group Complex Characters characters
ITS 645-662 683 72 (26) 28 (1) 20(1) n/a n/a
matK 1542-1566 1586 76 (39) 2(1) 15 (1) 8 n/a
psbA-trnH 628-1287 1808 69 (10) 310 24 (0) 48 383
combo n/a 4077 43 (10) 19 (22 13 (0) 56 383
" =
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data set, sequence data from 7. rugelii (ITS) and T. cernuum (psbA-trmH) were combined into a single
taxon called “rugellium;” the sequence data for maK is the same in both taxa. Because of the lack of
variation in DNA sequence data in the Erectum Complex (Millam 2006), this was deemed an acceptable

solution.
3.1 Parsimony Analyses

3.1.1 ITS sequence data.— Parsimony analysis of the ITS data produced 85,280 shortest trees of length
235 in one island with a consistency index (CI) of 0.78; the 50% majority-rule consensus tree is shown in_
Fig. 7. The spine of the bootstrap tree was a polytomy consisting of T. undulatum (100%), T. ovatum
var. hibbersonii (100%), the Erectum Group (98%), T. ovatum (89 %), “ subgen. Phyllantherum (96 %),
T. nivale and T. grandiflorum (91%), and Delostylis (99%). Within Delostylis, the clade consisting of T.
catesbaei and T. persistens was shown to be sister group to a clade containing the Pusillum Complex.
The Catesbaei Clade was supported at 99%; T.. catesbaei was not found to be monophyletic. The
Pusillum Clade was supported at 73%. Trillium telmacola (the Aiken Co. SC population of T. pusillum)
was the basal member in this group with the remaining taxa forming sister clades with only 53 % support.
The clade containing the rest of the T. pusillum, texanum, and georgianum samples was supported at
62%, and the clade containing T. ozarkanum, alabamicum, virginianum, carolinianum, palustris and

monticola was supported at 89%.

3.1.2 matK sequence data.- Parsimony analysis of the marK data produced 56,895 shortest trees of
length 120 in one island with a CI of 0.77. The 50% majority-rule consensus tree is shown in Fig. 8.
The backbone of the bootstrap tree was a polytomy which consisted of T. undulatum (100%), T. ovatum
var. hibbersonii (100%), the Erectum Group (72 %), and the rest of Trillium supported at 69%. The
backbone of the clade containing the rest of Trillium was also a polytomy consisting of T. nivale, T.
ovatum (94%), Delostylis (55%), and T. subgen. Phyllantherum (78%). The backbone of Delostylis was
also a polytomy consisting of 7. texanum (52 %), ozarkanum and alabamicum (52 %) with alabamicum
supported at 59%, and T. catesbaei and T. persistens supported at 74 %; as with the ITS data, T.
catesbaei was not shown to be monophyletic. Within Delostylis a clade containing T. catesbaei and T.
persistens was supported at 74%; T. catesbaei was not shown to be monophyletic. Within the Pusillum
Complex, resolution present in the 50% majority rule tree showed the Pusillum Cluster present 87% of

the time, the Ozarkanum Cluster present 83 % of the time, and the Virginianum Cluster is shown as a

polytomy.
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Figure 7. Fifty percent majority rule consensus tree of 85,280 shortest trees from the parsimony
analysis of the ITS sequence data of Trillium. Percentages are bootstrap values.
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3.1.3 psbA-trnH sequence data.- Parsimony analysis of the psbA-trmH data produced 5,346 shortest
trees of length 232 in one island with a CI of 0.68; the 50% majority-rule consensus tree is shown in Fig.
9. The backbone of the bootstrap tree was a polytomy consisting of T. undulatum, T. grandiflorum
(100%), T. nivale (100%), T. ovatum var. hibbersonii (98 %), the Erectum Complex (92%), T. catesbaei
and T. persistens (61%) with T. catesbaei not being shown to be monophyletic, the Pusillum Cluster
(100%), T. ovatum (88%), the Virginianum Cluster and the Ozarkanum Cluster (96%), and T. subgen.
Phyllantherum (100%).

3.1.4 Combined sequence data.— Parsimony analysis of the combined data set produced 280 shortest
trees of length 528 in one island with a CI of 0.75; the majority rule consensus tree is shown in Fig. 10.
The backbone of the bootstrap tree was a polytomy consisting of Trillium undulatum, T. ovatum var.
hibbersonii (100%), the Erectum Complex (100%), and a clade consisting of the remainder of the
Trillium species (73%). That clade was also a polytomy consisting of T. nivale and T. grandiflorum
(71%), T. ovatum (100%), T. subgen. Phyllantherum (100%), and Delostylis (99%). Delostylis is
composed of sister clades consisting of the Catesbaei Complex (100%) with T. catesbaei not being shown
to be monophyletic and the Pusillum Complex (94%). The Pusillum Complex is composed of sister
clades consisting of the Pusillum Cluster (100%) and the Virginianum Cluster and the Ozarkanum Cluster

(99%). The Virginianum Cluster has 83 % support with the Ozarkanum Cluster having 99% support.

3.2 Bayesian Analyses

ModelTest (Posada & Crandall 1998; Posada & Buckley 2004) or MrModelTest (Nylander
2004) is typically used to determine the appropriate evolutionary model for running MrBayes
(Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003). Normally, the user sets up a PAUP
block that will test the likelihood score for a Jukes-Cantor neighbor-joining tree for each of the different
evolutionary models. Rather than utilize the Jukes-Cantor neighbor-joining tree, I prepared a tree-file
containing three parsimony generated trees (the strict consensus tree, the majority-rule consensus tree,
and the bootstrap tree), and the Jukes-Cantor neighbor-joining tree. In three of the four cases, the
majority-rule consensus tree produced the best scores with the GTR +1+G model (Table 13); the
neighbor-joining tree had the lowest log-likelihood scores for the ITS data set. It should also be noted
that GTR+I+G produced the best score for all trees regardless of the source. The individual nucleotide
positions of the marK data set were also analyzed individually with MrModelTest resulting in the GTR +1

model being chosen using the AIC criterion for each of the individual codon positions for this data set.

3.2.1 ITS sequence data.- Bayesian analysis produced trees with a similar topology to the 50%

majority rule parsimony trees (Fig. 7). After 2,000,000 generations, the average standard deviation of
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Table 13. Scores from MrModeltest analyses with different starting trees. All scores are log

likelihood scores. The best score in each analysis is italicized.
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E—— —
data set tree model +1 +G +I1+G
ITS bootstrap' JC 4869.9961 4681.4355 4636.1470 4629.9551
F81 4859.6450 4673.9746 4629.0327 4622.7637
K80 4635.0439 4444 .9619 4399.3901 4393.0688
HKY 4624.1948 4438.3413 4395.4360 4389.5488
SYM 4611.8135 4429.0220 4383.5503 4378.8770
GTR 4603.0620 4425.4072 4380.2700 4375.8960
majority rule JC 5372.8491 5101.6646 5067.3745 5062.8921
F81 5361.3052 5091.6621 5057.6416 5053.0952
K80 5110.6001 4834.8662 4799.2612 4794.3032
HKY 5096.5703 4823.2690 4791.9795 4787.1289
SYM 5083.7256 4817.9814 4782.9868 4777.1123
GTR 5072.9663 4810.2847 4777.2856 4771.1436
neighbor joining JC 4619.9175 4482.4722 4454.6123 4451.2036
F81 4606.9507 4471.5571 4444.2188 4440.8833
K80 4419.3408 4279.2764 4250.1875 4246.5312
HKY 4405.3232 4269.3120 4242 .9683 4239.8330
SYM 4396.2754 4262.3672 4233.3613 4230.8696
GTR 4383.6611 4256.3145 4228.9736 4226.8228
strict consensus JC 5472.2261 5186.0923 5146.7739 5141.5742
F81 5460.6230 5176.0200 5136.8120 5130.8799
K80 5208.6538 4917.8970 4877.0938 4871.3003
HKY 5194.5259 4906.6777 4870.7769 4865.0112
SYM 5182.1821 4901.0317 4861.8140 4855.0898
GTR 5171.3311 4893.2466 4856.3413 4849.4028
matK bootstrap JC 4529.9053 4111.1431 4233.0132 4055.4219
F81 4411.1235 4006.6111 4120.2651 3951.3738
K80 4523.9868 4105.5332 4227.2451 4049.6267
HKY 4401.2573 4001.9458 4112.5298 3946.1113
SYM 4476.8999 4057.9829 4180.6631 4001.9617
GTR 4334.1313 3953.2158 4047.2095 3895.4019
majority rule JC 3829.7761 3646.5491 3696.9336 3630.8608
F81 3729.4473 3552.8625 3598.8459 3536.8940
K80 3825.3074 3642.4038 3692.5798 3626.9250
HKY 3722.3232 3548.6687 3592.7422 3532.7986
SYM 3795.9082 3612.0933. 3663.1377 3596.7683
GTR 3681.1047 3514.5923 3552.5930 3497.6675
neighbor joining JC 4095.1663 3832.2905 3909.1282 3810.2305
F81 3982.6555 3729.8013 3800.0525 3709.4832
K80 4091.9541 3829.2344 3905.9949 3807.5134
HKY 3976.7754 3726.9900 3795.2307 3706.6733
SYM 4065.4573 3802.4402 3880.0740 3780.9067
GTR 3934.4978 3694.4111 3753.9275 3670.3184
strict consensus JC 3899.4060 3691.9502 3750.6201 3673.6838
F81 3798.3896 3598.1240 3651.9998 3579.4800
K80 3895.5774 3688.4343 3746.9026 3670.3374
HKY 3792.0466 3594.6787 3646.6592 3576.1035
SYM 3869.3467 3660.5283 3720.4067 3642.3318
GTR 3754.4683 3564.5222 3610.1045 3544.7480
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Table 13. continued.

_—— =
data set tree model +I +G +I+G
psbA-ermH bootstrap JC 3133.3350 3019.7341 3040.0320 3012.8601
F81 3049.7639 2937.0066 2956.6150 2930.4692
K80 3131.0422 3017.4790 3037.7585 3010.6309
HKY 3045.8557 2933.6218 2952.8213 2927.0684
SYM 3104.6641 2994.1716 3012.4875 2986.7266
GTR 3011.6624 2903.0662 2918.2051 2896.1663
majority rule JC 3029.7676 2962.3086 2970.7542 2959.7783
F81 2945.9041 2879.1450 2887.1541 2876.9036
K80 3028.8745 2961.3845 2969.8438 2958.8552
HKY 2943.9702 2877.4077 2885.2764 2875.1665
SYM 3007.2139 2941.2708 2948.8677 2938.2388
GTR 2913.9829 2849.0581 2855.0952 2846.6946
neighbor joining JC 3032.8037 2963.3452 2972.2671 2960.9375
F81 2950.4160 2881.5193 2890.0259 2879.4082
K80 3031.7656 2962.2793 2971.2139 2959.8540
HKY 2948.1931 2879.5920 2887.9434 2877.4507
SYM 3010.5425 2942.5852 2950.6907 2939.7534
GTR 2918.5188 2851.5017 2857.9734 2849.3831
strict consensus JC 3104.3896 3008.5344 3024.0229 3005.1956
F81 3017.9041 2923.0107 2937.8201 2920.0845
K80 3103.2615 3007.3665 3022.8748 3004.0068
HKY 3015.5889 2921.0024 2935.5745 2918.0361
SYM 3080.9297 2987.1011 3001.2952 2982.9465
GTR 2983.8782 2892.0271 2903.3677 2888.7444
combo bootstrap JIC 7788.7593 7672.2651 7681.8120 7666.8521
F81 7656.8232 7545.0571 7552.8330 7539.4766
K80 7754.1382 7637.8394 7647.3008 7632.2988
HKY 7617.2935 7509.0298 7515.5229 7503.1230
SYM 7723.5508 7607.8071 7617.0977 7602.2544
GTR 7578.9243 7475.4380 7480.1265 7469.3506
majority rule JC 7769.6978 7661.9780 7669.8472 7656.7310
F81 7636.7129 7533.6655 7539.9199 7528.3516
K80 7735.9150 7628.3345 7636.1426 7622.9692
HKY 7598.0688 7498.3198 7503.4194 7492.7324
SYM 7706.4014 7599.2749 7606.9580 7593.8057
GTR 7560.7773 7465.5825 7469.0684 7459.7759
neighbor joining JC 7793.0586 7676.3657 7685.9878 7670.9873
F81 7661.3613 7549.2344 7557.1343 7543.6538
K80 7758.4048 7641.7856 7651.3647 7636.3047
HKY 7621.7891 7513.0605 7519.6973 7507.2261
SYM 7727.7891 7611.7266 7621.1313 7606.2471
GTR 7583.3535 7479.4297 7484.2295 7473.4116
strict consensus JC 7780.1855 7668.8604 7677.4277 7663.4692
F81 7647.7817 7541.1851 7548.0430 7535.7056
K80 7747.1030 7635.9111 7644 .4175 7630.3931
HKY 7609.9038 7506.6050 7512.2998 7500.8223
SYM 7716.4907 7605.7100 7614.0947 7600.1143
GTR 7571.4854 7472.7793 7476.8062 7466.7930
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split frequencies was 0.008445. The sump burnin data is illustrated in Fig. 11a. The consensus tree
(Fig. 12) is generated using the “sumt” command with a burnin value of 116 as determined by the
generation number at which the likelihood values for the trees became asymptotic (Fig. 11). The ingroup
of the tree is supported with a posterior probability of 1.0. The backbone of the ingroup is a polytomy
consisting of T. undulatum (posterior probability of 1.0), T. ovatum var. hibbersonii (1.0), The Erectum
Group (1.0), and the rest of Trillium (0.93). The backbone for the remainder of Trillium was also a
polytomy consisting of T. ovatum (0.99), T. subgen. Phyllantherum (1.0), and the rest of Trillium (0.97).
The remainder of Trillium consisted of sister clades containing T. nivale and T. grandiflorum (1.0) and
Delostylis (1.0). Delostylis consisted of sister clades with T. catesbaei and T. persistens (1.0) sister to
The Pusillum Complex (0.94); once again, T. catesbaei is not shown to be monophyletic. Trillium
telmacola is the basal taxon in the Pusillum Complex. The remainder of the Pusillum Complex
(supported with a posterior probability of 0.80) consists of sister clades consisting of T. pusillum, T.
texanum and T. georgianum (0.81) and the rest of the Pusillum Complex (1.0). The wetland populations
of T. alabarmicum are sister to the clade containing the upland populations of T. alabamicum as well as

T. ozarkanum, T. virginianum, and T. monticola (0.90).

3.2.2 malK sequence data.- Bayesian analysis produced trees with the same topology as the parsimony
trees (Fig. 8). After 2,000,000 generations, the average standard deviation of split frequencies was
0.017429. - The sump burnin data is illustrated in Fig. 11b. The consensus tree (Fig. 13) is generated
using the “sumt” command with a burnin value of 183 as determined by the generation number at which
the likelihood values for the trees became asymptotic (Fig. 11). The ingroup of the tree is supported with
a posterior probability of 1.0. The remainder of the tree is a series of successive sister clades. The most
basal group in the ingroup is T. undulatum (posterior probability of 1.0) with the rest of the taxa
supported at 0.83. Next is T. ovatum var. hibbersonii (1.0) and the rest of the taxa (0.74). Next is the
Erectum Group (0.83) as sister to the rest of the taxa (1.0). The next pair of clades consists of Delostylis
(0.96) and the rest of the taxa (0.92) which is composed of a polytomy consisting of T. nivale, sister taxa
T. ovatum, and T. grandiflorum (1.0), and T. subgen. Phyllantherum (1.0). Within Delostylis, T.
catesbaei and T. persistens (1.0) form a clade that is sister to the Pusillum Complex (0.72). Again, T.
catesbaei is not shown to be monophyletic. The Pusillum Complex consists of a polytomy with T.

alabamicum (0.89), T. georgianum and T. texanum (0.55), and T. ozarkanum (0.78).

3.2.3 psbA-trnH sequence data.- Bayesian analysis produced trees with a similar topology to the
parsimony trees (Fig. 9). After 2,000,000 generations, the average standard deviation of split
frequencies was 0.007285. The sump burnin data is illustrated in Fig. 11c. The consensus tree (Fig.

14) is generated using the “sumt” command with a burnin value of 134 as determined by the generation
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Figure 14. Consensus tree from the bayesian analysis of the psbA-trnH sequence data of Trillium.
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number at which the likelihood values for the trees became asymptotic (Fig. 11). The tree consists of a
series of successive sister groups the first of which is the Erectum Group (1.0) and the rest of Trillium
(0.6). The remaining Trillium consists of a polytomy containing 7. ovatum var. hibbersonii (1.0), paired
species T. nivale (1.0) and T. grandiflorum (1.0) with a posterior probability of 0.69, a single sample of
T. undulatum, and the remainder of Trillium (0.7). The clade containing the rest of Trillium contains two
clades: T. ovatum (1.0) and the remainder of Trillium (0.86). The clade containing the rest of Trillium
consists of two clades: the Catesbaei Clade (containing T. persistens and T. catesbaei; posterior
probability of 0.99) and the rest of Trillium (0.93). The clade containing the rest of Trillium consists of
two clades, one poorly supported (0.59) containing the Pusillum Cluster of the Pusillum Complex (1.0)
and T. subgen. Phyllantherum (1.0), and the other containing the Virginianum Cluster (0.87) and the

Ozarkanum Cluster (1.0).

3.2.4 Combined sequence data.- Bayesian analysis produced trees with a similar topology to the
parsimony trees (Fig. 10). After 2,000,000 generations, the average standard deviation of split
frequencies was 0.004965. The sump burnin data is illustrated in Fig. 11d. The consensus tree (Fig.

15) is generated using the “sumt” command with a burnin value of 240 as determined by the generation
number at which the likelihood values for the trees became asymptotic (Fig. 11). The spine of the tree is
a polytomy consisting of the Erectum Complex (1.0), a single sample of T. undulatum, T. ovatum var.
hibbersonii, and the rest of Trillium (1.0). The remainder of the tree consists of a series of successive
sister groups the first of which is a poorly supported (0.57) clade containing 7. ovatum (1.0) and T.
subgen. Phyllantherum (1.0) and the rest of Trillium (also poorly supported with a posterior probability of
0.64). The next clades are T. nivale and T. grandiflorum (1.0) and Delostylis (1.0). Delostylis consists
of a clade with T. catesbaei (0.6) and T. persistens (0.99) with posterior probability of 1.0, and a clade
containing the Pusillum Complex (1.0). The Pusillum Complex consists of the Pusillum Cluster (1.0) and
a clade containing as sister groups the Virginianum Cluster (0.98) and the Ozarkanum Cluster (1.0)

together supported at 1.0.

3.3 Molecular Markers as Taxonomic Data

3.3.1 maiK sequence data.- Delostylis was characterized by a single, unique base-pair change (SNP) at
position 269 within Trilliaceae; this marker was not exhibited in T. nivale. The Pusillum Complex was
also characterized by a unique, single SNP at position 344 (Fig. 16); other changes divided it into three
taxonomic clusters: The Pusillum Cluster (consisting of samples from SC, TX, LA, and GA;e.g., T.
pusillum, texanum, georgianum, and telmacola); the Ozarkanum Cluster (consisting of samples from MO,

MS, AR, TN, and AL; e.g., T. ozarkanum and alabamicum); and the Virginianum Cluster (consisting of
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Figure 15. Consensus tree from the bayesian analysis of the combined sequence data of Trillium.
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Figure 16. Delostylis from phylogenetic analyses of the psbA-trnH sequence data with diagnostic
molecular markers mapped onto the tree. matK markers (Fig. 17) are above the branch; psbA-trmH
markers (Tables 14, 15; Fig. 18) are below the branch.
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samples from VA and MD; e.g., T. virginianum, monticola, carolinianum, and palustris) (Fig. 17).
Within the marK coding region, the Pusillum Cluster was characterized by a 6-base pair deletion which is
shared with T. subgen. Phyllantherum and a SNP resulting in an amino acid change; in addition, T.
texanum was characterized by an additional 6-base pair deletion and another SNP. Other markers
identifying both the Pusillum Cluster and 7. fexanum were present in the 5'trnK-matK spacer region, and
a deletion identifying the Pusillum Cluster was present in the marK-3'trnK spacer region. The Ozarkanum
Cluster was characterized by a 6-base pair deletion and a SNP; these markers allowed the Kazempour-
Osaloo et al. (1999) sample to be identified as belonging to the Ozarkanum Cluster.

3.3.2 psbA-trnH sequence data.- The psbA-trnH sequence data showed variation down to the taxon
level for all members of the Pusillum Complex (Fig. 18). There were 2 insertions (a unique insertion of
6 nucleotides [position 1161] and an insertion of 11 nucleotides [position 131] which has an 8 base-pair
motif that is apparently homoplasious with some members of Paris) and one unique SNP (location 912)
that characterized Delostylis; these markers were not exhibited in T. nivale. There were six characters
(four SNPs and two insertions with one insertion and one SNP being unique) that characterized the
Pusillum Complex.

The Pusillum Cluster was characterized by a combination of indels and SNPs which are
summarized in Tables 14 and 15 . Reference numbers given in parentheses refer to the specific
SNP/indel in Fig. 18. The unique indels included a 6-bp deletion (6), a 7-bp insertion (14), and a 2-bp
insertion (15); shared indels included a 5-bp insertion that is unique within the Pusillum Cluster (3) but
shared with T. ovatum var. hibbersonii, a 7-bp deletion that is also unique within the Pusillum Cluster (5)
but is shared with other Trillium species, and the absence of a 6-bp Virginianum/Ozarkanum Cluster
insertion (7) that is shared with all other Trillium species. The unique SNPs included B, D, E, V; the
SNPs shared with other members of the Pusillum Complex but not the Pusillum Cluster included the
absence of SNPs present in the Ozarkanum/Virginianum Clusters (F, N, O and AJ), SNPs shared with
other members of Trillium but unique within the Pusillum Complex included AA shared with 7. subgen.
Phyllantherum, AH shared with T. grandiflorum, and AK shared with Pst. rivale, T. grandiflorum, and
T. nivale. Within the Pusillum Cluster, T. texanum is characterized by two unique indels (a 6-bp
insertion [4] and a length polymorphism of 3 bp versus 2 for the rest of the cluster [16]), two unique
SNPs (I and AG), and a SNP shared with T. pusillum (AC and AD). T. georgianum is characterized by
one 10-bp unique deletion (8), three unique SNPs (U, AB, and AG), and two SNP shared with T.
telmacola (AC and AD). T. pusillum is characterized by two unique insertions (one of 9-bp [9] and the
other of 6 [12]), and two SNPs shared with T. texanum (AC and AD). Trillium telmacola is
characterized by two unique indels (a 3-bp unique insertion located in the psbA sequence [1], and a 5-bp
deletion [13]) five unique SNPs (P, Y, Z, Al and AJ), and four shared SNPs (L shared with the
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Table 14. psbA-trnH markers that are diagnostic for cluster membership within the Pusillum

Complex.
a————
marker type change Cluster shared or unique
B SNP a->g Pusillum Cluster unique
3 insertion 5bp Pusillum Cluster shared with T. ovatum var.
hibbersonii
S deletion 7 bp Pusillum Cluster shared with other Trillium
D SNP t->¢g Pusillum Cluster unique
6 deletion 6 bp Pusillum Cluster unique
E SNP t->g Pusillum Cluster unique
F SNP a->c¢ absent in Pusillum Cluster shared with rest of Trillium
7 insertion 6 bp absent in Pusillum Cluster absent in rest of Trillium
L SNP c->a Pusillum Cluster unique except for T. telmacola
N-O SNP t->c¢c Pusillum Cluster shared with other Trillium
A" SNP g->a Pusillum Cluster unique
AA SNP g->a Pusillum Cluster shared with Phyllantherum
AH SNP t->c¢ Pusillum Cluster shared with T. grandiflorum
AK SNP a->g absent in Pusillum Cluster shared
14 insertion 7 bp Pusillum Cluster unique
AL SNP g->a absent in Pusillum Cluster unique
C SNP c->t Ozarkanum Cluster unique
711G SNP t Ozarkanum Cluster unique
H SNP a->c¢ Ozarkanum Cluster unique
L SNP a->t Ozarkanum Cluster unique
M SNP t->c Ozarkanum Cluster unique
P SNP t->g Ozarkanum Cluster unique
R SNP a->g Ozarkanum Cluster shared with Coastal Plain species
S SNP g->a Ozarkanum Cluster unique
T SNP t->¢g absent in Ozarkanum Cluster shared with Phyllantherum
w SNP t->a Ozarkanum Cluster unique
2 insertion 8bp Virginianum Cluster unique
71G SNP t Virginianum Cluster unique
J SNP t->g Virginianum Cluster unique
L a->c¢ Virginianum Cluster shared with T. telmacola
Q SNP t->c Virginianum Cluster unique

»

SNP a->¢ Virginianum Cluster unige
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Table 15. psbA-trnH markers that are taxon specific within the Pusillum Complex.

marker type change taxon shared or unique
4 insertion 6 bp T. texanum unique
I SNP a->t T. texanum unique
AC SNP c->t T. texanum shared with T. pusillum
AD SNP a->c¢ T. texanum shared with T. pusillum, basal Phyllantherum and T. ovatum
s.l.
AE SNP g->a T. texanum shared with T. pusillum, and T. telmacola
AF SNP c>g T. texanum shared with T. georgianum and with other Trillium
AG SNP g->c¢ T. texanum unique
13 length 3bp T. texanum unique length
polymorphism
8 deletion 9 bp T. georgianum unique
U SNP g->t T. georgianum unique
AB SNP t->a T. georgianum unique
AF . SNP c->¢g T. georgianum shared with T. texanum and with other Trillium
AG SNP g->t T. georgianum unique
15 length 2bp T. georgianum length shared with T. pusillum, and T. telmacola
polymorphism
9 insertion 9 bp T. pusillum unique
12 insertion 6 bp T. pusillum unique
AC .SNP c->t T. pusillum shared with T. texanum
AD SNP a->c¢ T. pusillum shared with T. texanum, basal Phyllantherum and T. ovatum
s.l.
AE SNP g->a T. pusillum shared with T. texanum and T. telmacola
AF SNP c->¢g T. pusillum absent in T. pusillum; shared w/ T. georgianum and other
Trillium
15 length 2bp T. pusillum length shared with T. georgianum, and T. telmacola
polymorphism
1 insertion 3bp T. telmacola unique
15 SNP a->c T. telmacola shared with Virginianum Cluster
P SNP t->c¢ T. telmacola unique
13 deletion 5bp T. telmacola unique
Y-Z SNP c->t T. telmacola unique
AF SNP t->c¢ T. telmacola unique
Al SNP t->c T. telmacola unique
AJ SNP c->t T. telmacola unique
AE SNP g->a T. telmacola shared with T. texanum, and T. pusillum
15 length 2bp T. telmacola length shared with T. georgianum and T. pusillum
polymorphism
10 insertion 23 bp T. alabamicum unique
K SNP t->¢g T. morficola unique
11 insertion 6 bp T. monticola unique
R SNP a->g T. virginianum shared with Ozarkanum Cluster
and T. palustris
A SNP a->c T. palustris unique
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Virginianum Cluster, the absence of AC and AD shared with T. georgianum, and AF shared with other
Trillium species).

The Ozarkanum Clusfer is characterized by a seven unique SNPs (C, G, H, absence of L, M, S,
absence of T, and W) and two shared SNPs (P state shared with T. subgen. Phyllantherum and R shared
with T. palustris). Within the Ozarkanum Cluster, T. alabamicum is characterized by the presence of a
23 base pair insertion (10).

The Virginianum Cluster is characterized by one unique 8-bp insertion (2), 4 unique SNPs (G, J,
Q, and X), and one shared SNP (L shared with T. telmacola). Within the Virginianum Cluster, T.
virginianum has no diagnostic markers, per se; it is what remains after everything else has been
characterized. T. monticola is characterized by a unique 6-bp insertion (11) and a unique SNP (K). The
coastal plain plants are characterized by SNP R which is shared with the Ozarkanum Cluster; T. palustris
is characterized by the unique SNP A.

3.4 Morphological Analysis

Because the phylogenetic analysis combined with the DNA sequence variation clearly indicated
that Trillium pusillum is composed of three major groups, the morphological analysis was conducted on
the basis of these groups collectively as well as individually rather than the more traditionally recognized
single species. Once differences were noticed in the DNA sequence data, they were compared to the
taxonomic boundaries used by Garrett (1982); when novel differences were noted, ecological, geographic
and physiographic data were examined to determine putative geographic boundaries for each taxon.

The standard descriptive statistics for the taxa including N, mean, standard deviation, variance,
minimum, maximum, skewness, and kurtosis are provided in Appendix C. Input files, scripts, box plots

and error-bar plots are available from the author.

3.4.1 The Pusillum Complex.- Standard descriptive statistics of the variables showed some cluster-
specific trends (Table 16). The Virginianum Group had the shortest pedicels (greater than one standard
deviation from the group mean). Completely non-overlapping means (95% CI) were observed for sepal
width, petal width, and the pedicel to sepal ratio. For the Ozarkanum Cluster, means were different than
those of the Pusillum Cluster and the Virginianum Cluster for stem length, leaf width, sepal length, petal
shape, anther length, stigma length, stamen length, and pistil length. For the Pusillum Cluster, means
were different than those of the Ozarkanum Cluster and the Virginianum Cluster for style length, stem to
leaf length ratio, and leaf shape. For the Virginianum Cluster, means were different than those of the
Ozarkanum Cluster and the Pusillum Cluster for leaf length, pedicel length, filament length, stem to

pedicel ratio, petal shape, anther to filament ratio and filament to ovary ratio.
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Table 16. Means for the standard morphometric characters for the clusters of the Pusillum
Complex. Shape is a ratio calculated based on length/width. Bold characters are those whose means
are significantly different based on 95% confidence interval.

ozarkanum pusillum  virginianum  cluster Std. Dev.
cluster cluster cluster
stem 171.70 130.39 136.70 153.96 45.15
leaf length 49.55 46.46 39.58 45.67 11.64
leaf width 16.39 13.09 12.63 14.64 4.61
- leaf shape 3.11 3.89 3.25 3.26 0.82
pedicel 2245 21.11 1.67 15.06 11.90
sepal length 24.34 19.54 17.74 21.40 5.82
sepal width 8.25 6.80 5.12 6.97 2.48
sepal shape 3.05 2.93 3:57 3.21 0.68
petal length 23.46 19.57 18.81 21.32 4.47
petal width 9.15 7.48 5.43 7.63 2.61
petal shape 2.66 2.74 3.58 2.9 0.74
filament 4.01 3.77 4.23 4.06 0.74
anther 6.09 5.02 4.41 5.36 1.59
stamen 10.12 8.79 8.64 9.42 1.85
ovary 3.48 3.37 3.04 3.31 0.87
style 3.92 2.93 3.41 3.61 1.19
stigma 2:95 2.23 2.39 2.66 - 1.00
pistil 10.45 8.53 8.84 9.63 2.29
stem: leaf 3%52 2.80 3).57 3.44 0.83
stem: pedicel 8.40 7.38 123.39 48.17 73.21
pedicel: sepal 0.93 1.06 0.10 0.66 0.47
sepal: petal 1.04 1.01 0.95 1.00 0.15
anther: filament 1.55 1.35 1.07 1.35 0.44
filament: ovary 1.23 1.19 1.43 1.29 0.38
“ovary: stigma 1.32 1.64 1.51 1.43 0.86
stigma: anther 0.51 0.45 0.56 0.52 0.20
anther: ovary 1.85 -1.56 1.49 1.69 0.82
stigma: style 0.86 0.82 0.76 0.82 0.45

stamen: gistil 0.99 1.05 0.99 1.00 0.15
—_———————— ———
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The results of discriminant analysis indicated that the Pusillum Cluster, the Ozarkanum Cluster,
and the Virginianum Cluster were distinct from one another to varying degrees. Using the group
boundaries as indicated by the DNA analysis, 91.2% of the total cases were correctly classified (Table
17); information on the misclassified samples is provided in Table 18. The group centroids (Table 19)
also indicated the distinctness of the groups and indicated which clusters were separated out by which
function. The discriminate analysis defined two new orthogonal multivariate variables both of which
were significant (Wilks Lambda test, Table D.1) and accounted for 100% of the variation (Table D.2).
In addition, these functions were relatively well correlated with group membership (canonical correlation
for the first function of 92.5%; Table D.2). The first function had large negative coefficients (in order of
descending magnitude) for anther length and the pedicel to sepal length ratio; it had large positive
coefficients for stamen length, pedicel length and the anther to filament ratio (Table D.3) indicating the
relative importance of those characters in contributing to the discriminant functions. The larger the
absolute value of the coefficient, the more important that character is in separating groups with that
function. Opposite signs for the coefficients indicate that the group separation can be determined by
differences between the variables (Field 2005). The second function had large negative coefficients for
leaf length, petal length, and pedicel length; and large positive coefficients for leaf shape and leaf width.
The structure matrix (Table D.4) indicates the correlations between the characters and the functions
providing information about the nature of the functions. The first function, therefore, was primarily one
of pedicel characters; the second function was primarily one of lengths including petal, stem and sepal as
well as leaf shape. The individual specimens and the taxon centroids are shown in discriminant space in

Fig. 19.

3.4.2 The Pusillum Cluster.- Standard descriptive statistics of the variables showed some species-
specific trends (Table 20). Trillium texanum was generally the tallest species in this group. Trillium
telmacola had the largest leaves, widest sepals, shortest petals, shortest style, longest stigma, and shortest
stem to leaf ratio (all more than one standard deviation from the group mean) and the greatest sepal to
petal ratio and greatest stigma to style ratio (both more than two standard deviations from the group
mean). Trillium georgianum had the largest leaf length to width ratio (greater than one standard deviation
from the group mean). It should be noted that if looking at the Pusillum Complex as a whole, the
Trillium georgianum leaf length to width ratio was greater than two standard deviations from the mean.
Though not included in the statistical analysis, T. texanum and T. georgianum could easily be
distinguished from the other members of this group by having stomates on the upper surface of the leaf;
these are the only two pedicellate Trillium to exhibit such a character.

The results of discriminani analysis indicate that the taxa in the Pusillum Cluster (e.g., T.

pusillum, T. texanum, T. georgianum, and T. telmacola) are completely distinct from one another.
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Table 17. Discriminant model classification results for the clusters of the Pusillum Complex. 91.2%
of original grouped cases correctly classified.

Predicted Group Membership
taxon
1 2 3
Ozarkanum 88.6 % 11.4% 0
Cluster 78 samples 10 samples
Pusillum 17.4% 783 % 43%
Cluster 4 samples 18 samples 1 sample
Virginianum 0 0 100%
Cluster

Table 18. Casewise statistics for misclassified cases for the clusters of the Pusillum Complex.

T e—— === —

Case Speci Actual  Predicted Discriminant Scores
Number pecmen Group Group Fxn1 Fxn 2
8 alALli_0068-10 1 2 -1.309 -0.768
19 alALms_0074-3 1 2 -2.588 -0.757
20 alALms_0074-5 1 2 -0.471 -1.322
24 alALmo_0986-5 1 2) -0.390 -1.453
26 alALja_0067-2 1 2 -3.258 -1.093
33 alTNpu_0299-2 1 2 -1.317 -1.884
42 0zTNsu_1610-2 1 2 -0.464 -1.301
46 ozKYwa_1143-4 1 2 -2.714 -0.873
57 ozARpo_1575-1 1 2 -2.493 -1.445
102 0zNCcl _1149-5 1 2 -0.116 -0.847
118 puNCpe_1166-4 2 | -3.108 -0.264
122 puSCca 0114-1 2 1 0.286 -0.535
128 puSCdo_0115-3 2 3 0.745 -0.933
136 txTXsm_0251-1 2 1 -1.758 0.177
145 txLAca 0247-1 2 1 -1.914 -0.316

Table 19. Centroids of the clusters of the Pusillum Complex using unstandardized canonical
discriminant functions evaluated at group means.

Cang Function
1 2
Ozarkanum Cluster -1.735 0.507
Pusillum Cluster -1.873 -1.188

Virginianum Cluster 3.318 -0.020
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Figure 19. Two-dimensional plot of function scores of the individual specimens and cluster
centroids from the discriminant analysis of the clusters of the Pusillum Complex. Legend:

cluster2=1 is the Ozarkanum Cluster, cluster2=2 is the Pusillum Cluster, and cluster2=3 is the
Virginianum Cluster.
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Table 20. Means for the standard morphometric characters for the taxa of the Pusillum Cluster of
the Pusillum Complex. Shape is a ratio calculated based on length/width. Bold numbers are more than
one standard deviation from the global mean of the Pusillum Complex; bold italicized are more than 2
standard deviations from the global mean.

T — =
telmacola georgianum pusilum  texanum global Std. Dev.

stem 150.00 111.29 131.33 175.13 145.42 42.31
leaf length 65.00 42.50 45.33 53.80 48.96 9.31
leaf width 22.00 8.79 12.67 15.43 13.34 4.64
leaf shape 2.96 4.89 3.63 3.713 3.91 0.93
pedicel 30.00 20.21 13.80 31.13 2225 10.17
sepal length 21.00 16.57 19.21 2220 20.01 3.98
sepal width 9.00 6.00 6.25 6.60 6.43 1.84
sepal shape 2.33 2.81 3.11 3.66 3E27 0.80
petal length 15.00 17.29 20.25 20.85 19.54 3.18
petal width 6.00 8.00 6.06 8.88 7.56 1.83
petal shape 2.50 2.25 341 2.50 2373 0.68
filament 4.00 3.39 3.73 2177 3.68 0.66
anther 5.50 4.39 4.78 5.96 5.13 1.13
stamen 9.50 7.1 8.52 9.73 8.81 1.45
ovary 4.00 3.24 2.64 4.12 3.32 1.01
style 1.50 2.59 2.68 3.48 2.89 0.80
stigma 3.00 2.01 2.16 2.07 2512 0.73
pistil 8.50 7.84 7.48 9.67 8.33 1.84
stem: leaf 231 2.67 2.93 3.28 3.01 0.63
stem: pedicel 5.00 5.94 10.43 5.90 7.67 872
pedicel: sepal 1.43 1.21 0.68 1.44 1.13 0.47
sepal: petal 1.40 0.97 0.92 1.08 1.01 0.15
anther: filament 1.38 1.31 1.31 1.64 1.43 0.38
filament: ovary 1.00 1.06 1.44 0.94 1.17 0.30
ovary: stigma 1.33 1.62 1.39 2.14 1.69 0.57
stigma: anther 0.55 0.46 0.45 0.35 0.42 0.14
anther: ovary 1.38 1.36 1.86 1.53 1.62 0.44
stigma: style 2.00 0.85 0.85 0.60 0.81 0.40

stamen: Bllstll 1.12 0.99 1.16 1.03 1.08 0.16-
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Using taxonomic boundaries as defined by the DNA analysis, 100% of the total cases were correctly
claséiﬁed (Table 21). This can also be seen in the group centroids (Table 22). The discriminate analysis
defined three new orthogonal multivariate variables of which the first two were significant (Wilks
Lambda test, Table D.S) and accounted for 98.4% of the variation (Table D.6). In addition, these
functions were relatively well correlated with group membership (canonical correlations of over 98.3%;
Table D.6). The first function (Table D.7) had large negative coefficients (in order of descending
magnitude) for filament length, sepal shape, sepal width, stigma length and leaf length; it had large
positive coefficients for ovary length, sepal length, leaf width, and filament to ovary length indicating the
relative importance of those characters. The second function had large negative coefficients for leaf
length, petal length, and pedicel length; and large positive coefficients for leaf shape and leaf width. The
structure matrix, which provides information about the nature of the functions, is shown in Table D.8.
The first function, therefore, was primarily one stem and anther length; the second function was primarily
one of leaf shape, sepal and petal lengths; and the third function was not significant and contributes little
to the analysis. The individual specimens and the taxon centroids are shown in discriminant space in

Fig. 20.

3.4.3 The Ozarkanum Cluster.- Standard descriptive statistics of the variables showed some species-
specific trends (Table 23). Trillium ozarkanum is generally the more robust of the two taxa. Characters
with non-overlapping means (95% CI) are stem, leaf length and width, pedicel length, sepal length and
width, petal length and width, filament length, style length, and pistil length.

The results of discriminant analysis indicated that these taxa were generally distinct from one
another (Fig. 21). Because the analysis has only 2 groups, there is only one function, and thus one axis
for the graph; in order to produce a two-dimensional scatter-plot, a third taxon had to be added (T.
telmacola). Using taxonomic boundaries as defined by the DNA analysis, 81.8% of the total cases were
correctly classified (Table 24). Taxonomic membership ranged from 77.8% of T. alabamicum identified
correctly (28 of 36 individuals) to 84.6% of T. ozarkanum correctly classified (44 of 52 individuals) by
the discriminant model. If there were no distinctions between the 2 groups, the model would be expected
to correctly classify only 51.65% of the groups by chance based on sample size. Information on
misclassified samples is given in Table 25. The group centroids (Table 26) also indicated the distinctness
of the groups and indicates which clusters were separated out by which function. The discriminate
analysis defined one new orthogonal multivariate variable or dimension which defined a new function
accounting for all of the variation. In addition, this function is relatively well correlated with group
membership (canonical correlations of 65.9%; Table D.9). The standardized canonical discriminant
coefficients for the function are provided in Table D.10. The function had large negative coefficients for

(in order of descending magnitude) sepal length, stamen length, stem length, sepal shape, sepal width,
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Table 21. Discriminant model classification results for the Pusillum Cluster of the Pusillum
Complex. 100 % of original grouped cases correctly classified.

——
" Predicted Group Membership
taxon
3 4 5
3. T. georgianum 100.0 % 0 0
e 7 samples
4. T. pusillum 0 100.0 % 0 0
8 samples
5. T. telmacola 0 0 100.0 % 0
1 sample
6. T. texanum 0 0 0 1000 %
s = =L =2 i/ SMQICS

Table 22. Centroids of the taxa of the Pusillum Cluster of the Pusillum Complex using
unstandardized canonical discriminant functions evaluated at group means.

e Function
1 2 3
T. georgianum -9.816 6.551 -0.665
T. pusillum -12.589 -4.803 1.130
T. telmacola 5.379 -7.788 -9.456

T. texanum 23.435 0.051 0.725
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Figure 20. Two-dimensional plot of function scores of the individual specimens and taxon centroids
from the discriminant analysis of the Pusillum Cluster of the Pusillum Complex. Legend: taxon2=3

is Trillium georgianwn, taxon2=4 is T. texanum, taxon2=35 is T. telmacola, and taxon2=6 is T.
pusillum.
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Table 23. Means for the standard morphometric characters for members of the Ozarkanum
Cluster of the Pusillum Complex. Shape is a ratio calculated based on length/width. Bold characters
are those whose means are significantly different based on 95% confidence interval.

—
alabamicum ozarkanum  cluster  Std. Dev.
stem 147.24 184.19 170.33 50.13
leaf length 44.78 5229 49.43 12.24
leaf width 14.31 17.29 16.16 4.71
leaf shape 3.23 3.09 3.14 0.56
pedicel 19.38 23.79 22.11 7.90
sepal length 21.36 26.44 2454 6.43
sepal width 7.39 9.04 8.42 2.75
sepal shape 2.96 3.07 3.03 0.61
petal length 21.08 25.01 23.51 4.61
petal width 8.00 9.95 9.17 2.51
petal shape 2.73 2.60 2.65 0.52
filament 3.717 4.14 3.99 0.62
anther 5.77 6.30 6.09 1.68
stamen 9.54 10.46 10.09 1.88
ovary 3.28 3.59 3.46 0.83
style 3.39 4.28 3.92 1.33
stigma 2.92 2.90 2.91 1.01
pistil 9.58 10.92 10.38 2.38
stem: leaf 3.32 3.61 3.50 0.89
stem: pedicel 8.48 8.34 8.39 3.32
pedicel: sepal 0.89 0.92 0.91 0.25
sepal: petal 1.02 1.05 1.04 0.16
anther: filament 1.56 1.55 1.55 0.46
filament: ovary 1.19 1.24 1.22 0.41
ovary: stigma 1.20 1.41 1.33 0.64
stigma: anther 0.51 0.49 0.50 0.20
anther: ovary 1.77 1.92 1.86 1.02
stigma: style 0.97 0.77 0.85 0.51

stamen: Bistil 1.01 0.99 1.00 0.16
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Figure 21. Plots of function scores of the individual specimens and taxon centroids from the
discriminant analysis of the Ozarkanum Cluster of the Pusillum Complex. Legend: taxon2=1 is

Trillium alabamicwm and taxon2=2 is T. ozarkanwm. Note: In order to obtain a 2-D plot, another taxon
needed to be added (T. telmacola).
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Table 24. Discriminant model classification results for the Ozarkanum Cluster of the Pusillum
Complex. 81.8% of original grouped cases correctly classified.

~£
Predicted Group Membership
taxon
1 2
1. T. alabamicum Tged aane
28 samples 8 samples
15.4% 84.6%

10. T. ozarkanum
8 samples 44 samples

Table 25. Casewise statistics for misclassified cases in the analysis of the Ozarkanum Cluster of the
Pusillum Complex.

Case Specimen Actual  Predicted  Discriminant Scores
Number Group Group Function 1

8 alALli_0068-10 1 2 0.138
13 alALmd_0072-3 1 ) 0.021
14 alALmd_00724 1 2 -0.109
16 alALmd_0072-6 1 2 -0.851
21 alALmo_0986-2 1 2 -0.142
28 alALja 00674 1 2 -0.250
34 alTNpu_0299-3 1 2 0.045
37 alTNIli_1646-3 1 2 -0.358
43 0zKYwa_1143-1 2 1 0.386
46 0zKYwa_11434 p. 1 1.125
57 ozARpo_1575-1 2 1 1.007
71 ozARne_1161-1 2 1 0.829
72 ozARne_1161-2 2 1 0.741
86 ozARma_0100-2 2 1 1.760
102 0zNCcl_1149-5 2 1 0.464
2 1 1.778

105  ozMSjo_1147-2
=
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Table 26. Centroids of the taxa of the Ozarkanum Cluster of the Pusillum Complex using
unstandardized canonical discriminant functions evaluated at group means. [top table - 1 function;
bottom table with addition of T. telmacola to get the 2-D plot.]

Function
taxon 1

T. alabamicum 1.040

T. ozarkanum -0.720
—_—

—— Function

1 2

T. alabamicum 0.567 -0.839
T. ozarkanum -0.562 0.511

T. telmacola 8.817 3.635
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and pedicel to sepal length ratio; anther length, pedicel length, sepal to petal length ratio, petal length,
leaf length had large positive coefficients. The structure matrix, which provides information about the
nature of the function, indicated that it is primarily one petal size and stem length and is given in Table

D.11.

3.4.4 The Virginianum Cluster.- Standard descriptive statistics of the variables showed some species-
specific trends (Table 27). The mean pedicel length for Trillium carolinianum was more than one
standard deviation from the group mean. T7illium monticola had the widest leaves, the largest leaf length
to width ratio indicating the shortest and broadest leaves, the longest filament, the longest stamens, and
the longest stem to pedicel ratio all greater than one standard deviation from the group mean. T7illium
palustris and T. virginianum had non-overlapping means (95% confidence interval) for leaf width, sepal
length, anther length, pistil length, and sepal to petal ratio.

The results of discriminant analysis indicated that the segregate taxa associated with the Pusillum
Complex were distinct from one another in varying degrees. Using taxonomic boundaries as defined by
the DNA analysis, 93.2% of the total cases were correctly classified (Table 28). Taxonomic membership
ranged from 88.9% for T. palustris, 93.5% for T. virginianum to 100% for T. monticola and T.
carolinianum. Information on the mis-classified samples is provided in Table 29. The group centroids
(Table 30) also indicated the distinctness of the groups and indicated which clusters were separated out by
which function. The discriminate analysis defined three new orthogonal multivariate variables or
dimensions each of which define new uncorrelated functions, two of which were significant (Wilks
Lambda test, Table D.12) and account for 87.2% of the variation (Table D.13). In addition, these
functions were relatively well correlated with group membership (canonical correlations of over 88.0%;
Table D.13). The first function had large negative coefficients for (in order of decreasing magnitude)
petal width, leaf length, petal to sepal ratio, sepal length, petal shape, and anther length to ovary length
ratio; and large positive coefficients for petal length, leaf width, style length, pedicel length, stamen to
pistil ratio, and leaf shape (Table D.14). The second function had large negative coefficients for stigma
length, sepal width, petal length, sepal shape, and leaf length; and large positive coefficients for petal
width, stigma to anther length, petal shape, leaf width, and style length. The structure matrix (Table
D.15) indicates the correlations between the characters and the functions providing information about the
nature of the functions. The first function, therefore, was primarily one of leaf with and the ovary to
stigma ratio; the second functions was one of sepal shape. The individual specimens and the taxon

centroids are shown in discriminant space in Fig. 22.

3.4.5 The individual species.— Standard descriptive statistics of the variables showed some species-

specific trends (see also Tables 20, 23, and 27). The mean pedicel length for Trillium carolinianum was



Table 27. Means for the standard morphometric characters for members of the Virginianum
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Cluster of the Pusillum Complex. Shape is a ratio calculated based on length/width. Bold numbers are

more than one standard deviation from the global mean of the Pusillum Complex.

taxon carolinianum  monticola palustris  virginianum cluster Std. Dev.
stem 129.13 130.95 145.92 137.78 138.57 31.48
leaf length 38.44 39.05 45.98 38.22 40.62 10.51
leaf width 13.44 17.75 14.28 11.09 13.08 375
leaf shape 2.90 222 3.36 3.50 3.24 0.91
pedicel 447 0.70 1.98 1.78 2.06 1.84
sepal length 16.94 19.56 20.48 16.96 18.29 4.10
sepal width 5.06 6.44 5.73 4.74 5.25 1.48
sepal shape 3.28 3.12 3.66 3.74 3.60 0.76
petal length 17.75 20.50 19.87 18.57 19.16 3.26
petal width 4.92 6.13 6.11 5.37 5.65 1.65
petal shape 3.88 3.59 3.44 3.56 3.55 0.74
filament 3.80 5.50 4.45 4.23 4.38 0.99
anther 3.77 5.73 5.15 4.23 4.61 1.17
stamen 7.57 11.23 9.60 8.46 8.99 1.95
ovary 2.93 3.91 3.48 2.82 3.13 0.87
style 2.69 4.94 4.18 3.35 3.68 1.46
stigma 1.74 1.81 2.66 2.36 2.33 0.85
pistil 7.36 10.66 10.32 8.53 9.14 2.24
stem: leaf 3.53 3.40 3:25 3.71 3.52 0.80
stem: pedicel 54.54 210.29 113.24 108.58 113.68 81.63
pedicel: sepal 0.25 0.04 0.09 0.11 0.11 0.10
sepal: petal 0.93 0.96 1.04 0.92 0.96 0.16
anther: filament 1.02 1.03 1.19 1.02 1.07 0.24
filament: ovary 1.34 1.43 1.34 1.54 1.45 0.36
ovary: stigma 1.83 3.23 1.45 1.31 1.60 1.15
stigma: anther 0.53 0.35 0.54 0.56 0.53 0.21
anther: ovary 1.28 1.47 1.57 1.55 1.52 0.39
stigma: style 0.77 0.45 0.76 0.74 0.72 0.35
stamen: pistil 1.04 1.06 0.96 1.00 1.00 0.15
plem—s = o= =
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Table 28. Discriminant model classification results for the Virginianum Cluster of the Pusillum
Complex. 93.2% of original grouped cases correctly classified.

=

Predicted Group Membership

taxon
7 8 9 10
7. T. monticola s e q 0 °
5 samples
1 0 88.9 % 0 11.1%
8. T. palustris 16 samples 2 samples
o 0 0 100.0 % 0
9, T. carolinianum 5 samples
10. T. vireini 0 6.5 % 0 93.5 %
. T. virginianum 2 samEles 29 samples

Table 29. Casewise Statistics for misclassified cases in the analysis of the Virginianum Cluster of

the Pusillum Complex.

—
. Actual Predicted Discriminant Scores
Case Number Specimen Group Group Fxn 1 Fxn 2 Fxn 3
160 paMDwo_1227-5 8 10 -1.082 0.245 -0.082
168 paNCga_0116-4 8 10 -0.507 -1.176 0.752
197 vaVAgs_1244-1 10 8 -1.156 -1.003 1.788
208 vaVAyo_1237-1 10 8 -0.992 -0.530 1.234

Table 30. Centroids of the taxa of the Virginianum Cluster of the Pusillum Complex using
unstandardized canonical discriminant functions evaluated at group means.

p— Function
1 2 3
T. monticola 1.592 -0.041 -0.430
T. palustris -3.441 -0.279 -0.327
T. carolinianum -2.949 -0.769 -0.184
_T.i____w'rginianum -3.611 -0.313 -0.450
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Figure 22. Two-dimensional plot of function scores of the individual specimens and taxon centroids
from the discriminant analysis of the Virginianum Cluster of the Pusillum Complex. Legend:
taxon2 =7 is Trillium monticola, taxon2=8 is T. palustris, taxon2=9 is T. carolinianum, and taxon2=10
is T. virginianwn.
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more than one standard deviation from the group mean. T7rillium monticola had the widest leaves, the
largest leaf length to width ratio indicating the shortest and fattest leaves, the longest filament, the longest
stamens, and the longest stem to pedicel ratio all greater than one standard deviation from the group
mean. Trillium palustris and T. virginianum had non-overlapping means (95% confidence interval) for
leaf width, sepal length, anther length, pistil length, and sepal to petal ratio.

The results of discriminant analysis indicated that the segregate taxa associated with the Pusillum
Complex are distinct from one another in varying degrees. Using taxonomic boundaries as defined by
the DNA analysis, 72.4% of the total cases were correctly classified (Table 31). Taxonomic membership
ranged from 57.1 % for T. texanum, to 100% for T. telmacola and T. georgianum. Information on the
mis-classified samples is provided in Table 32. The group centroids (Table 33) also indicated the
distinctness of the groups and indicated which clusters were separated out by which function. The
discriminate analysis defined nine new orthogonal multivariate variables or dimensions each of which
define new uncorrelated functions, five of which are significant (Wilks Lambda test, Table D.16) and
accounted for 93.7% of the variation (Table D.17). In addition, the first three functions were relatively
well correlated with group membership (canonical correlations of over 70%; Table D.17). The first
function had large negative coefficients for (in order of decreasing magnitude) anther to filament ratio,
and pedicel length; and large positive coefficients for anther length, pedicel to sepal ratio, and sepal
length (Table D.18). The second function had large negative coefficients for stamen length, leaf shape
and leaf width; with large positive coefficients for anther length and filament length. The third function
had large negative coefficients for anther length, leaf length, and filament length; and large positive
coefficients for stamen length, leaf width, and sepal length. The structure matrix (Table D.19) indicates
the correlations between the characters and the functions providing information about the nature of the
functions. The first function, therefore, was primarily one of pedicel characters and petal shape; the
second function was concerned with leaf and petal characters, sepal length, stamen, stern, style, pistil,
and filament lengths; the third function, which only accounts for 8.4% of the variation, was primarily one
of ovary and stigma characters. The individual specimens and the taxon centroids are shown in two-
dimensional discriminant space in Fig. 23; the group centroids are shown in three dimensional space in
Fig. 24.



Table 31. Discriminant model classification results for the taxa of the Pusillum Complex. 72.4% of original grouped cases correctly classified.

—
Predicted Group Membership
taxon
1 2 3 4 5 6 7 8 9 10
5 63.9 25 11.1
1. T. alabamicum 23 les 9 les 0 4 puplet 0 0 0 0 0 0
k 17.3 71.2 1.9 9.6
3 734 i 9 samples 37 samples . 1 sample * 5 samples < b 8 P
3 100
3. T. georgianum 0 0 7 S 0 0 0 0 0 0 0
4. T. pusillum 2.5 o 0 s 0 0 0 0 0 0
1 sample 1 sample 6 samples
5. T. teimacola 0 0 0 0 P 0 0 0 0 0
1 sample
6. T. texanum 0 B4 < 0 0 ¥4 0 0 0 0
2 samples 1 samples 4 samples
4 80 20
7. T. monticola 0 0 0 0 0 0 4 samples 0 0 Estnple
83.3 16.7
8. T. palustris 0 0 0 0 0 0 0 15 samples 0 3 safples
20 80
9. T. carolinianum 0 0 0 0 0 0 0 1 sample 4 samples 1
- 3:2 22.6 3.2 71
10. T. virginianum 1 eatdle 0 0 0 0 0 0 7 samples 1 sample 22 samples
e ————

6L
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Table 32. Casewise statistics for misclassified cases in the analysis of the taxa of the Pusillum

Complex.
— e
Case Speci Actual Predicted Discriminant Scores
Number pRuen Group  Group Fxnl Fxn2 Fxn3 Fxn 4 Fxn §
14 alALmd _0072-4 1 2 3.453 1.615 1.034 -0.428 0.087
15 alALmd_0072-5 1 4 0.315 0.225 -1.063 0.465 1.031
16 alALmd_0072-6 1 2 2.001 1.359 -1.339 -0.490 0.805
21 alALmo_0986-2 1 2 2.377 0.936 -0.594 0.114 -0.280
24 alALmo_0986-5 1 4 0.529 -1.262 -1.582 1.759 -0.934
25 alALja_0067-1 1 2 2.615 1.605 -0.083 0.847 0.195
27 alALja_0067-3 1 4 1.342 0.304 -0.683 -0.370 0.942
28 alALja_0067-4 1 2 2.291 -0.025 0.010 0.037 0.722
32 alTNpu_0299-1 1 2 2.693 0.740 0.058 0.402 -0.083
33 alTNpu_0299-2 1 4 1.734 -2.299 0.036 0.192 1.284
34 alTNpu_0299-3 1 2 2.046 0.608 -0.604 0.326 -0.833
35 alTNIli_1646-1 1 2 1.851 0.413 0.549 -0.498 -1.418
37 alTNIli_1646-3 1 2 1.797 0.614 -0.555 0.275 -0.084
42 0zTNsu_1610-2 2 6 0.776 -0.576 0.798 0.277 -1.564
43 ozKYwa_1143-1 2 1 1.635 0.886 -0.328 0.776 0.600
46 ozKYwa_11434 2 1 3.069 -1.060 -0.365 0.452 0.256
57 ozARpo_1575-1 2 6 2.650 -0.254 0.380 1.750 -1.958
69 ozARbo_1156-3 2 6 2.588 1.006 0.914 -0.870 -0.898
It ozARne_1161-1 2 1 2.713 0.663 -0.437 0.060 1.897
72 ozARne_1161-2 2 1 2.104 1.403 -0.724 0.967 -0.443
85 0zARma_0100-1 2 6 2.063 0.485 1.424 -0.453 -0.786
86 ozARma_0100-2 2 1 1.968 -0.336 -1.643 0.981 0.810
92 0zMOla_11654 2 6 2.767 0.619 0.328 0.552 -1.115
98 0zNCcl_1149-1 2 1 2.811 -1.180 0.455 0.189 0.649
102 0zNCcl_1149-5 2 1 0.427 -0.954 -0.068 -0.300 -0.635
104 ozMSjo_1147-1 2 1 2.110 0.535 -0.137 0.845 -0.725
105 o0zMSjo_1147-2 2 4 -0.017 -1.025 -1.258 -0.288 0.327
106 ozMSjo_1147-3 2 1 0.870 0.320 -0.529 0.529 0.867
118 puNCpe_1166-4 4 1 2.675 0.240 0.566 0.000 2.011
122 puSCca_0114-1 4 2 -0.143 0.270 -0.205 -0.279 -1.491
136 txTXsm_0251-1 6 2 1.742 1.334 0.165 0.468 -1.393
140 txTXca_1591-2 6 3 4.503 -3.224 2.166 -1.227 0.916
145 txLAca_0247-1 6 2 2.565 0.009 0.122 -0.192 -0.824
147 moVAro_1272-1 7 10 -4.417 1.240 -0.002 -0.059 0.998
159 paMDwo_12274 8 10 -2.274 0.340 -0.422 0.031 0.325
168 paNCga_01164 8 10 -3.337 -0.905 0.381 -0.689 0.213
174 paVAsf_1247-5 8 10 -1.742 0.169 -1.844 -0.750 -0.845
181 caNCwa_1989-1 9 8 -1.100 -0.626 -0.523 -0.080 -1.144
191 vaVAhe_1233-2 10 1 -0.868 -0.103 -1.097 -1.054 0.144
197 vaVAgs_1244-1 10 8 -2.953 -1.228 -0.379 0.373 -0.618
201 vaVAch_1232-3 10 8 -3.164 -0.304 -1.086 0.469 0.976
204 vaVAss_1269-3 10 8 -3.528 0.132 0.265 0.351 1.593
215 vaVAcc_1231-6 10 8 4918 -1.194 1.319 0.753 2.343
217 vaVAsr_0984-2 10 9 -2.785 -0.135 0.206 -0.695 -1.077
221 vaVAsr_0984-6 10 8 -5.266 -0.931 -0.201 1.053 0.903
225 vaVAjc_1239-1 10 8 -4.576 -1.003 1.757 0.570 -0.222
229 vaVAE 1239-5 10 8 -3.712 0.744 -1.261 2.405 -0.008
- — —




Table 33. Centroids of the taxa of the Pusillum Complex using unstandardized canonical
discriminant functions evaluated at group means.

taxon 1 E Fun;tlon . :
T. alabamicum 1.592 -0.041 -0.43 0.357 0.092
T. ozarkanum 1.985 0.967 -0.072 -0.283 0.095
T. georgianum 3.704 -3.732 1.737 -0.555 0.914
T. pusillum 0.361 -1.006 -0.608 -0.045 0.545
T. telmacola 3.115 -1.645 -0.407 6.388 -4.333
T. texanum 3.049 - -0.5 1.473 0.219 -1.478
T. monticola -5.036 1.813 4.553 0.46 0.325
T. palustris -3.441 -0.279 -0.327 0.909 0.191

T. carolinianum -2.949 -0.769 -0.184 -2.249 -2.793

T. vig'm'anum -3.611 -0.313 -0.45 -0.298 0.147
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Canonical Discriminant Functions
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Figure 23. Two-dimensional plot of function scores of the individual specimens and taxon centroids
from the discriminant analysis of the taxa of the Pusillum Complex. Legend: taxon2=1 is Trillium
alabamicum, taxon2=2 is T. ozarkanum, taxon2=3 is T. georgianum, taxon2=4 is T. texanum,
taxon2=>5 is T. telmacola, taxon2=6 is T. pusillum, taxon2=7 is Trillium monticola, taxon2=8 is T.
palustris, taxon2=9 is T. carolinianum, and taxon2=10 is T. virginianum.
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4.0 DISCUSSION

Using a variety of analysis techniques and sources of data, I was able to answer the questions
that prompted this study. Delostylis lies within Trillium rather than in the basal position suggested by an
earlier analysis (Farmer 2000; Farmer & Schilling 2002). Delostylis as it was presumed to be
circumscribed was not monophyletic, but when additional morphological characters were considered, a
recircumscribed, monophyletic Delostylis was recognized. The taxonomy of the Pusillum Complex was

able to be resolved by splitting it into 10 species.

4.1 Delostylis: Composition and Placement

The results of the phylogenetic analysis using data from ITS, marK, and psbA-trmnH sequences
(see also Figs. 10, 15) suggested that the circumscription of Delostylis be narrowed to consist of T.
persistens, T. catesbaei, and the Pusillum Complex. Molecular and phylogenetic evidence suggested that
the character of a common style is homoplasious (Fig. 25) placing T. nivale in a sister relationship with
T. grandiflorum (albeit with relatively long branches indicating a more distant phylogenetic relationship).
A revised Delostylis was characterized by the presence of a style with three slender stigmatic branches in
those plants whose flowers are either white-fading-to-pink or pink. The anthocyanin pigmentation in the
petals excluded T. nivale on morphological grounds. Because of the sister relationship with T.
grandiflorum (albeit morphologically unsupported), the inclusion of T. nivale would make Delostylis
paraphyletic.

The emended Delostylis was well supported as a group in the analyses of the combined data sets
with a bootstrap value of 99% and a posterior probability of 1.0 (Table 34). In addition there are
molecular markers that delineate Delostylis that are not present in T. nivale. Analysis of the relationships
of T. nivale and T. grandiflorum are beyond the scope of this project; however, because of the branch
lengths involved, it is likely that long branch attraction or possibly lineage sorting is responsible.

Results of the phylogenetic analyses showed Delostylis to be one of four innermost clades in
Trillium (the other three being T. ovatum [100%; 1.0], T. subgen. Phyllantherum [100%; 1.0], and sister
taxa T. grandiflorum and T. nivale [86%; 1.0]) (see also Figs. 10, 15). The innermost position was in
contrast to the basal position indicated by the phylogenetic analysis of morphological data (Farmer 2000;
Farmer & Schilling 2002). Prior to this analysis, phylogenetic placement based on molecular data was
not able to be determined with confidence because sequence data were available only for “T. pusillum”
(Farmer 2000; Farmer & Schilling 2002; see also Fig. 6), now known to be T. ozarkanum (Fig. 17).
More complete sampling of Delostylis helps to minimize artifacts such as long branch attraction
(Felsenstein 1978; Huelsenbeck 1997; Graybeal 1998).
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Figure 25. Tree from the parsimony analysis of the combined sequence data of Trillium with
morphological characters defining Delostylis mapped onto the tree. Pink branches indicate plants that
have pink flowers or white flowers aging to pink; green branches indicate a common style.



Table 34. Comparisons of clade support between DNA sequences and analysis techniques.
Bootstrap values from the parsimony analyses are given as percentage values; posterior probabilities from
bayesian analyses are given as decimal fractions. “Single” indicates a single sample.
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Within a revised Delostylis, there were still some problems with species delimitation, only some
of which were resolved. Delostylis was composed of sister clades in the consensus trees from all
analyses: the Catesbaei Clade (containing 7. catesbaei and T. persistens) and the Pusillum Clade
(containing the Pusillum Cluster, the Ozarkanum Cluster, and the Virginianum Cluster). The
monophyletic Catesbaei Clade was well supported with most markers (Table 34) (bootstrap of 63 %-99%;
posterior probability of 0.96-1.0), but the Pusillum Clade did not always receive bootstrap support of
over 50%, nor was it always monophyletic.

Molecular evidence suggested that the narrowly endemic Trillium persistens was monophyletic,
but T. catesbaei was not. Trillium persistens was represented by 2 samples, one of which was collected
from cultivated material at the University of Georgia Botanic Gardens; additional work is desired to
examine the genetic variability in this endangered species. Before this species was described, vegetative
herbarium material had been labeled as T. catesbaei, indicating a possible close relationship which was
supported by the molecular phylogenetic analysis. Phylogenetic evidence indicated that T. catesbaei, a.lv;
currently circumscribed, may not be a monophyletic species (Figs. 6-10, 12-15). When Elliot (1817)
described T. catesbaei based in part on Catesby’s figure (Fig. 26), he also described T. nervosum
followed shortly by Nuttall’s publication of T. stylosum (1818). In the time since Catesby published
“Solanum triphylion flore hexapetalo carmeo” in 1730, discussion has ensued about Catesby’s Trillium
beginning with Smith in 1791 and Pursh in 1814. Elliot noted differences between petal shape (lanceolate
vs. oblong lanceolate), leaves (“obovate and oval, acuminate, tapering at the base” vs. “lanceolate and
ovate, acute at each end, membranaceous, nerved”) between T. catesbaei (former) and T. nervosum.
Nuttall’s 7. nervosum had leaves that were “elliptic-lanceolate, acute at both extremities” and “oblong,
obtuse” petals. Other taxonomists, including Elliott (1817), Rendle (1901), and Mitchell (1992) state that
T. cernuum was designated upon Catesby’s figure causing further confusion; however, T. cernuum has
been lectotypified on a Kalm specimen at LINN (Gleason 1906) effectively ending that debate. Because
sampling of T. catesbaei was not carried out in a systematic or thorough fashion, the significance of
variation within the DNA sequence data cannot be ascertained at this point. There are three distinct
morphs: the more western plants (GA and AL specimens) are smaller in stature with white flowers
turning pink with age, the Franklin Co., NC sample is a much taller plant with pink flowers, and the
Pickens Co., SC sample is shorter with white flowers like the western plants with very short stigmatic
branches and an erect pedicel. Further work on this putative species complex is needed to answer
questions raised by this analysis.

Based on molecular and morphological analyses of a broad sampling of populations, Trillium
pusillum, as previously circumscribed and now referred to as the Pusillum Complex, was shown to be an
amalgam of different species that will be discussed in detail in Section 4.2. The Pusillum Complex was

composed of three distinct clusters of species (the Ozarkanum Cluster, the Pusillum Cluster and the



Figure 26. Linaria Cerulea. The Blew Linnet. Solanum &c. flore carnoe (Catesby 1771).
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Virginianum Cluster) based on DNA sequence data (Figs. 16-17) and molecular phylogenetic analysis
(Figs. 6-10, 12-15). Monophyly of the Pusillum Complex was supported in the analysis of ITS data
(73% bootstrap; posterior probability 0.94) and in the combined data set (89% bootstrap; posterior
probability 1.0), but not in either of the plastid analyses (Table 34). The bayesian analysis of the marK
data produced a monophyletic Pusillum Complex with a posterior probability of 0.72; in the parsimony
analysis, the Pusillum Complex was monophyletic, but received no bootstrap support. In the analyses of
the psbA-trnH sequence data, the Pusillum Complex formed a paraphyletic group with Trillium subgen.
Phyllantherum; this particular grouping did not have bootstrap support, but it did have a posterior
probability of 0.95. As noted, the psbA-trmH sequence data indicated a paraphyletic Pusillum Complex
due to a sister relationship between the Pusillum Cluster and 7. subgen. Phyllantherum which was
supported by two base pair changes and 2 indel characters. While the increased variability of the psbA-
trmH intergenic spacer made it useful for determining relationships between closely related taxa, there are
several unusual aspects that indicate that it may not be completely suitable for a family-wide or genus-
wide study within Trilliaceae.

The psbA-trmH spacer is generally much longer in members of Trilliaceae than in any other
angiosperms (Kress et al. 2005). Based on sequence data that I generated as well as sequence data
currently available GenBank, length in the pedicellate members of Trilliaceae ranges from 1068 to 1281
base pairs in length with other monocots being at least 300-600 base-pairs shorter (Colchicaceae 390-450
bp, Liliaceae 348-390 bp, Zingiberales 492-752 bp, Commelinales 612-770 bp, Poales 479-615 bp). In
grasses, where the whole chloroplast genome has been sequenced, part of this region lies within the
Inverted Repeat of the chloroplast (Maier et al. 1995; Asano 2004). In grasses the 7pS19 gene also lies
within this region, and there is the possibility of a pseudogene for 7pL22 as well. In addition, there are
some peculiarities within T7illium in this region. Some members of T. subgen. Phyllantherum (e.g., T.
maculatum, T. cuneatum, T. luteum, and an as yet undescribed species) have a deletion that is
approximately 800 bp long in the aligned matrix; lengths of psbA-trmH for these species ranges from 626
bp to 800 bp long. In addition, there is also a minisatellite region present in all members of 7. subgen.
Phyllantherum examined to date ranging from 37 to 189 bp in length. There is a similar deletion and a
minisatellite region present in the Franklin Co., NC specimen of T. catesbaei making it 628 base pairs
long (in contrast to 1281 bp in the Pickens Co., SC T. cateshaei). Of the accessions sequenced to date,
this specimen is the only pedicellate species of Trillium examined to exhibit any such oddities.

4.2 The Pusillum Complex

Results of molecular analyses in combination with morphology and biogeography supported
dividing Trillium pusillum into ten distinct species. Although other researchers (Garrett 1982; Cabe
1995; Cabe & Werth 1995; Case & Case 1997; Case 2002; Timmerman-Erskine et al. 2002a) have
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suggested that the Pusillum Complex includes more than one taxon, a comprehensive solution based on
both molecular and morphological evidence has not yet been proposed. Other studies began with a priori
taxon boundaries and examined the complex in light of those boundaries (Garrett 1982; Cabe 1995; Cabe
& Werth 1995; and Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a, 2002b, 2003).
This study began with a comprehensive molecular analysis to search for the presence of potential taxon
boundaries. Based on the taxon boundaries as indicated by DNA sequence data, morphology was then
tested. Note that this type of approach worked well with a group of poorly known beetles (Pons et al.
2006). As a result of both the DNA analyses and the morphological analyses, the picture that emerges of
the Pusillum Complex is one of multiple species each of which has relatively discrete physiographic, and
ecological aspects (Fig. 5).

The amount of DNA sequence variation within the Pusillum Complex was the first indicator that
this was a complex of more than one species. Not only were there high levels of variability, but this
variability was partitionable into discrete entities. In most cases, these partitions corresponded with
previously proposed taxonomic boundaries. In other cases, taxonomic boundaries were reassessed on the
basis of these partitions using other data such as physiography, ecology, and morphology. The amount of
sequence variation between the members of the Pusillum Complex was comparable to that between other
species of Trillium including T. subgen. Phyllantherum; using matK data, there is more variation between
the different species within the Pusillum Complex than there is between the different species within T.
subgen. Phyllantherum. Furthermore, the Erectum Complex, another group of closely related Trillium
species, shows little discernable variation in DNA sequence data using the same gene regions (Millam
2006). Zomlefer et al. found similar levels of molecular variability between species within both
Veratrum (Zomlefer et al. 2003) and in Schoenocaulon (Zomlefer et al. 2006).

Despite the invariance in the psbA-trmH sequence data within an individual species (i.e., T.
ozarkanum), isozyme data shows genetic variation (Cabe & Werth 1995; Timmerman-Erskine 1999;
Timmerman-Erskine et al. 2003) indicating breeding populations. Many species of Trillium, including
members of the Pusillum Complex, propagate vegetatively by means of offsets on the rhizome. Evidence
has indicated that many species of T. subgen. Phyllantherum occurring in flood plain habitats primarily
propagate vegetatively (Ohara & Utech 1986; Ohara 1989; Ohara et al. 1990); the clump-forming nature
and branching rhizomes of species like T. texanum indicates that there is significant vegetative
propagation occurring in this and other wetland species of Delostylis as well. The isozyme variation
strongly indicates that these species are not just replicates of a single clonal individual. Most isozyme
studies in Trillium, however, have been used to study population structure and genetic diversity (Bayer et
al. 1987; Whitkus et al. 1987; Kalisz et al. 1999, 2001; Timmerman-Erskine et al. 2003; Griffin &
Barrett 2004a, 2004b; Gonzales & Hamrick 2005). Very little variation was detected in populations of T.

nivale (Bayer et al. 1987), but other studies found high levels of genetic variation in other species (e.g.,
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Timmerman-Erskine et al. 2003; Griffin & Barrett 2004a, 2004b; Gonzales & Hamrick 2005). However,
even where high levels of variation were found, there was little evidence of gene flow among populations.
Clonal reproduction, small population size, unstable habitat, and limited gene flow between populations
all combine to increase the tendency for genetic drift to lead to speciation.

A novel result based on DNA sequence data (Figs. 16-17) and molecular phylogenetic analysis
(Figs. 7-10, 12-15) was the separation of the Pusillum Complex into three distinct clusters (the
Ozarkanum Cluster, the Pusillum Cluster and the Virginianum Cluster [Fig. 27]); these clusters appeared
to be relatively well defined geographically (i.e., Pusillum Cluster-southeastern coastal plain except for
T. georgianum; Ozarkanum Cluster-Interior of the southeastern U.S.; and Virginianum Cluster-
tidewater DelMarVa peninsula except for T. monticola). This split into three clusters is not anticipated in
any published treatment of the species (Freeman undated, 1994, 1995; Freeman et al. 1979; Garrett 1982;
Case & Case 1997; Jacobs & Jacobs 1997; Timmerman-Erskine 1997, 1999; Case 2002; Timmerman-
Erskine et al. 2002a, 2002b, 2003). This unanticipated division prompted closer examination of the
clusters to see if they were indeed valid subdivisions for T. pusillum s.1.

It should be noticed that the clusters in the Pusillum Complex were not morphologically well
defined (Figure 18). A distinctive character in the Pusillum Cluster is the presence of stomates on the
upper surface of the leaves, but this trait is not exhibited by all members of the Cluster; overlap between
the Ozarkanum cluster and the Pusillum Cluster (Appendix D.1) involves robust plants that would
otherwise be differentiated by this character. The Virginianum Cluster with its very short to absent
pedicels is the most morphologically distinct of the three and the only grouping to have been previously
recognized (see also Case 2002) or anticipated in previous studies with a broadly defined T. pusillum var.
virginianum (Cabe 1995; Cabe & Werth 1995; Timmerman-Erskine 1997, 1999; Timmerman-Erskine et
al. 2002a, 2002b, 2003), but the distribution of the Virginianum Cluster was different than what had been
accepted in prior studies (Freeman et al. 1979; Garrett 1982; Freeman undated, 1994, 1995;
Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a, 2002b, 2003).

The species comprising the Pusillum Complex are morphologically very similar to one another
and not separable on the basis of single characters, which has complicated their recognition (see also
Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a). Like members of T. subgen.
Phyllantherum and Erectum, the Pusillum Complex is composed of entities (Fig. 28), separation of which
requires a suite of characters. As a result of her analyses, Timmerman-Erskine made several
observations about the taxa of the Pusillum Complex such as “... significant differences among varieties.
These exist, however, as arrays of characters rather than as single characters,” “no one character at the
population level distinguished any variety,” and “if qualitative characteristics, geographic and ecological
affinities are also used to delimit taxa, varietal distinction is accorded to the elements of the T. pusillum

complex” (Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a); all of these statements
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Figure 27. County-level distribution map for clusters of the Pusillum Complex. Green is the

Ozarkanum Cluster, Blue the Pusillum Cluster, and red the Virginianum Cluster.



Figure 28. Sister species complexes within 7rillium. a-c: members of the Pusillum Complex (a. T.
alabamicum, b. T. ozarkanum, c. T. monticola); d-f: members of 7. subg. Erectum (d. T. erectum, e.

T. flexipes, f. T. sulcatum); g-i: members of T. subg. Phyllantherum (g. T. sessile, h. T. cuneatum, i.
T. luteum).
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are true of most species of Trillium especially groups or complexes of similar species (e.g., the Erectum
Complex, T. subgen. Phyllantherum). Even within subgenera, very few species of Trillium can be
separated from sister species on the basis of one single character; in fact, there are perhaps five or six
species in Trillium that can be diagnosed on the basis of a single character. This is probably in part
because of the simple morphology (best summarized by Elliott, “3 leaves at the summit of a stem,
supporting one solitary terminal flower"), but also because of apparent recent radiation as seen evidenced
by the relatively short branch lengths in phylogenetic analyses of closely related taxa. Any group of
Trillium, in fact any species of Trillium, which exhibits a high degree of phenotypic plasticity especially
when coupled with disjunct distributions should be examined closely because it probably “conceals many .
species” (Elliott 1817).

4.2.1 The Pusillum Cluster. - The Pusillum Cluster was determined to be composed of four distinct
species: Trillium pusillum, T. telmacola, T. texanum, and T. georgianum. The Pusillum Cluster was not
monophyletic using the ITS data set; Trillium telmacola was placed in basal position relative to all other
members of the Pusillum Complex (Figs. 7, 12). Nor was it a monophyletic group using the marK data
(Figs. 8, 13). However, it was monophyletic in analyses of both the psbA-trmH data set (Figs. 9, 14)
and the combined data set (Figs. 10, 15) with bootstrap support of 100% and posterior probability of 1.0.
The marK data identified the Pusillum Cluster on the basis of two indel characters both representing 6-
base pair deletions (one of which is shared with T. subgen. Phyllantherum); characters present in the
psbA-trmH dataset included seven unique SNPs and three indel characters (representing two insertions
and one deletion) of five, six, and seven base pairs. The taxa of the Pusillum Cluster have the shortest
stems on average of the three clusters (Table 16). The Pusillum Cluster was separated from the
Ozarkanum Cluster by the second discriminant function (Table 19) which has the greatest loadings are
for stamen characters: negative loading for the composite stamen length, and positive loadings for the
filament and anther length (Table 22).

The division of the Pusillum Cluster into four distinct species was supported by both DNA
sequence data (Figs. 16-17) and morphology (Fig. 19). Trillium texanum and T. georgianum can be
separated from the other members of the cluster based on the presence of stomates on the upper surface
of the leaves. Trillium georgianum also has the longest, narrowest leaves of any member of the Pusillum
Complex (mean leaf/width ratio is 4.89, over one SD greaier than the cluster mean). Trillium telmacola,
an extremely rare taxon from the sand hills of the Savannah River Reservation on the Aiken and
Barmwell Co. line in SC, is the most morphologically distinct with many traits either larger or smaller

than one SD from the cluster mean including leaves (both the largest and with the smallest length/width
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ratio), sepals (both the widest and the smallest length/width ratio), the shortest petals, shortest style,
longest stigma, and shortest stem/leaf ratio; in addition two ratio characters are more than 2 SD away
from the cluster mean sepal/petal ratio and stigma/style ratio (Table 23). Trillium pusillum has the
largest petal length/width ratio (greater than one SD from the cluster mean); while within one SD of the
cluster mean, it also has the shortest pedicels. Ecologically, T. texanﬁm is found in relatively large
clumps on hummocks around the bases of trees in wet swampy places, T. georgianum is found scattered
in spring-wet flood plains; T. pusillum is found in small clusters in low, relatively dry, pine woods, and

T. telmacola is found in a seepage area within an alluvial swamp forest.

4.2.2 The Ozarkanum Cluster. - The Ozarkanum Cluster was determined to be composed of two
species: Trillium ozarkanum and T. alabamicum. In both the parsimony analysis and the bayesian
analysis of ITS data, the Ozarkanum Cluster was not clearly definable as a separate entity, but was
combined with the Virginianum Cluster (Figs. 7, 12). The analysis of the mafK data showed minimal I
support in the parsimony analysis (52 %) but the cluster as a whole was not present in the bayesian
analysis; instead, each taxon was present in its own clade with support of 0.89 for T. alabamicum and
0.78 for T. ozarkanum (Figs. 8, 13). Using psbA-trnH, there was 100% bootstrap support and a
posterior probability of 1.0 for the Ozarkanum Cluster (Figs. 9, 14); the combined data set produced
similar results with 99% bootstrap support and a posterior probability of 1.0 (Figs. 10, 15). The
Ozarkanum Cluster can be identified by an indel character representing a six base pair deletion as well as
an SNP producing an amino acid change in the matK data set; characters present in the psbA-trmH data
set that characterize the Ozarkanum Cluster were seven unique and three shared SNPs (two of which are
shared with T. subgen. Phyllantherum). The taxa in the Ozarkanum Cluster have the most robust plants
of any of the three clusters (Table 16) having the longest stems, largest leaves, and largest flowers. It is
easily separable from the Virginianum Cluster on the basis of pedicel length. It is separated from the
Pusillum Cluster by the second discriminant function (Table 19) which has the greatest loadings are for
stamen characters: negative loading for the composite stamen length, and positive loadings for the
filament and anther length (Table 22).

Trillium alabamicum and T. ozarkanum are two of the most similar species in the Pusillum
Complex. The leaves and petals of T. ozarkanum are generally longer and wider than those of T.
alabamicum, the mean leaf length/width ratio of 3.23 indicates that T. alabamicum leaves have a longer,
narrower, and more elliptical shape. In addition, the leaves of T. ozarkanum are more ovate in shape
with an acute apex than the apically rounded, elliptical leaves of T. alabamicum. There are habitat

differences as well; T. alabamicum is found predominantly in swamps or spring-wet floodplains, whereas
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T. ozarkanum is predominantly found on upland, dry, rocky slopes. Trillium alabamicum is found

predominantly in the interior southern highland rim virtually surrounded by populations of T. ozarkanum.

4.2.3 The Virginianum Cluster. - The Virginianum Cluster was determined to be composed of four
species: Trillium virginianum, T. monticola, T. carolinianum, and T. palustris. In both the parsimony
analysis and the bayesian analysis of ITS data, the Virginianum Cluster was not clearly definable as a
separate entity, but was combined with the Ozarkanum Cluster (Figs 7, 12); it was also not supported
using the marK data (Figs. 8, 13). However, using psbA-trnH, there was 92 % bootstrap support and a
posterior probability of 0.89 for the Virginianum Cluster (Figs. 9, 14); the combined data set produced
similar results with 84 % bootstrap support and a posterior probability of 0.99 (Figs. 10, 15). Unlike the
Pusillum Cluster and the Ozarkanum Cluster, the Virginianum Cluster could not be characterized by
changes in the matK DNA sequence. There was, however, more information content in the psbA-trmH
data set including an indel character representing an eight-base pair insertion and four unique SNPs that
could be used to identify members of the Virginianum Cluster. Morphologically, the pedicel length in
the Virginianum Cluster was the shortest of all members of the Pusillum Complex (Table 16); the mean
was more than one standard deviation shorter than that of either of the other means.

The unexpected division of the Virginianum Cluster into four distinct species was supported by
DNA sequence data (Figs. 16-17), and morphology (Fig. 21); other studies based on isozyme data (Cabe
& Werth 1995) as well as morphological data (Cabe 1995) had concluded that there was only one
species. Populations in central North Carolina that had previously been considered to be T. pusillum
because of their longer pedicels were clearly shown to be members of the Virginianum Cluster based on
DNA sequence data and phylogenetic evidence. The significance of the variation in pedicel length was
not recognized because apparent increase in pedicel length from north to south was believed to be clinal
in nature rather than morphologically significant (Timmerman-Erskine et al. 2002a). Morphologically,
Trillium monticola has not only the broadest leaves, but the smallest leaf length/width ratio (means more
than one SD smaller than the cluster mean) and the longest filament (and stamen), stem/pedicel ratio, and
ovary/stigma ratio (all more than one SD larger than the cluster mean). Trillium carolinianum has the
longest pedicel (more than one SD from the cluster mean). Variation was first seen between populations
of the upper and lower coastal plain in the DNA sequence data; when the morphological analysis was
done, I checked to see if this was a valid distinction supported by morphology. Trillium palustris (lower
coastal plain) is typically a more robust plant than T. virginianum (upper coastal plain); it has larger,
non-overlapping means (95% confidence interval) for leaf width, sepal length, anther length, pistil

length, and sepal to petal ratio, but smaller length/width ratios for leaves, sepals and petals.
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4.3 The Synthetic View

Having obtained a refined view of Delostylis based on morphology and molecular phylogenetic
data, it is possible to consider other aspects of the group such as its distribution, variability, and
conservation biology. Restricted to the unglaciated southeastern US and found in scattered populations,
it is possible that these species are range limited by lack of long-distance seed dispersers. It is this
restricted distribution that makes many members of Delostylis of conservation interest.

Unlike any of the other groups of Trillium, Delostylis is the only one restricted to the
unglaciated southeastern US (Estill & Cruzan 2001; see also Mayewski et al. 1981). Members of the
Erectum Group (e.g., T. subgen. Trillium) exhibit the well known eastern North America-eastern Asian
disjunct distribution, while members of 7. subgen. Phyllantherum exhibit an eastern-western North
American disjunct distribution (Fernald 1931; Wood 1971, 1972; Raven 1972; Thorne 1972; Xiang et al.
1998; Wen 1999). Most individual species in T. subgen. Phyllantherum are, however, restricted to the
unglaciated Southeast as well. It is possible that lack of long-distance dispersers is responsible for this .
restricted pattern of distribution.

Consideration of the detailed distribution of individual Delostylis species provides a further
indication that dispersal may be a limiting factor for the group. With the exception of T. ozarkanum and
T. catesbaei s.l., these are not widely distributed taxa (Figure 5); this is true of most of the southern
species of T. subgen. Phyllantherum as well. In fact half of the species (T. persistens, T. georgianum, T.
telmacola, T. carolinianum, T. monticola and T. pusillum) are currently known from five counties or
less. In addition, most of these species do not show wide disjunctions in locations. Even though the
patterns of disjunction within T. ozarkanum are similar to those of other Ozark species (Steyermark
1934; see also Fernald 1931), there are gaps in the distribution that may be due to undercollection
(Freeman, pers. com.) as well as lack of suitable habitat or dispersal agents.

One thing that has long puzzled taxonomists is the distribution; how did Trillium get to where
they are? Griffin and Barrett (2004b) discuss the “rare long-distance dispersal event” responsible for the
post-glaciation distribution of T. grandifiorum without specifics. It is known that ants (Gates 1940, 1941;
Lanza et al. 1992; Kalisz et al. 1999), arachnids (Gunther & Lanza 1989), and yellow jackets (Jules
1996; Zettler & Spira 2001; Bale et al. 2003) are the primary dispersers of Trillium seeds; there is an aril
or eliasome (Berg 1958) on the seeds composed of lipids and carbohydrates (Lanza et al. 1992) that
attracts the insects and arachnids. In addition, deer (Vellend et al. 2003), which are known for predation
of Trillium plants, may also act as a dispersal agent. For example, deer predation is a problem at Francis
Beidler National Forest (pers. comm.) and the Great Smoky Mountains National Park (Webster et al.
2005). There are also reports of birds removing the red fruits characteristic of T. undulatum

(McClements pers. comm.) and wild turkey removing the green fruits that are more typical in Trillium
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(Vagner pers. comm.; Africa pers. comm.). Itis known that the seeds will survive a trip through a deer
gut albeit with reduced viability (Vellend et al. 2003), there are no such studies about seeds surviving a
trip through a birds crop.

In the Coastal Plain species, there is a high correlation between chloroplast DNA sequence data
and physiography which is not seen in the more interior species (e.g., T. ozarkanum, T. alabamnicum, T.
carolinianum, T. georgianum, and T. monticola). The sequence data for T. ozarkanum is uniform
throughout its range across several different physiographic provinces. Trillium texanum are all found on
the tertiary uplands of the south central plain (Griffith et al. 2004) or the east Texas forest region
(Singhurst et al. 2002; MacRoberts & MacRoberts-2005) in three different watersheds, and the sequence
data are the same. There were differences in the DNA sequence data between the Aiken Co., SC and the
Dorchester Co., SC populations which were supported by morphology; investigation showed these
populations to be different physiographically: sand hills (Aiken Co. SC; T. telmacola) and the coastal
plain (Dorchester Co., SC and Pender Co., NC; T. pusillum). Similarly, there were DNA sequence
differences between the Maryland populations of T. virginianum, the James City Co. VA populations,
and the central North Carolina populations; investigation again showed physiographic differences: lower
coastal plain (Maryland; T. palustris) and the upper coastal plain (James City Co.; T. virginianum). One
potentially significant difference between the coastal plain populations and the more interior populations
is habit instability due to storm disturbance in the more coastal populations.

With the adaptation of species within Delostylis to such disparate habitats as dry, upland rocky
slopes to swamps, adaptation to habitat is apparently an important aspect of speciation. In the Pusillum
Complex, habitats range from upland rocky slopes, spring-wet flood plains, to swamps subject to
repeated inundation. Other than Trillium texanum, there have been few formal studies of the ecology of
the members of the Pusillum Complex (MacRoberts & MacRoberts 2005). Trillium texanum plants are
found on hummocks around the bases of trees in wetlands; but some T. alabamicum plants are found in
open in areas in wetlands subject to frequent and complete inundation during the spring rains. Jacobs &
Jacobs (1997) noted that wetland plants typically have narrower, elongate, branching rhizomes whereas
the plants of drier habitats tend to have the thicker, stouter rhizomes. Presumably, the smaller rhizome
is better adapted to the wet soil than the thicker rhizomes are. Unfortunately, no other characters have
been noticed that differ between upland and wetland populations.

In addition to adaption to edaphic conditions; differences in flowering times of wetland and
dryland plants could be another factor driving speciation. Wetland species typically flower
approximately two weeks earlier (March to April) than “dryland” species (April-May) contributing to
reproductive isolation. The upland plants are geographically the more northern plants which could

account for the flowering-time lag, but this phenomenon is observed in more southern plants as well;
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flowering of populations of T. fexanum under drought conditions was delayed by two-four weeks
(Singhurst, pers. comm.); in addition, upland populations of 7. alabamicum flower later than wetland
populations.

The members of the Pusillum Complex flower earlier than most pedicellate Trillium. This early
flowering could play a part in the potential under-collection particularly across MS, AL and GA;
Freeman (pers. comm.) believed under-collection accounted for “gap” in the distribution across those
states. While it might be assumed that early flowering might be a limiting factor in distribution due to
lack of pollinators, in other species such as T. grandiflorum, flowering time occurs later in the year the

further north the population occurs.

4.3.1 Conservation issues. - With its fragmented and frequently small populations, member of the
Pusillum Complex were readily recognized at the state level (e.g., KY, MD, NC, and TN) for needing
protection as imperiled, threatened, or endangered. As noted earlier, five of the 10 species that are
included within the Pusillum Complex are known from five counties or less (7. telmacola, T.
carolinianum, T. georgianum, T. monticola and T. pusillum); in addition, more widespread species may
be known from one to few counties in some states (e.g.; T. texanum in Caddo Parish, LA or T.
ozarkanum in MS or OK) . New populations continue to be discovered; since the beginning of this
study, new county record populations have been discovered in Russell Co., KY, Lancaster Co., VA, and
Brunswick Co., NC. Continued surveys are needed to establish distributions of these species.

In addition to being a potential seed disperser, deer pose the largest non-human threat to Trillium
populations (see Russell et al. 2001 and Rooney & Waller 2003 for reviews). Deer populations are on
the rise nationwide (Anderson 1997; Knox 1997 ; Alverson et al. 1998; Rooney 2001), and some locales
have instituted controlled deer hunts in attempts to control population sizes (McCullough 1997). Deer
predation is believed responsible for complete or partial extirpation of several species of rare plants
(including several species of Trillium) in the Cades Cove area of Great Smoky Mountains National Park
(Webster et al. 2005). Once a population of Trillium has been negatively impacted, recovery to pre-
impact levels may not be seen even 30 years after the initial disturbance (Jules 1998). If the disturbance
is short term, recovery or rebound can be measured in as little as three years (Frankland & Nelson
2003).  Long term recovery, on the other hand, can be impossible without “active restoration” (Webster
et al. 2005). Even after eight years of deer exclusion, recovery in Cades Cove consists primarily of
increasing numbers of survivors rather than recolonization by suppressed species (Webster et al. 2005)
which is in keeping with results found by Jules (1998).

Populations of the Pusillum Complex appear to be sensitive to the amount of cover. Most

populations occur in deciduous forests flowering well before the tree canopy leafs out in the spring; but
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T. monticola and T. pusillum both occur in dry pine woods. Trillium monticola is found on the forested
‘side at the edge of the forest-clearing interface, but this is not true of the populations of T. pusillum in the
Francis Beidler Forest. The population appears to be dwindling in part because of increased evergreen
sub-canopy due to tree-fall after Hurricane Hugo (Porcher unpublished data); deer predation on this
population may be compounding the problem. Like T. monticola, the Grayson Co., VA population of T.
carolinianum also occurs at the forest-clearing interface, but these plants tend to be found on the clearing
side. The Cumberland Co., TN population of T. alabamicum is found on a cleared upland site. - While
some species of Trillium can be adversely affected long-term by clear-cutting (e.g., T. ovatum [Jules
1998]), with its propensity for surviving in open woods or at the forest-clearing interface, this would not .
be true of the members of the Pusillum Complex.

Based on rediscovered populations (see also Bluebell Island, Elk River, Franklin/ Grundy Cos.,
TN), Trillium rhizomes can apparently lie dormant for an indeterminate period of time, viable seed banks
exist, or plants are simply overlooked so sites of “not found” populations should continue to be
monitored (e.g., Calhoun Co., SC, Johnston Co., NC, etc.). The Bluebell Island site was first seen in
1973 and vouchered only by a photograph, was “not found” during the intervening years, but was
rediscovered in 1998 (Priestly pers. comm.). In addition, reports believed to be erroneous (Freeman,
undated, 1994) should be thoroughly checked out; Freeman believed reports of T. pusillum from Georgia
to be erroneous (Freeman, 1994; see also Reed 1982) as well as the reports from Russell Co., KY
(Freeman 1994; see also Reed 1962).- There are sites known to be extirpated: the type locality for T.
pusillum is believed to be at the bottom of a reservoir in Berkeley Co., SC, and no populations of T.
texanum in Panola Co., TX have ever been relocated.

Human impact on populations of Trillium can be just as devastating if not more so than that by
deer predation. Human impact can include wild digging for the nursery trade, and negative impacts on
habitat from clear-cutting, habitat fragmentation, to outright habitat destruction. As Jules (1998) and
Webster et al. (2005) indicate, recovery after severe impact can take many years if ever without an active
restoration plan. However, because of the propensity of populations of members of the Pusillum
Complex to be found on the forest-clearing interface, habitat fragmentation may not be a critical issue as
with other species. Habitat destruction, however, is not as easily overcome as habitat fragmentation.
Trillium georgianum is known from few populations in an industrial park in Whitfield Co., GA the
largest population of which was subjected to site preparation prior to construction this past year (Patrick,
pers. comm.; Hollis, pers. comm.). Many populations of members of the Pusillum Complex, however,
are on protected land. Trillium telmacola, for instance, occurs on DOE property in Aiken and Barnwell
Cos. in South Carolina. Other populations are on National Forest or National Park land or other

protected property like the Francis Beidler forest which is owned by the National Audubon Society.
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Many species within Delostylis are in need of protection both at the state and federal level. As
noted earlier, many populations of the Pusillum Complex were readily recognized at the state level for
‘needing protection as imperiled, threatened, or endangered. - Unfortunately, state regulations frequently
lack the necessary power for adequate protection of rare species. . Some species have some protection
already as they occur on state, national or other protected lands (e.g., T. telmacola on DOE property at
the SRL in Aiken SC; T. pusillum in the National Audubon Society Francis Beidler Forest in Four Holes
Swamp). However, even public lands can change hands. With the new, narrower circumscription of
species, there are several potential candidates for listing under the Federal Endangered Species Act. As
noted earlier, five of the 10 species that are included within the Pusillum Complex are known from five
counties or less (T. telmacola, T. carolinianum, T. georgianum, T. monticola and T. pusillum) and

should certainly be considered for protection.
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5.0 TAXONOMIC TREATMENT

5.1 Subgeneric Classification of Trillium.

Despite its history of species and subspecific nomenclature, the subgeneric classification of
Trillium has needed study. Delostylis, proposed by Rafinesque (1819) as a genus whose members
exhibited the common style with three slender stigmas, was previously placed in synonymy with Trillium.
Phyllantherum (Rafinesque 1820) and, by extension, the autonym 77illium, are the only currently
recognized subgeneric, supraspecific names. A full formal hierarchy was proposed by Murray (1983,
1984) for T. subgen. Phyllantherum from section to subseries. Formal subgroups have not been proposed
for Trillium subgen. Trillium, but two subgroups are often mentioned (e.g., Patrick 1984) based on the
anthocyanin chemistry exhibited in aging petals: the Erectum Group (where the white petals just turn
brown) and the Grandiflorum Group (where the petals turn a vivid pink). If formal subgeneric names are
to be proposed for the autonymic 7. subgen. Trillium, the epithet Trillium must stay with the Erectum
Group because it includes the type species for Trillium, T. cernuum (Britton and Brown 1913; see also
Gleason 1906; Freeman 1975; Reveal 1992).

There are three possible approaches regarding subgeneric names: use the Phylocode and only
name clades, retain the informal names, or erect a formal structure under the ICBN. Because the
PhyloCode is still in draft stage and under revision, it is premature to erect formal names with this
nomenclatural system. Inherent in the continued use of informal names is the potential for ambiguity (see
also Table 1); in addition, there is little phylogenetic content in informal names. Therefore, I have
elected to erect a formal subgeneric framework for the pedicellate species of Trillium. There are two full
subgeneric ranks available for use (ICBN, Article 21; Greuter et al. 2000): Section and Series with
allowable subdivisions subsection and subseries. I prefer to use full ranks to allow for possible future
expansion using either subdivisions or supradivisions.

Because the current autonymic Trillium subgen. Trillium is not monophyletic (Figs. 7-10, 12-
15), it should be replaced with a series of monophyletic groups. Using the principle of exhaustive
subsidiary taxa (Simpson 1961; de Queiroz and Gauthier 1992; Cantino et al. 1997), a full framework is
described. All but one of the monophyletic clades based on molecular analysis are definable on
morphological grounds and are proposed as subgenera. The exception is the clade containing T
grandiflorum and T. nivale. These species will be designated incertae sedis (Wiley 1979) and not placed
in any subgenus (see also Cantino et al. 1997). The subgenera for Trillium are: Phyllantherum (Freeman
1975), Undulatum, Hibbersonii, Ovatum, Delostylis and the autonymic T7illium. Subgenera Undulatum
and Hibbersonii are each mono-specific containing T. undulatum and T. ovatum var. hibbersonii

(elevation to species in preparation by O’Neill and Farmer), respectively. Subgenus Ovatum contains 2-4
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species; Trillium subgen. Ovatum is shown in these analyses to need additional sampling and analysis to
clarify the status of these species; the elevation of T. ovatum ssp. oettingeri to species is in preparation by
Renner and Farmer. The subgenera Delostylis and Trillium would each contain two sections: 7. subgen.
Delostylis with sections Catesbaei containing the species now included in 7. catesbaei, and T. persistens;
and Pusillum containing the Pusillum Complex; and T. subgen. Trillium with- sections Orientale

containing the Asian species and the autonymic 7. sect. Trillium containing the Erectum Complex.

Key to the Subgenera of Trillium

1. Stigmatic branches united into a common style, 0.5-10 mm in length .........ccccieviiiiiniiiininennnnn. 2
2. Flowers white, pink, or aging to pink ..... fres O T BeL— T. subgen. Delostylis
2. Flowers remaining white ..................... e camers B Tisle # B 5o Fels TTES 5 TS Tt TR o S8 TS e T. nivale
1. Stigmatic branches not united into a common style, sessile and separate upon the ovary .............. 3
3. Flower sessile upon the leaves ................... oo B A R AR DE T. subgen. Phyllantherum
3% FIOWETSPEAICEIALE] (olii e e e wieie o o aielamis o w5 i o il i i 08 S SIS1S 4 T i i ot Tl STl i 4
4. Leaves petiolate; flower petals white with prominent red “V” at base of petals (rarely albino)
0 TS S T o e SN ot er v, el s e o[ el o 6l Te AT o TS S T. subgen. Undulatum
4. Leaves sessile; flower petals not SO marked ...........cceveveiiiiieiiiiiiiiniiiii e, 5
S. Plants < 10/ CIBAIIN = ... o555 o coen siors o nsinsiasinie Swsiaisins o Frare e s raiorralsi T. subgen. Hibbersonii
Ss 'Plantst ST 1OICmtallp 8ol st oot 857 o sl o oo steofe i e sorte sl re dmss o T N L et 6
6. Petals red, maroon, or white (rarely pink), if white, aging to brown; ovary red, white,
Purple or black .....cceiiiiiiiiiiii i e e e T. subgen. Trillium
6. Petals white fading to pink Or Maroon; OVary SrEEN ...........eeeeereeenencsecnrnsoenesesnss 7
7. Corolla funnel-form, concealing ovary ..........cc.coceeveveieiennnnn. T. grandiflorum
7. Corolla not funnel-form, ovary evident ...............coocoeinnenne T. subgen. Ovatum

5.2 Trillium subgen. Delostylis (Raf.) stat. nov.

Delostylis Raf.
Delostylis Raf. J. Phys. Chim. Hist. Nat. Arts 89: 96-107.
Type species: Trillium catesbaei Ell.
Petals white or pink, if white turning pink with age. Stigmatic branches united at the base into a

common style.
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As in all groups of Trillium species, individual plants can be difficult to key out. To echo what John
Freeman said (1975), “Due to the simple morphology of Trillium plants, the variety of characteristics
suitable for key-making is limited. The notorious variability of Trillium greatly limits the usefulness of
many easily observed features ... intra-and interspecific variation makes simple, effective, natural,
dichotomous keys based on morphology alone an impossibility in this genus.” There can be significant
overlap between individuals within the same population. It is essential, whenever possible, that
populations are keyed rather than individuals. This key was prepared based primarily on measurements

of dried specimens.
Key to Trillium subgenus Delostylis

1. Leaves with stomates on the upper surface, appearing farinose ............cc.ceeevviieininininieeininennns 2

2. Leaves linear, 4x longer than wide .........ccoveiviviiiiicisenrceceesnseeeeemeeens. 5. T georgianum

2. Leaves ovate or elliptic, not linear, less than 4x longer than wide ................... 11. T. texanum
1. Leaves without stomates on the upper surface, appearing glabrous ............c.ccoeveviiiiereieienenens 3
3. Pedicel <= 10 mm long (rarely t0 12 MM) ....ccovvemiueirinrirerierereesemeerarereesnneeeerrnnnennenes &

4. Pedicel (0-) 0.5-1 mm long; leaves (1.5-) 2.0-2.4 (-2.9) x as long as broad; leaves (14-) 15-20
(-22.5) mm wide; filament (4.5-) 4.6-5.8 (-8) mm; plants of upland woods ... 6. T. monticola
4. Pedicel (0.5-) 1-6.5 (-11) mm long; leaves (2.1-) 2.5-3.8 (-6) x as long as broad; leaves (6-)

10-17 (-25) mm wide; filament (2.5-) 3-5 (6.5) mm; plants of wetland woods .................. 5
S. Anthers (3.2-) 4.5-6 (-7) mm; stamens (5.7-) 8.4-10.9 (-12.5) mm; stigmas (1-) 2.1-3 (-5)
mm; leaves elliptic; plants of the lower coastal plain .........c.cccovvenenenenen. 8. T. palustris

S. Anthers (2.5-) 2.7-4.8 (-6.8) mm; stamens (5.7-) 6-9.2 (-13.2) mm; stigmas (1-) 1.2-2.5
(-4.7) mm; leaves ovate; plants of the upper coastal plain and piedmont ............... Teteos 6
6. Pedicel (1.2-) 1.8-6.6 (-11) mm; stamens (5.7-) 6-7.6 (-13.2) mm; stigmas (1-) 1.2-2

(-2.5) mm; plants of piedmont to edge of upper coastal plain ........ 4. T. carolinianum
6. Pedicel (0.5-) 1-2.1 (-7) mm; stamens (6-) 7.5-9.2 (-11) mm; stigmas (1-) 2-2.5 (-4.7)
mm; plants of upper coastal plain .........ccccceeiiiiiiiiiiiiiiiiiiinene.. 12, T. virginianum
35 PEAice]l TO-S6 IR IONE] .cneutonecsioneisiveissiossmaissiossss o e Suaie aauT Wois s S06T 51 eioiies 607 o1 64 olos o ais Sa'a s 7

7. Pedicel horizontal or recurved, rarely erect; sepals reflexed or curved; petals arcuate-
recurved; anthers strongly curved outwards ..........cccoeiveiiiiiiiiniiinninn., 1. T. catesbaei

7. Pedicel erect or leaning; sepals spreading or in the same plane with petals; petals erect to
widely spreading; anthers erect or spreading, straight or gently curved ...................... 8

8. Ovary sharply angled; sepals % to % length of petals ................... 2. T. persistens
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8. Ovary weakly angled to rounded; sepals 1 equal to petals (0.9-1.5) .......ccccceueenenn 9
9. Leaves ascending; sepals 1.4 times as long as petals; plants of sphagnum bogs in
the Carolina sand hills ........c.coccoeviiieiincnninincncencnen e 100 T. telmacola
9.. Leaves horizontal to declining; sepals and petals + equal in length (0.9-1.1 times
1ONZIAS WAAE):! 1= e i b4l oo R et ot = e i e g e S el S o el 10

10. Leaves narrower, (1.9-) 3-4.1 (-5.6) times as long as wide; pedicel (23-) 25-33

(-56) mm; plants of dry pine WOOdS ........ccccevevieieinrninnnns 9. T. pusillum
10. Leaves broader, (2-) 2.7-3.4 (-5.5) times as long as wide; pedicel (7-) 13-30
(G ) (T e R e R A 0 TR O 11

11. Leaves ovate, acute; sepals (14-) 22-30 (-41) x (4-) 6-11 (-17) mm, (2-)
3-4.3 (-5.6) times as long as wide; plants generally of upland rocky
SIOPES tueuiniiiiiiree ittt re s s e enanans 7. T. ozarkanum

11. Leaves elliptic, rounded; sepals (13-) 18-25 (-30) x (4-) 6-8 (-12) mm,
(1.8-) 2.7-3.1 (-4) times as long as wide; plants generally of swamps and

flood plains .......cceeeiiiiiiiiiiiiii e 3. T. alabamicum

The species descriptions of Trillium persistens and T. catesbaei are compiled from Gleason
(1906), Barksdale (1938), Gates (1917), Garrett (1982), Samejima & Samejima (1987), Mitchell (1990),
Case & Case (1997), Jacobs & Jacobs (1997), Case (2002), and species protologs. The list of

representative specimens examined for the Pusillum Complex is given in Appendix A.

5.2.1 Trillium subgen. Delostylis sect. Catesbaei nom. nov.

Plants with flowers that are either white fading to pink with age, or pink, and possessing a common style.
Different from sect. Pusillum in that the sepals are reflexed, recurved, or spreading instead of being in

the same plane with the petals. Ovary deeply or sharply 6-angled.

1. Trillium catesbaei (Figs. 1c, 4)
Trillium catesbaei Elliott, Sketch Bot. S. Carolina 1: 429, 1817.
Trillium affine Rendle; T. nervosum Elliott; T. stylosum Nuttall.
TYPE: United States: SC: Pendleton Co.; Baker & Perry s.n., sin date. GH.
Rhizomes short, tapered to a point distally. Stems 1-2, round in cross section, 20-45 cm,
slender, glabrous. Leaves usually raised somewhat, exposing flower; blade green, often with underlying

purplish maroon in well-lighted plants, major veins on adaxial surface deeply engraved, elliptic-ovate,
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6.5-15 x 4-8 cm, including elongated petiolelike base, proximal 1/3 of leaf gradually tapered to base,
margins often slightly raised, apex blunt-acute to acuminate. Pedicel deflexed, recurved, or erect (Picket
Co., SC), angled, 2-4(-5) cm. Flower opening at or recurved below bracts, rarely erect; sepals falcate-
recurved, green or streaked with purple, linear-lanceolate, 20-45 x 7-8 mm, margins + flat, apex
acuminate; petals falcate-recurved distally, white, pink, or rose, darkening to or remaining pink with
age, veins visible but not hppearing engraved, elliptic-oblong to oblong-lanceolate, 3.5-5 x 1-2+ cm,
thin-textured, bases somewhat imbricated, forming funnel-like tube, margins undulate, apex acuminate;
stamens prominent, recurved, 16-25 mm; filaments white, slightly longer and narrower than anthers;
anthers recurving, bright yellow. 5-14 mm, thick, dehiscence introrse; ovary inconspicuous, white,
angular-ovoid, deeply 6-angled, 4-12 x 3-7 mm, slender, base narrow; style 2-6 mm; stigmas prominent
(except in Picket Co., SC populations), strongly curled (circinate) to erect, connate basally, pale green or
white, not lobed, 4-10 mm, uniformly thin. Fruits baccate, greenish or whitish, ovoid-globose, angles
less prominent when mature, 1-1.5 cm diam., pulpy but not juicy.

Flowering spring-summer (late Mar - early June). Acid soils, open dry or rich woods, laurel
and rhododendron thickets, cove forests; 50-800 m; AL, GA, NC, SC, TN.

The epithet catesbaei was chosen in honor of Mark Catesby.

Trillium catesbaei, like T. pusillum, appears to have some problematic nomenclatural history of
its own. In addition to Elliott himself describing T. catesbaei and one of its synonymous taxa (7.
nervosum), Linnaeus (1753) referenced Catesby’s specimen in his description of T. cernuum in addition
to a Kalm specimen later lectotypified as T.. cernuum. In 1901, Rendle affixed the name to the Catesby
drawing (Fig. 26) having neither Catesby’s nor Elliott’s specimens available to him. Fernald (1944)
suggested that based on the descriptions and the specimens, Elliott confused the specimens of T. catesbaei

and T. nervosum when he was describing the two species. Mitchell (1992) suggested that the problem

was further compounded when T. nervosum was dropped in favor of the later name T. stylosum by such
authors as Watson (1879) and Small (1913).

There are at least three different floral morphs that are currently identified as T. catesbaei.
There is a small plant with initially white flowers (aging to pink as all members of subgen. Delostylis),
there is a larger plant with vivid pink flowers, and there is another plant with an erect pedicel and
minimal stigmatic branches. DNA sequence data of individual samples showed that these three morphs
have divergent sequences; a more thorough survey should clarify both taxonomic and geographic

boundaries for potential additional species in this group.
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2. Trillium persistens (Figs. 1b, 3)

Trillium persistens W .H. Duncan, Rhodora 73: 244. 1971.

TYPE: United States: GA, Rabun Co.; Duncan 23548, 23 March 1971. US!

Rhizomes horizontal to erect, short, praemorse. Stems 1-2, round in cross section, 20-30 cm,
slender, glabrous. Leaves horizontal to drooping distally, sessile; blade 3-5-veined, ovate-lanceolate to
lanceolate, 3-8.5+ x 1.5-3.5 cm, adaxial surface faintly glossy, rarely with + 2 mm, winged petiolelike
base, apex acuminate. Pedicel erect or slightly leaning, 1-3 cm, %4 - ' bract length at anthesis. Flower
opening above leaves; sepals spreading, green, elliptic to narrowly ovate, 11-22 x 5-6 mm, thin-textured,
margins entire, apex acute; petals erect proximally, spreading distally, white, fading to deep pink with
inverted C-shape basal portion remaining white, veins not engraved, linear-elliptic to occasionally linear,
2-3.5 x 0.5-1 cm, thin-textured, margins undulate at least in distal portion, apex acute; stamens
prominent, erect to divergent, straight, 9-14 mm; filaments + equaling anthers; anthers straight, yellow
or white, dehiscence introrse; connective barely longer than anther sacs; ovary white or greenish whité,
obovate, very sharply 6-angled, 2.5-6 mm; style 2-6 mm; stigmas erect, slightly divergent at tip,
delicate, not lobed, shortly connate basally, uniformly thin. Fruits baccate, greenish white, 6-angled,
pulpy, not juicy.

Flowering spring (early Mar - mid Apr.). Humus soils in mixed deciduous-pine woodlands,
along stream flats and at edges of Rhododendron thickets, occasionally in open Vaccinium-filled
clearings; of conservation concern; 50 m; GA, SC.

The epithet persistens was based on the fact that the foliage persists well into summer unlike
other species.

Trillium persistens is the only pedicellate species of Trillium on the Federal Endangered Species
List. It is known from 7 populations in and around the Tallulah Gorge in Habersham and Rabun Cos. in

GA and Oconee and Stephens Cos. in SC (Patrick, pers comm.).

5.2.2 Trillium subgen. Delostylis sect. Pusillum nom. nov.

Plants with flowers that are either white fading to pink with age, or pink, and possessing a common style.
Different from sect. Catesbaei in that the sepals are in the same plane with the petals instead of being

recurved, reflexed or spreading. Ovary obscurely 6-angled, conspicuous.

3. Trillium alabamicum - stat. nov.

Trillium alabamicum sp. nov. J.G. Garrett ex S.B. Farmer nom ined.
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T. pusillum var. alabamicum J.G. Garrett, Taxonomic relationships among Trillium taxa
allied with Trillium pusillum p. 47, 1982.

TYPE: United States, AL: Madison Co., Freeman 739, 20 March 1972, AUA!

Stems (64-) 75-211 (-213) mm. Leaves (26-) 27-62 (-63) mm x (7-) 8-21 (-25) mm, (2-) 2.54.5
(-5.1) times longer than wide, usually declining, blade dark green often with maroon undertones
especially when young, not mottled, 3 primary veins, lanceolate, rounded-acute. Pedicel 7-35.8 (-37)
mm, erect to ascending. Flower above leaves; sepals 13-30 mm x 4-11 (-12) mm, (1.8-) 2.3-3.7 (-4)
times longer than wide, conspicuous, spreading to same plane as petals, dark green with maroon
undertones when young; petals 15-27 (-30) mm x (4-) 5-12 (-13) mm, (1.9-) 2.1-3.8 (-4) times longer
than wide, of short duration, spreading-ascending, exposing stamens and ovary, weakly recurved in
distal Y2, white, aging to deep rosy pink, veins not engraved but major petal veins clearly visible, thin-
textured, widest above base, margins strongly undulate, quite variable in petal width and degree of
undulation between individuals and populations, apex; stamens (6-) 7-13 (-13.7) mm, erect-spreading;
filaments (2.5-) 2.7-4.8 (-5) mm, whitish-green, generally shorter than anthers, slender; anthers (3-)
3.5-9.5 (-9.7) mm, + straight, yellow, thicker than filaments, dehiscence introrse; connectives not
extended beyond anther sacs; ovary (2-) 2.2-4.5 mm tall, conspicuous, green, ovoid, obscurely 6-angled;
style (1.2-) 1.3-5 (-5.5) mm, green; stigmas 3, (1.3-) 1.7-5 (-6.5) mm, confluent with style, green,
linear, long-spreading, uniformly thin and threadlike. Fruits white or pale greenish, ovate.

Flowering: early March to late April. Habitat and distribution: predominantly flood plains and
swamps of south central Tennessee and north central Alabama although scattered populations occur
outside this area, particularly in Tennessee (e.g., Putham Co. and Cumberland Co.).

The epithet alabamicum was based on the fact that the type locality and primary populations for
this taxon were in Alabama.

Specimens that were measured for the morphological analysis are Jackson Co., AL, Freeman &
Jones s.n., 23 March 1995, TROY, ref. #0067; Limestone Co., AL, Diamond, Gunn & Freeman s.n.,
11 March 1993, TROY, ref. #0068; Madison Co., AL, Diamond 8095, 11 Mar 1993, TROY, ref.
#0072; Marshall Co., AL, Freeman & Jones s.n., 23 March 1995, TROY, ref. #0074; Morgan Co., AL,
Freeman & Keener s.n., 16 March 1996, TENN, ref. #0986; Coffee Co., TN, Smith 112, 13 April 1982,
VDB, ref. #1626; Cumberland Co., TN, Farmer & Rhinehart s.n. 10 April 2005, TENN, ref. #2499;
Lincoln Co., TN, Horn 109, 2 April 1983, VDB, ref. #1646; Putnam Co., TN, Patrick 4802, 14 April
1983, TENN, ref. #0299.

Trillium pusillum var. alabamicum was published in a thesis in 1982 which is not considered
valid publication under the ICBN; formal publication of the name is in preparation (Garrett, pers.
comm.). Despite its invalid status nomenclaturally, this name has been used by Freeman (undated, 1994,

1995), Case and Case (1997), and Jacobs and Jacobs (1997). This species differs in habitat (wetland
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versus upland) and leaf morphology (3 versus S primary veins; apex rounded-acute versus apex pointed-
acute) from its sister species T. ozarkanum.

Based on the ITS sequence data, it is possible that chloroplast transfer has taken place in the
Cumberland Co., TN population, between T. alabamicum and ozarkanum. The habitat of this population
is certainly more like T. ozarkanum than T. alabamicum, but the psbA-tmH chloroplast DNA sequences
are clearly that of T. alabamicum while the nuclear data indicate a closer relationship to T. ozarkanum.
The morphology does not appear to be significantly different from the typical T. alabamicum in these

plants.

4. Trillium carolinianum - nom. nov.

Trillium carolinianum sp. nov. S.B. Farmer nom. ined.

TYPE: To be designated upon publication.

Different from the other species in the Virginianum Cluster (7. monticola, T. virginianum and T.
palustris) by its longer pedicel combined with shorted stamens and stigmas.

Stems 60-163.2 (-180) mm. Leaves 23-45 (-53) mm x 7-16 (-17) mm, 2.1-3.2 (-3.5) times
longer than wide, spreading horizontally to declining, blade dark green often with maroon undertones
especially when young, not mottled, 3 primary veins; ovate to broadly ovate, apex rounded to obtuse.
Pedicel 1.2-6.5 (-11) mm. Flower above leaves; sepals 9-22.5 (-29) mm x 3.5-6.8 (-7) mm, 2.2-3.9 (-4)
times longer than wide, conspicuous, spreading to same plane as petals, dark green with maroon
undertones when young; petals 14-21 (-24) mm x 3-6.5 (-8) mm, 2.5-4.9 (-5.3) times longer than wide,
of short duration, spreading-ascending, exposing stamens and ovary, weakly recurved in distal %, white,
aging to deep rosy pink, veins not engraved but major petal veins clearly visible, shape, thin-textured,
widest above base, margins strongly undulate, quite variable in petal width and degree of undulation
between individuals and populations; stamens 5.7-7.6 (-13.2) mm, erect-spreading; filaments 2.8-4.5 (-
6.4) mm, green, 1+ equaling or slightly shorter than anthers, slender; anthers 2.5-4.8 mm, £ straight,
yellow, thicker than filaments, dehiscence introrse; connectives not extended beyond anther sacs; ovary
1.8-3.8 (-4.0) mm, conspicuous, green, ovoid, obscurely 6-angled; style 1.2-4 (-4.5) mm, green; stigmas
3, 1.0-2 (-2.5) mm, confluent with style, green, linear, long-spreading, uniformly thin and threadlike.
Fruits white or pale greenish, ovate.

Flowering: March to April. Habitat and distribution: moist woods and flood plains of central
North Carolina and south-central Virginia.

The epithet carolinianum was chosen because the bulk of the populations are in North Carolina.

Herbarium sheets that were measured for the morphological analysis are Nash Co., NC, Farmer,

Franklin, & Vasquez s.n., 3 Mar 2005, TENN, ref. #2500; Wake Co., NC, Fox & Adams 3561, 20 April
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1950, MO, ref. #1989; Grayson Co., VA, Wieboldt, Rawinski & Hobbs 7566, 1 May 1991, VPI, ref.
#1243,

These plants were formerly considered part of T. pusillum because of the longer pedicel length.
DNA sequence data, however, shows that they are distinct from any members of the Pusillum Cluster and
most closely related to the Virginianum Cluster. While longer pedicels can be found in the coastal plain
species (T. virginianum and T. palustris), the average pedicel length of 4.98 is significantly longer than

either of the other average pedicel lengths (1.78 and 1.98 respectively).

S. Trillium georgianum -

Trillium georgianum sp. nov. S.B. Farmer nom. ined.

T. pusillum var. georgianum var. nov. Jacobs & Jacobs, Trilliums in woodland and
garden p. 54, 1997. nom. ined.

TYPE: To be designated upon publication.

Similar to T. texanum in that there are stomates on the upper leaf surface; different from all
other members of the Pusillum Complex with its long narrow leaf.

Stems 98-116 (-137) mm. Leaves 35-48.5 (-56) mm x 7-10 (-11) mm, 3.9-5.9 (-6) times longer
than wide, numerous stomata evenly distributed in upper surface, blade dark green with maroon
undertones when especially when young, not mottled, 3 primary veins, linear to linear-lanceolate.
Pedicel 13-24 (-29) mm. Flower above leaves, ascending to erect; sepals 15-17 (-19) mm x 5-7 mm,
2.4-3 (-3.8) times longer than wide, conspicuous, spreading to same plane as petals, dark green with
maroon undertones when young; petals 15-19 mm x 5-9 mm, 1.7-2.7 (-3.2) times longer than wide, of
short duration, spreading-ascending, exposing stamens and ovary, weakly recurved in distal %, white,
aging to deep rosy pink, veins not engraved but major petal veins clearly visible, thin-textured, widest
above base, margins strongly undulate, quite variable in petal width and degree of undulation between
individuals and populations; stamens 7-8 (-8.2) mm, erect-spreading; filaments 3-3.5 (-4) mm, shorter
than anthers, greenish-white, slender; anthers 4-4.5 (-5.2) mm, + straight, yellow, thicker than
filaments, dehiscence introrse; connectives not extended beyond anther sacs, pinkish-purple; ovary 2.7-
3.5 mm tall, conspicuous, green, ovoid, obscurely 6-angled; style 1.5-3 (-3.7) mm, green; stigmas 3,
1.5-2.2 mm, confluent with style, green, long-spreading, uniformly thin and threadlike. Fruits white or
pale greenish, ovate.

Flowering: late March to early April. Habitat and distribution: spring wet flood-plains in
Whitfield Co., Georgia.

The epithet georgianum was chosen because the population is in the state of Georgia.

The herbarium sheet that was measured for the morphological analysis is Whitfield Co., GA,
Allison and Dickman 9096, 26 March 1996, GA, ref. #1120.
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Trillium georgianum shares the rare trait of adaxial stomatal openings on the leaves with T.
texanum. These give the leaves a farinose or spotted appearance. In addition, the leaves of T.
georgianum are very narrow, much more so than any of the other species in the Pusillum Complex.

These two characters make this an easily identifiable species.

6. Trillium monticola - stat. nov.

Trillium monticola (Bodkin & Reveal) S.B. Farmer stat. nov., nom ined.

Trillium pusillum var. monticola Bodkin & Reveal, Brittonia 34(2): 141, 1982.

TYPE: United States, VA: Rockingham Co.; James L. Reveal, Norlyn L. Bodkin #5586, 18
April 1981, MARY!

Stems 86-188.6 (-192) mm. Leaves 26-54.5 (-55) mm x 14-22.4 (-22.5) mm, 1.3-2.9 times
longer than wide, spreading horizontally to declining, blade dark green frequently with maroon
undertones especially when young, not mottled, 3 main veins, broadly ovate to elliptical; apices rounded.
Pedicel (0-) 0.4-1 mm. Flower above leaves; sepals 16-22 (-26) mm x 4-8 (-9) mm, 2.3-3.4 (-4) times
longer than wide, conspicuous, spreading to same plane as petals, dark green with maroon undertones
when young; petals 16-23 (-27) mm x 4-8.2 (-9) mm, of short duration, spreading-ascending, exposing
stamens and ovary, weakly recurved in distal %, white, aging to deep rosy pink, veins not engraved but
major petal veins clearly visible, shape, size, thin-textured, widest above base, margins strongly undulate,
quite variable in petal width and degree of undulation between individuals and populations; stamens 8.8-
11.8 (-17.5) mm, erect-spreading; filaments 4.5-5.9 (-8) mm, whitish-green, slender; anthers 3.8-6 (-
9.5) mm, £ straight, yellow, thicker than filaments, dehiscence introrse; connectives not extended
beyond anther sacs; ovary 3-4.5 (-5.5) mm, conspicuous, green, ovoid, obscurely 6-angled; style 3-5.9 (-
9.5) mm, green; stigmas 3, 0.5-2.5 (-3.5) mm, confluent with style, green, linear, long-spreading,
uniformly thin and threadlike. Fruits white or pale greenish, ovate.

Flowering: April to May. Habitat and distribution: upland rocky slopes in dry pine woods in
the mountains on the Virginia/ West Virginia border.

The epithet monticola indicates “mountain-dweller” because the type locality was in the Virginia
and West Virginia mountains.

Herbarium sheets that were measured for the morphological analysis are Augusta Co., VA,
Cabe, Day and Garvin 129, 20 April 1983, WILLI, ref. #1295; Rockingham Co., VA, Cabe & Gavin
128, 29 April 1983, WILLI, ref. #1272; Pendleton Co., WV, Freeman & Stanley s.n., 3 May 1986,
AUA, ref. #1155.

Trillium monticola has been shown to be distinct not only in habitat (upland pine woods versus
swamps and flood plains), pedicel to at most 1 mm or more frequently absent, and leaf morphology

(broadly ovate versus lanceolate or elliptic) from the other members of the Virginianum Complex.
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7. Trillium ozarkanum -

Trillium ozarkanum E.J. Palmer & Steyerm., Ann. Missouri Bot. Gard. 22:504, 1935.

T. pusillum var. ozarkanum (E.J.Palmer & Steyerm.) Steyerm., Rhodora 62:130, 1960.
T. pusillum var. kentuckianum Jacobs & Jacobs, Trilliums in woodland and garden p.

54, 1997. nom. ined.

TYPE: United States: MO: Barry Co.; Julian A. Steyermark #18628, 20 April 1935, MO!

Stems (90-) 107-273.5 (-285) mm. Leaves (23-) 28.8-76.8 (-80) mm x (8-) 10.3-24 (-30),
(2.08-) 2.3-4.2 (-4.9) times longer than wide, spreading horizontally-declining, blade dark green often
with maroon undertones especially when young, not mottled, 5 primary veins, ovate to elliptic-ovate,
acute. Pedicel (9-) 11.3-35.4 (-45) mm. Flower above leaves, erect to ascending; sepals (14-) 16.2-38.2
(-41) mm x (4-) 5-14.6 (-17) mm, (1.3-) 1.8-4.13 (-6) times longer than wide, conspicuous, spreading to
same plane as petals, dark green with maroon undertones when young, shape, apex; petals (14-) 18-32.8
(33) mm x 6-15 (-16) mm, (1.7-) 1.8-3.8 (-4.2) times longer than wide, of short duration, spreading-
ascending, exposing stamens and ovary, weakly recurved in distal %42, white, aging to deep rosy pink,
veins not engraved but major petal veins clearly visible, shape, thin-textured, widest above base, margins
strongly undulate, quite variable in petal width and degree of undulation between individuals and
populations; stamens 7-13.5 (-16), erect-spreading; filaments 3-5.5 (-5.7) mm, whitish-green, slender;
anthers 2.5-9.5 (-11) mm, £ straight, yellow, thicker than filaments, dehiscence introrse; connectives
not extended beyond anther sacs; ovary (1-) 2.4-5 (-6) mm tall, conspicuous, green, ovoid, obscurely 6-
angled, style (1.2-) 2-6.5 (-9.5) mm, green; stigmas 3, (0.5-) 1.5-4.5 (-6.5) mm, confluent with style,
green, linear, long-spreading, uniformly thin and threadlike. Fruits white or pale greenish, ovate.

Flowering: late March to April. Habitat and distribution: upland rocky slopes (rarely seeps) in
Missouri, Arkansas, Kentucky, Tennessee, North Carolina, and Mississippi.

The epithet ozarkanum refers to the fact that the type locality was in the Ozark Mountains.

Specimens that were measured for the morphological analysis are Benton Co., AR, Kral &
Carter 63225, 31 March 1979, VDB, ref. #1607; Boone Co., AR, Diamond 8092, 12 April 1992, AUA,
ref. #1156; Carroll Co., AR, Diamond & Freeman 8088, 11 April 1992, AUA, ref. #1157; Madison
Co., AR, Redfearn 29313, 11 April 1974, NCU, ref. #0100; Montgomery Co., AR, Barr 66, 2 April
1980, GA, ref. #1115; Newton Co., AR, Redfearn 16953, 3 April 1965, AUA, ref. #1161; Polk Co.,
AR, Orzell & Pell, 00094, 19 April 1984, BRIT, ref. #1575; Pulaski Co., AR, Shepherd & Rettig s.n.,
17 April 1908, ASTC, ref. #2502; Washington Co., AR, Farmer & Whitsell s.n., 22 Mar 2002, TENN,
ref. #0250; Casey Co., KY, Murphy 92, 28 April 1961, KY, ref. #1252; Christian Co., KY, Chester &
Noel 12965, 2 April 1993, AUA, ref. #1142; Marion Co., KY, Keith s.n., 17 April 1965, TENN, ref.
#0301; Russell Co., KY, Farmer & Estes s.n. 31 May 2005, TENN, ref. #2501; Wayne Co., KY,
Hannan, Phillippe, Cladwall s.n., 3 April 1979, AUA, ref. #1143; Barry Co., MO, Redfeard & Timme
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32619, 10 April 1981, UMO, ref. #1261; Barry Co., MO, Redfearn 32613, 3 April 1981, UMO, ref.
#1262; Howell Co., MO, Summers, Skinner, & Dugger 10015, 20 April 2003, MO, ref. #1992;
Lawrence Co., MO, Diamond 8085, 11 April 1992, AUA, ref. #1165; Clay Co., NC, Freeman, Patrick
& Diamond s.n., 16 April 1988, AUA, ref. #1149.

Trillium ozarkanum is the most robust of the members of the Pusillum Complex. In addition, its
habitat of dry cherty soil on wooded slopes of deciduous upland woods is quite different from that of
most other species; although T. monticola is also found in upland woods. The two can be easily

separated by the lack of a pedicel in T. monticola.

8. Trillium palustris - nom. nov.

Trillium palustris sp. nov. S.B. Farmer nom. ined.

TYPE: To be designated upon publication.

Different physiographically from the other members of the Virginianum Complex (lower coastal
plain versus upper coastal plain to the mountains), and from T. virginianum by leaf shape (ovate versus
elliptic).

Stems (113-) 113.6-228.7 (-235) mm. Leaves (33-) 33.3-77.2 (-82.5) mm x (8-) 8.6-24.1 (-25)
mm, 2.4-5.5 (-5.7) times longer than wide, spreading horizontally to declining, blade dark green usually
with maroon undertones especially when young, not mottled, 3 primary veins, elliptic, apices rounded.
Pedicel 0.5-6.6 (-7) mm. Flower above leaves; sepals (13-) 13.5-30.8 (-31) mm x 4-9.8 (-10) mm, 2.6-
4.9 (-5) times longer than wide, conspicuous, spreading to same plane as petals, dark green with maroon
undertones when young, shape, apex; petals (13-) 13.3-27.6 (-28) mm x 3.5-11.6 (-12.0) mm, 2-4.9 (-
5.1) times longer than wide, of short duration, spreading-ascending, exposing stamens and ovary, weakly
recurved in distal 4, white, aging to deep rosy pink, veins not engraved but major petal veins clearly
visible, shape, size, thin-textured, widest above base, margins strongly undulate, quite variable in petal
width and degree of undulation between individuals and populations; stamens (5.7-) 5.9-12.4 (-12.5)
mm, erect-spreading; filaments (2.5-) 2.6-5.9 (-6.0) mm, green, slightly shorter than anthers, slender;
anthers 3.2-7.0 mm, 1 straight, yellow, thicker than filaments, dehiscence introrse; connectives not
extended beyond anther sacs; ovary (1.7-) 1.7-6.8 (-7) mm, conspicuous, green, ovoid, obscurely 6-
angled; style (2.0-) 2.-9.2 (-9.5) mm, green; stigmas 3, (1.0-) 1.1-4.9 (-5.0), confluent with style, green,
linear, long-spreading, uniformly thin and threadlike. Fruits white or pale greenish.

Flowering: April. Habitat and distribution: wetlands and swamps of the lower coastal plain of
Virginia, Maryland, and North Carolina.

The epithet palustris was chosen because the populations are found in swampy areas on the

lower coastal plain.
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Herbarium sheets that were measured for the morphological analysis are Worcester Co., MD,
Cabe & Day 126, 23 April 1983, VPI, ref. #1227, Reveal 5117, 20 April 1980, NY, ref #2262; Gates
Co., NC, Williams & Dunn s.n., 2 April 1982, NCU, ref. #0116; Suffolk/ Nansemond Co., VA,
Fleming 10115, 30 March 1995, VPI, ref. #1247.

The DNA sequence data provided the first indication that the Maryland and other lower coastal
plain populations (e.g., the Great Dismal Swamp of Virginia and North Carolina) might be different from
T. virginianum. In light of this information, other factors such as physiography were examined. When I
realized that there were two different physiographic provinces involved, I examined the morphology to
see if the differences in DNA sequence data and physiography were supported by morphology. This
plant is generally larger and more robust than its sister species T. virginianum; but the sepals, leaves, and
petals have a narrower shape. In addition, the leaves are generally ovate or lanceolate rather than elliptic

as are the leaves in T. virginianum.

9. Trillium pusillum -

Trillium pusillum Michx., Fl. Bor.-Amer. (Michaux) 1: 215, 1803.

T. pumillum Pursh

TYPE: United States: SC: Berkeley Co.; Michaux s.n., sin date, P!-digital.

Stems 140-202.6 (-208) mm. Leaves (42-) 45-65.2 (-70) mm x 9-24.2 (-27.5) mm, 1.9-5.1
(5.7) times longer than wide, spreading horizontally to declining, lanceolate-elliptic to ovate-elliptic,
blunt, blade dark green often with maroon undertones especially when young, typically 3 major veins.
Pedicel 23-45.8 (-56) mm. Flower above leaves, erect, facing upwards; sepals 15-288 (-300) mm x 3-
10.3 (-12) mm, 2.1-5.3 (-5.7) times longer than wide, conspicuous, spreading to same plane as petals,
dark green with maroon undertones when young; petals 15-24.8 (-25) mm x 7-9.9 (-12) mm, 1.8-2.9 (-
3.1) times longer than wide, of short duration, spreading-ascending, exposing stamens and ovary, weakly
recurved in distal 4, white, aging to deep rosy pink, veins not engraved but major petal veins clearly
visible, thin-textured, widest above base, margins strongly undulate, quite variable in petal width and
degree of undulation between individuals and populations; stamens 6.5-12.8 (-13) mm, erect-spreading;
filaments 2.5-5.4 (-5.5) mm, greenish-white, shorter than the anthers, slender; anthers 4.0-7.5 mm, +
straight, yellow, thicker than filaments, dehiscence introrse; connectives not extended beyond anther
sacs, pinkish-lavender; ovary 2.7-6.8 (-7) mm, conspicuous, pale green, ovoid, obscurely 6-angled; style
2.5-4.9 (-5.0) mm, green; stigmas 3, 1.0-3.9 (-4.0) mm, confluent with style, green, long-spreading,
uniformly thin and threadlike. Fruits white or pale greenish, ovate.

Flowering: late March to early April. Habitat and distribution: dry pine woods of the coastal
plain of North Carolina and South Carolina.

The epithet pusillum is indicative of the diminutive size of the plants.
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Herbarium sheets that were measured for the morphological analysis are Pender Co., NC,
Garrett s.n. 23 March 1979, AUA, ref #1166; Berkeley Co., SC, Mara T. Ravenel s.n., May 1895, GH,
ref. #1340; Calhoun Co., SC, Ahles and Haesloop 21700, 31 Mar. 1957, NCU, ref #0114; .and
Dorchester Co., SC, Ahles and Haesloop 21890, 1 Apr. 1957, NCU, ref. #011S5.

* Trillium pusillum was first described in 1803 by Michaux who recognized it as distinct because
of its small stature. The range of T. pusillum as here defined is much smaller than previously considered
(Garrett 1982; Timmerman-Erskine 1997, 1999; Timmerman-Erskine et al. 2002a, 2002b, 2003; see also
Fig. 5). This species is found in dry pine woods of the coastal plain of North and South Carolina and can
be separated from T. telmacola on the basis of its smaller, narrower leaves and larger petals. In addition,

the leaves are horizontal to declined whereas in T. telmacola they are ascending.

10. Trillium telmacola - nom. nov.

Trillium telmacola sp. nov. S.B. Farmer nom ined.

TYPE: To be designated upon publication.

Similar to T. texanum with the ascending leaves, but different because of the lack of stomates on
the upper leaf surface.

Stem 150 mm. Leaves 65x22 mm, 2.9 times longer than wide, ascending, blade dark green
often with maroon undertones especially when young, not mottled, 3 primary veins, ovate, acute.
Pedicel 30 mm. Flower above leaves, erect to ascending; sepals 21x9 mm, 2.3 times longer than wide,
conspicuous, spreading to same plane as petals, dark green often with maroon undertones especially when
young, apex; petals 15x6 mm, 2.5 times longer than wide, of short duration, spreading-ascending,
exposing stamens and ovary, weakly recurved in distal 4, white, aging to deep rosy pink, veins not
engraved but major petal veins clearly visible, thin-textured, widest above base, margins strongly
undulate, quite variable in petal width and degree of undulation between individuals and populations;
stamens 9.5 mm, erect-spreading; filaments 4 mm, greenish-white, shorter than anthers, slender;
anthers 5.5 mm, £ straight, yellow, thicker than filaments, dehiscence introrse; connectives not
extended beyond anther sacs; ovary 4 mm, conspicuous, white, ovoid, obscurely 6-angled; style 1.5 mm,
white; stigmas 3, 3.0 mm, confluent with style, white, linear, long-spreading, uniformly thin and
threadlike. Fruits not seen.

Flowering: late March to early April. Habitat and distribution: sphagnum bogs in Aiken and
Barnwell Cos. South Carolina.

The epithet telmacola, from the Greek telma (bog) + -cola, was chosen because the populations
occurs in sphagnum bogs.

The herbarium sheet that was measured for the morphological analysis is Aiken Ce., SC,
McMillan & Porcher 2241, 12 April 1997, USCH, ref. #0057.
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This species shares the unusual trait with T. texanum of ascending rather than horizontal leaves.
In addition, this species appears to have developed a unique strategy for insuring deposition of the fruits
away from the parent plant; mature plants prostrate themselves upon the soil. There are other species
with unique strategies for insuring contact of the fruit with the soil: T. nivale bends over and the pedicel
of Pst. rivale continues to elongate. This is the first instance in Trillium that I am aware of where the

plant prostrates itself once pollination has occurred.

11. Trillium texanum -

Trillium texanum Buckley, Proc. Acad. Nat. Sci. Philadelphia 1860: 443, 1860.

T. pusillum var. texanum (Buckley) Reveal & C.R. Broome, Castanea, 46(1): 56, 1981.
T. pusillum var. texanum (Buckley) C.F. Reed, Phytologia 50(4): 279,283, 1982.

TYPE: Here designated. United States: TX: Cass Co., Correll #36935, 9 April 1969, GH!

Stems 65-212.8 (-214) mm. Leaves 29-58.5 (-60) mm x 7.5-17.1 (-18) mm, 2.6-4.6 (-4.8)
times longer than wide, ascending, numerous stomata evenly distributed in upper surface, sub-petiolate to
petiolate, blade dark green often with maroon undertones especially when young, not mottled, 3 main
veins, elliptic, obtuse. Pedicel 6-21.8 (-23) mm. Flower above leaves, erect to slightly leaning; sepals
13-23.8 (-24) mm x 4.5-8 mm, 2.5-2.9 (-4) times longer than wide, conspicuous, spreading to same plane
as petals, dark green often with maroon undertones especially when young; petals 13- 25.6 (-26) x 4.5-7
(-8) mm, 2.8-3.8 (-4.3) times longer than wide, of short duration, spreading-ascending, exposing stamens
and ovary, weakly recurved in distal 4, white, aging to deep rosy pink, veins not engraved but major
petal veins clearly visible, thin-textured, widest above base, margins strongly undulate, quite variable in
petal width and degree of undulation between individuals and populations; stamens 6.7-9.8 (-10) mm,
erect-spreading; filaments 3-4.7 (-5) mm, whitish-green, slightly shorter than anthers, slender; anthers
3.2-6.4 (-6.5) mm, + straight, yellow, thicker than filaments, dehiscence introrse; connectives not
extended beyond anther sacs, pinkish-purple; ovary 2-3.4 (-3.5) mm, conspicuous, green, ovoid,
obscurely 6-angled; style 1.5-3.5 mm,; stigmas 3, 1.0-3.5 mm, confluent with style, green, long-
spreading, uniformly thin and threadlike. Fruits white or pale greenish, ovate.

Flowering: late February to late March. Habitat and distribution: found in hummocks around
the bases of trees in swamps in east Texas and Caddo Parish, Louisiana.

The epithet texanum is indicative of the fact that the type locality was in Texas.

Herbarium sheets that were measured for the morphological analysis are Caddo Parish, LA,
Raymond LRR1950, 13 April 2002, TENN, ref. #0247; Angelina Co., TX, Schultz 0434, 17 April 1993,
TEX, ref. #1596; Cass Co., TX, Orzell & Bridges 4927, 27 March 1987, TEX, ref. #1591; Houston
Co., TX, Palmer 13179, 26 March 1918, MO, ref. #1967; Nacogdoches Co., TX, Orzell 5946, 17
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March 1988, BRIT, ref. #1581; and Smith Co., TX, Farmer, Singhurst, Loeper & Loeper s.n., 22
March 2002, TENN, ref #0251.

Trillium texanum was first described in 1861; Buckley does not indicate if it is habitat, size or
just disjunct location that prompted his description. Trillium texanum is now known to exhibit very
distinctive character traits in Trillium. This species is one of two pedicellate Trillium, both members of
the Pusillum Complex (T. georgianum being the other one), that have stomatal openings on the adaxial
surface of the leaves. In addition, the leaves of T. texanum ascend rather than being horizontal to slightly
declining as in most other species in the Pusillum Complex. Because these characters were not
continuous, they did not lend themselves to being included in the discriminant analysis. In addition,
while most other taxa within the Pusillum Complex are also found in wetlands, T. texanum tends to be
found on elevated hummocks around the bases of trees within swampy areas rather than being within the

swamp itself.

12. Trillium virginianum -

Trillium pusillum var. virginianum Fernald, Rhodora 45:397, 1943.

T. virginianum (Fernald) C.F. Reed, Phytologia 50: 279,283, 1982.

TYPE: United States: VA: Dinwiddie Co.; Laura H. Lippitt s.n., 9 May 1943, GH!

Stems (60-) 74.4-181.6 (-187.0) mm. Leaves (24-) 25.2-56.8 (-63) mm x (6-) 8-15 mm, (2.3-)
2.4-5.5 (-6.1) times longer than wide, spreading horizontally to declining, blade dark green often with -
maroon undertones especially when young, not mottled, 3 primary veins; elliptic to elliptic- or linear-
lanceolate, apices rounded-acute. Pedicel 0.5-3.7 (-7) mm. Flower above leaves, erect; sepals 11.5-
21.9 (-22) mm x 3-6.5 (-7.5) mm, 2.5-3.9 (-4) times longer than wide, conspicuous, spreading to same
plane as petals, dark green with maroon undertones when young, shape, apex; petals (12.5-) 13.6-23 mm
x 3.5-7.0 mm, 2.8-3.8 (-4.3) times longer than wide, of short duration, spreading-ascending, exposing
stamens and ovary, weakly recurved in distal %, white, aging to deep rosy pink, veins not engraved but
major petal veins clearly visible, shape, thin-textured, widest above base, margins strongly undulate,
quite variable in petal width and degree of undulation between individuals and populations; stamens (6-)
6.5-11 mm, erect-spreading; filaments 3-6 (-6.5) mm, whitish-green, longer than anthers, slender;
anthers (2.6-) 3-5 (-5.7) mm, £ straight, yellow, length, thicker than filaments, dehiscence introrse;
connectives not extended beyond anther sacs; ovary (1.7-) 2-3.8 (-4.0) mm, conspicuous, green, ovoid,
obscurely 6-angled; style (2.2-) 2.3-5 mm, green; stigmas 3, (1.0-) 1.2-4.2 (-4.7) mm, confluent with
style, green, linear, long-spreading, uniformly thin and threadlike. Fruits white or pale greenish.

Flowering: March to April. Habitat and distribution: swamps of the upper coastal plain of
Virginia.

The epithet virginianum is indicative of the fact that the type locality was in Virginia.
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Specimens that were measured for the morphological analysis are Charles City Co., VA, Weiss
s.n., 15 April 1958, VPI, ref. #1231; Gloucester Co., VA, Cabe & Day 122, 2 April 1983, VPI, ref.
#1238; Greensville Co., VA, Wieboldt 2954, 17 April 1984, VPI, ref. #1244; Henrico Co., VA, Lusby
s.n., 20 April 1943, VPI, ref. #1233; James City, Co., VA, Cabe 119, 9 April 1983, VPI, ref. #1239;
Richmond/Chesterfield Co., VA, Lusby s.n., 31 March 1943, VPI, ref. #1232; Surry Co., VA, Freeman

" 499, 25 April 1966, TENN, ref. #0984; Sussex Co., VA, Cabe & Garvin 120, 15 March 1983, WILLI,

ref. #1269; York Co., VA, Cabe 123, 20 April 1983, VPI, ref. #1237.

Trillium virginianum was first described as distinct from T. pusillum in 1943 based on its lack of
a pedicel. Early specimens were often identified as T. lanceolatum. It is probable that Rafinesque
included this species in his list of taxa within Phyllantherum; but T. virginianum exhibits a style, in
contrast to sessile-flowered Trillium which lack this feature. In addition, the pedicel is not always
completely absent in this species. Once DNA evidence showed this taxon to have a much narrower
geographic range than earlier hypothesized (Garrett 1982; Timmerman-Erskine 1997, 1999; Timmerman-
Erskine et al. 2002a, 2002b, 2003; see also Fig. 5) beiné confined to the upper coastal plain,
morphological characters that defined T. virginianum became more evident. These characters include a
shorter pedicel than that found in T. carolinianum. The plant in many respects is smaller than its sister
species, T. palustris; but the sepals, leaves, and petals have a broader shape. In addition, the leaves are

generally elliptic whereas T. palustris has more ovate or lanceolate leaves.
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Appendix A

Representative Specimens of the Pusillum Complex Examined






Table A.1 Herbarium specimens of the Pusillum Complex examined for this study.
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p 5 collection accession
herbarium  date collected taxon location iber Hdber collectors
AUA March 21, 1981 T. alabamicum AL: Jackson Co. 004 36363 J. Garrett
AUA March 23, 1995 T. alabamicum AL: Jackson Co. s.n. 63664 J.D. Freeman &
y B. Jones
AUA April 08, 1979  T. alabamicum AL: Jackson Co. 1029 37737 Thomas S.
Patrick
TROY March 23, 1995 T. alabamicum AL: Jackson Co. s.n. 16087 J.D. Freeman &
B. Jones
VDB April 04, 1982  T. alabamicum AL: Jackson Co. 68111 R. Kral
VDB April 01, 1984  T. alabamicum AL: Jackson Co. 71143 R. Kral
TENN March 15, 1996 T. alabamicum AL: Jackson Co. s.n. J. Freeman & B.
Keener
TENN March 15, 1996 T. alabamicum AL: Jackson Co. s.n. J. Freeman & B.
Keener
AUA March 11, 1993 T. alabamicum AL: Limestone Co. s.n. 63657 A.R. Diamond
with S.C. Gunn
and J.D.
Freeman
AUA March 22, 1995 T. alabamicum AL: Limestone Co. s.n. 63661 J.D. Freeman
and B. Jones
JSU March 1996 T. alabamicum AL: Limestone Co. 00165 JSU00009395 T. Hoffman, S.
Threlkeld
TENN April 18, 1987  T. alabamicum AL: Limestone Co. 5274 David H. Webb
TENN March 13,2002 T. alabamicum AL: Limestone Co. s.n. S.B. Farmer and
M/M Walker
TROY March 11, 1993 T. alabamicum AL: Limestone Co. s.n. 3337 A.R. Diamond
with S.C. Gunn
and J.D.
) Freeman
TROY March 22, 1995 T. alabamicum AL: Limestone Co. s.n. 16084 J.D. Freeman &
B. Jones
VDB April 18, 1987 T. alabamicum AL: Limestone Co. 5274 David H. Webb
VDB March 27, 1993 T. alabamicum AL: Limestone Co. s.n. J. D. Freeman
AUA March 11, 1993 T. alabamicum AL: Madison Co. 8095 58077 A.R. Diamond
AUA March 11, 1993 T. alabamicum AL: Madison Co. 8544 53719 A.R. Diamond
AUA March 12, 1993 T. alabamicum AL: Madison Co. s.n. 63656 A.R. Diamond
with J. D.
Freeman
AUA April 02, 1978 T. alabamicum AL: Madison Co. 13 46112 Charles Drost
AUA March 20, 1972 T. alabamicum AL: Madison Co. 739 24092 J. D. Freeman
AUA March 20, 1981 T. alabamicum AL: Madison Co. 001 36362 J. Garrett
AUA March 21, 1981 T. alabamicum AL: Madison Co. 002 36365 J. Garrett
AUA March 23, 1995 T. alabamicum AL: Madison Co. s.n. 63663 J.D. Freeman &
B. Jones
GA March 20, 1972 T. alabamicum AL: Madison Co. 739 104467 J.D. Freeman
GH March 20, 1972 T. alabamicum AL: Madison Co. 739 00030169 J. D. Freeman
JSU March 23, 1995 T. alabamicum AL: Madison Co. s.n. JSU00008957 J.D. Freeman &
B. Jones
JSU March 23, 1995 T. alabamicum AL: Madison Co. s.n. JSU00008956 J.D. Freeman &
B. Jones
JSU March 23, 1996 T. alabamicum AL: Madison Co. 130 JSU00009396 S.J. Threlkeld,
J.F. Duke
JSU March 23, 1996 T. alabamicum AL: Madison Co. 130 JSU00001230 S.J. Threlkeld,
J.F. Duke
MO March 20, 1972 T. alabamicum AL: Madison Co. 739 2587272 J.D. Freeman
NY March 20, 1972 T. alabamicum AL: Madison Co. 739 00505419 J.D. Freeman
PH March 20, 1972 T. alabamicum AL: Madison Co. 739 01030409 J.D. Freeman
SMU March 20, 1972 T. alabamicum AL: Madison Co. 739 J.D. Freeman
TROY March 11, 1993 T. alabamicum AL: Madison Co. 8095 3338 A.R. Diamond
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Table A.1 continued.

. i collection accession
herbarium  date collected taxon location (i R collectors

TROY March 12, 1993 T. alabamicum AL: Madison Co. S.n. 3339 A.R. Diamond
with J.D.
Freeman

TROY March 23, 1995 T. alabamicum AL: Madison Co. s.n. 16086 J.D. Freeman &
B. Jones

VDB March 20, 1972 T. alabamicum AL: Madison Co. 739 J.D. Freeman

VDB March 28, 1973 T. alabamicum AL: Madison Co. 49410 R. Kral

VDB June 21, 1985  T. alabamicum AL: Madison Co. s.n. Susan Weber

VDB March 30, 1978 T. alabamicum AL: Madison Co. s.n. 159247 W. Michael
Dennis, Terry
Goldsby

AUA March 23, 1995 T. alabamicum AL: Marshall Co. s.n. 63665 J.D. Freeman &
B. Jones

AUA April 02, 1980 T. alabamicum AL: Marshall Co. s.n. 58463 John E. Butler

JSU March 23, 1995 T. alabamicum AL: Marshall Co. s.n. JSUO00089SS J.D. Freeman &
B. Jones

TROY March 23, 1995 T. alabamicum AL: Marshall Co. s.n. 16088 J.D. Freeman
and B. Jones

VDB April 13, 1981  T. alabamicum AL: Marshall Co. 66884 R. and M. Kral

VDB June 08, 1981  T. alabamicum AL: Marshall Co. 67378 R. Kral

VDB April 22,1990 T. alabamicum AL: Marshall Co. 77343 R. Kral

TROY March 06, 1993 T. alabamicum AL: Morgan Co. s.n. 9043 J.D. Freeman

VDB March 11, 1992 T. alabamicum AL: Morgan Co. s.n. J.D. Freeman,
A.R. Diamond,
S.C. Gunn

VDB March 26, 1986 T. alabamicum AL: Morgan Co. 73136 R. Kral

TENN March 16, 1996 T. alabamicum AL: Morgan Co. s.n. J. Freeman & B.
Keener

TENN March 16, 1996 T. alabamicum AL: Morgan Co. s.n. J. Freeman & B.
Keener

VDB April 13,1982  T. alabamicum TN: Coffee Co. 112 Tom Smith

AUA May 08, 1986  T. alabamicum TN: Cumberland Co. s.n. 58602 J.D. Freeman
with T.S. Patrick
etal.

AUA April 21, 1985  T. alabamicum TN: Cumberland Co. 5512 58600 Thomas S.
Patrick & Jan
Garrett

AUA April 21, 1985  T. alabamicum TN: Cumberland Co. 5512 63654 Thomas S.
Patrick & Jan
Garrett

NY May 08, 1986  T. alabamicum TN: Cumberland Co. 86-44 00505408 B. Eugene
Wofford with
Victor Ma

TENN May 08, 1986  T. alabamicum TN: Cumberland Co. 8644 B. Eugene
Woffiord with
Victor Ma

TENN April 25, 1984  T. alabamicum TN: Cumberland Co. s.n. Margaret
Rhinehart

TENN April 10,2005 T. alabamicum TN: Cumberland Co. S.n. S.B. Farmer &
M. Rhinehart

VDB May 20, 1994  T. alabamicum TN: Cumberland Co. 83549 R. Kral with Bob
Brown

TENN April 08, 1973  T. alabamicum TN: Franklin Co. s.n. Dr. Harry C.
Yeatman

AUA March 30, 1983 T. alabamicum TN: Lincoln Co. s.n. 37961 C.J. Garrett

TENN April 29, 1980 T. alabamicum TN: Lincoln Co. 1113 Thomas S.
Patrick with

Catherine

Slmmopg
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herbarium  date collected taxon location Sulkgton e collectors
number number
VDB April 04, 1983  T. alabamicum TN: Lincoln Co. 110 D. & S. Hom
VDB April 02, 1983  T. alabamicum TN: Lincoln Co. 109 D. Horn
VDB April 29, 1980 T. alabamicum TN: Lincoln Co. 1113 Thomas S.
Patrick with
Catherine
Simmons
VDB March 27, 1982 T. alabamicum TN: Lincoln Co. s.n. Tom Smith
TENN April 14, 1983  T. alabamicum TN: Putnam Co. 4802 Thomas S.
Patrick
TENN March 03,2005 T. carolinianum  NC: Nash Co. s.n. S.B. Farmer, M.
Franklin, D.
Vasquez
GA April 20, 1950  T. carolinianum  NC: Wake Co. 3561 186683 William B. Fox
& Dave Adams
GH April 20, 1970  T. carolinianum  NC: Wake Co. 83 Sandra K.
Ittenback
MO April 20, 1950  T. caroliniamum  NC: Wake Co. 3561 4057358 W.B. Fox & D.
Adams
AUA 1992 T. carolinianum  VA: Grayson Co. s.n. 63676 J.D. Freeman
TENN May 01, 1995  T. carolinianum  VA: Grayson Co. s.n. J. Freeman
TENN May 16,2002 T. carolinianum  VA: Grayson Co. s.n. S.B. Farmer and
T. Wieboldt
TENN May 16,2002  T. carolinianum  VA: Grayson Co. s.n. S.B. Farmer and
T. Wieboldt
VPI May 01, 1991  T. carolinianum  VA: Grayson Co. 7566 89133 T.F. Wieboldt,
with T.J.
Rawinski & S.
,,,,,,,,,,,, Hobbs
GA March 26, 1996 T. georgianum GA: Whitfield Co. 9096 218782 James R. Allison
w/ Brian
Dickman
GA March 26, 1996 T. georgianum GA: Whitfield Co. 9096 222753 James R. Allison
w/ Brian
Dickman
TENN April 05,2002 T. georgianum GA: Whitfield Co. s.n. S.B. Farmer
TENN April 11,2001  T. georgianum GA: Whitfield Co. s.n. S.B. Farmer and
S.M. Noble
USCH March 26, 1996 T. georgianum GA: Whitfield Co. 9096 70718 James R. Allison
w/ Brian
,,,,,,, Dickman
JMU June 01, 1982  T. monticola VA: Augusta Co. 59 H.R. Haynes
VPI April 25,1982  T. monticola VA: Augusta Co. 17979 85837 Charles E.
Stevens
WILLI May 24, 1983  T. monticola VA: Augusta Co. 180 44601 Paul R. Cabe
WILLI April 20, 1983  T. monticola VA: Augusta Co. 129 44606 Paul R. Cabe
with Fenton Day
& Joe Garvin
GH April 18, 1981  T. monticola VA: Rockingham Co. 5586 00030170 James L. Reveal,
Norlyn L.
Bodkin
JMU April 18, 1981  T. monticola VA: Rockingham Co. 5586 James L. Reveal,
Norlyn L.
Bodkin
JMU April 04, 1981 T. monticola VA: Rockingham Co. 81110 N. Bodkin
TENN April 27,2002 T. monticola VA: Rockingham Co. s.n. S.B. Farmer &

C.Clevenger
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TENN April 27,2002 T. monticola VA: Rockingham Co. s.n. S.B. Farmer &
C. Clevenger
VPI May 20, 1980  T. monticola VA: Rockingham Co. 442 68764 S.Q. Croy
WILLI April 30, 1976  T. monticola VA: Rockingham Co. 1271 24732 Gerald F. Roe
WILLI May 24, 1983  T. monticola VA: Rockingham Co. 181 44602 Paul R. Cabe
WILLI May 24, 1983  T. monticola VA: Rockingham Co. 182 44604 Paul R. Cabe
WILLI May 24,1983  T. monticola VA: Rockingham Co. 183 44600 Paul R. Cabe
WILLI May 24, 1983  T. monticola VA: Rockingham Co. 186 44605 Paul R. Cabe
WILLI May 24, 1983  T. monticola VA: Rockingham Co. 187 44621 Paul R. Cabe
WILLI April 29, 1983  T. monticola VA: Rockingham Co. 128 44614 Paul R. Cabe
with Joe Garvin
AUA May 22,1993  T. monticola WYV: Pendleton Co. s.n. 63696 J.D. Freeman &
B. Rush
AUA May 03, 1986  T. monticola WYV: Pendleton Co. s.n. 56722 J.D. Freeman
with Mark
Stanley
JMU May 10, 1984  T. monticola WYV: Pendleton Co. 84/105 Walter Heeb and
Cathy Gunter’
TENN May 22, 1993  T. monticola WYV: Pendleton Co. s.n. J. Freeman & B.
Bash
WILLI May 14,1975 T. monticola WYV: Pendleton Co. 1067 24708 Gerald F. roe
WILLI April 30, 1976 _ T. monticola WYV: Pendleton Co. 1270 24719 Gerald F. Roe
SMU sin date T. ozarkanum AR 21786 SMU 163 J.T. Bucholz
NY 1921 T. ozarkanum AR: Benton Co. s.n. 00505413 J.G. Buckholz
TEX March 27, 1927 T. ozarkanum AR: Benton Co. s.n. 31053 J. Frank
Normand
VDB March 31, 1979 T. ozarkanum AR: Benton Co. 63225 168629 R. Kral and R.
Carter
VDB March 31, 1909 T. ozarkanum AR: Benton Co. 63224 168621 R. Kral, R.
Carter
VDB March 31, 1979 T. ozarkanum AR: Benton Co. 63224 168622 R. Kral, R.
Carter
VPI April 16, 1928  T. ozarkanum AR: Benton Co. s.n. 34420 J.E. Benedict,
Jr.
AUA April 12,1992  T. ozarkanum AR: Boone Co. 8092 52027 A.R. Diamond
AUA April 11,1992 T. ozarkanum AR: Carroll Co. 8088 57437 A.R. Diamond
with J.D.
Freeman
GH April 06, 1958  T. ozarkanum AR: Madison Co. 643 Dan L. Marsh
MO April 15, 1928  T. ozarkanum AR: Madison Co. 4803 960346 Moore and
Demaree
NCU April 11, 1974  T. ozarkanum AR: Madison Co. 29313 NCU00006369  Paul L.
Redfiearn, Jr.
NY April 15, 1928  T. ozarkanum AR: Madison Co. 4803 00505415 D. Demarse
NY April 06, 1958  T. ozarkanum AR: Madison Co. 643 00505404 Dan L. Marsh
VDB March 30, 1979 T. ozarkanum AR: Madison Co. 63193 168620 R. Kral, R.
Carter
VDB March 30, 1979 T. ozarkanum AR: Madison Co. 63193 168619 R.Kral, R.
Carket
GA April 02, 1980  T. ozarkanum AR: Montgomery Co. 66 154732 Cheryl B. Barr
TENN March 22, 2002 T. ozarkanum AR: Montgomery Co. s.n. S.B. Farmer and
T. Whitsell
AUA April 12, 1992 T. ozarkanum AR: Newton Co. 8095 58044 A.R. Diamond
with J.D.
Freeman
AUA April 04, 1964  T. ozarkanum AR: Newton Co. 5 57440 Jan Eshbaugh
AUA April 03, 1965 T. ozarkanum AR: Newton Co. 16953 57441 P.L. Redfiearn,

Ir.
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AUA April 04, 1964 T. ozarkanum AR: Newton Co. 1 57439 Pam Comwell
AUA April 03, 1965  T. ozarkanum AR: Newton Co. 16953 56721 Paul L.
Redfiearn, Jr.
GA April 04, 1964  T. ozarkanum AR: Newton Co. 14356 83790 Paul L.
Redfearn, Jr.
NCU April 29, 1967 T. ozarkanum AR: Newton Co. 21355 " NCU00006370  Paul L.
Redfeam, Jr
RSA April 04, 1964  T. ozarkanum AR: Newton Co. 14356 179369 Paul L.
Redfeamn, Jr.
SMU April 04, 1964 T. ozarkanum AR: Newton Co. 14356 Paul L.
Redfiearn, Jr.
TENN April 04, 1964  T. ozarkanum AR: Newton Co. 14356 Paul L.
Redfeamn, Jr.
TROY April 12,1992  T. ozarkanum AR: Newton Co. 8095 3336 A.R. Diamond
UMO early April, T. ozarkanum AR: Newton Co. 360 109674 Jeffrey H. Huber
1971 & W.E. Elder
UMO April 04, 1964  T. ozarkanum AR: Newton Co. 14356 61042 Paul L.
Redfeamn, Jr.
UMO March 15, 1977 T. ozarkanum AR: Newton Co. 12 99346 S. Emme
AUA June 02, 1976  T. ozarkanum AR: Polk Co. s.n. 30534 John C. Lambert
BRIT April 19, 1984  T. ozarkanum AR: Polk Co. 1303 00094 Steve L. Orzell
and Bill Pell
ASTC March 21, 1976 T. ozarkanum AR: Pulaski Co. s.n. Bill Shepherd
ASTC March 21, 1976 T. ozarkanum AR: Pulaski Co. s.n. Bill Shepherd
ASTC April 12, 1908  T. ozarkanum AR: Pulaski Co. 016144 Bill Shepherd &
J.H. Rettig
MO June 01, 1923  T. ozarkanum AR: Washington Co. 4803? 899687 John T.
Buchholz
NY June 05, 1923  T. ozarkanum AR: Washington Co. s.n. 00505410 J.J. Buckholz
NY April, 1923 T. ozarkanum AR: Washington Co. s.n. 00505412 J.T. Buckholz
NY June 05, 1923  T. ozarkanum AR: Washington Co. s.n. 00505403 J.T. Buckholz
NY April 05, 1923  T. ozarkanum AR: Washington Co. s.n. 00505411 J.T.Buckholz
NY May 05, 1925  T. ozarkanum AR: Washington Co. 12307 00505418 John K. Small
and E.T. Wherry
SMU April 03, 1940  T. ozarkanum AR: Washington Co. 40009 D.M. Moore
VDB May 05, 1925  T. ozarkanum AR: Washington Co. 26998 142055 E.J. Palmer
GH April 20, 1922  T. ozarkanum AR: Washington Co. ?  s.n. J.T. Buchholz
KY May 13, 1961  T. ozarkanum KY: Casey Co. 4089 22638 Elizabeth M.
Browne, Edward
T. Browne, Jr.,
with the Glenn
Murphys
KY April 28, 1961  T. ozarkanum KY: Casey Co. 92 21378 Glenn W.
Murphy
KY April 29, 1962  T. ozarkanum KY: Casey Co. 372 30593 Glenn W.
Murphy
NCU April 29, 1962  T. ozarkanum KY: Casey Co. 372 NCU00006371 Glenn W.
Murphy
AUA April 02, 1993  T. ozarkanum KY: Christian Co. 12965 57117 Edward W.
Chester, Sallie
Noel
VDB April 02, 1993 T. ozarkanum KY: Christian Co. 12965 Edward W.
Chester, Sallie
Noel
TENN April 17, 1965 T. ozarkanum KY: Marion Co. s.n. John Keith
TENN May 31,2005  T. ozarkanum KY: Russell Co. s.n. S.B. Farmer and

D. Estes




150

Table A.1 continued.

=

herbarium  date collected taxon location c:ll::'t):_n a:::;‘:: collectors
AUA April 03, 1979  T. ozarkanum KY: Wayne Co. s.n. ? 40215 Rich Hannan,
Loy R.
Phillippe, ron
Caldwall
TENN April 03, 1979  T. ozarkanum KY: Wayne Co. s.n. Rich Hannan,
Loy R.
Phillippe, ron
Caldwall
AUA April 13,1983  T. ozarkanum MO: Barry Co. s.n. 37964 S.W. Morgan
GH April 20, 1935  T. ozarkanum MO: Barry Co. 18628 00030167 Julian A.
Steyermark
MO April 15,1994 T. ozarkanum MO: Barry Co. s.n. 04581903 G. Yatskievych,
T. Smith, P.
McKenzie
MO April 17,1994  T. ozarkanum MO: Barry Co. 94-39 04577454 G. Yatskievych,
T. Smith, P.
McKenzie
MO April 06, 1981  T. ozarkanum MO: Barry Co. 348 3347308 Gordon T.
Maupin &
Sharon Morgan
MO April 06, 1981  T. ozarkanum MO: Barry Co. 348 3347307 Gordon T.
Maupin &
Sharon Morgan
MO April 06, 1981  T. ozarkanum MO: Barry Co. 349 3347306 Gordon T.
Maupin &
Sharon Morgan
MO April 20, 1935  T. ozarkanum MO: Barry Co. 18628 1137068 Julian A.
Steyermark
MO April 20, 1935  T. ozarkanum MO: Barry Co. 18628 1137067 Julian A.
Steyermark
MO April 03, 1981 T. ozarkanum MO: Barry Co. 32613 3140005 Paul L.
‘Redfeamn, Jr.
MO April 15, 1988  T. ozarkanum MO: Barry Co. 2668 3525709 T.E. Smith
TENN June 27, 2001 T. ozarkanum MO: Barry Co. s.n. Sue Hollis
TENN June 27, 2001  T. ozarkanum MO: Barry Co. s.n. Sue Hollis
UMO April 13, 1930  T. ozarkanum MO: Barry Co. s.n. 8561 Cora Shoop
UMO April 20, 1935  T. ozarkanum MO: Barry Co. 18628 19128 Julian A.
Steyermark
UMO April, 1930 T. ozarkanum MO: Barry Co. s.n. 1283 Mrs. H.H.
Leake
UMO April 03, 1981  T. ozarkanum MO: Barry Co. 32613 166754 Paul L.
Redfeam, Jr.
UMO April 10, 1981  T. ozarkanum MO: Barry Co. 32619 166753 Paul L.
Redfeamn, Jr. &
Steve Timme
VPI April 13,1983  T. ozarkanum MO: Barry Co. s.n. 97583 S.W. Morgan
MO April 08, 1991  T. ozarkanum MO: Howell Co. 4108 4235079 B. Summers
MO June 16, 2001 . T. ozarkanum MO: Howell Co. 9798 5551626 B. Summers
MO April 20, 2003  T. ozarkanum MO: Howell Co. 10015 5767661 B. Summers,
P.L. Skinner, C.
Duggar
MO April 14, 1997  T. ozarkanum MO: Howell Co. s.n. 05098340 Doug Newman
AUA April 11,1992  T. ozarkanum MO: Lawrence Co. 8085 52028 A.R. Diamond
SMU April 21, 1953 T. ozarkanum MO: Lawrence Co. 55359 E.J. Palmer
UMO March 30, 1967 T. ozarkanum MO: Lawrence Co. 5 90940 David C. Hamm
AUA April 08, 1990  T. ozarkanum MS: Jones Co. 6805 52025 A.R. Diamond
AUA March 19, 1989 T. ozarkanum MS: Jones Co. 5737 49927 A.R. Diamond
with J.D.

Freeman
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AUA February 26, T. ozarkanum MS: Jones Co. s.n. 63655 A.R. Diamond
1995 with J.D.
Freeman
AUA February 25, T. ozarkanum MS: Jones Co. 10135 57160 A.R. Diamond
1996 with J.D.
Freeman
MNHP May 09, 1978  T. ozarkanum MS: Jones Co. 468 9673 David Morgan
AUA April 16, 1988  T. ozarkamum NC: Clay Co. s.n. 58624 J.D. Freeman
with T. Patrick
& AR.
Diamond
AUA May 17,1986  T. ozarkanum NC: Clay Co. s.n. 57501 J.S. Freeman
with L.L. Gaddy
NCU May 02, 1898 T. ozarkanum NC: Haywood Co. s.n. NCU00006360 T.G. Harbison
NCU sin date T. ozarkanum NC: Haywood Co. s.n. NCUO00011663  T.G. Harbison
VDB April 11, 1975  T. ozarkanum TN: Sumner Co. 125 145218 J. Alcorn
VDB May 05, 1975 T. ozarkanum TN: Sumner Co. 302 145219 J. Alcorn
VDB March 28, 1976 T. ozarkamumn TN: Sumner Co. 1113 145220 J. Alcorn
VDB April 21, 1975  T. ozarkanum TN: Sumner Co. 56444 158420 R. Kral
VDB April 21, 1975  T. ozarkanum TN: Sumner Co. 56444 158419 R. Kral
VDB April 07, 1980 T. ozarkanum TN: Sumner Co. 63252 168651 R. Kral
VDB April 07, 1980 T. ozarkanum TN: Sumner Co. 63252 168653 R. Kral
VDB May 06, 1979 T.ozarkanum ___ TN: SumnerCo. 1753 166208 _ Richard Carter
BRIT April 23, 1983  T. palustris MD: Worcester Co. 126 02124 Paul R. Cabe
with Fenton Day
GH April 25,1982  T. palustris MD: Worcester Co. 11120 Steven R. Hill
JMU May 02, 1981  T. palustris MD: Worcester Co. 5587 James L. Reveal,
Norlyn L.
Bodkin
MU May 02, 1981  T. palustris MD: Worcester Co. 5588 James L. Reveal,
Norlyn L.
Bodkin
NCU April 06, 1980 T. palustris MD: Worcester Co. s.n. NCU00006372  A.O. Tucker
NCU May 02, 1981 T. palustris MD: Worcester Co. 5587 NCUO00006373  James L. Reveal,
Norlyn L.
Bodkin
NCU May 02, 1981 T. palustris MD: Worcester Co. 5588 NCUO00006374  James L. Reveal,
Norlyn L.
Bodkin
NY April 20, 1980 T. palustris MD: Worcester Co. 5115 James L. Reveal
NY April 20, 1980  T. palustris MD: Worcester Co. 5117 James L. Reveal
NY April 20, 1980  T. palustris MD: Worcester Co. 5122 James L. Reveal
NY May 02, 1981 T. palustris MD: Worcester Co. 5587 00505405 James L. Reveal,
Norlyn L.
Bodkin
NY May 02, 1981  T. palustris MD: Worcester Co. 5588 00505406 James L. Reveal,
Norlyn L.
Bodkin
NY April 25,1982  T. palustris MD: Worcester Co. 11120 00505407 Steven R. Hill
PH May 04, 1947  T. palustris MD: Worcester Co. S.n. 01030406 Edgar T. Wherry
PH April 22, 1973  T. palustris MD: Worcester Co. s.n. 01030407 Frank Hirst
VPI April 23, 1983  T. palustris MD: Worcester Co. 125 80163 Paul R. Cabe
with Fenton Day
VPI April 23, 1983  T. palustris MD: Worcester Co. 126 80162 Paul R. Cabe
with Fenton Day
NY sin date T. palustris NC: Curtis Co. s.n. 00505414 Chapman
NCU April 02, 1982  T. palustris NC: Gates Co. s.n. NCU00006363  F. Williams,

M.L. Dunn
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BRIT March 29, 1984 T. palustris VA: Gloucester Co. 8936 02125 Donna M.

Eggers Ware
with Paul Reid
Cabe

BRIT April 02, 1983  T. palustris VA: Gloucester Co. 122 02119 Paul R. Cabe

with Fenton Day

VDB March 29, 1984 T. palustris VA: Gloucester Co. 8936 Donna M.

Eggers Ware
with Paul R.
Cabe

VDB April 02, 1983  T. palustris VA: Gloucester Co. 122 Paul R. Cabe

with Fenton Day

VPI April 02, 1983  T. palustris VA: Gloucester Co. 122 80159 Paul R. Cabe
with Fenton Day

WILLI March 29, 1984 T. palustris VA: Gloucester Co. 8936 44817 Donna M.
Eggers Ware
with Paul Reid
Cabe

WILLI April 02, 1983  T. palustris VA: Gloucester Co. 122 44613 Paul R. Cabe
with Fenton Day

VPI March 30, 1995 T. palustris VA: Suffolk 10115 90529 Gary P. Fleming

VPI March 05, 1975 T. palustris VA: Suffolk 4835 79439 Lytton J.
Musselman

WILLI March 05, 1975 T. palustris VA: Suffolk 4835 22568 Lytton J.

_Musselman

TENN April 04,2005  T. pusillum NC: Brunswick Co. s.n. Frank Galloway

AUA March 23, 1979 T. pusillum NC: Pender Co. s.n. 37740 J. Garrett

NCU June 29, 1963  T. pusillum NC: Pender Co. 616 NCU00006362 A. McCrary

NCU June 29, 1963  T. pusillum NC: Pender Co. 58370 NCUO00006361  Harry E. ahles
with Anne
McCrary

ucC June 29, 1963  T. pusillum NC: Pender Co. 58370 M313089 Harry E. Ahles
with Anne
McCrary

VDB May 08, 1981  T. pusillum NC: Pender Co. 7491 S.W. Leonard

GH sin date T. pusillum SC s.n. Michaux

GH May, 1895 T. pusillum SC: Berkeley Co. s.n. Dr. E. Peyre
Porcher

GH April, 1897 T. pusillum SC: Berkeley Co. s.n. Maria P.
Ravenel?

NCU May, 1898 T. pusillum SC: Berkeley Co. s.n. NCUO00006368 label says
Mellichamp; but
annotations say
F.P. Porcher

NCU May, 1898 T. pusillum SC: Berkeley Co. s.n. NCUO00006365  Mr. Porcher

MO sin date T. pusillum SC: Berkeley Co. ? s.n. 760841 Porcher

GA March 31, 1957 T. pusillum SC: Calhoun Co. 21700 67081 Harry E. Ahles
with John G.
Haesloop

GH March 31, 1957 T. pusillum SC: Calhoun Co. 21700 Harry e. Ahles
with John G.
Haesloop

NY March 31, 1957 T. pusillum SC: Calhoun Co. 21700 00505417 Harry E. Ahles
with John G.
Haesloop

VDB March 31, 1957 T. pusillum SC: Calhoun Co. 21700 21344 Harry E. Ahles
with John G.

Haesloop




Table A.1 continued.

153

e o ———— e — = _—————————
S " collection accession
herbarium date collected taxon location = ratiled collectors
NCU March 31, 1957 T. pusillum SC: Calhoun Co. 21700 NCU00006364  Harry E. Ahles
with John G.
Haesloop
NCU April 01, 1957  T. pusillum SC: Dorchester Co. 21890 NCU00006367 Harry E. Ahles
with John G.
Haesloop
NCU March 11, 1977 T. pusillum SC: Dorchester Co. 12462 NCU00006366  Richard D.
,,,,,, Porcher
USCH April 12, 1997  T. telmacola SC: Aiken Co. 2241 73297 P.D. McMillan
e & R.D. Porcher _
NY April 01, 1978 T. texanum LA: Caddo Parish 2595 00505401 D.T.
MacRoberts
TENN April 16,2002 T. texanum LA: Caddo Parish LRR1950 Larry R.
Raymond
TENN April 16, 2002  T. texanum LA: Caddo Parish LRRI1950 Larry R.
Raymond
VDB March 23, 1977 T. texanum LA: Caddo Parish s.n. B.R. & M.H.
MacRoberts
TEX April 17, 1993  T. texanum TX: Angelina Co. 0434 00039164 J.G. Schultz
GH May 18, 1968 T. texanum TX: Cass Co. 35746 D. S. Correll
and Helen B.
Correll
GH April 09, 1969 T. texanum TX: Cass Co. 36935 D.S. Correll
LL May 18,1968  T. texanum TX: Cass Co. 35746 00324278 D.S. Correll &
Helen B. Correll
LL Spring, 1968 T. texanum TX: Cass Co. s.n. 00324277 Mrs. Cleo
Bamwell
NCU April 09, 1969 T. texanum TX: Cass Co. 36935 NCU00006385 D.S. Correll
NCU May 18, 1968 T. texanum TX: Cass Co. 35746 NCU00006384 D.S. Correll &
Helen B. Correll
TEX March 27, 1987 T. texanum TX: Cass Co. 4927 00039162 Steve L. Orzell
and Edwin L.
Bridges
ucC May 18, 1968  T. texanum TX: Cass Co. 35746 1358250 D.S. Correll &
Helen B. Correll
VDB May 18, 1968  T. texanum TX: Cass Co. 35746 D.S. Correll &
Helen B. Correll
VDB April 01, 1979  T. texanum TX: Cass Co. 63228 168630 R. Kral, R.
Carter
MO March 26, 1918 T. texanum TX: Houston Co. 13179 855045 E.J. Palmer
VDB March 26, 1918 T. texanum TX: Houston Co. 13179 142053 E.J. Palmer
BRIT March 17, 1988 T. texanum TX: Nacogdoches Co. 5946 Steve L. Orzell
LL April 14, 1970 T. texanum TX: Nacogdoches Co. 1806 00324279 E.S. Nixon
TEX May 29, 1997  T. texanum TX: Nacogdoches Co. 3342 00324280 B.R. and M.H.
MacRoberts
TEX March 17, 1988 T. texanum TX: Nacogdoches Co. 5946 00039163 Steve L. Orzell
VDB April 20, 1980 T. texanum TX: Nacogdoches Co. 64795 R. Kral
VDB April 20, 1980 T. texanum TX: Nacogdoches Co. 64795 R. Kral
VDB March 13, 1991 T. texanum TX: Nacogdoches Co. 6220 S. & G. Jones
TENN March 22,2002 T. texanum TX: Smith Co. s.n. S.B. Farmer, J.
Singhurst, M/M
Loeper
NCU April 23, 1974  T. virginianum VA: Charles City Co. 5285 NCU00006376 Donna M.E.
Ware with

Thomas F.
_Wieboldt
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NCU April 15, 1958  T. virginianum VA: Charles City Co. s.n. NCUO00006375  O.H. Weiss
VDB April 15, 1958  T. virginianum VA: Charles City Co. s.n. 107814 O.H. Weiss
VPI April 15, 1958  T. virginianum VA: Charles City Co. s.n. 37388 O.H. Weiss
WILLI April 23,1974  T. virginianum VA: Charles City Co. 5285 18379 Donna M.E.
Ware with
Thomas f.
Wieboldt
GH April 24, 1926  T. virginianum VA: Chesapeake 413 00030171 Paul W. Warren
NCU April 25,1936  T. virginianum VA: Chesterfield Co. s.n. NCU00006377 W.L. Hunt
VPI March 31, 1943 T. virginianum VA: Chesterfield Co. s.n. 37386 Stan Lusby
GH May 09, 1943 T. virginianum VA: Dinwiddie Co. s.n. 00030171 Laura H. Lippitt
VPI April 17,1984  T. virginianum  VA: Greensville Co. 4954 76594 T.F. Wieboldt
VPI April 20, 1943  T. virginianum VA: Henrico Co. s.n. 37389 Stan Lusby
AUA April 05,1973  T. virginiamum  VA: James City Co. 17063 36878 J.T. Baldwin, Jr.
BRIT June 11, 1949  T. virginianum VA: James City Co. 898 Bernard Mikula
BRIT April 06, 1976  T. virginianum VA: James City Co. 5627 18285 Donna M.E.
Ware*
BRIT April 05, 1973  T. virginianum VA: James City Co. 17063 18438 J.T. Baldwin, Jr.
BRIT April 09, 1983  T. virginianum VA: James City Co. 118 02284 Paul R. Cabe
BRIT April 09, 1983  T. virginianum VA: James City Co. 119 02122 Paul R. Cabe
BRIT April 21, 1983  T. virginianum VA: James City Co. 124 024118 Paul R. Cabe
GA April 08, 1979  T. virginianum VA: James City Co. 7322 158188 Domma M.E.
Ware with
Stewart A. Ware
GA May 05, 1951  T. virginianum VA: James City Co. s.n. 51093 F.H. Sargent
GH May 04, 1949  T. virginianum VA: James City Co. 12550 J.T. Baldwin, Jr.
GH May 03,1931  T. virginianum VA: James City Co. s.n. W.G. Guy and
Dr. Stetson
NCU June 16, 1968  T. virginianum VA: James City Co. 728 NCUO00006378  Allene Varans
NCU June 11, 1949  T. virginianum VA: James City Co. 898 NCU00006382  Bernard Mikula
NCU May 01, 1976  T. virginianum VA: James City Co. 6535 NCUO00006380  Donna M.E.
Ware
NCU April 08,1979  T. virginianum VA: James City Co. 7321 NCUO00006379  Donna M.E.
Ware with
Douglas E.
Blackman
NCU April 05, 1973  T. virginianum VA: James City Co. 17063 NCU00006381  J.T. Baldwin, Jr.
PH May 01, 1937  T. virginianum VA: James City Co. s.n. 01030408 Harold G. Rugg
(to ETW)
POM April 21, 1951  T. virginianum VA: James City Co. 33345 339470 F.R. Fosberg
SMU May 0S5, 1951  T. virginianum VA: James City Co. s.n. F.H. Sargent
VDB June 16,1968  T. virginianum VA: James City Co. 728 76528 Allene Barans
VDB April 09, 1983  T. virginianum VA: James City Co. 119 Paul R. Cabe
VDB April 21, 1983  T. virginianum VA: James City Co. 124 Paul R. Cabe
VDB April 12, 1979  T. virginianum VA: James City Co. 64751 R. Kral
VDB April 12, 1980  T. virginianum VA: James City Co. 64753 R. Kral
VDB April 12, 1980 T. virginianum VA: James City Co. 64753 R. Kral
VDB April 12, 1980 T. virginianum VA: James City Co. 64754 R. Kral
VPI April 03, 1982  T. virginianum VA: James City Co. 7806 75840 Domma M. E.
Ware with Paul
Cabe, Gretchen
North, and Bill
Saunders
VPI April 21, 1979  T. virginianum VA: James City Co. 7327 75838 Donna M.
Eggers Ware
with Cynthia

Long
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—_————
herbarium  date collected taxon location B o ot gy collectors
number number
VPI April 08, 1979  T. virginianum VA: James City Co. 7322 78903 Donna M.E.
Ware with
Stewart A. Ware
VPI March 29, 1963 T. virginianum VA: James City Co. 316 37391 O. H. Weiss
VPI March 23, 1957 T. virginiamum VA: James City Co. s.n. 37385 O.H. Weiss
VPI March 30, 1957 T. virginianum VA: James City Co. s.n. 37387 O.H. Weiss
VPI April 09, 1983  T. virginianum VA: James City Co. 119 80160 Paul R. Cabe
VPI April 21, 1983  T. virginianum VA: James City Co. 124 80153 Paul R. Cabe
VPI April 03, 1977  T. virginianum VA: James City Co. 2734 68129 Thomas F.
Wieboldt, C.E.
Stevens :
WILLI June 11, 1949  T. virginiamum VA: James City Co. 898 21249 Bernard Mikula
WILLI April 07, 1982  T. virginianum VA: James City Co. 38 42689 Bridget Greaves
with G. Hall
WILLI May 01, 1976  T. virginianum VA: James City Co. 6535 22970 Donna M. E.
Ware
WILLI April 08, 1979  T. virginiamum VA: James City Co. 7321 33016 Donna M. E.
Ware with
Douglas E.
Blackman
WILLI April 21,1979  T. virginiamum VA: James City Co. 7327 42365 Donna M.
Eggers Ware
with Cynthia
Long
WILLI April 06, 1976  T. virginianum VA: James City Co. 6527 21496 Donna M.E.
Ware
WILLI April 03, 1982  T. virginianum VA: James City Co. 7806 37666 Donna M.E.
Ware with Paul
Cabe, Gretchen
North, and Bill
Saunders
WILLI April 08, 1979  T. virginianum VA: James City Co. 7322 33015 Donna M.E.
Ware with
Stewart A. Ware
WILLI April 05, 1973  T. virginianum VA: James City Co. 17063 13440 J. T. Baldwin,
Jx.
WILLI March 11, 1974 T. virginianum VA: James City Co. 17135 50149 J. T. Baldwin,
Jr.
WILLI April 09, 1983  T. virginiamum VA: James City Co. 118 44619 Paul R. Cabe
WILLI April 09, 1983  T. virginianum VA: James City Co. 119 48475 Paul R. Cabe
WILLI April 14, 1983  T. virginianum VA: James City Co. 121 44617 Paul R. Cabe
WILLI April 21, 1983  T. virginianum VA: James City Co. 124 44616 Paul R. Cabe
NY May 03,1931  T. virginianum VA: James City Co. s.n. 00505409 Mrs. W.G. Guy
and Dr. Stetson
TENN April 08,2005 T. virginianum VA: Lancaster Co. s.n. Tom Teeples
VDB March 20, 1971 T. virginianum VA: Nansemond Co. 221 92365 Susan Waters
NCU March 05, 1975 T. virginianum VA: Suffolk 4835 NCUO00006383  LyttonJ.
Musselman
AUA April 25,1966  T. virginianum VA: Surrey Co. 499 56723 J.D. Freeman
GH July 04, 1949 T. virginianum VA: Surrey Co. 2234 Bernard Mikula
TENN April 25, 1966  T. virginianum VA: Surrey Co. 499 J.D. Freeman
TROY April 25,1966  T. virginianum VA: Surrey Co. 499 16081 J.D. Freeman
VPI April 15, 1983  T. virginianum VA: Sussex Co. 120 80164 Paul R. Cabe
with Joe Garvin
WILLI April 15, 1983  T. virginianum VA: Sussex Co. 120 44618 Paul R. Cabe
with Joe Garvin
BRIT April 20, 1983  T. virginianum VA: York Co. 123 02117 Paul R. Cabe
- VPI April 20, 1983 T. virginiaoum VA: York Co. 123 80161 Paul R. Cabe
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herbarium date collected taxon location o oS LR collectors
number number
WILLI April 21, 1979  T. virginianum VA: York Co. 7324 42391 Domme M.
Eggers Ware
with Cynthia
Long
WILLI April 18, 1992  T. virginianum VA: York Co. s.n. 62114 Janis Miller
WILLI Agril 30, 1983 T. virginianum VA: York Co. 123 44620 Paul R. Cabe .
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Appendix B
Aligned DNA Sequence Data Matrices






#NEXUS
{ ITS data set |

Begin data;

Dimensions ntax=76 nchar=6683;

Format datatype=dna interleave gaps=-;

Matrix
1_pst._rivale 222022222222222222 tege-t.
2106_dorcesterscC a -gaatga tgaagc
2107_persistens a aa ~-gaa agc
2119_humboldtCA 2222202022222 27
2120_skagitWa 2?272?2222222272222272272agat. tct
2133_scouleri =
213S_frankliaNc a actaa -gaatgaa agc
2141_jonesMs a -gaatg agc
2161_cumberandTy a. = tc
2290_nivalePA a cgt te g
2319_rivale a t-t g- teg
2330_nivalePA_2 a
2331_ eisc a actaa - tgt
734_barrymo a ggtg
735_1incolnTN
736_whitfieldGa a = =
746_maculatum a - -
747_louisianal a actcgt
746_louisiana2 a teg
749_1ouisianal a
750_freemanii a g
778_caddoLA a actcgt-gaatgaa-|
779 hi OR a ctcgt
7680_ aAL a, -gaatgaa agc
781_ iaAL a aa actcgt-gaatgaa
762_jamesCityVa a t-gaatgaa
763_graysonVA a a -gaatga
764_undulatum a tege. agc
785_r« i a actcgt-gaatga
706_cassTX a actcgt- a- g age
789_nivale a actcgt t
790_mississippi a t- gt agc
791_montgomeryAR a actcgt-gaatgaa- tgaagc
792_rivale a t-taacgaa-tg-tc agc
793_limestoneAL a t-gaatgaa t tgaagc
794_smithTX a actcgt-gaatgaa-t tctggt tgaagc
796_hibbersonii a gt eee
799_ovatum a,
800_hibbersonii a tt
801_ovatum a t ]
806_persistens a acta -gaatgaa-tg
807_ baeiAL a actaa. -gaatga
808_ iGa a t-gaatgaa-
809_georgia a actcgt-gaatgaa. tet age
810_viridescens P22 20222020202222020222020222222 2222222 2cEggt. Yo gaycgattctg
811_worcesterMD a gt-gaatgaa- agc
812_grandiflorum a te
816_aikensCc -gaatgaa- tggtggagggttcgtcctgaage
817_cumberlandT™ aa actcgt-gaatgaa- g
albidumT_DQ404196 22222222222002220¢ actcgt gotg
camschatcenseT_AB016608 ????2?2??22?22?2227272? actcgt asata te
camschatcenseT_DQ404197 ??2?2?222?222227?272??7¢C tcge aatcgattet
cernuumT_DQ404193 222222222202 2222222 ctggt
chloropetalumT_AB018609 ?7??2???22??2?22??22?22?27
cuneatumT_DQ404199 22222222222 2222227 tct o9
decipiensT_AB018610 272222222222222222 2% atgaa tegt:
discolorT_AB018611 2222222 tcge. tctggt teg
erectumT_AB016612 P22 220 2? g cgaagc
erectumT_DQ404196 ???222?222?27222272222?t cgagat actcgt agc
grandiflorumT _AB016614 ???7?2?2??27?2?222272?2 actcgt t
grandiflorumT_DQ404195 ???2?2?2???22?2?222?2? tcgt: te
lancifoliumT_AB018615 2222222220222 2222~ aa (13
luteumT_DQ404200 7222270200207 22? actcgt-ga
maculatumT_AB016616 ?002?72??72272222222 727t cgagat gatc:
ovatumT_AB018617 2222202222222 227t ctggt
ovatumT_DQ404194 ???772?772277222272222 7t cgagat gt tetct
petiolatumT_AB016616 rRRRRRRRRRRRRRIINN? cgt:
pusillumT_AB016619 2202222200202 2% actcgt-gaatgaa-tg te
recurvatumT_AB016620 P27 222222 %L actcgt ctggt tege
reliquuaT_AB016621 7222220222222 72 %t aactcgt tgt
rivalePst_AB018622 22222222222222222727 72 actcgt-t tg-tcgattctggtggagggttcgtectgaage
rugeliiT_AB016623 ?722?7222?2222?222272tcgagat actegt a gagg cgaagc
sessileT_AB0168624 2222272220222 72t gatc

8i1eT_DQ006019 actcgt g

tschonoskiiT_DQ404201 2222000222222 22 aatcgattt
undulatusT_AB016625 0222222022222 22? actcgt. g tceggt tcatcctgaagce
1_Pst._rivale -tgcccc-tge--ccc-tt t --cgct tt
2106_dorcesterSC ] tt. g
2107_persistens -tg tt-gagt 9999
2119_humboldtCa -tg tet-gaat a
2120_skagitWA -tgcccc-tge--ccc-tt-gaat gcatgtgtgg
2133_scouleri -tgcccce- tcecect
2135_franklinNC caaatgcccc-tgc--ccc-te-
2141_jonesms tt-gogtcgt a
2161_cumberandTN tgc--ccc-te- 99gg-
2290_nivalePA -tg te.
2319_riv. -t gc--ccc-tt: ttootggog te
2330_nivalePA_2 caa-tg te ggtouggg
2331_catesbaeisc caa -tg te ygc
734_barryMo caa C==CCC~CE~
735_1incolnTN c--ccc-tt-
736_whitfieldGA tg B
746_maculatum -tg tgc--ccc-tt-f
747_louisianal -tg tgc--ccc-tt- aaca

748_louisiana2
749_louisianal
750_freemanii
776_caddoLA
779_washingtonOR
760_escambiaAL
761_escambiaAL

tgcccc-tge--ccc-tt-

-tgceccc-tge--cec-tt-
G

atgccce-tg te 9999
g t-gaat
-tgc--cee-te-
tg cc-tt 9otgggug
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782_jamesCityVa caa -=cCC-tt-
783_graysonVa caa --ccc-tt-
784_undulatum caa-cgcccc-tg t -
785_rocki tt
786_cassTX tgccce-tge--cce-tt-
789_nivale tg t -
790_miss. ippi C--CCC-tt-
791_montgomeryAR caa --ccc-tt-gggt
792_rivale caa-tg tg (7
L -tt-
-tg te- 9!

796_bhibbersoni i tgccce-tge--ccc-tt-gagt
799_ovatum tg -tg t
800_hibbersonii tg tg te- gct.
801_ovatum tqcccc-tqc- -cce-tt
806_persistens ] C=
807 _¢ 1AL tg C tt-gagt t
808_ iGA ca g t-
809_georgia [ tt-
810_virid: caa --ccc-tt-gr
811_wor! --cce-tt-
812_grandi florum gt--ccc-tt-g
816_aikensC -tg tt-gagt
817_cumberlandTN --ccc-tt-
albidumT_DQ404198 caa-tgcccc-tge--cee-tt
camschatcenseT_AB018808 caa-tgcctc-tg t
camschatcenseT_DQ404197 tg g c tt
cernuumT_DQ404193 i g =
chloropetalunT_AB018809 g Tt~
CuneatumT_DQ404199 tg tt t
decipiensT_AB018810 tqcccc-tqc--ccc tt. t
discolorT_AB018811 tg g tt
erectumT_AB018812 g g tt-gagt
erectumT_DQ404196 caa-tg g ccc-tt-gagt
grandiflorunT_AB018814 tgccce-tgt tt-gtgt
grandiflorunT_pQ404195 taa-tgcccc-tgt--ccc-tt-gtge
lancifoliumT_AB018815 tg tg T~ g
luteumT_DQ404200 tgccce-tg tt
maculatumT_AB018816 tgccce-tg te
ovatumT_AB018817 tgccce-tg tt t
ovatumT_DQ404194 tg g t-gaat
petiolatumT_AB018818 tgeccec-tg tt {3
pusillumT_AB018819 caa -=-ccc-tt-
recurvatumT_AB018820 caa-tgccce-tg tt-gagt
reliquumT_AB018821 g t -
rivalePst_AB018822 tg t
ruq.liiT_AnOlBBZJ L] te-

caa-tgceccc-tge--ccc-tt-

caa-tgcccc-tge--cec-tt-
uchono-ki iT_DQ404201 caa-tgcctc-tgc--coc-tt-
undulatumT_AB018825 caa-cgcecce-tge--coc-tt~
1_Pst._rivale t- gttt aattttatgact a
2106_dorcesterSC acgtgaat - ---tatatt aatttt ta
2107_persistens t at - tatatt a
2119_humboldtCA tcaaggaacgagtacgtgaat t agtaatttt

2120_skagitha tgtcatttggt utqttttqcnuqtnutntqlctc:cqqcucqqlu
2133_scouleri a
2135_franklinNC t tcatt-
2141_jonesMs =
2161_cumb t at t-
2290_nivalePA t
2319_rivale t g
2330_nivalePA_2 at. t-
2331_ isc acgtga. - aatttt
734_barryno aattttatgact
735_lincolnTN t - aatttt
736_wbitfieldGA t t-ggct g tatatt SaatEttatgactet
746_maculatum o tatgtet aattttat g
747_louisianal t- (113
748_louisiana2 t t t [ tatgtttcgcagagt. tttta:glctcthqcucqqlu
749_1louisianal € = tttatgactctcggcaacggata
750_freemanii t t t- 99 tee 99
778_caddoLA t acgtga t= attttat
779_washingtonOR ttggt g tatgttttgcatagtaat r.:utqnctc:cqqcncqqau
780_escambiaAL tcatt teee
781_ aAL (d t g gtcatt- cc---tatat tttatgactct a
782_jemesCityVa t g -] tatatt ttttatgactctcggcaacggata
783 _gray t at - atatttcgcagagtaattttatgactctcggcaacggata
784_undulatum tcaaggaacgagtacgtgaat - teteatgactct
785_; 4 acgtgaat = gcagag g
786_ TX t t
789_nivale t t t-gget aatttt tctcggtaacggata
790_mississippi t-ggct tttatgactctcggcaacggata
791 _montgomeryAR t= ---tatatttcgcagagtaattttatgactctcggcaacggata
79]_r‘v.1. t catt-g atgt aattttat a
793_limestoneAL tcaaggaacgagtacgtgaatgcg - tttatgactc
- gtcatt- ttttatgactctcggcaacggata

796_hibbersonii tgaatgtgg-: t- ttttatgactctcggcaacggata
799_ovatum t ttggt tatgttttgcatagtaattttatgactctcggcaacggata
800_hibbersonii t gagt gt - aatttt a
801_ovatum acgtgaat tggt aatttt a
806_persistens t tcatt-gg aatttt a
807_ iAL -t
808_ iGA t €= ttttatgactctcggcaacggata
809_georgia ttttatgactct ta
810_viri catt- aattttatgact. a
81 l - aatttt ta
812 qnndiﬂ.om T~ aatttt a
816_aikensc t atgcgg catt- atatttcgcagagtaattttatgactctcggcaacggata
817_cumberlandTN t te- ---tatatttcgcagagtaattttatgactctcggcaacggata
albidumT_DQ404198 = tatgt teet a

_AB018808 acgtgaa-gcgg- tcatt- tatgtttctcagagtaattttatgactctcggcaacggata
camschatcenseT_DQ404197 acgt o tatgtttctcagagtaattttatgactctcggcaacggata
cernuumT_DQ404193 -g! atgtttcgcagagtaattttatgactctcggcaacggata
chloropetalumT_AB018809 t gtcatt- tatgtt ttt ct a
cuneatumT_DQ404199 t t- atgtttcgeas ttttatgactctcggcaacgga
decipiensT_AB018810 tacgtga - ---tatgtttcgcagagtaattttatgactctcggcaacggal
discolorT_AB018811 gtcatt (1334 a
erectumT_AB018812 acgtgaat tcatt- ---tatgtt taattttatgact a




erectumT_DQ404196 t t t. teee ta
grandiflorumT_AB018814 t- ---tatgtt ttttatgactct
grandiflorumT_DQ404195 at. o ---tatgtt aattttatgactct
lancifoliumT_AB018815 tatgttt aatttt
luteumT_DQ404200 - ---tatgtt aatttt
maculatumT_AB018816 - tatg aatttt a
ovatumT_AB018817 t t agtaatttt a
ovatumT_DQ404194 ttggt tatgttttgcatagtaattttatgactctcggcaacggata
petiolatumT_AB018818 - t aatttt a
pusillumT_AB018819 - ---tatattt aattttatga a
recurvatum?_AB018820 t tatg aattttatgact a
reliquumT_AB018821 - ---tatgtt attte
rivalePst_AB018822 t - aattttatgact
rugeliiT_AB018823 t at {2 tatgtttctcagagtaattt tatgactctcggcaacggata

t t- aattttatgacetct

- tatgtt aattttatgactct

tschonoskiiT_DQ404201 ¢ -f 3 aatttt
undulatumT_AB018825 t g tatgtttcgcagagtaattttatgactctcggcaacggata
1_Pst._rivale 1] tett
2106_dorcestersC ttt
2107_persistens tet teee
2119_humboldtCA t t
2120_skagitwa (- act t
2133_pcouleri t at
2135_franklinNC tcttg a teet
2141_jonesMs t t teet
2161_ N t
2290_nivalePA
2319_rivale t tet
2330_nivalePA_2 tctt teee
2331 _catesbaeisC tecttg teee
734_barryMo tctt tee
735_lincola™ t ccegt atcatcgagtt
736_whitfieldGa t tet
746_maculatum tect
747_louisianal
748_louisiana2 tct act tt
749_louisianal tcttgget a atcatcgagttttt
750_freemanii at teee
778_caddoLA teteg tt
779_washingt onOR tct teee
780_escambiaAL tct atcgat ttt t
781 _ aAL tet atcgat atcat
782_jamesCityVvA tect ttt
783_graysonVA g act
784_undulatum tct at teet
785_rocki g t ttt
786_caasTX t act tt
789_nivale tcteg
790_miesissippi tet at act tcatcgagtttt
791 YAR at teee
792_rivale te
793_14 teet
794_smithTX tct at teet g
796_hibbersonii tet at (1113
799_ovatum tect at teee
800_hibbersonii tcteggeteccg! cgagttttt
801_ovatum tct act atcatcgagttttt
806_persistens tct t teee
807_catesbaeiAL tct teet
808_catesbaeiGA tet
809_georgia g at tte g
810_virid ns tc act ttet
811_worcesterMD teteg tete
812_grandiflorum teceeg tt
816_aikensC tet tcgagttett
817_cumberlandTw tce a tcgagtett
albiduwT_DQ404198 tet t t a g
camschatcenseT_AB018808 tctt at tteet
camschatcenseT_DQ404197 tctt at at teet
cernuumT_DQ404193 tct
chloropetalumT_AB018809 act tee
cuneatusT_DQ404199 tct tee
decipiensT_AB018810 g t teee
discolorT_AB018811 tteet
erectumT_AB018812 tect teee
erectumT_DQ404196 tceeg at tcatcgagtttttgaacgcaagttgcgece
grandi florumT_AB018814 tctt at t
grandiflorumT_DQ404195 tctt t
lancifoliumT_AB018815 tct teee
luteumT_DQ404200 at tcat
maculatumT_AB018816 tectt act t
ovatumT_AB018817 tct att a ttet
ovatumT_DQ404194 tet at
petiolatumT_AB018818 t act
pusillumT_AB018819 tect tcatcgagtttt
recurvatumT_AB018820 tct t
reliquumT_AB018821 tett act teee
rivalePst_AB018822 tett t
rugeliiT_AB018823 tctrgget t tcatcgagttttt
sessileT_AB018824 atcgat ey
ssesileT_DQ006019 tect atcatcgagttett
tschonoskiiT_DQ404201 tct jeeeet
undulatumT_AB018825 t t cccgtgaatcatcgagtttet

1_Pst._rivale
2106_dorcestersC
2107_persistens
2119_humboldtCA
2120_skagitwAa

2135_franklinNC
2141_jonesMS
2161_cumberaadTy
2290_nivalePA
2319_rivale
2330_nivalePA_

tygc

gt

aattgtt

2331_ isC
734_barryMo

161
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735_lincolnT#
736_whitf ieldGA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR

782_jamesCityVva
783_graysonVA
784_undulatum

gt gt

gatg

tgegteget

gatg

785_rocki
786_cassTX
789_nivale

aattgt

792_rivale
793_14

tgt

794_smithTX
796_hibbersonii
799_ovatum
800_hibdbersonii
801 _ovatum

gatg t

gt

gatg

tgogcy!

809_georgia

gatg

810_viri

811_wor
812_grandiflorum
816_aikensC
817_cumberlandT™
albidumT_DQ404198
camschatcenseT_AB018808
camschatcenseT_DQ404197
CernuumT_DQ404193
chloropetalumT_AB018809
CuneatumT_DQ404199
decipiensT_AB018810
discolorT_AB018811
erectumT_AB018812
erectumT_DQ404196
grandiflorumT_AB018814
grandiflorumT_DQ404195
lancifoliumT_AB018815
luteurnT_DQ404200
maculatumT_AB018816
ovatumT_AB018817
ovatumT_DQ404194
petiolatumT_AB018818
pusillumT_AB018819
recurvatumT_AB018820
religquumT_AB018821
rivalePst_AB018822
rugeliiT_AB018823

tschonoskiiT_DQ404201
undulatumT_AB018825

1_Pst._rivale
2106_dorcestersC
2107_persistens

attgt

gc

gatg:

gtt

tctegege

tgegt

t

gatgccatt

aagtgt

atgcggag

gt

gt

get.

ctcg

attggcctcctgtgecc-ttgtgege----ggtgg!
attgrccccccgtacce-t

99too --gggat

ate

acce-t

--gggat

2119 A
2120_skagitwa
2133_scouleri
2135_franklinNC
2141_jonesMs

tgcee-

99 --gggat

--gggat.

tgcece-tt

--gggat.

T

accc-

S --gggat

accc-tt

9 --gggat

2161_¢
2290_nivalePa
2319_rivale
2330_nivalePa_2
2331_ isc

accc-tt

ggtog --gggat

-t

< t--gggat

-C

- -=--ggtgogt

gcce-tt

t--gogat

734_barryM0
735_lincolnT™
736_whitfieldGa
746_maculatum
747_louisianal
748_louisiana2
749_1louisianal
750_freemanii
778_caddoLA

acce-t

--gggat

acce-tt

--gggat.

accc-tt

--gggat

accc-t

t --gggat

=t

- tgaagatt--gggat

ccc-tegt

ggtgg agatt--gggat.

agatt--ggoat

-t

actg

gggttgaagatt--gggat:

-ggtg: --gggat

att

acce-t

ol --gggat

779_washi OR
780_escambiaAL

actg

{,

Q! --gggat

accc-t

99tggg t--gggat-

attg

781 _¢ AL

792_jamesCityVva
783 _graysonVA
784_undulatum

ateg

accc-t

99! t--gggat

acca-tt

ggtg --gggat

actg

taccc-ttat

3 --gggat:

actgy

ccc-t

785_r
786_cassTX
789_nivale
790_mississippi
791_montgomeryAR
792_rivale
793_14

accc-!

accc-tt

-t

gtg!

accce-tt
accc-tt

ggatat

ateg

ggtg!

accc-tt

794_smithTX
796_hibdersonii
799_ovatum
800_hibbersonii
801 _ovatum
806_persistens

ggatat

att

accc-t

actgy

-t

gte

-t

act

ggtg

tgcce-t

act

=t

atct

acce-

807_ 1AL

accc-tt

808_¢ i
809_georgia
810_viri

accc-ttgt.

ggtgggteg

attg

accec-t

5 ~-gggat

811_worcesterMd
812_grandi florum

cce-

Qoo agatt--gggat

acca-tt

actg

-9 --gggat

t

= --gggat

<
<
haaan




816_aikenSC accce- --gggat:
817_cumberlanOTN accec-t o --gggat.
albidumT_DQ404198 actg -t agatt--gggat:
camschatcenseT_AB018808 g t--ggg
h '_DQ404197
cernuumT_DQ404193 actg -t agatt--gggat.
chloropetalumT_AB018809 -t agatt--gggat:
cuneatumT_DQ404199 E tt gat:
decipiensT_AB018810 actg tg t--gggat--
discolorT_AB018811 act g g t--tgg
erectumT_AB018812 --gggat:
erectumT_DQ404196 attg tgcce-t --gggat-
grandiflorusT_AB018814 gggat.
grandi floruaT_DQ404195 --gggat.
lancifoliumT_AB018815 gtgcce- agatt--gggat
luteuxT_DQ404200 = agatt--gggat:
maculatumT_AB018816 gcce-t tgaagatt--gggat:
ovatumT_AB018817 --gggat:
ovatumT_DQ404194 actg i --gggat--g
petiolatumT_AB018818 g - --gggat. gtg
pusillumT_AB018819 accc-tt g --gggat at
recurvatumT_AB018820 t--gggat.
reliquuaT_AB018821 --gggat--:
rivalePst_AB018822 attg --gggat.
rugeliiT AB018823 attg t --gggat.
sileT_AB018824 999

sessileT_DQO006019 o { t--gggat-
tschonoskiiT_DQ404201 attggecttctgt --gggat
undulatumT_AB018825 --gggct-
1_Pst._rivale gtggtctt--ctectcta ----ataa t ttcctctagtatt
2106_dorcesterSC gtggtctc--gtectct --tagcaft
2107_pereistens --gtactct tgcc--tagcatt
2119_humboldtCA gtggtctc--gtectcet --tagcatt
2120_skagitWwa - - tagcatt
2133_scouleri gtggtct tt tgcc--tagcatt
2135_franklinNC gtggtctc--gtactct
2141_jonesMs gtggtctc--gtcctct
2161_cumberandTy gtggtctc--gtcctct
2290_nivalePA gtggtctc--gtectct agggttgcge-- tgcc--tagcatt
2319_rivale gtggtctt--ctcctcta cceea= ttcctctagtatt
2330_nivalePa_2 gtggtctc--gtectct agggttgcg tagcatt
2331_ca baeisC --gtactct gtagg
734_barrymo -gtcctct g
735_1incolnTH gtggtcte-
7]6_“‘:{‘.1”“ --gtcctcet tgt agggt
746_maculatum gtggtctc--gtcctct gt --tg
747_louisianal gtggtcte--gtectcet gtag =]
748_louisiana2 gtgg ] gt gtagg
749_1louisianal gtggtctc--gtcctct -
750_freemanii gtggtctc--gtcctct t tgcg
778_caddoLA gtggtctc--gtcctct
779_washingtonOR gtggtctc--gtcctct t--

gtggtctc--gtcctcet
782_jamesCityVvAa gtgg --gtcctet
783_graysonVA gtggtctc--gtcctet g
784_undulatum gtggtete--
785_rocki gtggtctc--geectet
786_cassTx gtggtctc--gtcctet
789_nivale gtggtctc--g gtag - gcc--tagcatt
790_ai. ippi gtggtctc Tt -tagcatt
791_montgomeryAR grtggtctc--gtcctctaaaggct 2?2222 2222222 222222222 22222222 22222222222 22222222222 22222227
792_rivale gtggtctt--ctcctctaatggetcggag------- ta, t - tctagtatt
793_1imestoneAL gtggtctc--gtectct g gcc--tagcatt
794_smithTx gtggtcte-
796_hibbersonii c--gtcctct
799_ovatum gtggtctc--gtectct tgeget -~
800_hibbersonii gtggtctc--gtcctat agggttgcge
801_ovatum gtgg gtcct tgegt-

gtggtctc--gtactct
807_catesbaeiAL gtggtctc--gtcctet gtag
808_catesbaeiGAa . gtggtctc--g
809_georgia --gtcctcet
810_viridescens gtggtctc--gtcctct
811_worcesterMd gtggtcte--gtectcet
812_grandi florum tgcge--
816_aixensC agggttgcg
817_cumber landTN gtggtctc--gtcctct
albidumT_DQ404198 --gtcctct tgege
camschatcenseT_AB018808 gtcctet agggt tgcc--tageatt
camschatcenseT_DQ404197 --gtcctet =3 tgcc--tagcatt
cernuumT_DQ404193 gtggtctc--gtcctct --tagcatt
chloropetalumT_AB018809 gtggtctc--gtcctct gt -
cuneatumT_DQ404199 gtggtctc--gtcctet --
decipiensT_AB018810 gtggtctc--gtccte c-=
discolorT_AB018811 gtggtcte-- i
erectumT_AB018812 gtggtctc--g g --tgaacgcgttgcc--tagcatt
erectuxT_DQ404196 gtggtctc--gtcctct agggttgcge--tgaacgegttgec--tageatt
grandiflorumT_AB018814 gtgg agggttgcge--tgcacgegttgec--tageatt
grandiflorumT_DQ404195 gtggtctc--gtcctct - = tgcc--tagcatt
lanci fol iusT_AB018815 --gtcctet t agggttgcge- -tgcacgegttgec:
luteumT_DQ404200 gtggtctc--gtcctct t - tgcc
maculatumT_AB018816 gtggtctc--gtcctcet tgcc--twgcatt
ovatumT_AB018817 gtggtctc--gtcctct t tgegt-- tgcc--tagcatt
ovatunT_DQ404194 gtggtctc--gtectct agggttgcgt --tgcacgegttgcc--tageatt
petiolatumT_AB018818 gtggtctc--gtcctct t g tagcatt
pusillumT_AB018819 gtggtctc--gtcctct --tagcatt
recurvatumT_AB018820 gtggtctc--gtcctct £ tgcc--tagcate
reliquumT_AB018821 g -= - c--tagcatt
rivalePst_AB018822 t--ctcctct t t -~ ttcctctagtatt
rugeliiT _AB018823 gtggtctc--g == gcc--tagcatt
sessileT_AB018824 gtggtctc--gtcctcet t - tgcc--tagcatt
sessileT_DQ006019 gtggtctc--gttctct {2 -- c--tagcatt
tschonoskiiT_DQ404201 gtggtctc--g - tgcc--tagcatt
undulatumT_AB018825 gtggtcte- - tgege-- --tagcatt

i

End;
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SNEXUS
( matk data set)

Begin data;

Dimensions ntax=91 nchar=1586;
Format datatype=nucleotide interleave sywbols="01" gap=-;

Matrix

O_Pst._rivale_matk tacaat tee tcctat tatatt atatt tg
2106_dorcestersC acaatt at atatt atattt

2107 _persistens at ttacaat attt ttcctatatccgcttatatttcaagagtatatttacacacttg
2135_franklinkC aca tattt at atat atattt
734_barryMo at taca attt ttcctatatccgettatatttcaagagtatatttacacacttg
735_1incolnTW tacaatt tatttagaaaaagatggatctcggcaa------ ttcctatatccgcttatatttcaagagtatatttacacacttg
736_GA ttacaatt tatttagaaaa tcctat attt tatattt tg
746_maculatum at t t ttcctat. atattt tatatt tg
747_louisianal at tt tat at tatattt attt tg
748_louisiana2 at ttcctatatccgettat atattt. tg
749_louisianal t tattt tcctat atattt tatattt tg
750_freemanii attt at attt tatattt tg
751_freemanii tattt at atattt atattt tg
778_caddoLA attt tcctat atattt tatattt tg
779_washingtonOR_psbA acaatt. - ttcctat tatattt tatattt tg
780_escambjiaAL ttacaatt at atattt atattt tg
781_ iaAL tacaatt. tattt tct tatatt atattt tg
782_JjamesCityVA at ttacaatt attt ttcctat atattt tatattt tg
783_graysonVA attt tcctat atattt atattt tg
784_undulatum  atggaagaattacaa------ ggatattt tcctat at atattt tg
785_rocki attt at atattt tatattt tg
786_cassTX tatte ttcctatatccgettatatt atattt tg
787_daiswval at tt ttcctat tatattt tatt tg
768_daiawa2 at {7 B attt tcctatatccacttatatttcaagagtatatttacacacttg
789_nivale atggaagaattacaat attt tcctat atattt att tg
790_mississippi at ttacaatt attt, ttcctat atatttcaagagtatatttacacacttg
791_montgomeryAR at tacaatt attt ttcctat atattt te tg
792_rivale acaatt att tcctat atattt atattt 9
793_limestoneAL at ttacaatt tt ----ttcctat tatattt tt tg
794_smithTX acaatt tattt atatccgcttatatt atattt tg
796_hibbersonii at: ttaca attt. cctatatccgcettatattt: atatttacacacttg
799_cvatum tattt atatccgcttatattt atattt tg
800_hibbersonii t ttacaatt tattt ttectat tatattt Tttt tg
801_ovatum attt at tatattt atattt tg
802_barryMo atggaagaattacaa------ tattt tcctat atattt atattt tg
806_persistens ttaca atte ttcctatatccgeottatattt atattt tg
807_nippersinkAL at ttaca. tattt at tatattt: tatattt tg
808_catesbaeiGA at tattt ttcctatatccgeottatatet tatattt tg
810_viridescens ttacaa------ tatctt at atattt atattt g
811_worcestermp attt ttcctat atattt tatattt tg
812_grandiflorum at attt ttcctat atattt tatattt tg
albidumT_AB017376 attt tcctatatccgettatattt tattt tg
angustipetalumT_AB017377 at Tt t ’:ccnutccgcuan:r.tcnlgagntur.u acttg
apetalonT_AB017378 tacaatt ttcctat atte tg
camschatcenseT_AB017379 atggaagaattacaat attt ttcctat tatattt attt tg
catesbaeiT_AB017380 ttacaatt tcctat atattt atattt tg
cernuumT_AB017381 atggaagaattacaat tt ttcctat tatattt tatattt tg
chloropetalumT_AB017382 atggaagaattacaa --ggatat ttcctatatccgcottatatttcaagagtatatttacacacttg
CuneatumT_AB017384 at: att at g t tg
decipiensT_AB017385 tacaa tat tcctat tatatet tatattt ttg
decumbensT_AB017386 at t --ggatattt. ttcctat atattt atattt tg
discolorT_AB017387 atggaagaattaca - at ttcctat tatatt attt tg
erectumT_AB017388 t attt ttcctatatccgettatatttcaagagtatatttacacacttg
fargesiiD_AB018827 at at atattt tg
flexipesT_AB017389 attt at tatattt atattt
foetidissimumr_AB017390 tacaa------ tattt ttcctatatccgettatattt atattt tg
giganteumTc_AB017383 at t t ttcctat tatattt atattt ttg
govanianumTd_AB017391 nr.qangur.ncul- tttcctat atattt atattt ttg
grandiflorumT_AB017392 ttaca attt at gcttatattt atattt tg
incompletaP_AB018832 tacaatt attt tcctat atattt tat tg
japonicak_AB018831 atggaagaattaca. ttcctatatccgcttatatttcaagagtatatttacacacttg
kurabayashiiT_AB017393  atggaagaattaca --ggatattt ttcctatat tattt atattt teg
lancifoliumT_AB017394 at tattt tcctat tatatt att tg
ludovicianumT_AB017395 tacaa tatt ggat ttcctat. tatatttcaagagtatatttacacacttg
luteusmT_AB017396 at attt tcctatatccgettatatttcaagagtatatttacacacttg
maculatumT_AB017397 tt -- - tatt tc ttcctat atatttcaagagtatatttacacacttg
nivaleT_AB017398 tacaat attt, tcctatatccgettatatttcaagagtatatttacacacttg
ovatumT_AB017399 tacaatt attt ttcctat atatt atattt tg
petiolatumT_AB017400 at ttcctatatccgcttatatttcaagagtatatttacacacttg
polyphyllaD_AB018828 at. tt. ttcctatatccacttatattt atattt tg
pusillumT_AB017401 at ttaca ttcctat atattt atattt tg
recurvatumT_AB017402 atggaagaattac: ttcctat tatattt tatattt tg
reliquumT_AB017403 atggaagaattaca tcctat at atattt tg
rivalePst_AB017404 ttaca att atatccgcettat atattt tg
rugeliiT_AB017405 tacaatt. tattt ttcctat atatttcaagagtatatttacacacttg
sessileT_AB017406 it tatt ttcctat. t. tt tattt tg
simileT_AB017407 tacaatt. attt ttcctat, tatat atattt teg
smalliiT_AB017408 at tacaat tatt ttcctat tatattt attt tg
stamineumT_AB017409 at tt ggatattt. ttcctatatccgettatatt att tg
sulcatumT_AB017410 tacaat tatt ttcctat tatattt atte tg
tetraphyllaP_AB018833 at: tattt tt at tatatt atattt tg
thibeticaD_AB018829 atggaagaatta tatt ttcctat atattt atattt tg
thibeticaD_AB040199 at tt tattt atatccacttat attt
tschonoskiiT_AB017411 at tacaat attt ttcctat atattt tatattt tetg
underwoodiiT_AB017412 ttacaa attt ttcctat tatattt atte. tg
undulatumT_AB017413 ggatat tcctatatccgettatattt atet tg
vaseyiT_AB017414 at ttacaatt t ttcctat atatttcaagagtatatttacacacttg
verticillataP_AB018834 ttaca t at atattt tatattt
violaceaD_AB018830 atggaagaattacaa = tattt. acttcctatatccacttatatttcaagagtatatttatacacttg
viridescensT_AB017416 at tt attt ttcctat ttatattt. attt. tg
virideT_AB017415 atggaagaattacaa------ ggatattt, tcctat gcttatatt atattt tg
0_Pst._rivale_matKk aaat teeeet aggtt aaatcta tgaa
2106_dorcesterSC ttcgattettt aa aggttatgacaataa acttgtgaa
2107_persistens ctcatgatcatgggttaaat------ teeee a taggttatgaca n atccagttccgtacttgtgaa
2135_franklinNC teeeee a tttaggtt tccgtacttgtgaa
734_barryno aaat ttcgatteett aggttatgacaat tccgtacttgtgaa
735_lincolnTN aaat u:r.cwlu.:r.tucunlcccunglnuqtqqq:r.uvqr.uwaca un:ccaa:tccgucttqr_ula
"36_“ aaat ttcgatteeet aggttatgacaataa
746_maculatum ctcnr.qar.cntgqqculu agttcgatttttt aa g :uggtr.atqluluutccagttccquct:qr.qu
747_1louisianal teeet aatt g caata gaa
748_louisiana2 teeee aa ttaggttatgacaataaatccagttccgtacttgtgaa
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749_1louisianal ct t tt a acttgtgaa
750_freemanii ct t tt aggtt ccgt a
751_freemanii ct taaat ttcgatttt tccgtacttgtg
778_caddoLA taaat ttcgatttttt at tcegtacttgtg
779_wash ingtonOR_psbA ctcatgatcatgggttaaat gttcgattettt ttaggt tcegtacttgtg
780 escambiaAL t aa
aAl ct g t atgacaataa
782_jm-cuyVA ct atgacaata gtg
783_graysonVA c teeee taggttatgacaata.
784_undulatum ct tcgatttttt. tccgtacttgtgaa
785_rockinghamVA  ctcatgatcatgggttaaat------ teeet taggttatgacaata. tecegt
786_caesTX ~ ctcatgatcatgggttaaat------i agttcgattett tt gacaataaatccagttccgtacttgtgaa
787_daiswal c aaat-- ttcgattet ttaggttatgacaat. tccgtacttgtgaa
788_daiswa2 (s, aaat tt A aa a
789_nivale = t ataa gaa
790_miesiesippi aggtt a
791 _montgomeryAR ttaggtt aa a
792_rivale aaatct
793_limestoneAL ct (13 tcegt a
794_snithTX ct aggttatgacaat
796_hibbersonii c:c-toucatqqqt = agttcgattttt te (13 ccagtt tacttgtgaa
799_ovatum t ttcgattettt acttgtgaa
800_hibbersonii ctcatgatcatgggtt. agttcgattttet t at tccgtacttgtgaa
801_ovatum € teeee aggtt. teegt a
802_barry"o taggtt a
806_persistens teee ttaggttatgacaataa a
307_;|£pp|r|1nlaL teeet aggtt a ccgtacttgtgaa
808_ ttcgatttttt (44 tacttgtgaa
810_viridescens g teee a
811_worcesterMD ctcatgatcatgggtt gttctatttt gtacttgtg:
812_grandiflorum ctcatgatcatgggtta agttcgatttt ttaggtt tccgtacttgtgaa
albidumT_AB017376 ctcatgatcatgggtt 3 aa cegt a
i lumT_AB017377 a acttgtgaa
apetalonT_AB017378 €t ttcgatttt ataaatccagttccgtacttgtgaa
camschatcenseT_AB017379 tcgattttt ataa tccgtacttgtgaa
cacesbaeiT_AB017380 ctcatgatcatgggtt: i ccgtacttgtgaa
cernuumT_AB017381 tt ttaggtt t tccgtacttgtgaa
chloropetalumT_AB017382 taaat. teeee aggttatgacaataa:
cuneatumT_AB017384 Lar=Gas te 2 t acttgtgaa
d.cipi.n.’r_nol']]!s ct gggttaaatataaa teeee tt aaatccagttccgtacttgtaaa
decumbensT_AB017386 ctcatgatcatgggttaaatataaatagttcgatteett ttaggtt aa tccgtacttgtaaa
discolorT_AB017387 agttc teeee ccgtacttgtaaa
erectumT_AB017388 ttcgattee t te tcegta a
fargesiiD_AB018827 g cgtacttgtgaa
flexipesT_AB017389 agttcgattet ttaggttatgacaataaatccagttccgtacttgtgaa
foetidissimmT_AB017390 ttetacga ttaggttatgac atccagttccgtacttgtg.
giganteumrc_AB017383 atccagttccgtacttgtga.
govanianum™d_AB017391 ttaggttatgacaataaatccagttccgtacttgtgaa
grandiflorumT_AB017392 ct ttcgattt t a. ccgtacttgtga
incompletaP_AB018832 teee ttaggte. ccagttcegtacttgtgaa
japonicaK_AB018831 teee ttaggtt aa a
kurabayashiiT_AB017393 tetet ttaggtt aa tcegt a
lancifoliumT_AB017394 (1313 ttaggttatgacaataa. ccgtacttgtgaa
ludovicianumT_AB017395 ttcgattteet ttaggttatgacaataaatccagttccgtacttgtgaa
luteuxT_AB017396 ag teee ttaggtt aa tccgtacttgtgaa
maculatumT_AB017397 ct agtt taggtt aa a
nivaleT_AB017398 ctcatgatcatgggttaa agttcgattt {5 t tccgtacttgtgaa
ovatumT_AB017399 - te ttaggtet aa tccgtacttgtgaa
petiolatumT_AB017400 t g teee taggttatgacaat tcecgtac a
polyphyllaD_AB018828 aaat- tete aggtt a a
pusillumT_AB017401 aaat teee taggttatgacaataa. acttgtgaa
recurvatumT_AB017402 ctcatgatcatgggtt gttcgattett ttaggtt tccgtactegtg
reliquumT_AB017403 ctcatgatcatgggttaaatataaatag teee te ataa acttgtaaa
rivalePst_AB017404 tt aaatct a
ttcgatttttt ttaggttatgacaat tcegt tgaa
-ag! ataa a
simileT_AB017407 t aa, a
smalliiT_AB017408 agttcgattteee ttaggtt, ccgtacttgtgaa
stamineumT_AB017409 teeee ttaggtt tccgtacttgtgaa
sulcatumr_AB017410 teeee taggt tat b= 1= {
tetraphyllaP_AB018833 teeet, aa ccgt a
thibeticaD_AB018829 aggttatgacaataa a
thibeticaD_AB040199 teeet ttaggtt tccgtacttgtgaa
tschonoskiiT_AB017411 ttcgatttett :nqntr.nr.ncunur.ccaq:tccqucttqtqu
underwoodiiT_AB017412 it tat tagttcgatttttt tccagttccgtacttgt:
undulatumT_AB017413 Ctcatgatcatgggtt aggttatgacaat tccgtacttgtg
vaseyiT_AB017414 ctcatgatcatgggttaaat ttaggtt ccagt gaa
verticillataP_AB018834 aaat atgacaataa. a
violaceaD_AB018830 aggttatgacaataa ccgtacttgtgaa
viridescensT_AB017416 aaat- ttaggtt aaatccagtt t a
virideT_AB017415 atgacaataa a
0_Pst._rivale_matK acgtttaattactcgaatgtat tcattgatttattcaatgaatgatettt tegtt ttctttttattca
2106_dorcestersSC ttactcgaatgtatcaacagaattcattgatttat tt caattcgt raattctttttattcg
2107_persistens t at ttcattgatttat te aaattcgt ttctttttatteg

2135_franklinNC

acgtttaattactcgaatgtatcaacagaattcattgattta

ttctttttattcg

734_barry™ ucqttuuucthauqutcncaqnuc-ttcltttu:cnwntqacutnaclaau:cnttcqttqwclcncnuctutut:cq
735_1incolnTN attactcgaatgt attcaatga ttctttttattcg
736_GA acgtttaattactcgaatgtat att tca attctttttattcg
746_maculatum acgtttaattactcgaatgtat tatt attctttttattcg
747_louisianal acgtttaattactcgaatgt. tgatttat attctttetattceg
748_louisiana2 acgtttaatt at tt attca attctttttattcg
749_louisianal ttactcgaatgtatcaacagaattcattgattcatt cgattcgttg tctttetattcg
750_freemanii ttactcgaatgt ttattcaat tt tegt tctttttatteg
751_freemanii tr_lctcgllr.gr-r tcattgatttatt ttctttttattcg
778_caddoLA tcattgattt ttcgttgg tctttttattcg
779_washingtonOR_psbA acgtttaat uctccaucutcncaqu:tc.t:qntr.utr.cnatgn taaccaaa, tctttttattceg
780_escambiaAL acgttt :ucthnr.qf-r t attctttttattcg
781 _¢ aAL tee 144 att t ttcttettattcg
782_jamesCityVa acgtttaattactcgaatgtat att attcaatga, attctttttattcg
783 _graysonVa acgtttaatt at tcattgatttattca at ttctttttattcg
784_undulatum attact at ctatt ttctetetatteg
785_rockinghamVA lcﬂtttllttlctcﬂlltgtltcllclﬂllttclttglttllttClltﬂntqlctttllccl atcaattcgttgggcacaacaattctttttattcg
786_caesTX acgtttaattactcg ttcattgatttattcaatgaatgactttaacc.

787_daiswal acgtttaattactcgaatgtatcaacagaattcattgatttat acaattctttttattcc

788_daiswa2

acgtttaattactcgaatgtatcaacagaattcattgatttattcaatgaatgactttaaccaaaatcgattcgttgggcataacaattctttttattece

789 _niva.

acgtttaattactcgaatgtatcaacagaattcattgatttattca,

ttctttttatteg

attctttttattcg

790_miesiesippi acgtttaattactcgaatgtatcaacagaattcattgatttattcaatgaatgactttaaccaaaatcaattcgttgggcacaacaattctttttattcg
791_montgomeryAR acgtttaattactcgaatgtatcaacagaattcattgatttattcaatgaatgactttaaccaaaatcaattcget
792_rivale acgtttaattactcgaatgtatcaacagaat ttattcaa

ttaaccaaaatcgattcgttgggcacaacaattctttttattca



793_limestoneAL acgttta aatgtat ttattcaatga aat ctttttattcg
794_smithTX acgtttaatt at atgacttt tca. tctttttattcg
796_hibbersonii acgtttaattactcga aa. ctttttattcg
799_ovatum acgtttaattact att. g ctteteattcg
800_hibbersonii attca aatcaaa tctttttattcg
801_ovatum acgtttaatt tgatttattcaa! tt tctetetatteg
802_barryMO acgtttaat ttattca gtt tctttttattcg
806_persistens acgttta, att ttctttttattcg
807_nippersinkAL acgttta, atgt. attca ttctttttattcg
808_catesbaeiGA acgtttaatt cattgattt aa attcg
810_viridescens acgtttaattact cattgattt ttcttteeatteg
811_worcesterMd acgtttaattact attcaatgaa atcaattcgt tctttttattcg
812_grandiflorum acgtttaattactcgaatgtat attcaatgaa! attctttttattcg
albidueT_AB017376 acgtttaattac attca cttetttattcg
angustipetalumT_AB017377 acgtttaatt tcattgatttat ttotttttattcg
apetalonT_AB017378 acgtttaattactcgaatgt attcaa tcaattcgt ttattcg
camschatcenseT_AB017379 acgtttaatt at t attcg
catesbaeiT_AB017380 acgtttaattactcgaatgtatcaacagaattcattgattt t tegt tctttttattcg
cernuumT_AB017381 acgtttaattactc att aacca tattcg
chloropetalumT_AB017382 acgtttaatt tta tctttttattceg
cuneatumT_AB017384 acgtttaatt. ttat ttctttttattcg
decipiensT_AB017385 acgtttaat a tctttttattcg
decumbensT_AB017386 acgtttaattactcga attcaatgaatgacttt tctttttattcg
discolorT_AB017387 acgtttaatt. attcaatgaatgacttt ctttttattcg
erectumT_AB017388 acgtt gtat ttattca. tt tcgattcgt tctttttattcg
fargesiiD_AB018827 acgtttaattat tgatttattcaatga ttattce
flexipesT_AB017389 acgtttaatt tcattgatttattca tt tctttttatteg
foetidissimumT _AB017390 attca, ttetattcg
giganteusTc_AB017383 attcaatga tctttttattcg
govanianusmTda_AB017391 acgtttaat tcattgatttactcaatgaatgacttt tctattegt tctttttattca
grandiflorumT_AB017392 acgtttaattact att attcg
incompletaP_AB018832 acgtttaattact attcaatga ctttttattcg
japonicaK_AB018831 ttat tt t t attctttttattcg
kurabayashiiT_AB017393 agaat tattcaatga t aatcgat ttctttttatteg
lancifoliumr_AB017394 acgtttaatt te atgactttaaccaaaatcgattcgt ttctttttattcg
ludovicianumT_AB017395 acgtttaattact tcattgattt cgttyg tteeattcg
luteumT_ABO017396 acgtttaat atgt attcaat tcgatt g tcttettattcg
maculatumT_AB017397 acgtttaat at atcgattcgt 14444 1440 ]
nivaleT_AB017398 acgtttaat g tctttttattcg
ovatumT_AB017399 acgtttaatt tcattgatttattca tctttttattcg
petiolatumT_AB017400 acgtttaat atgt at t tegt tctttetattcg
polyphyllaD_AB018828 acgtttaatt att gttgg ttttattce
pusillumT_AB017401 acgtttaattact att t ctttttattcg
recurvatum?_AB017402 acgtttaatt at t tctttetattcg
reliquumT_AB017403 acgtttaatt at ttat tt. tcgat tctttttattca
rivalePst_AB017404 acgtttaat atgt t tat atgatttt tcgat attctttttattca
rugeliiT_AB017405 acgtttaattactcgaatgtatcaacagaattcattgatttat tt tcgat tctttttattceg
] ileT_AB017406 acgtttaat tatt tt tctttttattcg
simileT_AB017407 acgtttaatt tattcaatgaatgacttt cgt tctttttattcg
smalliiT_AB017408 acgtttaat tgt ttcattgatttatt: t t {37 cgattcgttg ttctttttattcg
stanineumT_AB017409 attcaatgaatgact cgattcgt tetetatteg
sulcatunT_AB017410 attcaatgaatgacttt t tcteettatteg
tetraphyllaP_AB018833 at attcaatga a tctttttattcg
thibeticaD_AB018829 ttat attcg
thibeticaD_AB040199 tgatttattcaatga a aacaattctttttattcc
tschonoskiiT_AB017411 acgtttaat atgt attcaatgaatgacttt ttcttettattcg
underwoodiiT_AB017412 acgtttaattactcgaatgt tt t tegt tctttttatteg
undulatumT_AB017413 acgtttaatt attcaat tct ttctttttattcg
vaseyiT_AB017414 acgtttaattactcgaatgtatcaacagaattcattgatttattcaatgaatgactttaaccaaaatcgattcgttgggcacaacaattctttttattcg
verticillataP_AB018834 tgaatgactttaaccaaaatcgattcgttgggca: ttctttttattct
violaceaD_AB018830 ttctttttattce
viridescensT_AB017416 acgtttaatt cattgatttatt tctetttattcg
virideT_AB017415 acgtttaat atgt at tctttttattcg
0_Pst ._rivale_matk aatttttat te ggaaattccattctcgettcggttagtacctt

2106_dorcestersC aattt a tcgattagt

2107_persistens aattttgattctcaaatg: tee attccattctcgcttcgattagtacctt

2135_franklinNC aattttgatct t t tccat tcgatt

734_barryMo a at teee agt

735_1lincolnTN aatttt ttt tccat tagt

736_GA aattttgat! tt agt

746_maculatum atteg: agtaccttcct

747_louisianal tttggattctcaaatggtatcagaaggtttt at cgcttcgattagt

748_louisiana2 aat! agtacctt

749_1louisianal aatttggattctca agt

750_freemanii tttggattctcaaatggt. o tgtggaa tcgattagtacct

751_freemanii atttggattctcaaatggtat tt att gattagt

778 _caddoLA gaaatggt tee tccattctcgettcgattagtaccet

779 _washingtonOR_psSbA t cgattagtacctt

780_escambiaAL tt aattccat tcgattagtacctt

781_escambiaAL aattttgattctcaaatggt tt t tagtacct

782_jamesCityVva aattttgattc te tccat cgcttcgattagt

783_graysonVA a cgattagt

784_undulatum attctcaaatggtat tee agtaccttcctccgaagaa

785_rocki aatttt t cgcttcgattagt

786_cassTX aatttt------ tggt tet gcttcgattagtacct

787_daiswal atttttattctcaaatggtatcagaaggteet cgcttcgattagt

788_daiswa2 aatttttattct t gcttcgattagtacct - cca
789_nivale atttggat tt tcgattagt t, a
790_mi. ppi ttt agt

791_montgomeryAR a a. agt

792_rivale aatttttattctcaa ggaaatt ggttagt

793_limestoneAL aatt cgattagt

794_smithTx aatttt-=----- tggt. tee agt

796_hibbersonii aatttttatec tt tcgattagt

799_ovatum aattttgattct te tccat tcgattagt - ccca
800_hibbersonii tt t ccca
801_ovatum agt = a
802_barryMo a tagtacct ----ccca
806_persistens aattttgattctcaaatggtatcagaaggttttgcagtcattgtggaaattccattctcgettcgattagtacct

807_nippersinkAL aattttgattctca: te aattccattctcgcttcgattagtaccttcctccgaagaaal ---ccca
808_catesbaeiGA a ctcaaatggt tteg g gattagt ---ccca
810_virid ens aatttg atggtat tee att cgatti ta- a
811_worcesterMd aattttgat t agt

812_grandiflorum atttggattct tttgcagtcattgtggaaattccattctcgettcgattagtaccttcctccgaaga
albidumT_AB017376 aatttggatt pgpo et =
angustipetalunT_AB017377 aatttggattctcaaatggtatcagaaggttt tcgattagtaccttcct

apetalonT_AB017378 aatttttattctcaaatggt tt aa tagt

camschatcenseT_AB017379 aatttttattctcaaatggt tt tt cgcttcgattagtaccttect ta- -ccca
catesbaeiT_AB017380 aattttgattctcasatggtatcagaaggtte tcgattagtaccttcctccgaagaaatacaaataccca
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cernuumT_AB017381 aatttet a. acaa
chloropetalumT_AB017382 a aatggtat agt
cuneatumT_AB017384 a tt
decipiensT_AB017385 aattt caaatggt ttt
decumbensT_AB017386 a a. tetrgeag
discolorT_AB017387 aatttta
erectumT_AB017388 a
fargesiiD_AB018827 a. te
flexipesT_AB017389 teeetattctcaa (32 ggaa
foetidissimumT AB017390
°1°. t.mc_)!ol":a) aatttggattctcaa tccat
govanianumm™d_AB017391 aattett
grandi florumT_AB017392 a te = ccca
incompletaP_AB018832 te tgtggaaat tcgat E8 === ccca
japonicak_AB018831 ta- ccca
kurabayashiiT_AB017393 gt ta a
lancifoliumT_ABO17394 aatggt a. aata- ccca
ludovicianumT_AB017395 a a tee a a: ccca
luteumT_AB017396 a aatggt a. t ccca
maculatumT_AB017397 a aatggt aata ccca
nivaleT_AB017398 aat aaa, t = ccca
ovatumT_AB017399 a aaa. aattccattctcgettcgattagtaccttcctccgaagaaata=---=-- ccca
petiolatumT_AB017400 atggtat a ccca
polyphyllaD_AB018828 aattttt teeeg a at a
pusillumT_AB017401 ttttgattctcaaatggtatcagaaggt
recurvatumT_AB017402 aatttggattc te
reliquumT_AB017403 a atggt a.
rivalePst_AB017404 tttetattctca. tt
rugeliiT_AB01740S a atggtat
1leT_AB017406 a agt t ccca
simileT_AB017407 gtggaa ctcgettegat tcctccgaagaaata------ ccca
smalliiT_AB017408 a
stamineumT_AB017409 atggt t tcgattagtacct
sulcatumT_AB017410 t tcgatt
tetraphyllaP_AB018833 aatttttattcta te g aattccattctcgettcgatt t
thibeticaD_AB018829 aatttet. aatggt t
thibeticaD_AB040199 te agt
tschonoskiiT_AB017411 aatttttattctca tte tccatt tagt t
underwoodiiT_AB017412 a t
undulatumT_AB017413 aatggtat
vaseyiT_AB017414 a,
verticillataP_AB018834 aatttttattct
violaceaD_AB018830 aatteet
viridescensT_AB017416 aatt t agt
virideT_AB017415 a, a. t tcattg ta- ccca
0_Pst._rivale_matK aatctcagaatttacgatctattcattcaatatt taaatt accctatcctat
zlns_dor: ersSC a tt at aaatt agatatactaat at
2107_persistens a. attt at aaatt agatatactaataccctatcctat
2135_franklinNC a at aatt aataccctatcctat
734_barryMo aatctcagaatttacgatctattcattcaatatttccctt tcaattatgtcttagatatactaataccctatcctat
735_lincolnTN a atet at teec tcgcatttcaatt agatatactaataccctatcctat
7]6_°A a attt at aaat ataccct
7“_““’..[“ a attet at aaatt ataccctatcctat
7‘7_10“1"“‘1 attt. atatt t aa taccctatcctat
748_louisiana2 a at aa tcctagatatactaataccctatcctat
749_louisianal at aa tcctagatatactaataccctatcctat
750_!!.“‘1 a atttacgatct at aaatt gatatactaataccct.
751_(!.”“ at a atactaataccct
778_caddoLA a atttacgatct at atactaataccctatcctat
779_washingtonOR_psbA at atactaataccct
780_escambiaAL aat atte at gatatacta
781_escambjaAL a at at at
782_jamesCityVva a atatt agatatactaataccctatcctat
783-".y.°nV‘ a atttacgatct. at agatatactaataccctatcctat
784_undulatum a atte at ctaataccctatcctat
785_r a te at a ttagatatactaataccctatcctat
79‘_‘:.!.“ a tt at atacta atcctat
737_“““1 a attet. at at at
788_daiswa2 a. tt attcattcaatatt tcg aaattatgtcttagatatactaataccctatcctat
789_nivale a attt tcattcaatatttccct taaattatgtcttagatatactaataccctatcctat
790_-i" ..1w1 a attt at att. agatatactaataccctatcctat
791 YAR a at. tcg att agatatactaataccctatcctat
792_rivale a atttacgatct aaattatgtcttagatatactaataccctatcctat
793_limestoneAL a at attatgtcttagatatactaataccctatcctat
794_smithTX a aatt atactaataccctatcctat
796)‘5“{'0““ a at att. atcctat
799_ovatum a. attt at tcgtatttaaattatg aataccctatcctat
800_hibbersonii a atet at aaatt aataccctatcctat
801_ovatum attt attcattcaat tcgtatttaa aataccctatcctat
‘oz-urrm a attet. at aatt. atacta atcctat
806_persistens a at aaatt. agatatactaataccctatcctat
807_nippersinkAL att attcattcaatatt ttatgtcttagatatactaataccctatcctat
son_c.t..m.1m at tt agatatacta. at
810_viridescens ctat atatttcccttec ttaaattatgtcctagatatactaataccctatcctat
811_worcesterMD a at t agatatactaataccctatcctat
812_grandiflorum atttaaatt tcttagatatactaataccctatcctat
albidumT_AB017376 aatctcagaatttacgatctattcattcaatatttcccttt actaataccctatcctat
angustipetalumT_AB017377 a attt at teee tcctagatatactaataccctatcctat
apetalonT_AB017378 aatctcagaatttacgatctattcattcaat ttaaattatgtcttagatatactaataccctatcctat
h _AB017379 a at aaatt tcttagatatactaataccctatcctat
c.t..h.i,)!ol']:so a at a aaatt agatatactaataccctatcctat
cernuumT_AB017381 a atattt aatt. tcttagatatactaataccctatcctat
chloropetalumT_AB017382 aatctcagaatttacgatctattcattcaatatttccctt aatt atactaataccctatcctat
cuneatumT_AB017384 a attcattcaatatttccctt t tteaa atactaataccctatcctat
decipiensT_AB017385 a attt at atatttccctttc ttcaatt tcctagatatactaataccctatcctat
decumbensT_AB017386 a attt atat tcctagatatactaataccctatcctat
discolorT_AB017387 a tt attcattcaatatttccctttct agatatactaataccctatcctat
erectusT_AB017388 aatctcagaatttacgatctattcattcaatatttcect taaattatgtcttagatatactaataccctatcctat
fargesiiD_AB018827 aatctcagaatttacgatctattcattcaatatttccctttctagaggacaaattgtcgeatttaaattatgtcttagatatactaataccctatcctat
flexipesT_AB017389 attt tcaatatt tcgcatttaaattatgtcttagatatactaataccctatcctat
foetidissimumT_AB017390 at aaatt atactaat
oiganteumTc_AB017383 atatttcccttt t ttaa tcctagatatactaataccctatcctat
govanianunmq_A8017391 aatc tcattcaat ttaaattatgtcttagatatactaataccctatcctat
qundi!lor\lﬂﬂ'_)!017392 aatc attt tcaatatttccctttctagagga attgtcgtatttaa ct act t 1 at
1n:m1.tll’_}l°1ﬂ832 at ttaaatt atactaataccct
japonicak_AB018831 atttacgatctattcattcaatatttccctttotagaggacaaattgtcgeatttaaattatgtcttagatatactaataccctatcctat
kurabayashiiT_AB017393 a attt aaatt agatatactaat
lancifoliumT_AB017394 a attt at tc t ttaa tcctagatatactaataccctatcctat

ludovicianumT_AB017395

aatctcagaatttacgatctattcattcaatatttccctttctagaggacaaattgtcgecatttaaattatgtcctagatatactaataccctatcctat



luteumT_AB017396 a attt attcattcaatatttccctttct ttaaatt accctatcctat
maculatumT_AB017397 a atte at ttaaatt at
nivaleT_AB017398 a attt at atttaaatt at
ovatumT_AB017399 aatctcagaatttacgatctattcattcaatat ttatgtcttagatatactaataccctatcctat
petiolatumT_AB017400 et aaatt Katactaat ©
polyphyllaD_AB018628 a attt atat aaattatgtcttagatatact accctatcctat
pusillumT_AB017401 a at t accctatcctat
recurvatumT_AB017402 tee (3 tatcctat
reliquueT_AB017403 a attt atat accctatcctat
rivalePst_AB017404 a attt atat ccctatcctat
rugeliiT_AB017405 a. attt at. accctatcctat
sessileT_AB017406 aatctcagaattt tatcctat
simileT_AB017407 a at tgtegtatet cectatcctat
smalliiT_AB017408 a attt atatttccctttet accctatcctat
stamineusmT_AB017409 tee t tatcctat
sulcatumT_AB017410 a at ccctatcctat
tetraphyllaP_AB018633 a at accctatcctat
thibeticaD_AB0168829 a attt ttct accctatcctat
thibeticaD_AB040199 a attt Y accctatcctat
tschonoskiiT_AB017411 a atte atat ttaaattatgtcttagatatactaataccctatcctat
underwoodiiT_AB017412 (134 att tactaat tatcctat
undulatumT_AB017413 aatc attt atat tet ttatgtcttag. accctatcctat
vaseyiT_AB017414 aatc ttat

verticillataP_AB018834 t aaatt tatactaat. tatcctat
violaceaD_AB0168630 a at aaattatgtctt a at
viridescensT_AB017416 a tee accctatcctat
virideT_AB017415 tee at tatactaat tatcctat
O_Pst._rivale_matkK tcttagttcaa, teee (33 a
2106_dorcesterSC tcttagt ] tee! atttctccatgaatttcataattggaat
2107_persistens tcatctagaaatcttagttcaaatccttcaatgegggatccaagat atttctccatga
2135_franklinkC tcatctag tcttagttca. rac.rr(;;r,qcg.::.(:tc:cc.:q..;[gc.:.n,:gg..;
734 _barryMd tcatctagaaatcttagttcaa tcattt

735_lincolnTN tcatct teee -f"rtccuwln:t:cuut:qqn:
736_GA tcatctagaaatcttagttcaa tttttgcgattatttctccatgaatttcataattggaat
746_maculatum tcatctagaaatctt t tgcgattatt! atttcataattggaat
747_louisianal tcatctagaaatctt atccttea: attt at
748_louisiana2 t t gca tattt a
749_1louisianal tcatctagaaatctt ttttgcgattatttctccatga

750_freemanii tcttagee r.u:qcour.ur.r.c:ccnquutcnuumqlu
751_freemanii tcatctagaaatcttagttcaa aattggaat
776_caddoLA tcatctag tcttagttcaa att atttcata

779 nlhinﬂtanOU.bA tcatctag: tcttagttca attt aattggaat
760_ iaA! tcatctagaaatcttagttcaa. ttccctctttgcattttttgogattatttctccatgaatttcataattggaat
L aAL tcatct ttettgecgattateect at
762_jamesCityVA tcatctag: tatttctccatgaatttcataattggaat
783_graysonVA tcatctag tetteetgegattatt atttcata
764_undulatum tcatctag tgt ttctttctccatgaatttcataattggaat
785_rocki tcatct g atttctccatgaatttcataattggaat
786_cassTX tcatctagaaatcttagtt ttgcgattattt

7687_daisval tcatctagaa ctccatga attggaat
766_daiswa2 tcatctagaaatcttagtgaaa. teet tceeee aattggaat
789_nivale tcatct tatet

790_mississippi tcatctagaaatcttagttcaa tttettgegattatttctccatg.
791_montgomeryAR ttttttgcgattatttctccatg:

792_rivale tcatct t ttctttctccat

793_limestoneAL tcatctagaaatcttagttcaa t atttctccatga,

794_smithTX a ttgcattttttgcgattatttctccatgaatttcataattggaat
796_hibbersonii tcttagttcaa gattctet aattggaat
799_ovatum tcttagttcaa t tattt att at
800_hibbersonii tcttagtt ttttgegatteeet a

801_ovatum teee attt aattggaat
602_barryMo tcttagttcaa ""tucwlr.r.ltr.tctccltw‘at:tcluattwnu
806_persistens tcttagttca, cattttttgcgattatt attt at
807_nippersinkAL tcttagttcaa tar.:r.ctccatqluucuntwqur_
808_catesbaeiGA aatcttagttcaaatcct tt attt

810_viridescens it ttgca tatttct t

811_worcesterMD tcatctagaaatcttagttcaa, ctee gattatt a
812_grandi florum tcatc tcttagt tcaa tgt tegeateett att atttcataattggaat
albidumT_AB017376 t ttttttgcgattatet ttggaat
angustipetalumT_AB017377 tcatct. ttgcatttt tatttctccatgaatttcataattggaat
apetalonT_AB017378 tcatctagaaatcttagttcaaatccttca tttttgcgattctttctccatgaatttcataattggaat
camschatcenseT_AB017379 tcatct tteeetgegattoeetet ttcataattggaat
catesbaeiT_AB017360 tcatctagaaatctt atcct ttqcutttttgcqutcr.ttctccuqntttcunttqqut
CernuumT_AB017361 tcatct tcttage

chloropetalumT_AB017382 tcatctagaaatcttagttcaa -'rrftccuqnntt:cula:twut
cuneatumT_AB017364 tcatct tcttagt tttttgcgattatt

decipiensT_AB017385 tcatct tcttage att ttggaat
decumbensT_AB017386 tcatctagaaatctt lr,:r.cr.ccnwur.ttcuun:twut
discolorT_AB017387 ttatt

erectumT_AB017388 ctee ttctttctccatga. tttcnuutwu:
fargesiiD_AB0186827 cttt tceee attt
flexipesT_AB017389 ctttctccatg tttcltllttﬂﬂllt
foetidissimumT_AB017390 tteeegogactatcet

giganteusmc_AB017383 ctt atttctccatga
govanianumTd_AB017391 ceee tctttctccatgaatttcataattggaat
grandi florumT_AB017392 teeeeg attt

incompletaP_AB0168632 tgcgattctttctccatgaatttcataattggaat
japonicak_AB018831 tcatctagaa, a ctrect attggaat
kurabayashiiT_AB017393 tcttage atte

lancifoliumT_AB017394 tcttagttcaaatcct ttgcattttrtgcgat ul:tl:ctcclwll:ttcl:nttcolu
ludovicianusT_AB017395 tete t ttatcet

1ut.m_”017)96 tctet {44 tgtetecece t cattt attt t ttggaat
maculatumT_AB017397 :catcugnltctugttcn.u.ccr.t:nr.chntccnguqtt:cc:ctttqclr.ttttwcg-tur.r.tcr.ccuqaltl:tc.nlttqgnt
nivaleT_AB017398 tatttc a
ovatumT_ABO017399 a attt attggaat
petiolatumT_AB017400 t-tttctccuwluucuntwo t
polyphyllaD_AB018628 agat. teeeee ct aattggaat
pusillumT_AB017401 tgcat ttate atce
recurvatumT_AB017402 tgcattett tatt tggaat
reliquuar_AB017403 tcatct. tcttaget 9 gcattttttgcgattattt tt at

rivalePst_AB017404
rugeliiT_AB017405
sessileT_AB017406
simileT_AB017407
smalliiT_AB017408
stamineumT_ABO01 7409
sulcatumT_AB017410
tetraphyllaP_AB018633
thibeticaD_AB0186829

tcatctagaaatcttagttcaa

ttttttgogattctttotccatgaatttcataattggagt

tcatcta tcttagttcaa tgt ttgcatttt tctttctccatgaatttcataattggaat

atctt atccttca agatgt ttgcattttttgcgattatttctccatgaatttcataattggaat
tcatct tcaaatcctt. tee atttct taatt. t
tcatct tcttagtt ttcee ttetttgogattctttctccatgaatttcataattggaat
tcatctagaaatcttagttcaa, t tattect teecata: ttwut
tcatet tottagtt t ttttttgegattctttctccatga
tcatctagaaatcttagttaaa tctttctccatgaatttcat, I!tvﬂ.lt
tcatctagaa a ttttegegattcottee atet
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thibeticaD_AB040199
tschonoskiiT_AB017411
underwoodiiT_AB017412
undulatumT_AB017413
vaseyiT_AB017414
verticillataP_AB018634
violaceaD_AB018630
viridescensT_AB017416
virideT_AB017415

0_Pst._rivale_matk
2106_dorcesterSC
2107_persistens
2135_franklinNC
734 _barrymo
735_1lincolaT™
736_GA
746_maculatum
747_louisianal
746_louisiana2
749_1louisiana3
750_freemanii
751_freemanii
778_caddoLA

tcatct tagtga: taa. ctttctccatga, aattggaat
teatet tottagtt ctttetecat ttggaat
tcatctagaaatcttagttcaaatccttca ctttctccatga aattggaat
t aattggaat
tcatctagaaatcttagtgaaaatccttcaatgctggatccaagatgttccctctttgeoattttttgegattctttctccatgaatttcataattggaat
ctt tectt ttetecat ttggaat

tcatct tagttcaaatccttca ttgcattttt aattggaat
tct ttcaaatcctt ccct attt aattggaat
aatttt aaatctatttccg t Y t aattcttatgtatctgaatatg
aatttg -att t teeee taattcttatgtatctgaatatg
aatttg------ attactccgact, ataattcttatgtatctgaatatg
aatttg- tt t ataattcttatgtatctgaatatg
aatttg------. aaatct (1333 aattcttatgtatctgaatatg
aatttg tta tctattt tgtataattcttatgtatctgaatatn
aatttg = aattcttatgtatctgaatatg
aatttg------ attactccgactaaatctatttctg a at atgtatctgaatatg
aattetg attact aatctatttctg tt at atgtatctgaatatg

ttactccgactaaatctatttctgtttttt tgtataattcttatgtatctg
ttactccgact: tctatttctgttttttcaaaagaaaa! lncntr.ccuvatccr.ntlu ttcttatgtatctga
atctatttctgtttttt ta ataattcttatgtatctga.

782_jamesCityVA
7683_graysonVA
764_undulatum
785_rock inghamVA
786_cassTX
787_daiswal
766_daiswva2
769_nivale
790_mississippi
791_montgomeryAR
792_rivale
793_limestoneAL
794_smithTXx
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_barryMo
806_persistens
807_nippersinkAL
808_catesbaeiGA
810_viri cens
611_worcesterMD
812_grandiflorum
albidumT_AB017376
angustipetalumT_AB017377
apetalonT_AB017376
camgchatcenseT_AB017379
cal baeiT_AB017380
cernuumT_AB017361
chloropetalumt_AB017362
cuneatumT_AB017384
decipiensT_AB017385
decumbensT_AB017386
discolorT_AB017387
erectumr_AB017388
fargeaiiD_AB0168827
flexipesT_AB017389
foetidissimumT_AB017390
giganteumTc_AB017363
govanianum™d_AB017391
grandiflorunT_AB017392
incompletaP_AB018632
japonicax_AB018631
kurabayashiiT_AB017393
lancifoliumr_AB017394
ludovicianumr_AB017395
luteumT_AB017396
maculatumT_AB017397
nivaleT_AB017398
ovatumT_AB017399
petiolatumT_AB017400
polyphyllaD_AR018628
pusillumT_AB017401
recurvatumT_AB017402
reliquumT_AB017403
rivalePst_AB017404
1iT_AB017405
s5i1eT_AB017406
simileT_AB017407
smalliiT_AB017408
stamineumT_AB017409
sulcatumT_AB017410
tetraphyllaP_AB016833
thibeticaD_AB018629
thibeticaD_AB040199
tschonoskiiT_AB017411
undervoodiiT_AB017412
undulatumT_AB017413
vaseyiT_AB017414
verticillataP_AB016634
violaceaD_AB018830
viridescensT_AB017416
virideT_AB017415

0_Pst._rivale_matk

2107_persistens
2135_frankliniC
734_barry»®
735_lincolnTd
736_0A
746_maculatum

aatttg te aatct teeee ataattcttatgtatctgaatatg
aatttg tt t teee tatt ataattcttatgtatctgaatatg
a p att ran atgtatctgaatat
aatttg att tctattt catt ataattcttatgtatctg atg

aatttg- te tct teeee t utuntctutqutctqa tatg
aatttg- - tctattt t t ttettatgtatet tat
aatttg tt aaatctattt 1 at atgtatctgaatatg
aatttt -ctt tct t taattcttatgtatctgaatatg
aatttg t aaatctattt ataattcttatgtatctgaatatg
aatteg at tt ataattcttatgtatctg

aatttt aatctattt t t cctgtat ttatgtatctg:

aatttt
aatttg-

tctatttccgtttttt tatt tgtataattcttatgtatctg
------ aattccgteetet cttatgtatctg
ctatttccgteeeet tat ataattcttatgtatctg.

tctatttccg att ttcttatgtatct

tctatet tat ttcttatgtatctgaatatg
tt aaatctattt t t ataattcttatgtatctg. atg
tact tctatttct t att ataattcttatgtatctgaatatg

aaatctatttccgtttt cctgtataattcttatgtatctg.

tctatttccgt ataattcttatgtatctg
tttet tcaasagai agactatt ataattcttatgtatctg
tctatttctgttttt t ttcttatgtatct,

tt t at. atgtatctg
ttcegtttet t. t taattcttatgtatctg
IlCIC[CCQICCI.ILCCI[[[C[GLll cctgtataattcttatgtatctg:

tctatttctgtttt taattcttatgtatctg:

aatttgaattttattact aatct (3 t cctgtataattcttatgtatctg.
aatttgaattttattactccgact. tctatttccogttttttcaaaagaa
aattta

ttactccgact. ttcttatgtatceg.
ttactccgact. ttcttatgtatctg
ttactccgactaaatctatttcegtttett at twtltllttCttltﬂtltCtﬂlltltﬂ

t tctatttcogttttt t t ttcttatgtatct tatg

attactccgacta tctltttccntf."" ttcttatgtatctgaatatg
aaatctattt t t ttcttatgtatctgaatatg
Alnctccqlcnnncntuccqrrrnr ttcttatgtatctgaatatg
aatttaa aaatctatttcogttttt attct
atttg----- -attactccgact. tctatttcegeeett

ttact atttctgeeeeet t at tataattcttatgtatctgaatatg
tctattt t tat attctt atatg

attactccgact, lCtltthCGttl(ttC agactattccggatcctgtata. ltcllltvtltclalllllﬂ
tctattt tetett taattcttatgtatct
tctatttcogttttt taattcttatgtatctgaatatg

teeee t cctgtataattcttatgtatctgaatatg
tctatttctgettte ttccggatcotgtataattcttatgtatctgaatatg
tctatttctgttttttca t at gatcctgtataattcttatgtatctgaatatg
tctatttctgteetet t tatt tcttatgtatctgaatatg
tetattectgeeeeete agactattccggatcctgtataattcttatgtatctgaatatg

tee taattcttatgtatctgaatatg

atttccgtteeet t tat ataattcttatgtatctgaatatg

tt teeet t ataattcttatgtatctgaatatg
lltlct:cﬂlctlllt:tltl’.tccq att ataattcttatgtatctgaatatg
geeeet taattcttatgtatctgaatatg

tt tctatttctgtettt t t taattcttatgt tatg
attactccgact------aattccgtttet t t ataattcttatgtatctgaatatg
attactccgactaaatctatttccgttttttcaaaagasaataaaagactattccggatcctgtataattcttatgtatctgaatatg
ctatttccgteeeee tatt at. ttcttatgtatctgaatatg
tctatttctgeettt t tatt taattcttatgtatctgaatatg

tctattt ataattcttatgtatctgaatatg

tctatttcegtttttec
tctatttccgttteet

tctatttccgtet !ttcllllﬂllll[llllﬂlc!ltlttﬂﬂl[cthllt
tctatttceogttettt tgtat.
aatct teeee ctat gtat

agaaaat

attactccgactaaatctatttccgttttttcaaaagaaaataaaagactattccggatccetgta
tal
agactattccggatcctgtataattcttatgtatctg
cttactccgactaaatctatttccgttettt ataattcttatgtatctgaatatg

tctatttccg (3 13 tgtataattcttatgtatctga

ttactccgactaaatctatttccg ataattcttatgtatctgaatatg
attactccgactaaatctatttccgttttttcaaaagaa: lwlctlttccwltt:ccwtltl

atg

aatetg: ttactccgactaaatctatttctgteetet t cctgtataattcttatgtatctgaatatg

aatteg: te tctatttctgttett t tgtataattcttatgtatctgaatatg

aatttgt ttteottegt tcctatt acatctt ctttcttgaacga ctatgt.
atgtattcgtttttcttcgtaaacaatcctattattt acatct tecet tttctatgt

aatttgtattagtttttcttcgt tcctattattt a ct tetctatge.

aatttgtattcgtttttcttcg tcctattattt ttcte tctatgt t

aatttgtattcgtttttcttoge tcctattattt tet ttct ttctatgt t

ctatgtaa

aatttgtattcgtttttcttegt attattt ctatgtaaaaat
aatttgtattcgtttetctt attatttacgatca ttctt ttctatgtaaaaatagaaca
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802_barryMo
806_pereistens
807_nippersinkaL
808_catesbaeiGAa
810_viridescens
811_worceeterMd
812_grandiflorum
albidusT_AB017376

angustipetalumT_AB017377

apetalonT_AB017378
camschatcenseT_AB017379
catesbaeiT_AB017380
cernuumT_AB017381
chloropetalumT_AB017382
cuneatumT_AB017384
decipiensT_AB017385
decumbensT_AB017386
discolorT_AB017387
erectumT_AB017388
fargesiiD_AB018827
flexipesT_AB017389
foetidiesimumT_AB017390
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govanianusmd_AB017391
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smalliiT_AB017408
stamineunT_AB017409
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O_Pst._rivale_matK
2106_dorcestersC
2107_pereistens
2135_franklinkC
734_barry®©
735_lincolnT™
736_QGA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
751_freemanii
778_caddoLA
779_washingtonOR_psbA
780_escambiaAL
781 _escambiaAL
782_jamesCityVa
783_graysonVA
764_undulatum
785_rockinghamva
6. TX

787_daiswal
788_daiswa2
789_nivale

aatttgtattcgtttttcttegt attatttacgat ttott
aatttgetattcgtttttcttcgt attattt,

tctatgtaaaaatagaaca
ttcttgaacgaacacatttctatge. tagaaca

aatttgtattcgtttttcttegt attt t ttctt tttctatgtaaaaatagaaca
aatttgtattcgtttrtcttcegt cctattattt ttcttgaacgaacacatttctatgtaaaaatagaaca
aatttgtattcgtttt attatttacgat ttett tttctatgtaa: aca
aatttgtattcgtttttcttcgtaaacaat tt ttctatgt. atagaaca
aatttgtattcgtttttcttcgtaaacaatcctattattt tecte tttctatgtaaaaatagaaca
ttet tattt ttcttgaacg
aatttgtattcgtttttcttegt t tecte
aatttgtattcgtetttcttegt t
aatttgtattcgtttttcttegt attet t
aatttgtattcttttttctt tt
aatttgtattcgtreetctt cctattattt ttett
aatttgtattcgtttttottoge, attattt ct
tttgtattcgtttttcttegt tcctattatt

aatttgtattcgtttttcttcgt cctattattt t tt
aatttgtattcgteeeectt atttacgat t tct ttctatgta:
aatttgtattcgtetttct attatt ttete ctatgt. t.
aatttgtattcgtttttcttcgt tattt t ttctt ttctatgta

tattt ct teete ttctatgta

tattta t ttectt ttctatgta
aatttgtattcgtttttcttcgt tcctattattt ttctt tctatgta
aatttgtattcgtttttcttogt. attatt t ttctatgtaaaaatagaaca
aatttgtattcgtttttcttcgt tcctattattt cte ttcttgaacgaacacatttctatgtaa;

aatttgtattcgtttttcttcgt cctattattt ttct ttctatgta
aateceg teceeecetegta tatttacga teee ttctatgtaa
aatttgtattcgtttttcttcgtaaacaatcctattatte ctt tect ttctat
aatttgtattag cttcgt tatttacgat tttctatgta
aatttgtattcgtttttctte gcett ttctatgtaa
aatttgtattcgttetect atet tecet tttctatgta
aatttgtattcgttttecttogt attatttacgat t ttctatgta
aatttgtattcgtttttcttcgt, tattt. ttott: tttctatgta
aatttgtattcgtttttcttcgta lcnltccnttltr.ucqucucntcttcccqﬂqcct:tct:qlncqllcncntttc:ltwu
aatttgtattcgtttttcttogt cctattatttacgat ctt tet ttctatgta.
atttgtattcgtteeect attattt: acatct ctt ttctatgtaaaaatagaaca
attteetattcgteet g tattt acatct ttcttgaacgaacacatttctatgtaaaaatagaaca
aatttttattcgttttetcttcgt, tatet t tttct ttctatgtaaaaatagaaca
aatttttattcgtttt t tteee tttctatgtaaaaatagaaca
aatttttattcgtttttcttegt attt r?rt.gq:.u. agaaca
aatttgtattcgtttttcttcgtaaacaatcctattat t tttctatgtaaaaatagaaca
aatttgtattcg! ttcttcgt tatcatctt te ttctatgtaa
aatttgtattcgtttttcttcgt attattt ttcttgaacgaacacatttctatgta
aatttgtattcgtttttcttcgt atcattt ttcttgaacgai ctatgtai
aatttgtattcgtttttctt cctattattt ttcttgaacga. ttctatgta:
aatttttattcgtttttcttcgta atcattt t (44 ttctatgta
aatttgtattcgtttttc cctattat t ttectt ttctatgt
ur.ttr.tlr.thtr.t.t.t.ctthuunculr.cctatuuucqucalcltctr ctt ttctatgt
aatttgtattcgtttttcttcgt ttatt ttcee ttctatgtaaaaatagaaca
aatttgtattcgtttttcttogt, tatet acatct tt
aatttgtattcgtttttcttcgtaaacaatcctattattet ctt ttett
aatttgtattcgtttttcttcgt cctattatttacgat ttcttgaacgaacacatttctatgtaaaaatagaaca

aatttgtattcgtttttcttogt att tet o

atttgtattcgtttttcttcgtaaacaatcctattatet acatct tteee
tttgtattcgtttttcttogt tcctattatttacgat t ttcttgaacgaacacatttctatgtaaa,
aatttgtattcgtttttctt tattt ct ttct! acacatttctatgtaaaaatagaaca
tttgtattcgtteeect attattt, ttect ttctatgtaa: tagaaca

atttgtattcgtttttctt attattt ct ttctatgtaaaaatagaaca
aatttgtattcgtttttcttcgtaaacaatcctattatttacgatcaacatcttcccgagectttcttgaacgaacacatttctatgtaaaaatagaaca
aatttgtattcgtttttcttcgtaaacaatcctattattt tectt ttctatgta. ca
aatttgtattcgtttttcttogt cctattattt t ttctt ttctatgtaa.
aatttgtattcgtttttcttcogt tcctattattt tttctt ttct. aatagaaca
aatttgtattcgtttttcttcgt attatt ttctt ttctatgta:
aatttgtattcgtttttcttcgtaaacaatcctat t acatct tc ttctatgta
aatttgtattcgtttttcttegt t tecee ttctatgtaaaaatagaaca
aatttgtattcgtttttcttegt attatt cte ttcttgaacgaacacatttctatgtaaaaatagaaca
aatttgtattcgtttttcttcegt tatee ct tctttctt
aatttttattcgtttttcttegt cctattatttacgat ttett
aatttgtattcgtttttcttegt attattt ttct
aatttgtattcgtttttcttcgtaaacaatcctattatttacgatcaacatcttcccgagectttcttgaacga
aatttttattcgtttttcttegta atcattt tecte
aatttgtattcgtttttcttcgta. atcctattatttacgatcaacatct tect

atttttattcgttettcttogt. tcctattattt acatctt (44444
aatttgtattcgreeeectecge, attatee tct tteet

.t:tq‘.;th[[[[fﬂ??r‘nf tcctattacet acatctt teeee

tcctattatttacgatcaacatct teee
aatttgtattcttttttcttcgtaaacaatcctattatt acatctt tteeee tttctatgta
aatttttattcgtetttcttcgt atcctattattt. teete tectat
attcgtttttcttcgt tcctattatt acatct t ttctatgta
aatttgtattcgtttttcttcgtaaacaatcctattatttacgatcaacatctt ttctt tttctatgtaaa
tttgtattcgtttttcttegt attatttacgatcaacatctt ttct ttctatgtaa
atttgtattcgtttttcttcgtaaacaatcctattatttacgatcaacatctt ttcet tttctatgta

tcttatagat-
tcttatagat-
tcttatagat-
tcttatagat-

-gtgtgtcataatcattttcaga
gtgtgtcataatcattttcaga.
tcattttcaga
gtgtgtcataatcattttcaga

tcctatggttcttcaaagattctttcatgeattatgttcgatataaaggaaaagetate
aatcctatggttcttca
tcctatggttcttc:
tcctatggtectec:

tcttatagat g aatcatt Al:ccr.ltqvtl:ctl:cl qlr.tctttcutqcuttltvtthll’.ltlllwuulqcl’.att
tcttatagat------ aatcatttt tcct atgttcgatat
tcttatagat- --gtgtgtcataatcattttcagaaaatcctatggttct tctee tatgttcaatat

agatgtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcgatataaagga.

tcttatagat tcctatggttcttcaaagattctttcatgeattatgttcgatataaagg:
tcttatagat- -gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcgatataaagy.
tcttatagat- gattctttcatgcattatgttcgatataaagg
tcttatagat- gattctte tatgttcgatat
tcttatagat------gtgtgtcataatcattttcagaaaatcctatggttcttca: olucr.r.r.clr.qcuutgtr.cqlnunwullqcur.t
tct cct CA gattctttcatgcatt tatt
tcttatagat- -qtq:m:cnuar.cutttclglautccntqqttcttcn gltr.c:ttcugcutltq:thuatlauqqalnqctltt
tcttatagat- -gtgtgtcat ttctet

tcttatagat-- - aatcatt cct -n-rrrrnrm--rrn?a::cq.g.r nr(

tcttatagat------gtgtgtcataatcatt tcctatggttctt ttcatgcatt t tatt
-gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcgatataaaggaaaagetatt
-gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcgatataaaggasaagetatt
-g tcaaagattctt tatgttcgatat
tcttatagat------gtgtgtcataatcattttcaga
tcttatagat- -gtgtgtcataatcattttcaga. utccutqwr.tcucauqlttcr.t:cuqcuuwt:cwnuuuw
tcttatagat- -gtgtgtcataatcatttt ttottt atgttcga
tcttatagat- -gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctet tatgttcgatat
tcttatagat- -gtgtgtcataatcattttcagaaaatcctatggtecte ttcet tatgttcgatat
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791_montgomeryAR tcttatagat a t aaatcct Gt .
792_rivale tcttatagat a teet tett atgt tatt
79]_1‘-.t°n.ll‘ tct aatcat teet ttett atgttcgatat att

794_smithTx tcttatagat- gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcegatal

796_hibbersonii tcttatagat- a cctatggttcett t =

799_ovatum tcttatagat- -gtgtg! a, tect t

800_hibbersoni i -gtgtg a tect, ctt at

aol_ov‘t“. tc[t.t.q.t- 444 tcet tecte atgttcgatat.

802_barryMo tcttatagat gtgtgtcataatcattttcagaaaatcctatggttcttcaaagattctttcatgeattatgttcgata

806_persistens tcttatagat- aaatcctatggttcttcaaagattctttcatgcattatgttcgatat
807_nippersinkAL tcttatagat- atcctatggttcttcaaagattctttcatgeattatgttcgatat.
808_catesbaeiGA tcttatagat tecet tetet at.

slo_viri tct aatcatttet tcet 444444 tatgttcgatat
811_worcesterMD tcttatagat: a. tect t tatgttcgatat
812_grandiflorum tcttatagat-----= aatcat o &t
.1b‘m_‘3°11:76 tcttatagat aatcatett cctatggteectt tcee tatgttcgat
angustipetalumT_AB017377 tcttatagat g a cct atgttcgatat
apetalonT_AB017378 tcttatagat gty a atgttcgatat
camschatcenseT_AB017379 tcttatagat gtg a tect. ttetet atgttcgatat.
catesbaeiT_AB017380 tect gtgtgtcata at
cernuusT_AB017381 tcttatagat------ gtgtg' a, tctt atgttcgatataaaggaaaagctatt
chloropetalumT_AB017382 -gtgtgtcataatcattttcag utccutwqttcu:cnllgu:u:r.r.r.cuqcu:ugtthuu ggaaaagctatt
cuneatumT_AB017384 at. att
d.cipx.nﬂ_”ol"]as cct ct ttetee at catt
decumbensT_AB017386 tcet atgttcgatat att
discolorT_AB017387 aaatcctatggttett tettt atgttcgatat att
erectumT_AB017388 tett tett tatgttcgatat tatt
fargesiiD_AB018827 atcctatggttcttcaaagattctttcatgcattatgttcgatat agctatt
flexipesT_AB017389 ttett atgttcg: agctatt
foetidissimumT_AB017390 tcctat atgttcgatat att
giganteumTc_AB017383 q:qtqtcnunr.cn:::tcnnluntccutqqr_tcttculqnt" tatgttcgatat, c
govanianusmd_AB017391 aatcattt atcctatggtect rcrrtcnwcuuwucq taaagg
grandiflorumT_AB017392 tcttatagat gtg a t atgttcga
incompletaP_AB018832 tcttatagat- a aa t r.l:cvnul:
japonicaK_AB018831 atcctatggttcttcaaagattctttcatgcattatgttcga
kurabayashiiT_AB017393 a t tett atgttcga -r
lancifoliumT_AB017394 qtqtqtcunlr.:utu.caqlnntccutqqttcucnnanttcttt.cuq:uuwucqn ltlllﬂﬂllllﬂ:lll’.t
ludovicianumT_AB017395  tcttatagat: teet atgttcga tatt
luteumT_ABO17396 tcttatagat qtqtqtcnuucutttuq atcctatggttcttcaaagattctttcatgcattatgttcgal
maculatumT_AB017397 tcttatagatat a. tect tctttcatgcattatgttcga

nivaleT_AB017398 tcttatagat- atcctatggttcttcaaagattctttcatgeattatgttcgal

ovatumT_AB017399 tctta! gtgtg cttt

petiolatusT_AB017400 tcttatagat------ atcctatggttcttcaaagattctttcatgcattatgttcgal
polyphyllaD_AB018828 tcttatagat tecct. ttett ata. att
pusillumT_AB017401 tcttatagat------ gtgtgtcataatcattttcag. uccutwtt:ucnlqutctttcuqcuutqtthnn:mn agctatt
recurvatumT_AB017402 tcttatagat gtgtg a atgttcgatataaaggaaaagctatt
reliquumT_AB017403 tcttatagat gtgtgtcataatcatttt cct catgcattatgttcgatat att
rivalePst_AB017404 tcttatagat gtgtg a. t tect atgttcgatat tatt
rugeliiT_AB017405 tcttatagat gty a tcct. aagattcttt t at tatt
seesileT_AB017406 --gtgtgtcataatcatttt atcctatggttctt tctttcatgcattatgttcgatataaaggaaaagctatt
simileT_AB017407 nr.ccutwq:tcucangut|:tttcuqcntnwucquuuan agctatt
smalliiT_AB017408 tcttatagat a t tcct at 99 tatt
stamineumT_AB017409 tcttatagat g aatcat tcet t ttctt rnrﬂtthluunngunqcuu
sulcatumT_AB017410 tcttatagat gtgtg a tat
tetraphyllaP_AB018833 tcttatagat a. aaatcctatggttcttcaaagatt at tatt
thibeticaD_AB018829 tcttatagat------ qtgwtcuutcutttuqn atcctatggttcttcaaagattctttcatgcattatgttcgatataaaggaaaagetatt
thibeticaD_AB040199 tcttatagat ctt tctttcatgcattatgttcgatataaagg gctatt
tschonoskiiT_AB017411 tett qtgtqtcutnntcatt:tcng atcctatggttctt tettt atgttcgatat att
underwoodiiT_AB017412 tcttatagat a tect t atgttcgatat tatt
undulatumT_AB017413 tcttatagat------ gtgtgtcataatcattttcagaaaatcctatggtectt tet tatgttcgatat att
vaseyiT_AB017414 tcttatagat: grge, a tcctatggttett atgtt tatt
verticillataP_An018834 tcttatagat ntgwtcnu taattttcagaaaatcctatggttcttcaaagattctttcatgcattatgttcgatataaaggaaaagetatt
violaceaD_AB018830 tctcatagat gee tatt
viridescensT_AB017416 tcttatagat gtgtgtca nc.ttttc.q aatcctatggttcttcaaagattctttcatgoattatgttcgatataaaggaaaagctatt
virideT_AB017415 tcttatagat------ gtgtg! a teet ttett ataa att
o_p. _rivale_matk ctggcet tatcttctgat atgtt aaatt atatcattttcacttttggtct
2106_dorcestersC ctgy tatcttctgat atgtt tcaatttctggcaatataattttcacttttggtct. ccatacagga
21°7yr.i.t.u tatctt ggaaatgtt. ataatttrtcacteteggece. ccatacagga
2135_frankl inNC tatcttctgat teg atataattttcacttttggtctaaaccatacagga

734_barrymo ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctgge taattttcacttttggtct cagga
735_1incolnTN g tatcttctgat t: tta ataattttcacttttggtct

73‘_“ ct tatct tggaaatgtt ataattttcacttetetggtct catacagga
7“_"“1.[“ g tatcttctgat atgtt. ataattttcacttttggtct. ccatacagga
747_louisianal g tatcttctgat tggaaatgtt ataattttcacttttggtct. ccatacagga
748_louisiana2 ctggeet tatcttctgat tncctwtcutuctqgcnntn:r.r.tcacttttqqtcuuccnucagca
7‘9_1°“"i.u] ctggcet atcttctgat, tggaaatgtt ataattttcacttettggtct tacagga
750_freemanii tatctec tggaaatgtta taattttcacttttggtctaa
751_freemanii ctggcett tatcttctgat gttaccttgtcaatttctggcaatataattttcacttttggtct.

778_caddoLA ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtctaaaccatacagga
779, atcttctgat atgtet tttetggc atcattttcacet g tacagga
780, atcttctgat atgtt tttctggcaatataattttcacttttggtctaaaccatacagga
781_escambiaAL ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtctaaaccatacagga
782_jamesCityVva ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtctaaaccatacagga

783_graysonVA ctggcttccagggggacttatctctga taattttcacttttggtctaaaccatacagga
784_undulatum ctggeet tatcttctgataa, attattttcacttttggtctaaaccatacagga
785_rocki g at ataattttcacttttggtctaaaccatacagga
786_caesTX ctggcttccagggggacttatcttctgal attttcacttttggtet.
787_daiswal ctgggttccagggggacttatcttctgataaag. ataattttcacttttggtct,
788_daiswa2 ctgggttccagggggacttatcttctgataaagaaatggaaatgttaccttgta ataattttcacttttggtct

789_nivale tatcttctgat atgte. ataattttcacttttggtct.
790 _miesiesippi cr.qqc:r.ccnqquncttltcttc:qat aagaaatggaaatgttaccttgtcaatttctgge ataattttcacttttggtcta;
791_montgomeryAR ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggect,

792_rivale ctggcttccagggggacttatcttctgat tggaaatgttaccttgtaaatttctggcaatatcattttcacttttggect
793_limestoneAl ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtct.

794_suithTx ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtctaaaccatacagga
796_hibbersonii tatct tggaaatgtt atataattttcacttttggtct.

799_ovatum ctg tatcttctgat. tgtt. attt tatcattttcacttttggtct.
800_hibbersonii ctggett tatcttctgat 'nqnuqtuccttvtcutttctwqcutunutttcactutw:ct

801_ovatum tatcttctgat tatcattttcacttttggtct.

802_barryMo g at attt ataattttcacttttggtct
806_persistens tatcttctgat tggaaatgttaccttgtca ataattttcacttttggtct t
807_nippersinkaL ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtctaaaccatacagga
808_catesbaeiGA ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtct

810 viriduc-nl ctggcttccagggggacttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggect

811_wor g tatcttctgat. gtt ca tataattttcacttttggtctaaaccatacagga
nz_qnnditlom atcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatatcattttcacttttggtctaaaccatacagga
albidusr_AB017376 ctggcttccagggggacttatcttctgat

angustipetalumT_AB017377 ctggcttccagggggacttatcttctgat.
apetalonT_AB017378 ctggcttccagggggacttatcttctgat,



camschatcenseT_AB017379

tgygaaatgt atat. a
catesbaeiT_AB017380 ctggct tatcttctgat atgttaccttgtcaatt atataattttcacttttggtctaaaccatacagga
cernuumT_AB017381 ® ata cttttggtct
chloropetalumT_AB017382 atct atata. acagga
cuneatumT_AB017384 tatct att ataattttcactt
decipiensT_AB017385 atct aatgtt att ata g
decumbensT_AB0173686 tatc atgtt ata tacagga
discolorT_AB017387 tatct att! aattttcacttttggtctaaaccatacagga
erectumT_AB017388 ctgget tatct tt aattttcacttt
fargesiiD_AB018827 atcttctgat aaatttatggcaatata
flexipesT_AB017389 atectt ata.
foetidiesimumT_AB017390 ctggct t tataattttcacttttggtctaaaccatacagga
giganteumTc_AB017383 ata
govanianusmd_AB017391 atcttct gga attt aatttt ct
grandifloruaT_AR017392 atct atgtt atcatt tggtet
incompletaP_AB018832 atctt a atataatttaaacttttggtctaaaccatacagga
japonicak_AB018831 ggaaatgtt. a. acttttggtct
kurabayashiiT_AB017393 ctgget tatcttctgat att ttcacttttggtctaaaccatacagga
lancifoliumT_AB017394 tgtt ata tggtct
ludovicianumT_AB017395 t tgtt. ataat ttggtctaaaccatacagga
luteusT_AB017396 ata. ttttggtctaaaccatacagga
maculatusT_AB017397 cttctgat tcaatt ataatt
nivaleT_AB017398 at ttttggtctaaa
ovatumT_AB017399 atgtt gtc
petiolatumT_AB017400 atctt ataattttcacttttggtct. tacagga
polyphyllaD_AB018828 ctgggt tatct aaattt ataattttcacttttggtct
pusillumT_AB017401 teeg
recurvatumT_AB017402 ceee
reliquumT_AB017403 tatct at t aaaccatacagga
rivalePst_AB017404 t tcacttttggtctaaaccatacagga
rugeliiT_AB017405 t ataat acagga

sileT_AB017406 tata acagga
simileT_AB017407 attet ttttggtctaaaccatacagga
smalliiT_ABO017408 ctgget tatct tgtaaatt ataattttcacttttggtctaaaccatacagga
stamineumT_AB017409 a tggtctaaaccatacagga
sulcatumT_AB017410 atataatt tggtctaaaccatacagga
tetraphyllaP_AB018833 ctgget: tatcttctgat aatttctggcaatataatttaaacttttggtct
thibeticaD_AB018829 ctggg a ataatttttacttttggtctaaaccatacagga
thibeticaD_AB040199 tatct ggaaatgttaccttgtaaatt aattttcacttttggtctaaaccatacagga
tschonoskiiT_AB017411 atctt aa ataattttca g
underwoodiiT_AB017412 ataattttcacttttggtct. t
undulatumT_AB017413 ctggcet tatct acet attattttcacttttggtctaaaccatacagga
vaaeyiT _AB017414 at t atat cttttggtct t
verticillataP_AB018834 ctggcet tatct gtaaattt ataattttaacttttggtctaaaccatacagga
violaceaD_AB018830 atgtt aa ata
viridescensT_AB017416 c atctt t ataattttca tacagga
virideT_AB017415 ctggcet tatcttctgat. gtt att aattttcacttttggt
0_Pst._rivale_matk tccatagaaatccattctcasactattccttct tatattt aataaatcctt a
2106_dorcestersc tccatataa, atatt actaata
zlo"_p.t. stens tccatat aact ateee atatt tcett
2135_franklinNC tccatatagatccattctcaaactattccttctatttetc atatt tcett
7]‘#:“ tccatata aact atttca tccet
735_lincolnTN tccatataa at attt atatt actaat, tcet
736_GA tccatataa aact at. aat. tcett
1‘€_mcu1.tu- tccatataa aactat agtgtactaat tccet
747_louisianal ctattccttctattttctgggttat gtgtactaat
748_louisiana2 aact atttcaagtgtactaat
749_louisianal tccatataaatccattctcaaactat at atttca. aat.
150_{:.““ attccttctateet atttca t.
751_'!.”‘* caaact ctatttt actaat tcete
778_caddoLA tccatataaatccattctcaaactattccttctatttt atatt tcet
779 OR_PsbA tccatataa aactattccttct
780_escambiaAL tccat aact tatatttcaagtgtactaat tccttcggeggtaaagaatcaaatgetag:
781 _ aAL tccatata act aataaatcctt a
7!2_1.. C‘twk tccatataaatct atatttcaagtgtactaataa tcaa
783_graysonVa tccatataaatccattctcaaactattcc atete atattt tcaa a
784_undulatum tccatataa aact gggttat actaata a.
785_rockinghamva tccatataaatccattctcaaact: atatt aata, a
786_caesTX aact tat gtactaataa
787_daiswal aact tatatttcaagtgtactaataaat
7!‘_“‘."2 attccttcet tat actaataaatcctt tcaa
7”)".1. act att at act
790_miesissippi tccatataaatccattctcaaactattccttctattt atatt
791_montgomeryAR tccatata aac! gugttatatttcaagtgtactaata
792_!‘V.1. a aact. agtgt
793_limestoneAL tccatataaatccattctc ctattccttctattttctgggttatatttcaagtgtactaat,
794_smithTX tccatataaatccattctcaaactattcctec! atattt aataaatcc! a
796_hibbersonii ttccttctattttctgggttat
799 _ovatum tccatataaatccattctc
800_hibbersonii tccatata aact. atet atatttcaagtgtactaataaatcctt
sol_ov.:“ tccatataa aact tat actaata
802_barryM™o tccatataaatccattctcaaactattccttctattttctgggttatatttcaagtgtacta
806_persistens aact atttca a t
807_nippersinkAL tccat actat attt actaataa.
808_cat: iGA tccatatagatccattctcaaactattccttctatttec tatatt aaatcct a.
alo_v‘t‘d. ns tccatata aactat {444 gmrrnrnrrrr.nurur.rrn.r.n
811_worcesterMD tccatataa aact aataaatcctt a
‘1]_’:“““10‘“ tccatataa aact ct atatttca aa
albidumT_AB017376 tccatataaatccattctcaaactattccttctattttctgggttatatttca aataa
angustipetalumT_AB017377 cattc aact. attttctgggttat
apetalonT_AB017378 aact at
camschatcenseT_AB017379 tccatataaatccattctcaaactattccttctattttctgggttatattec
catesbaeiT_AB017380 tccatat act
cernuumT_AB017381 tccatataaatccattctcaaactattccttctatttt agtgtactaataaatcctt
chloromt.lmﬂol‘]’s: tccatataa. aact. attte at actaataaatcctt A
cuneatumT_AB017384 tccatataaatccattctcaaactattccttct agtgtactaataaatcctt
decipiensT_AB017385 tccatataaatccattctcaaactattccttctattttctgggttatatttcaagtgtactaataaatcctt
decunbensT_AB017386 tccatataaat a tctatte atatttca aata a
dl.cologfﬂ0173°7 teccatata aact tatatttcaagtgtactaata
erectumT_AB017388 tccatataa. ctcaaact atatttca ataa
fargesiiD_AB018827 tccatataaatccat at tatatctt tactaata: aatgcet
flexipesT_AB017389 tccatataaatccattctcaaactattccttctatt tatatt! aataaatcct a
fo.t‘d‘.-‘m)’ol7:,o tccatataa ct ct atatttcaagtgtactaataaatcctt aatgct
giganteumTc_AB017383 tccatataa. agtgtactaataaatcct aatgct
govanianum™d_AB017391 tccatataa attt atttcaagtgtattaataaatcctt ta
grandi florumT_AB017392 tccatataa. attccttcet atatttca ataaatcctt aatgct
incompletaP_AB018832 tccatata. aact ct atatttcaagtgtactaataaatcctt aatgct.
japonicaR_AB018831 ctattccttctattttctgggttatatttcaagtgtactaataaatccttcggcggtaaagaatcaaatgctagcaaa
kurabayashiiT_AB017393 tccatataaatccattctcaaactattccttctattttctgggttatatttcaagtgtactaataaatcctt aatgct
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lancifoliumT_AB017394 aatccattctcaaactattccttctattt at actaat tceett aatgct
ludovicianumT_AB017395 teee tatt t taat a
luteumT_AB017396 aact. actaataa. tcaaatgct
maculatumT_AB017397 t t ctateet atatt taat
nivaleT_AB017398 t tat acee caaatgct
ovatumT_AB017399 tccatataaat tattccttctattttctgggtt atcctt aatgct
p.ticl.tm_»ol"‘oo t tat tccattct tattcctect atatt {d t
polyphyl 1aD_AB018828 tccatataaat aact. atet tatattt actaataaatcctt
pusil lumT_AB017401 tccatataa aact ct at.
r.curvltuﬂ_AlOl‘llOZ tccatataa act ctattt tatatttcaagtgtacta atgcet
t.l‘wm_ml']‘oj tccatataa aact attt at aataaatcctt
r‘v.l.r.g_»ol']‘o‘ tccatagaa. aactattccttct agtgt tcaaatgct
rugeliiT_AB017405 tccatataaatccattctcaaactattccttctattt atatt
sessileT_AB017406 t tat t t ctattt tatatt actaataa aatgct
simileT_AB017407 tccatataaat aact at t tgct
smalliiT_AB017408 tccatataa caaact tatatttcaagtgtactaataa caaatgct
stamineumT_AB017403 aact at atatt aa
sulcatumT_AB017410 aact at aataa
tetraphyllaP_AB018833 aact at actaataa a
thibeticaD_AB018829 tccatataa aact aataaatcct
thibeticaD_AB040199 tccatataa. aact. at atatt actaat. atgct
tschonoskiiT_ABO017411 tccatataaatccatt ct tatattt gct
underwoodiiT_AB017412 tccatataa aact ctatttt atatttca aataa 13
undulatumT_AB017413 tccatataa aact. atttt actaataa.
vaseyiT_AB017414 tccatat tccattctcaaactat attttctgggttatattt actaat
verticillataP_AB018834  tccatataa aact at t
violaceaD_AB018830 aa aact. atttt at aata
viridescensT_AB017416 tccatat t t att atatt aaatcct
virideT_AB017415 tccatataa caaact attt at aataaatcct
O_Pst._rivale_matK tttttatct t aaagctaa actatattg
tttttatct aaagctaa actatattg
2107_persistens tttttatct t t. aaagctaa actatattg
2135_franklin¥C tttttatct attcctctt aaagctaaattttgtactatattg
734_barryMo tttttatct t aagct
735_lincoln™ tttttatct attcctett
736_GA tttttatct t
746_maculatum tttttatct t attcctett taa actatattg
747_1louisianal tttttatct tcgat tattcctctt tgtctaaagctaaattttgtactatattg
748_louisiana2 tttttatct attcctcett 9 g actatattg
749_louisianal teeeeat aa. accat tattcctett, aaagctaa. actatattg
750 _freemanii tteetatct accat ggttattcctctt aaagctaa actatattg
751_freemanii teeeeat t gctaaattttgtactatattg
773_:.“0“ teeeeatcce accat tattcctctta .ct.:.ttq
OR_pSbA tteetatct tat at. ttttgtactatattg
44442144 g attccteet actatattg
teceetatct. tattcctcttat actatattg
782_jamesCityVa tteeeat t 3 tat t ttgtactatattg
783_gx.yl°nvA (4444514 g attcctcttattggat t [.ct.:.[[q
784_undulatum teeeeat actct tat at aagctaaattttgtactatattg
785_; i tteeeatct a gcta attg
786_cassTX tttttatct t aaagctaaattttgtactatattg
787_daiswal teeeeat g gctaa tactatattg
788_daiswa2 tteeeat ttattcctcttattggatcgttgtctaaagctaaattttgtactatattg
739_n‘v. e (44447144 t attcctctt {d ttttgtactatattg
790_mississippi teettatct. a aaa accat tattcctcttattggatcgttgtctaaagctaaattttgtactatattg
791, YAR tttttatct accat. at actatattg
792_rivale ttteeat tcgataccat t at ttttgtactatattg
793_1i AL tttttatct tattcctett actatattg
794_smithTx tttttatet accat tattcctcttat actatattg
796_hibbersonii tttetatct t attcctcett ttgtactatattg
799_°V.tu-l tceeeat accat tattcctcttat attttgtactatattg
800_hibbersonii tteetatct t attcctett actatattg
801_ovatum tteeeat tattccteet tactatattg
802_barry™0 teeetatct. aa tattcctcttattggatcgttgtct gctaaattttgtactatattg
806_persistens tteetatct attcctctt gatcgttgtct. ttttgtactatattg
807_nippersinkAL tteetatct actct attcctett tactatattg
808_catesbaeiGA tteetatct aaa accat attcctctt actatattg
810_viridescens tctttatct tgtct ttttgtactatattg
811_worcesterMD tecettatct lttcctctuttqqatht:qtc teetgea attg
812_grandiflorum tteteatct gttattcctctt tactatattg
albidumT_AB017376 teeee attcctett g gttg tactatattg
angustipetalumT_AB017377 tttttat g attcctcttatt ttgtactatattg
apetalonT_AB017378 teettatct attcctcttattggatcgttgect. ttttgtactatattg
camschatcenseT_AB017379 tttttatct accat attcctett actatattg
catesbaeiT_AB017380 teeetacct act accat t g g ct tactatattg
cernuunT_AB017381 teeetatct attcctcttattggatcgttgtcet. gctaaattttgtac! attg
chloropetalumT_AB017382 tttttatct attcctctt gctaa actatattg
cuneatumT_AB017384 tteeeatce accat attcctcttattggatcgttgtctaaagctaaattttgtactatattg
decipiensT_AB017385 tteetatct caaa, accat tattcctcttattggatcgttgtctaaagctaaattttgtactatattg
decumbensT_AB017386 tteetatct attcctcttattggatcgttgtctaaagctaaattttgtactatattg
discolorT_AB017387 ttettatct accat attcctctt aaagctaa tactatattg
erectumT_AB017388 tttttatct t attggat ttttgtactatattg
fargesiiD_AB018827 tttttatctagtg tcgataccat tattcctcttattggatcgttgtct. ttttgtactatattg
flexipesT_AB017389 tteetatct g accat. attcctett. tactatattg
foetidissimumT_AB017390 tttttatct tattcctcttatt aaagctaa. tactatattg
giganteumTc_AB017383 tttetacct act tattcctcttat ttgtct, ttttgtactatattg
govani anumTd_AB017391 tttgtacct g attcctcttat tactatattg
grandi florumT_AB017392 tteeeatce attcctcttattggatcgttgtct. gctaaattttgtactatattg
incoapletaP_AB018832 ttettatcet accat attcctett ttttgtactatattg
japonicax_AB018831 tttttatctagtggat, at aaagctaaattttgtactatattg
kurabayashiiT_AB017393 tttttatct ur.t:c:cttutwucouotctungcu attttgtactatattg
lancifoliumT_AB017394 ttetttatct act
ludovicianumT_AB017395 tttttatct a attcctcttattggatcgttgtctaaagctaaattttgtactatattg
luteumT_AB017396 tteetatct. accat, tattcctcttattggatcgttgtctaaagctaaattttgtactatattg
maculatumT_AB017397 tttttatctagtg tcgat tattcctctt gatcgttgtctaaagctaaattttgtactatattg
nivaleT_AB017398 tttttatct. a t attcctcttattggatcgttgtct taaattttgtactatattg
ovatumT_AB0173.99 tteeeatce accat attcctctt tgtctaaagctaaattttgtactatattg
petiolatunT_AB017400 ttttetatctagtg t attcctctt g gttg attttgtactatattg
polyphyllaD_AB018828 tttttatctagtg accat t at tactatatcg
pusillumT_AB017401 tttttatctagtg attcctett ttgtactatattg
recurvatumT_AB017402 tteetatctageg tattcctett actatattg
reliquumT_AB017403 teeeeatcce accat ttttgtactatattg
rivalePst_AB017404 tteeeatct tattccteet ttttgtactatattg
rugeliiT_AB01740S tttteatct accat tattcctcttattggatcgttgtct. ttttgtactatattg
s leT_AB017406 tetetatct attcctcttattggatcgttgtctaaagctaaattttgtactatattg
simileT_AB017407 teeeeatctag attcctcttat tgtctaaagctaaattttgtactatattg
smalliiT_AB017408 teeeeatce accat rnrrﬂ-rrrrnrr.qwucqttq:cnnqct aattttgtactatattg
stamineumT_AB017409 teeee accat. attg aaagctaaattttgtactatattg
sulcatumT_AB017410 tttttatctagtg accat nrrrrrrrrntngucqttqtcnnqcunu:r.qucuuttq




tetraphyllaP_AB018833 teeetatet. ct accat aaagcta actatattg
thibeticaD_AB018829 tetttat at aaagctaa, actatattg
thibeticaD_AB040199 teeetat t at a lqctl attttgtactatattg
tschonoskiiT_AB017411 ttteeatct g attcctctt attg
underwoodiiT_AB017412 teteeatct aaagctaaattttgtactatattg
undulatumT_AB017413 tttttatct t actatattg
vaseyiT_AB017414 ttetetatct attcctctt aaagctaaattttgtactatattg
verticillataP_AB018834 tteeeatct t tattcctettat t ttttgtactatattg
violaceaD_AB018830 ttettatctageg attcctcttattggatcgttgtctaaagctaaattttgtactatattg
viridescensT_AB017416 teteeat t attcctcttat 13 cteegta attg
virideT_AB017415 tttttatct ttcctett g t tactatattg
o_Pst. riv.l._nt‘ gggcatcctattagt tctgatatt agaaatctttctcatt
2106_dor attagt att. aatctttctcattatcacagtg
2107_persistens gggcatcctattagt t attat utququu:c::tc:cuntuc-qtn
2135_franklinNc attagt. att tctttctcattatcacagtg
73‘_“:[‘” attagt att atgtas tctttctcattat
735_1lincolnT™ gggcatcctattagt. it attat atgtagaaatctttctcattatcacagtg
736_& attagt t att aatctttctcatt
746_maculatum attagt att cattatcacagtg
747_louisianal attagt att tctcatt
748_1louisiana2 att attat ctcatt
749_louisianal 99 attagt att tctttctcattatcacagtg
750_freemanii attagt att. atctttctcattatcacagtg
751_freemanii gggcatcctattagt t attat tctttctcatt
778_caddoLA att atctttctcattatcacagtg
779_¢ i OR_pSbA attagt it attat tctttctcatt
780_escambiaAL gggcatcctattagt. tctgatattat tctttctcatt.
81_ AaAL att. t attat atctttetcattatcacageg
782_jamesCityVa attagt att.
783_graysonVA gggcatcctattaget at att. gtcg
784_undulatum gggcatcctattagt. t att.
785_rockinghamva I'l attagt tctttctcatt
78‘_(:...“ attagt t attat aatctttctcatt
787_daiswal gggcatcctattagt attat atgtagaaatctttctcattat
7!._“1.“2 attagt t attat tctttctcatt,
789_nivale g attagt. t attat tctttctcatt.
790_mississippi attagt attat tctttctcattat
791_montgomeryAR tagt t attat atgtagaaatctttctcattatcacagtg
792_rivale attagt. t attat ggt tgtag: tctttctcattat
793 liul[on.AL attagt attat atgtagaaatctttctcatt
7"_‘-‘:)}“ attagt attat tgt tctttctcattat
796_hibbersonii attagt attat aatctttctcatt tg
799_ovatum att attat atgt tctttctcattatcacagtg
800_hibbersonii attagt t att atgtagaaatctttctcattatcacagtg
801_ovatum attagt attat atctttctcattatcacagtg
802_barryMo gggcatcctattagt att Ar.quqnn:ctt:ctcuu:cncnqtq
806_persistens gggcatcctattagt att. teotttetcatt
807_nippersinkAL attagt att atgtagaaatctttctcatt
aos_c.t..b‘.im gggcatcctatt t at attattgat Fgﬂ.f atctttctcattat
alo_v‘ri‘ cens attagt t att aat t
811_worcesterMD gggcatcctattagt t tattat tctttctcattatcacagtg
812_grandi florum tagt att atgtagaaatctttctcattatcacagtg
albidunT_AB017376 attagt attat ggtcgg g a 9
angustipetalumT_AB017377 gggcatcctattagt att atgtag tctttctcattat
npculon,uoxnn attagt attat atgtagaa catt,
'_ABO017379 att t tctgatatt. ttctcatt
catesbaeiT_AB017380 attagt t att atgtagaaatct t
cernuumT_AB017381 attagt t att atgtagaaatctttctcatt
chloropetalumT_AB017382 gggcatcctattagt t att. gg atgtagaaatctttctcatt
cuneatusmT_AB017384 gggcatcctattagt. attat agaaatctttctcatt
decipiensT_AB0171385 gggcatcctattagt tctgatatt gtcggatatgtagaaatctttctcattatcacagtg
decumbensT_AB017386 attagt at att atgtag tctttctcatt tg
discolorT_AB017387 gggcatcctattagtaagecgate t at I:ll:twlthll:ttqql‘.cnﬂltltnthllltctttctclttltclclﬂtﬂ
erectumT_AB017388 gggcatcctatt. t t tctttctcattat
fargesiiD_AB018827 gggcatcctattagt. attat agaaatctttctcattatcacagtg
flexipesT_AB017389 attagt att tectt
foetidissimumT_AB017390 attagt. ct t tattat tctttctcattat
giganteumTc_AB017383 attagt t tctgatattattgatcgatttggtcggatatgtagaaatctttctcattatcacagtg
govanianummd_AB017391 gggcatcctattagt att. atgtag: tctttctcatt
grandiflorumT_AB017392 attagt ct at tattat cggat. atctttctcattatcacagtg
incompletaP_AB018832 gggcatcctattagt t att atgtagaaatctttctcattatcacagtg
japonicak_AB018831 gggcatcctattagt. & att tctttctcatt
kutmy..hii"'_‘.ol7”’ gggcatcctattagt t tctgatatt atgtaga tctttcotcatt
lancifoliumT_AB017394 attaget tat ttggtcggatatgtagaaatctttctcattatcacagtg
ludovicianuaT_AB017395 gggcatcctattagt t tggtcggatatgtagaaatctttctcattatcacagtg
luteusT_AB017396 gggcatcctat t atgtagaaatctttctcatt
maculatumT_AB017397 144 teggt t tctttctcatta
nivaleT_AB017398 attagt. t attattgatcgat atgtagaaatctttctcattat
ovatusT_AB017399 attagt t gtcggatatgt tetttotcatt g
petiolatumT_AB017400 te t attattgatcgatttggtcggatatgtagaaatctttctcattatcacagtg
wlwhyllw_»ol.aza attagt at att. atgtagaaatctttctcatt tg
pusillumT_AB017401 attagt. tltClwlttc!wltlttlttﬂlthltttwﬂthvltltﬂ!lwl atctttctcattatcacagtg
recurvatumT_AB017402 qqgcnt.ccutugtuqccquc:ngccqlqzntcuqlttcr_qlutu: g tttctcatt, g
reliquumr_AB017403 tatt 9 tctttctcatt
rivalePst_AB017404 gggcatcctattage ct t tctgatatt atatgtagaaatctttctcattatcacagtg
l“]‘_‘!ol']‘os attagt attatggat atgt. ctttctcattat
sileT_AB017406 gggcatcctattagt tat rtqqthqltnquql atctttctcattatcacagtg
simileT_AB017407 gggcatcctattagt. atcggattctgatatt aatctttctcatt tg
smalliiT_AB017408 g ttagt t attat :tqgthqlntquql tctttctcattatcacagtg
stamineumT_AB017409 at t tctgatatt t tcg! atgtagaaatctttctcattatcacagtg
.“xc.tm_”ol'l‘lo attagt at att t atctttctcattat
tetraphyllaP_AB018833 g attagt t tctgatatt ttggtcggatatgtagaaatctttctcattatcacagtg
thibeticaD_AB018829 gggcatcccatt att gtcggatatgtagaaatctttctcattatcacagtg
thibeticaD_AB040199 attagt ctgatattat at
tschonoskiiT_AB017411 attagt t tctgatattat atgtagaaatctttctcattatcacagtg
underwoodiiT_AB017412 att gggccgagtt attat ctttctcatt
undulatumT_AB017413 gggcatcctattagt. tatcagattctga n.uttql:cwl::tqqthgultqngnl:c:ttc:cutul:cn agtg
vaseyiT_AB017414 tagt tatcagattctgatatt teg agaaatctttctcattatcacagtg
verticillataP_AB018834 gggcatcctattagt t ctgatattat atctttctcattatcacagtg
violaceaD_AB018830 attagt. attattgat atctttctcatt tg
viridescensT_AB017416 gggcatcctattagt attat tc atgtagaaatctttctcattatcacagtg
virideT_AB017415 at tctgatattattgatcgatttggtcggatatgtagaaatctttctcattatcacagtg
0_Pst._rivale_matk gatcttcaaaadaacaaagtttgtatcgaatasaatatatacttcga agaa llucululwucqntlcqcu:c:
2106_dorcestersc aaaaaaca atcgaataaaatatatactt; aga
2107_persistens tatatactta t t t tct
2135_franklinNC tatatacttagattttcgtgtgctagaactt acgcaatct
734_barryMo tatatacttagactttcgtgtgctagaactttggctcgtaaacataaaagtacggtacgcaatct

735_1incoln™

tatata actttggctcgtaaacataaaagtacggtacgcaatct
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736_GA gatctt a. aaagtacggt
746_maculatum aatat aga acat
747_louisianal gatctt ttg tcgactttct taaa tet
7‘!_10“‘. ana2 ttgtatcgaatc aaacataaa. tct
749_louisianal gatctt ct
750_freemanii gatctt tt tct
751_!‘.‘““ gatctt tegt.
77’_Clmu atcgaataa
779_washingtonOR_psbA aga. tct
780 cambiaAL gatcttcaa aagtacggtacgcaatct
781_escambiaAL gatctt tct
782_jamesCityVa 44 agtacggtacgcaatct
783_graysonVA tct
7“_@“1.[“ ttgt aaaatatat tct
7.5_ 1 A tgtatcgaataaaat t
786_cassTX atcga at ad ct
7‘1:“"“1 aaaatatat ttet aaagtacggt
788_daiswa2 agaact aaacataaaagtacggtacgcaatct
789_nivale ac agt ct
790_mississippi atcgaata aa ct
791_montgomeryAR gatct ttgtat atacttagactt agaactt aa tacgg ct
792_rivale agtttgtatcgaataaaata acataaa tet
793_limestoneAL gatctt tttgtatcgaat atacttcgactttcett tet
794_smithTX gatctt t acttagact agaactttggctcgtaaacataaaagtacggtacgcaatct
796_hibbersonii gatctt atcgaat atatat. aaa
799_ovatum gatctt ataaaatatat aaacataaaagtacggt ct
800_hi ii ttgtatcga. tet
801_ovatum gatcttcaaa agaactt aagtacggt
802_barrymo aa tet
806_persistens gatctt ttgtatcgaat atactt agaactt aaa
807_nippersinkAL gatctt tgtatcgaat. atacttcgactttcttgtgctagaactttggetcegt. aaaagtacggtacgcaatct
'0’— i gatctt ataaaatatatactt ag
810_viri aatatat tet
811_ 'MD ttgtat atatactt agt ct
812_grandiflorum gatctt tttgtatcga. gt tct
albidumT_AB017376 agtttgtatcgaatc gtacggtacgcaatct
angustipetalumT_AB017377 gatct atc tet
apetalonT_AB017378 agtttgtatcgaat. tatatacttcgactttcgtgtgctagaactttggctcgtaaacataaaagtacggtacgcaatct
camschatcenseT_AB017379 at tat tet
catesbaeiT_AB017380 gatcttcaaaaaaacaaagtttgtatcgaat tegt actt tect
cernuumT_AB017381 te
chloropetalumT_AB017382 gatctt ttgt act t tggct gt ct
cuneatumT_AB017384 gatcttca: agtttgtatcgaatcaaatatatacttcgactttcgtgtgctagaactttggctcgtaaacat gtacggtacgcaatct
decipiensT_AB01738S gatctec tatal
decumbensT_AB017386 gatctt acataaaagtacggtacgcaatct
discolorT_AB017387 gatcttca agtttgtatcgaatc ttcgac a acggt tet
erectumT_AB017388 gatcttc gtttgtatcgaat tatatacttcgactttcgtgtgctagaact aagt tct
fargesiiD_AB018827 g teegtatcga atat gtacggtacgcaatct
flexipesT_AB017389 gatctt aaaat. tcgac aaacataaaagt
foetidissioumT_AB017390 gatcttc gtttgtatcgaatcaaatatatacttcgact ttgge aaacat ct
gigant eumTc_AB017383 gatcttc gtt agaactttg ct
govanianumTA_AB017391 atcga. tct
grandiflorumT_AB017392 agaact
incompletaP_AB018832 atcgaat aga.
j.poni:‘wolsaal gatctt atcga tgc tct
kurabayashiiT_AB017393 gatcttcaaaaaaacaaagtttgtatcgaatcaaatatat it agaactt acggtacgcaatct
lancifoliumT_AB017394 gatctt actttggctcgt
ludovicianumT_AB017395 gatctt tttgtat
luteumT_AB017396 gatctt
maculatusT_AB017397 gatctt tgtatcga
nivllﬂ_AlOUJ” 144414 atatacttcgact
ovatumT_AB017399 t
petiolatumT_AB017400 tatatacttcgactttcgtgtgctagaactttggctcgt.
polyphyllaD_AB018828 a
pusi 11usT_AB017401 tatatacttagacttt
rscurvatumT_AB017402 gatcttca, acaaagtttgtatcgaatcaaatat: tcgact: aga aaacataaa
reliquumT_AB017403 gatctt ttgtatc tttggc a
rivalePst_AB017404 gatcttcaasaaa agtttgtatcgaata at. 3
rugeliiT_AB017405 gatctt tegeat. atatacttcgacttt
sessileT_AB017406 gatctt tegl atacttcgactt tteggetegt.
simileT_AB017407 aaaatatatacttcgact aga
smalliiT_AB017408 gatctt aaaatat
stamineumT_AB017409
sulcatumT_AB017410
tetraphyllaP_AB018833 ttgratcga, aa agtacggtacgcaatct
thibeticaD_AB018829 atcga aaaagtacggtacgcaatct
thibeticaD_AB040199 aaacat ct
tschonoskiiT_AB017411 acaaagtttgtatcgaat cgtaa acggtacgcaatct
undervoodi iT_AB017412 tttgtat aaaagtacggt
undulatumT_AB017413 gtttgtatcg. aaagtacggtacgcaatct
vaseyiT_AB017414 caaagtttgtatcg acggtacgcaatct
verticillataP_AB018834 caaagtttgtatcg tatatacttcgactttcgtgtgctagaactttggctcegt. ataaaagtacggtacgcaatct
violaceaD_AB018830 acaaagtttgtatcg: tatatacttcgactttcgtgtgctagaactttggctege ataaaagtacggtacgcaatct
viridescensT_AB017416 ttgtatcg: tttggetcg: t.
virideT_AB017415 aagtttgtatcg gaactt ataaaagtacggtacgcaatct
0_Pst._rivale_matk tt L atttcttcaaa ttttcctttacat
2106_dorcesterSC tt tectet. tat t ttttcectttacat
2107_persistens gttcg t tt acat
213S5_franklinNC tttgcaaagattaggttcg t atttct tee acat
734_barryMmo tee tt tt tatte ttttcctttacat
735_1incolnTN tee taggttcgggattgtt teet tatt t ttttcctttacat
736_GA tee ttcgg tgt tett tatttctecgatctt ttttcotttacat
746_maculatum tet te tgtt tet attt tttttcctttacat
747_louisianal taggt tgee teet ttctccgat ttttectttacat
748_louisiana2 te ! ttttcctttacat
749_louisianad tee tt tctt tatte ttttcctttacat
750_freemanii tttgcaaagattaggt tgtt tett tt it ttttcetttacat
751_freemanii tttgcaaagattaggttcgggattgtt tattec t ttttcctetacat
778_caddoLA te taggt tgtt tct tatt ctt ttttcctttacat
te tagge tgtt t tat ctt tttttcctttacat
t tttttcctttacat
tttgcaaagattaggt tgt tete atttct tttttoctttacat
782_jamesCityVa tt taggt tgtt teeee ttat t tttttcotttacat
783 _graysonVvA 144 ttttcctttacat
784_undulatum tatttct tttttcectttacat
785_ 4 te ttttcctttacat
786_cassTX €. t tatt tttttcctttacat
787_daiswal tttgcaaagattaggttcgggattgttagaagaattcte tatee ctt tttttcctttacat
788_daiswva2 te taggt tgt teee teat t tetttcctttacat




73,_n1v.1. tee ttaggt tecttet at teeeece t
790_mississippi t tettt tatt ttttcctttacat
791_montgomeryAR teeee tat tcctttacat
792_rivale aggt tgt tectt t ttttcctttacat
79]_1‘-.t°n.AL te tgtt tctt t ttttcctttacat
794_smithTX tee te te tatt ttttcctttacat
796_hibbersonii t:wcnwaumtwvkutgtuulqut:cur tatt tttttcctttacat
799_ovatum tee ttaggt tgtt tcttt tatt ttttcctttacat
600_hibbersonii r.r.:quunr.uws tege tceee tatt ttttcctttacat
801_ovatum tee ttttcctttacat
802_barrymMo tee 144 tceet tat tttttcctttacat
806_persistens te t tgt a ttttcctttacat
807_nippersinkAL tt aggt tgtt. < tat ttttcctttacat
808_catesbaeiGA tee taggt tgtt teottt ttttcectttacat
810_viridescens te t t tetee tattect ttttcctttacat
611_worcesterMD gtrcggg tctee ttttcctttacat
812_grandiflorum tee tcctttacat
albidumT_AB017376 te taggt te gatc ttttcctetacat
angustipetalumT_AB017377 ttt taggt tceet t tttttcctttacat
apetalonT_AB017376 [13 taggt ctt gttat ttttcctttacat
camschatcenseT_AB017379 ttt te tgt tcee te tttcctttacat
catesbaeiT_AB017360 tt taggt tg tectet tatt tttttcctttacat
cernuumT_AB017361 te taggtt tgt teee tat gatc! ttcctttacat
chloropetalumT_AB017382 tt tgt tctt atttctcc ttttcctttacat
cuneatumT_AB017364 tee t gattge teeee tate cte ttetttcctttacat
decipiensT_AB017385 t tttttcctttacat
decumbensT_AB017386 tt teeee t tttacat
discolorT_AB017367 et ttaggttcgggattgtet teceet atttctcc t ttttcctttacat
erectumT_AB017368 tttgcaaagattaggt tgee tctt att tct ttttcctttacat
fargesiiD_AB0166:27 te tgtt tceet t Ece tttettcctetacat
flexipesT_AB017369 tee te tgtt teceee gteat ttttcctttacat
foetidissimumT_AB017390 tt taggt tgt ttctt tat t ttttcctttacat
giganteumTc_AB017363 tgte, tat ttttcctttacat
govanianumrd AB017391 tee taggt t tett att tttcctttacat
grandiflorumT AB017392 teeg taggt tgt tcte tatt! ttttcctttacat
incompletaP_AB018632 tee t ctee t acat
japonicaKk_AB0168631 tee Tt att tttcctttacat
kurabayashiiT_AB017393 tt tcttt it ttttcctttacat
lanci fol jumT_AB017394 Tt t tecttt. ttatt tttttcctttacat
ludovicianumT_AB017395 tte t tgtt ctt tatet t ttttcctttacat
luteumT_AB017396 tet t tot t tatt 3 ttttcctttacat
maculatumT_AB017397 tectte tttcctttacat
nivaleT_AB017398 tttgcaaagattaggt tget tcee tatt t tttcctttacat
ovatumT_AB017399 tee traggt tgt tteeee tatt ttttcctttacat
petiolatumT_AB017400 (313 tt ttotet ttttcctttacat
polyphyllaD_AB016626 aggt tgt tct tttttcctttacat
pusillumT_AB017401 tttqculqntuqqtthqnttqtr ttcett tatt t ttttcctttacat
recurvatumT_AB017402 taggt t tcatt t tttcctttacat
reliquuarT_AB017403 rrr taggttcgggattgte. tctet tctt ttttcctttacat
rivalePst_AB017404 tee traggt tatttcttcaaaatt ttttcctttacat
rugeliiT_AB017405 tee t tgtt. tctet tatt ttttcctttacat
sessileT_AB017406 tee taggt tgtt. teceet tatt ttttcctttacat
simileT_AB017407 tee ttaggt tctee t ttttcctttacat
smalliiT_AB017408 r.r.wculql:uqq:tcgqqatr.gr.uwuqalr.r.ccr tate ] tttttcctttacat
stamineumT_AB017409 gt tetet tatt t ttttcctttacat
sulcatumT_AB017410 Tttt ttaggt tgt tceet tcat
tetraphyllaP_AB016833  ttt tege tceee t
thibeticaD_AB0168629 tt t ggg teotte tatttctccgatctt
thibeticaD_AB040199 tee ttaggttcg tctee
tschonoskiiT_AB017411 tteg t tgt tctet ttatttctec
underwoodiiT_AB017412 tee t cggoattgtt teeee ':cutctccglr.c:tcccunncucccutuccttuur.
undulatunT_AB017413 tttgcaaagattaggt tgtt tcett teee tttttcctetacat
vaseyiT_AB017414 tee 144 tg ctee, tteeecctttacat
verticillataP_AB018634  ttt ttaggt tgt ttceee ttatt t tttcctttacat
viollc.lD_ADOIOOJO tee ttaggt tgtt tctt tatt ttttcctttacat
viridescensT_AB017416 taggtt gte teceee ttatet teeeccteeacat
virideT_AB017415 tttgcaaagatt: tgte teceee tcctttacat
0_Pst._rivale_matK atttggtatt atccgtattaatgact attt 11010010
2106_dorcesterSC ggatcgcatagagaacgtatttggtatttggacattatccgtatca attattt tgall010000
2107_persistens a g g tatet 11010010
2135_franklinNc tggtateeg tatccgtatcaat tatte 11010010
734_barryo atttggt ca. attt og 9810010010
735_lincolnTS t atttggacatt. atet tgal0010010
736_GA ggatc g atgact tatee 11010000
746_maculatum ggatcgca atttggtatt tatccgt tatttagattggtcataa01010011
747_louisianal g tatccgt attt tga01010010
748_louisiana2 gtatttggtatt Arccutucnwacttwqccnttutuwutqqtcuqaolomoxo
749_louisianal gtattegge tatccgt tga01010010
750_freemanii atttggtatt tatee. gtcataa01010010
751_freemanii tt tatccgtatca. teattt 2201010010
778_caddoLA atte tatee 11000000
779_washingtonOR_psbA g t a gtatttgaa atcaat tatt g 11010010

0, teggtatt tatee tgall010010

a att tattet 11010010

783 jamesCityVva a g tatccgtatcaat tatt 11010010
783_graysonVA g {4 a 9 ggacattatccgtat tatttagattggtcatgall010010
784_undulatum gtatttggtate attcgt tatttaga 01010010
768S_r i A gtatttg atccgtatcaatgact att 11010010
766_cassTX atca attt tcatgall000000
767_daisval t 9 atctgtatcaatgac tatee g 01010010
706_daisva2 t gtatttggacattatctgt tat 1010010
789_nivale .rrragr te ttatttagattgg! 11010010
790_mississippi t atccgt ttatttaga 10010010
791 _montgomeryAR ggatc utt atccgtatca atee tcatgal0010010
792_rivale goat ttggtattrggacattatccgtattaatgacttg x-truqn:wqtuwu1010010
793_limestoneAL {1 atccgtat tgal0010010
794_smithTx at at ttatet tgal1000000
796_hibbersonii atttggtatt tattcgtatcaal attatee 11010010
799_ovatum atttggtat tatccgtatcaatgacttggccaattatttagattggtcatgall010010
800_hibbersonii teggt teattcgtatcaatgac! atet 11010010
801_ovatum atttgaacatt tattt. tgall010010
802_berryM0 99 te at t tga01010010
806_persistens attt teatet tgall010010
807_nippersinkAL ggatcgeat atccgt ttattt 11010010
808_catesbaeiGa ggat atttggtatt utccgutcaatqlcttqqccntuu tagattggtcatgall010010
810_virid ens atccgtatc tattt tga01010010
6811_worcesterMD att atccgtatcaa tratet tgall010010
6812_grandiflorum attt atccgtatcaatgact attattt. tgall010010
albidumT_AB017376 t tatttagattggtcatga01010010

177
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angustipetalumT_AB017377 atccgtatca. 1010010
apetalonT_AB017378 tat t 11010110
camschatcenseT_AB017379 tatttggtat t 11010110
catesbaeiT_AB017380 att 144 11011110
cernuumT_AB017381 ggat at tate att 11011110
chloropetalumT_AB017382 t tt tagattggtcatga01010010
cuneatumT_AB017384 144 1010010
decipiensT_AB017385 T gratct at teatee 1110010
decumbensT_AB017386 144 144 1110010
discolorT_AB017387 tatet: catga01010010
erectumT_AB0171388 1444 11011110
fargesiiD_AB018827 t 1010010
T_AB017389 tatt 11011110
imumT_AB017390 att 1010010
giganteumTc_AB017383 attegg' 1010010
govanianummd_AB017391 1010010
grandiflorunT_AB017392 ttggtatt 13 11010010
incompletaP_AB018832 atee 11010010
japonicaR_AB018831 T tatt att 1010010
kurabayashiiT_AB017393 1010010
lancifoliumT_AB017394 attacct 1010010
ludovicianumT_AB017395 1444 1010010
luteunmT_AB017396 atttggt, at att 2201010010
maculatumT_AB017397 at atca attatt 2201010011
nivaleT_AB017398 atttgaacattatccgtatca teatee 11010010
ovatumT_AB017399 atttgaacattatccgt attt 11010010
petiolatumr_AB017400 atgact att 1010000
polyphyllaD_AB018828 (3 atctgt att 1010010
pusillumT_AB017401 teog! 144144 10010010
recurvatumr_AB017402 tggtat ccgtatca attt 010010
reliquumT_AB017403 atee 1110000
rivalePst_AB017404 atet 11010010
rugeliiT_AB017405 atee tcatgall0l1l1l10
sessileT _AB017406 ggat 1010010
simileT_AB017407 atttgaacatt tatee tcatgall010010
smalliiT_AB017408 teeggeact ate -] 11010110
stamineumT_AB017409 atca. 144 1010010
sulcatumT_AB017410 attcgtatca atee 11011110
tetraphyllaP_AB018833 g acet 11010010
thibeticaD_AB018829 atttgg! attt. 1010010
thibeticaD_AB040199 Tt g tattt 1010010
tschonoskiiT_ABO17411- ttegt tee 11010110
underwoodiiT_AB017412 g tat 110010
undulatumT_AB017413 ggatcgcatagagaacgtatttggtatttggacattattcgtatca attattt 1010010
vaseyiT_ABO17414 tggtat tattcgtatca tattt 11011110
verticillataP_AB018834 t att acccgtatca te 11010010
violaceaD_AB016830 t atca attattt, 1010010
viridescensT_AB017416 teattt 1010010
virideT_AB017415 att ccgtatca (144 1010010

1
End;



#NEXUS

[ psbA-troH data sst |

Begin data;

Dimensions ntax=71 nchar=1426;
Format datatype=nucleotide interleave symbcols=°01234" gap=-;

Matrix
0_Pst._riva
734_barryMo
735_lincolnTN
736_wvhitfieldGa
740_graysonva
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
780_escambiaAL
782_jamesCityVva
783_graysonVA
784_undulatum
785_rockinghamVA
789_nivale
790_mississippi
791_montgomeryAR
793_limestoneAL
794_smithTX
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersiakAL
808_catssbaeiGA
810_viridescens
811_worcesterMd
812_grandiflorum
816_aikensC
817_cumberland™
210S_virid ens
2106_dorcestersC
2107_persistens
2108_wakeNC
2109_williamsii
2110_penderNC
2111_recurvatum
2112_caseyKY
2113_1lanci folium
2114_nashNC
2115_clayNC
2116_hibbersonii
2117_oettingeri
2119_humboldtCA
2120_skagi tWA
2132_russellKy
2133_montana
2134_cumberlandTN
2135_frankl inNC
2137_colorado
2139_luteum
2141_jonssMS
2290_nivalePA_l
2319_rivale
2330_nivalePa_2
2331_catssbaeisC
albidumr_DQ404232

camschatcenssT_DQ404231

cernuwnT_DQ404227
cuneatumT_DQ404233
erectunT_DQ404230

grandi florumT_DQ404229

luteumT_DQ404234
ovatumT_DQ404228
8ile_T_DQO0620

s
tschonoskiiT_DQ404235

0_Pst._rivale
734_barry™o
735_lincolnTN
736_whitfieldGAa
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonORrR
780_sscambiaAL
782_jamssCityva

TGAAGCTCCATATACAAAT AAGACTTCTGICTTAGTGTAT

TGAAGCTCCATATACAAAT- --GGATAAGACTTCTGTCT

TGAAGCTCCATATACAAAT- - -GGATA "LICTGICTT

TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCTTAGTGTATTAGTGTA

TGAAGCTCCATATACAAMAT - - -GGATAAGACTTCTGTCTYTAGTGTATTAGTGTA TACGAATT AATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCT TACGAATCGTTGAAGGGGCAATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT “TICIGICTT TAGTGTA: TACGAATO AATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT TTCIGTCY TACGAATCY AATACCAAAT-CAAATAGT
===-GCTCCATATACAAAT - - -GGATAAGALTTCTGTCT TACGAATTY AATACCAAA: TAGT
TGAAGCTOU AAT ACTTCTGTCT TACGAATCGTTGRAGGGGCAATACCAAA - = = = = = TAGT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCTTAGTGTAT TCGT ATACCAAA. --TAGT

= ~AAGCTCCATATACAAAT - - = NATMﬂmAmAﬂWAﬂANATAMWWM’I‘ACCMA ==
TGAAGCTOCATATACAAAT - - -GGATARGACTTCTGTCTTAGTGTATTAGTGTA! TACGAATCGTTGAAGGGGCAATACCAAA.

ATACCAAA
ATACCAAA

=GGATAAGACTTCTGTCTT
AAGACTTCTOTCT I

‘TGAAGCTCCATATACAAAT - - ~GGAT: AGTGTATT! "TACGAATCGT TAATACCAAA-
TGAAGCTCCATATACAAAT: STICIGICTTAGTGTATTAGTGTA TACGAATC! ATACCAAA:
------ TCCATATACAAAT -~ ~GGATAAGACTTCTGTCTTAGTGTATTAGTOTA- - - - - -~ “TACGAATCUTTGAGGGACAATACCAAAT -C AAATAGT

TGAAGCTC TTCIGTTITAGTGTAT
TGAAGCTCCATATACAAAT - - “GGATAAGACTTCTGTCTTAGTGTATTAGTGTA.
TGAAGCTCCATATACAAAT- --GGATAAGACTTCIGT T TTAGTGTATTAGTGTA:

TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCYTAGTGTATTAGTGTA- - ==TACGAATCGTTGAAGGCGCAATACCAAA- - = = = = TAGT
TGAAGCTCCATATACAAAT- --GGATAAGACTTCTGTCYTAGTGTAT TACGAATC 'AATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCY TAGTG’

TGAAGCTCCATATACAAAT TTCTGTCY

TTCIGICY

TGAAGCTCCATATACAAAT
~GAAGCTCCATATACAAAT- - -GGAT!
TGAAGCTCCATATACAAAT- - ~GGATAAGACTTCTGTCTTAGTGTATTAGTGTA- =
TGAAGCTCCATATACAAAT- - -GGATAAGACTTCTGTCYTAGTGTATTAGTGTA - -

==TACGAATCGTTGARGAGGCAATACCAAAT - CAAATAGT
=-TACGAATCGTTGAARGGBCAMTACCAAA:

‘TGAAGCTCCATATACAAAT- - ~GGATAAGACTTCTGTCTTAGTGTATTAG TG TATTAGTGTATACGAATCGTTGAAGGGGCAATACCAAA
TGAAGCTCCATATACAAAT -~ -GGATAAGACTTCTGTCTTAGTGTATTAGTGTA - = = = = = = = TACGAATCGTTGAAGGGGLAATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT: “TICIGICTTAGTGTAT TACGAATCGTTGAGGGGGCAATACCAAAT -CAAATAGT
TGAAGCTCCATATACAAAT- - TTCTGTCTT TACGAATCGT AATACCAAATAGAAATAGT
NMGCYCCATA‘I‘M‘AMT— -NATMOMJ TCTGTCTTAGTGTAT TACGAATCGTTGAAGGGGTAATACCAAA - - = = = = TAGT
----- TATACAA. AAGACTTCTGTCTT A= == == == “PACGAATCGTTGAAGGGGCAATACCAAATAGAAATAGT

TGAAGCTCCATATACAAAT - - -GGAT:

mnﬂmunmnmmnnccm- =
TGAAGCTCCATATACAAAT- - -GGATAAGACTTCTGTCY CGAA

TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCY TAGTGTATTAGTGTA- ==TACGAATCGT

TGAAGCTCCATATACAAAT- “TTCTGICTTAGTGTAT
TGAAGCTCC: AAAT- “TICIGICT TAGTG' ‘TACGAATCGTT AATACCAAA- - === -* TAGT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTG TCTTAGTGTATTAGTGTA- - == = -~ ~TACGAATCGTTGAAGGGACAATACCAAATAGAAATAGT

TGAAGCTCCATATACAAAT- - ~GGATAAGACTTCTGTCTTAGTGTAT
TGAAGCTCCATATACAAAT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTCT TAGTGTATTAGTGTA - -
TGAAGCTCOCATATACAAAT TTCIGTICTT,

TACGAATCGTTGAAGGGGTAATACCAAA:
== ~TACGAATOGTTGAAGGGGCAATACCAAA
== =TACGAATCGTTGAAGGGGCAATACCAAA
TACGAATCUTTGAAGGGGCAATACCAAA

TGAAGCTCCATATACAAAT TTCTGTICT T TAGTGTA: ‘TACGAATCGT] AATACCAAA
TGAAGCTCCATATACAAAT - - -GGATAAGACT TCTGTCTTAGTGTATTAGTGTA.

TGAAGCTCCATATACAAAT -~ TTCIGTCTTAGTGTAT

TGAAGCTCCATATACAAAT: TTCTGTCT T

TGAAGCTCCATATACAAAT- - -ocmmmmMAﬂmmA
TGAAGCTCCATATACAAAT- - -GGATAAGACTTCTUTCTTAGTGTATTAGTGTA

TTCTGITCTTAGTGTATT AATACCAAATA ATAGT

TGAAGCTCCATATACAAAT TICIGTICY = ~TACGAATCGTTGAAGIGGCAATACCAAA
TGAAGCTCCATATACAAAT- - -GGATAAGACTTCTGTCYTAGTGTATTAGTGTA: 'AATACCAAATAGAAATAGT
TGAAGCTCCATATACAAAT - - -GGATAAGACTTCTGTC I TAGTGTATTAGTGTA = - = = = = = = TACGAATCGCTTGAAGGGGCAATACCAAAT - CAAATAGT
A=====TAT=cm-mmcmmcnccannn TTTOGTAT
A AGAGG TTTOGTATTUCTCO
QAQG
---CAAG

PIIIIIIIIIY

783_graysonVA

784_undulatum

785_rockinghantva TTTOUTATTGC
789_nivale AAGAGG- === ======c-ccccco==x TTTOGTATTGCTCITATA
790_mississippi TTTOGTATTGCTCOCX
791 YAR TTTGGTAT “TCCC

793_limestoneAL

796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersinkAL
808_catssbaeiGA

CAAGAGG

TAT A ACAGG

PIEIPIIIIIIIIIIIIY
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810_viridescens TTTGGTATTUCTCCC TTTT--=-==-CTTTTC~

811_worcesterMd TTTOGTATTGCTTCC TTTT

812_grandiflorum CCAAACCTCT TATTTGGTAT TCCCATATTTTT -

816_aikensC TATTTTT-

817_cumberlandTd TTTOGGTATTOCTCCTATATTTTT

210S_viridescens TTTOGTATTGCTCCCATATT I I T === = =

2106_dorcestersC TTTOGTAT >CCi TTT

2107_persistens TTTOGTATTGCTCCCATATT T T === = - =

2108_wakeNC TTTGUTAT TCO TTTT

2109_williamsii Pl T TOCTCCCATATTTT

2110_penderNc TTTOGTATTGCTOCC

2111_recurvatum TTTOITATTUCTCC CTTTTC T

2112_caseyKY ==--TTTGGTAT CC CTTTTC

2113_lancifolium TTTOGTATTOCTCCC CTTTTC:

2114_nashNC TTTOQTAT TCCC CTTTTC

2115_claynC TTTOGTAT CCA! CTTTTC

2116_hibbersonii "A-

2117_oettingeri X CTTTTC-

2119_humboldtCA i TTTOGTAT CTTTTC

2120_skagitwa 7 TTTUGTATTOCTCCC

2132_russellky TTTOGTATTGCTCCCATA'

2133 _montana TTTGGTATTOCTUCTA

2134_cumberlandmy TTTOGTATTGCTUCX TTTT

2135_franklinNc TTTOGTATIOCTCCTATA

2137_colorado TTTOGTATTUCTC TTTT

2139_luteum T TTTT

2141_jonesMS TTTGOTAT X TTTT

2290 _nivalePA_l TTTOGTATIOCTCCCATATTTIT

2319_rivale CAATAQG-==========c=== e “TTTOGTATTGCTCCCATATTTTT

2330_niv A_2 TTTOGTATTGCTCCCATATTTTT

2331_catesbaeisC TTTOGTATTOC TTTT

albidumT_DQ404232 ATTGCTCCCATATTTIT
censeT_pQé04231 -CAAGAGO TTTOGTATTOC

cernuumT_DQ404227 Azr==e= TAT-- -C

cuneatumT_DQ404233 A==-==TAT -

erectunT_DQ404230 A TAT Ci TYTOUTATIOC TTTA-TTTTTCITTTC

grandiflorume_DQ404229 =--=--=========--cccccoccccccooooooo CCAAACCTCY TTOGTATTGCTCCT TTTT CTTT-A---

luteunT_DO404234 TITIT CTTTTC-

ovatumT_DQ404228 TTTT CTTTTC

sessile_T_DQ00620 TTTT

tschonoskiiT_DQ404235

O_Pst._rivale

734_barryMo

73s_lincolnTN TTTT CATTTATAQGG:

736_whitfieldGA TTTTTATACCATTTAGA-

740_graysonVa TTTTTATACCATT

746_maculatum

747_louisianal

748_louisiana2
749_louisianal

750_freemanii

778_caddoLA
779 1

780_escambiaAL
782_jamesCityVa

783_graysonVA

784 _undulatum

785 _rocki

789_nivale
790_mississippi

791, Y.

AR
793_1imestoneAL

794_smithTX

796_bibbersonii
799_ovatum

800_hibbersonii

801_ovatum

802_cuneatum

806_persistens

807_nippersinkaL
pa =

==TTTTGATACCATTTATAGG-

==TTTTGATACC

TAATATAAGCACTTATAA -
TAAT)

TTATAGG

TTTIGATACCATT

808_
810_viridescens

TTTTATA-----~ TTTT TTATAGG
811_worcesterMD /)
812_grandiflorum TTATAGG
816_aikensC TTAGA:
817_cumberlandTy T "AQG
2105_viri T
2106_ sc TTTTTATACC
2107_persistens TTTTATATTTTATATTT ¢
2108_wakeNC TTT TTTTT CATT
2109_williamsii TTTTATA----=-- TTTTTATACCATTTATAGG- - - === === =
2110_penderNC- CATT
2111_recurvatum CATTTATAGG:
2112_caseykY CATTTAT
2113_lancifolium CATT
2114_nashNC CATT
2115_clay»C TTTTAT TTTT CATTTATAGG!
2116_hibbersonii “TTTTTATACCATT
2117_oettingeri
2119_humboldtCA
2120_skagitwa CATT
2132_russellKy CATTTATAGG:!
2133_montana "CATTTATAGG
2134_cumberlandTy TTTTATA CATT -———
2135_franklinkC -
2137_colorado
2139_luteum
2141_jonesMs
2290_nivalePA_l
2319_rivale
2330_nivalePA_2 TTTT CATTTATAGG
2331 _ sc TTT TTTTGATACCATTTAT
albidumT_DQ404232 TTTTATA- == ===~ TTTTTATACCATTTATAGG-
camschatcenseT_DQ404231 ====TTIT CATTTATAGG:
cernuumT_DQ404227 TTTT ‘CATTTATAGG:
cuneatumT_DQ404233 TTTTCTA:
erectumT_DQ404230 = ==TTTTTATACCATTTATAGG
grandi florumT_DQ404229 - ==TTTTTATACCATT

luteumT_DQ4 04234

TITICPA:



ovatumT_DQ404228
sessile_T_DQ00620
tschonoskiiT_DQ404235

O_Pst._rivale
734_barryMo

TTTT TTATAGG

TTTT
TTTT

TATCGG
TTTTTATCGG

TTTCT TCTATCCTTUAATA -
TTTTCTTCTAS

735_lincolnT™d CTTCAATACAATTT TTTTTATCGG
736_whitfieldGA TTT TCAATA CAATTTTGATA TGACA TCTTTTTATCGG
740_graysonVA ===TTTATAATGATTTTCTTCGATOCTTCAAPA- = = = = = = = =| CAATTT TGACAAGTUGA
746_maculatum e ————————
747_louisianal TT A TTTCTTCTATOCTTCAN! AATTTTGATA. TGACA TTTTTATCGG
748_louisiana2 == =TTTAGAAATGA’ TA=========f CAATTT TG. TTTTTATCGG
749_louisianal ===TTTAGAMATGATTTTCTTCTATCCT ATA CAATTT A -TTTITATCGG
750_freemanii g

778 _caddoLA A ATA A TTTTATCOG
9= i OR 2 TIYTTATCGG
780_escambiaAL TATCGG
762_jamesCityVA A TATCGG
783_graysonVA A TCTTTTTATCGG
784_undulatum T A TTTTTATCGG
785_rockinghastVA A TTTTTATCGG
769_nivale TGACAMSTAOATCTTTTTATCGG
790_mi ippi A TTTTTATCGG
791, YAR TT TTICTTCTATCCTTCAATA CA TTTTTATCGG
793_limestoneAL TTTCTTCTATCCTTCAATA- - CTTCAATACAATTTT AAGCTGRATCTTTTTATCGG
794_smithTX mmmmxmﬂ- TGACAAGTGGA TCTTTTTATCGG
796_hibbersonii TTTATAMTGATTTTCTTCTATCCTTCAATA - TTTTTATCGS
799_ovatum TTTAGAMATGATTTTCTTCTATCCTTCAATA - TGA TTTTTATCGG
800_hibbersonii == =TTTATAMTGATTTTCTICTATOCTTCAATA - TTTTTATCGG
801_ovatum TT TTTCTTCTATCCTTCAN. TTTTATCGG
602_cunestum = mmmmeeeee- - v=nae
806_persistens -==TT A TTTCTTCTATOCTTCAATA - ccccmae TTTTTATCGG
807 _nippersinkAL B THATMAMHHWAWT CAATTT == TTTTTATCGG
808_¢ iGA TTTCTTCTATOCTTCAATA- === == === CAATTTTGAT: TCTTTTTATCGG
810_viridescens = TTTCTTCTATCC CAATTT “TGACAAGTGGATCTTTTTATCGG
811 _wor TYICTITORATOCTTCAATA- - - -~ ====CAATTT TTTTTATCGG
6812_grandiflorum =T T CTTCTAA' ==CAATTTTGA' o TTTTTATCGG
816_aikensc TT TTTCTTCTATCCTTCAA' A TTTTTATCGO
817_cumberlanaT» TT A TTTCTTCTATCCTTCAATA -~ CTTC TT TTTTTATCGG
2105_virid TTTCTICTATCC

2106_dorcesterSC
2107_persistens
2108_wakeNC
2109_williamsii
2110_penderNC
2111_recurvatum
2112_caseyxy
2113_lancifolium
2114_nashNC
2115_clayNC
2116_hibbersonii
2117_oettingeri
2119_humboldtCA
2120_skagitWa
2132_russellKy
2133_montana
2134_cumberlandTy
2135_franklinNC
2137_colorado

TTTCTTCTATCCT
TTTCTTCTATCCTTC
TTTCTTCTATC
CTTCAATA
TTTCTTCTATCCTTCAA'
TTTCYTCGATOCTTCAATA -
TA-
TT A TTIC? )CTTCAATA -~~~
===TTTAGAAATGATTYTCTTCTATCCTTCAATA -
mmmkm‘l‘l-
TZICTICTATOCTTCAATA-
A’

-CAATTTTGAT
-CAATTT

CIT

=) -‘H'I'A'I‘MANA

TTTTTATCGO

2139_luteum - =
2141_jonesMs A TTTTATCGG
2290_nivalePA_1 wmmnma
2319_rivale TTTTTATCGG
2330_nivalePA_2 ===TTTATAATGATTTICTICTATCCTTCAATA - - - o e e oo CAATTT NEATCTTTTTATCGG
2331_ isc TT TTTCTTCTATCCTTCAATA CAATTT TCTTTTTATCGG
alhidumT_DQ404232 TT TTTICTICTATCCTTCAATA - = = = = = = = = CAATTT TTTTTATCGG
camschatcenseT_DQ604231 TT A TTTCTTCTATCCTTCAN! -CAATT TCTTTTTATCGG
cernuumT_DQ404227 T AR TTTCTICTATOCTY T CAATTTTGATA- - ===== == =ceaa "TAACAAGTGGATCTTTTTATCGG
cuneatumT_DQ404233 - oe
erectumT_DQ404230 ===TTTAT. TTICT “TTCAAT CAATTT S ===-TGACA TTTTATCGG
grandi florusT_DQ404229 TT TTTCTTCTATCCTTCAAT! == =CAATTT A TTTTTATCGG
luteumT_DQ404234 -

ovatumT_DQ404226 ===T0 TTICTTICTATCCTTCAATA - -~ CAATTTTGATA- TTTTTATCGG
sessile_T_DQ00620 TT TTTCTTCTATCCTTCAATA-: CAATTTTGATA---====== TCTTTTTATCGG
tschonoski iT_DQ404235 ===TTTATAAATGA ATCCTTCAATA- - = === === CAATTTTGA’ TTTTTATCGG
0_Pst._rivale ATAACTCCGTCCTUGRAGCTCTAGGTCTTAACT T PTTCACAATAGCACTCCCATTOACTTCAGCTTTACT AATAAATAAATTCACTTCCTTCAAGCCCAGG
734_barryMo ATAACTCOGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATTCTCTCTTTTCAAGCCCAGG

735_limcolnTR
736_whitfieldoa
740_graysonVa
746_maculatum
747_louisianal
748_louisiana2
749_louisianald
750_freemanii
778_caddoLA
779_washingtonOR
7680_escambiaAL
762_jamesCityVA
783_graysonVA
7684_undulatum
785_rockinghamVa
789_nivale
790_mississippi
791_montgomeryAR
793_limestoneAL

796_hibbersonii
799_ovatum
6800_hibbersonii
801_ovatum
802_cuneatum
606_persistens
807_nippersinkAL
608_catesbaeiGA

612_grandiflorum
816_aikenscC

ATAACTCCGTCC TCGAGC TCTAGG TC T TAAC T T T T TCACARTAGC ACCCCCA T TGAT T TCADT T TGAC TARATARATARATTC TC TCTTT TCARGCCCAGS
ATAACTCCG TCC TORAGT TCTAGGTCTTAACT TTT TCACAATAGCACCCCCATTGACTTCAGCT TAACTAATAMTAAA TTCACT TCCT TCAAGCCCAGG
m-nmmmvrmumacn‘rmcncmcnmumnrmfmmcmmccm

mmmumrmmmammurmrmmmmc
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGC TTGACTAATAAATAAATTCACT TTCTTCAAGCCCAGG
ATAALTCCGTCCTCRAGCTCTAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTTCTTCAAGC CCAGG

ATAACTCCOTCCTUGACCTCTAGGTCTTAACT T TT TCACAATAGCACCCOCATTGACT TCAGCTTUACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCU T TCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCOAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGAC T TCAGE TTGACTAATAMTAAATTCCC TTTTTTCAAGCCCAGG
ATAACTCCGTCC TOCAGC TC TAGGTCTTAACT T TTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAMTTCCCTTTTTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAMTAAM TTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAAGAAATTCCC TTTTTTICAAGCCCAGG
ATAACTCCGTCCTCGACCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAAGAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCUGTCT TURAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTC TCTCTT TTCAAGCCCAGG
ATAACTCCGTCC TCRACE TC TAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAMTAAMTTCTC TCTTTTICAAGCCCAGG
ATAACTCCG TCC TCRAGC TCTAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTC TCTCTTTTCAAGCCCAGG
ATAACTCCGTCCTURAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAMTAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTUGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCRAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAM TAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCURAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAMATTCACTTCCTTCAAGCCCAGG

ATAACTCUGTCCTCGAGC TC TAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGS
ATAACTCCGTCCTCOGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTURAGCTCTAGGTCTTARCT Y TT TCACAATAGCACCCCCATTGACT TCAGCT TGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAALY TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAMTAAATTCACTTTCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCCCTTTTTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACT TCAGC TTRACTAATAAATAAATTCACTTUCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCCCTTCCTTCAAGCCCAGG
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817_cumberlandTN
2105_viridescens
2106_dorcestersc
2107_persistens
2108_wakeNC
2109_williamsii
2110_pender¥C
2111_recurvatum
2112_caaeyXY
2113_lancifol jum
2114_nashNC
2115_claysC
2116_hibbersonii
2117_oettingeri
2119_humboldtCA
2120_skagitwA
2132_russellKY
2133_montana
2134_cumberlandT™
2135_frankl inNC
2137_colorado
2139_luteum
2141_jonesMs
2290_nivalePA_l
2319_rivale
2330_ni PA_2
2331_catesbaeisc
albidumT_DQ404232

camschatcenseT_DQ404231

cernuumT_DQ4 04227
cuneatumT_DQ404233
erectumT_DQ404230

grandi f1orumT_DQ404229

luteunT_DQ404234
ovatumT_DQ404228
sessile_T_DQ00620

tschonoskiiT_DQ404235

O_Pst._rivale
734_barryMo
735_lincolnT¥
736_whitfieldGA
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
780_escambiaAL
782_jamasCityVa
783 _graysonVA
784_undulatum-
785_rockinghamva

ATAACTCCGTCCTCGAGCTCTAGG TCTTAACTTTTTCACAATAGCACCCCCATTGACT TCAGCT TGACTAATAAATAAATTCTCTCTTT TCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTTCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGG TCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCCCTTTTTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACT TTC T TCAAGCCCAGG
ATARCTCCGTCCTCGAGC TC TAGG TCTTARC T T T T TCACAAT 'CCATTGACTTCAGC TTGACT
ATAACTC AGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCA’

TCACTTCCT

'AATAAATAAATGCACTTTCTTCAAGCCCAGG

ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATGCACTTTCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACT TTT TCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATTCCCTTT T TTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCTCTCTTTTCAAGCCCAGG
RTAACTCTG TCC TCGAGT TC TAGG TC T TARC T T T T TCACAR TAGCACCCCCATTGAC T TCAGC T TGAC TAATARATARA TTCACTTCCTTCAXGCCCAGS

ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTT TCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGT TC TAGG TC T TART T T T T TCACARTAGC ACCCCCATTGAC TTCAGE T TGACTARTAAA TAAATTCTCTC TTTTCARGTTTAGG

ATARCTCCG TCCTCGAGC TC TAGG TC T TARC T T T T TCACAATAGCACCCCCATTGAC T TCAGC T TGACTAATARA TAAATTCACTTCCTTCARGTTTAGS
ATAACTCCGTCCTCGAGCTCTAGATCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCTCTC TTTTCAAGCCCAGG

ATAACTCCGTCCTCGAGL TC TAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACT TCC TTCAAGCTTAGD

ATAACTCCGTCCTCGAGTTC TAGG TC T TAAC T T T T TCACAATAGCACCCCCATTGAC TTCAGC T TGACT TICICTICTIT CAGG

ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTTACTAATAAATAAATTCACT TCCT TCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAAGAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTOGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACT T TCT ICAABLCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACT TCAGCTTGACTAATAAATAAATTCACTTCCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCTTTCAAGCCCAGG

ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCCTICAAGCCCAGG
ATARCTCCGTCCTCGAGT TC TAGG TC I TARC T T T T TCACAR TAGCACCCCCATTGAC T TCAGC T TGAC TAR TARKATARRA TTCAC TTCCTTCARGCCTAGG

:

ATAACTOCCTCC TCGACC TCTAGG TCTTAACT TTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACT TCC TTCAAGCTRAGD
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTTCTTCAAGCCCAGG
ATAACTCCGTCCTCGAGCTCTAGGTCTTAACTTTTTCACAATAGCACCCCCATTGACTTCAGCTTGACTAATAAATAAATTCACTTCTTTCAAGCCCAGG

TTATGAGTAGCATTTGATGCTGCAGAATAAACCAATTTCAAAATGGGATAAGATGCOCCGATAAGGCATGAGTTCCAGTATC TGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAAN' “CCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAA ATGAATTCCAGTATCAT: TCCGCATAGG

TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA ~CC
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTCCAAAA "CCGATAAGGCA'

‘CAGTATCATAAGTGTTTCCACATAGG
"CAGTATCATAAGTGTGTCCGCATAGG

T "GTTTGATGCTGC, AGAAACCAATTTCAA TGCCX : TCAT: TCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAA AAA "CCGATAAGGK "CAGTATCAT: CGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCAAA ole A “CAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA X A CCASTATCATA ’CACATAGG

ﬂANAGTMG-‘H’RPANmCAGMTAMCCMﬂ'ICM 'CCGATAAGGC!

TTGATGCTGCAGAATAAACCAATTTCAAA 'CCGATAAGGC:
HAMAMWMTMCMMW T "CCGATAAGGC CAGTATCAT: 'CGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTCCAAA >CC A CAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAAATOGGATAAGATGCCCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTCCAAAATGGGAT AAGATGCCOGATAAGGCATGAGTGCOCAGTATCATAAGTGTGTCCGCATAGG

TCCAGTATCATAAGTGTGTCCGCATAGG
TTCCAGTATCATAAGTGTGTCCGCATAGG

789_nivale TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA 'COGATAAGGC. TTCCAGTATCATAAGTGTGTCCGCATAGG
790_mississippi TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAA TGCCC ATGAATTCCAGTATC "CCGCATAGG
791_montgomeryAR TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAAATGGGATAAGATGCCCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCOGCATAGG
793_limestoneAL TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAAATGGGATAAGATGCCCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCGCATAGG
794_smithTX TTAT TTGATGCTGC. ACCAATTTCAAA T 'CC CAGTATCAT: CACATAGG
796_hibbersonii TTTGATGCTGC ATAAACCAATTTCA TGCCC TCCAGTATCATAAGTGTGTCCGCATAGG
799_ovatum namnmumammcmurmccum‘ AR “CCGATAAGGC CAGTATC 'CGCATAGG
800_hibbersonii TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA TGCCC TCCAGTATCATAAGTGTGTCCGCATAGG
801_ovatum TTA' TTGATGCTGCAGAATAAACCAATTTCAAAA' CCGATAAGGC, TCCAGTATCATA 'COGCATAGG
802_cuneatum - = "

806_persistens TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA C AGGC. 'CAGTATCATAAGTGTGTCCGCATAGG
807_nippersi nkAl.. TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAAATGGGATAAGATGCCCGATANGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
808_ TTA' TTGATGCTGCAGAATAAACCAATTTCAAA "AAGATOCCC TTCCAGTATCAT 'CGCATAGG

810_viridescens
811 _worcesterMd
812_grandiflorum
816_aikensC
817_cumberl1andTN
2105_viridescens

TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCAAAA' "COGATAAGGC 'CAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTCCGAA 'CC 'CAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA 'AAGATGCCC TTCCAGTATCATAAGTGTGTCCGCATAGG
ﬂumua'nmrncumcmcmucmccnmn AA CC TGCCAGTATCATAAGTGTGTCCACATAGG

TTTGATGCTGCAGAAGAAACCAATTTCGAAATGGGATAAGATGCCCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCGCATAGG
ﬁammmnmmcmuamccnw- AA CCGATAAGGC CAGTATCATAAGTGTGTCCGCATAGG

2106_dorcesterSC TTGATGCTGC! ATAAACCAATTTCAAA AAGATGCCCGATAAGGC *CAGTATCAT: 'CACATAGG
2107_persistens ﬂhmumxacmmnmccmnrmccumm T >CC TTCCAGTATCATAAGTGTGTCCGCATAGG
2108_wakeNC TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTCCAAA 'AAGATGCCCGATAAGGC! TGCCAGTATCATAAGTGTGTCCGCATAGG
2109_williamsi{ TTA' TTGATGCTGCAGAAGAAACCAATT "CCGATAAGGC CAGTATCATA 'CGCATAGG
2110_penderNC ‘ﬂ‘AmkmAWAGM’I‘MACCMMMWTMMWATMGGCANAMMANATMW CACATAGG
2111_recurvatum GTTTGATGCTGCAGAAGAAACCAATTTAT 'CCGATAAGGC. "CAGTATCATAAGTGTUTCCGCATAGG
2112_caaeyKY ﬂhm@‘l‘lmmCAGAAGAAACCM‘I'I'I‘NMAMATMGAMCCGATMMCAMMATCATMGWCGCATAOG
2113_lancifolium GTTTGATGCTGCAGAAGAAACCAATTT >CC TGCCAGTATCATAAGTGTGTCCGCATAGG
2114_pashNC ﬂhmammmcmcmu'rmccumcw ’COGATAAGGC CCAGTATCATAAGTGTGTCCGCATAGG
2115_clayNC TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTC CCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCGCATAGG
2116_hi! ii TTTGATGCTGCAGAATAAACCAATTTCAAA CC 'TGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
2117_oettingeri ﬂnmancccn'mmn'rmccummm‘rummccccuumﬂmmmc’nmuncmmcccnmc
2119_humboldtCA TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAAATGGGATAAGATGCCCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCTGCATAGG

2120_skagitWA
2132_russellKY
2133_montana
2134_cumberlandTe
2135_franklinNC
2137_colorado
2139_luteum
2141_jonesns
2290_nivalePA_l
2319_rivale
ZJJO,ulv-laPA_Z
2331_

TTGATGCTGCAGAATAAACCAATTTCAAA >CC 'GAGTTCCAGTATCATAAGTGTGTCCGCATAGG
ﬁxmmxommmomumccx TTCGAA 'CC TCCAGTATCATAAGTGTGTCOGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAAATGGGATAAGATGCCCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTX "COGATAAGGC] TCCAGTATCATAAGTGTGTCCGCATAGG

ATAAACCAATTTCAA TGCCC 'GAGTTCCAGTATC

T GTT

TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATTTCGAAATGGGATAAGATGCCCGATAAGGCATGAATTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA CCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCATTTGATGCTGCAGAATAAAC CAATTTCAAAATGGGATAAGA TGCCCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA 'CCGATAAGGC. TTCCAGTATCATAAGTGTGTCCGCATAGG

TTGATGC lwAuMTMACCMmNQGATMGAmCGATMGGCANAG‘!’N:CAG‘I‘ATCATMG‘NHGX‘CCGCATAGG

llblm DQ4 04 232

camschatcenseT_DQ404231

cernuumT_DQ404227
cuneatumT_DQ404233
erectusT_DQ404230

grandi florunT_DQ4 04229

luteumT_DQ404234
ovatumT_DQ404228
sile_T_DQ00620

s
tschonoskiiT_DQ404235

n:xmc‘rwmamccnwamccn 'CC PGAGTGCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA 'AAGATGCCC TCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAA AGATGCCT TT \.CAGTANATMMCGCATAOG

-n'Amo‘rmccrnmmmcnau'rmccvawmnmmcmanmmmﬂccmrncnummcumc
T TTTGATGCTGCAGAATAAACCAATTTCAA, CC GAGTTCCAGTATCATAAGTGTGTCCGCATAGG

TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAL 'CC A GAGTTCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAAGAAACCAATT TCAAM TGGGATAAGATGCCCGATAAGGCATGAGTGCCAGTATCATAAGTGTGTCCGCATAGG
TTATGAGTAGCGTTTGATGCTGCAGAATAAACCAATTTCAAAATGGGATAAGA TGCCCGATAAGGCATGAGTTCCAGTATCATAAGTGTGTCCGCATAGG




O_Pst._rivale
734_barrymo
735_lincolnT™
736_whitfieldGA
740_graysonVva
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
760_escambiaAl
762_jamesCityVva
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764_undulatum
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810_viridescens
811_worcesterMD
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2117_oettingeri
2119_humboldtCA
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0_Pst._rivale
734_barrymo
735_1incolnT™
736_whitfieldGA
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
780_escambiaAL
792_jamesCityVvAa
783_graysonvA
784_undulatum
785_rocki

AACGCCCGCGAATCTGATCAATTACTCTTUGTGCTTTGAAAACAGACATACATATA- =

AACGCCCGCGAATCTGAPCAATEACTCTTCS TGS TY TRAAAACAGACATACAT = = “TGAGTA - -

AACGCCCGCGAATCTGATCAATGACTCTTCGTGCTTTGAAAACAGACATACAT - - “TGAGTA - -

AACGCCCGOGAATCTGATCAATTAS TCTICGTGCTTTGAAMA, ATAC!
AACGCCOGCGAATCTGATCAATTACTCTICG TGCTT AL ATAC
AACGCCOGCGAATCTGATCAATTACTCY UG TUCTT TGAAAACAGACATAC
AACGCCCGCGAATCTGATCAATTACTCTTUGTGCTTTGAAAACAGACATACATATA
AACGCCCGCGAATCTGATCAATTACTCT TCGTRCTY AMACAGACATAC

AACGCCCOGCGAATCTGATCAATTACTCTTUUTGCTTTGAAAMACAGACATACATATA-
AACGCCCGCGAATCTGATCAATTACTCTICGTGCTT

AACGCCCOGCGAATCTGATCAATTACTCTTCGTGCTTTGAAAACAGACATACATATA- - - -~ ~CATATATGTTGAGCTAAACTTTGACTTCTGTACTCGA

AACGCCCGCGAATCTGATCAATGACTCTTCGTGCTTTGAAMAACAGACATAC GTTTA:

~TGTTGAGCTAAAACTTTGACTTCTGTACTCGA

AACGCCOGCGAATCTGATCAATTACTE T TUGTGS T TTRAAAACAGACATACATATA: == ~TGTTGAGCTAAAMCTTTGACTTCTGTACTCGA

~TGTTGAGCTAAMACTTTGACTTCTGTACTCGA

AACGCCCGCGAATCTGATCAATGACTCTTCGTGCTTTGAMACAGACATACATATA -~
AACGCCCGCGAATCTGATCAATTACTC T TCCTGE TT TGAAAACAGACATACATATA -~
AACGCCCGCGAATCTGATCAATTACTC T TCOTGCTT TGAMAACHGACATAC
AACGCCCOGCGAATCTGATCAATTACTCTTCGTGC PTTAAMACAGACATACATATA ~TGTTGAGCTAAAMCTTTGACTTCTGTACTCGA
~TGTTGAGCTAAMACTTGTACTTCTGTACTCGA

AACGOCCGCGAATCTGATCAATTACTCTICGTGCTT AAMCAGACATAC TGTT CTAAMCTTTGACTTCTGTACTCGA
AACGCCCGCGAATCTGATCAATGACTCTTCOTGCTTTGAAAACAGACATACGT - - ~-TGAGTA. ~TGTTGAGCTAAAMCTTTGACTTCTGTACTCGA
AACGCCOGCGAATCTGATCAATTACTCTTCGTGCTTTGAAAACAGACATACATATA ~TGTTGAGCTAAAACTTTTACTTCTGTACTCGA

ACGLGACSTTCTTTCTCCTTATCATAA -~
ACGCGAGTTCTTTCTCCTTATCATAA- -
ACGCGAGTTCTTTCTCCTTATCATAA.
ACG TCTYTCICCTTATCATAA
ACGCGAGTTCTTTC TCCTTATCATAA

ATCATAATCTTTC TCCTTATCATAAGGTTATCCCCCACCAATGAATAAAAAGTOCCTTCTTTTIO -
TTCTTTCICCTTAT TTTCTCCT CCAC TICTTITIG= -

ACGCGAGTTCTTTCICCTTATCATAA =
ACRCGAGTTCTTTCTCCTTATCATAA -~ - ==
TCTTTCICCITATCATAA- == -=

7689_niva
790_missiesippi
791_montgomeryAR
793_limestoneAL
794_smithTX
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersinkAL
808_catesbaeiGA
810_viridescens
811_worcesterMD
812_grandiflorum
816_aikensc
817_cumberlandTN
2105_viridescens

GFTTATCCCCCACCAATGAATAAAAAGTGCCTT
ATCATAA QGT >)COCCACCAATGAATAAAAAGTGCCTT:
A’

ACGCGAGTTCTTTCTCCCTATTATAATCGTTCTCCT
ACGCX TCTTTCTCCTTATC
ACCCGAGTTCITTCTCCT TATCATAA- -= == === -

183
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2108_wakeNC ACGEGAGTICYTTCTCCTTATCATAA GaT "CCCCACCAATGAATAAAAAGTGCTTT- - - ==~ CTTTATCT-
2109_williamsii

2110_ypenderNC

2111_recurvatum

2112_ceaseyKY ACXGECTICTYICICCY TATCAT CCALY TTT
2113_lancifolium ACGCGAGTTCTTTCTCCCTAT WAMTMAWMT““ CTTCTTT TG
2114_nashNC CGCGAGT TCT Y TCICC TYATCATAA- s = e mmm e mcccccamon GGTTATCCCCCACCAATGAATAAAAAGTGCCTT

2115_clayNC GGTTATCCCCCACCAATGAATAAAAAGTGCCTT
2116_hibbersonii -====---GQT ATGAATAAA CTT

2117_oettingeri GGTTATOCTCCACT AL T

2119_humboldtCA G@TTATCCCCEACCAATGAATAAAMAGTGCCTT - - - - = - CTTTATCT
2120_skagitWa GQT SCOCCACCAATGA XCTT CTTTATCT:
2132_russellkY GGT "CCCCACC ’ CTT CTTTATCT
2133_pontana GGTTA TOCUCCACTAATGAATAAAAGTGCCTT - = - == - CTTTATCT--~-=-=-=
2134_cumberlandm™ ACGCGAOTICTTICTCCTTATCATAA - =~ == === GGT "CCCCACCAATGAATAAAAAGTGCCTT CTTTATCT!
2135_franklinNC

2137_colorado Al TCTTICICST A =====GGTTATUCTCCACT. A Y TTTATCT----=-=~==
2139_luteum +

2141_jonesMs ACGTGAGTTCTTICICCTTATCATAA GGTT "CCTACCAATGA

2290_nivalePA_l

2319_rivale

2330_nivalePA_2

2331_catesbaeiscC
albidumT_DQ404232

camschatcenseT_DQ404231 ACERAGTICTTTCTICTTTATCATAA TATCCOCCACCAATGAATAAAAAG TGCCTT

cernuumT_DQ404227 ACGCGAGTTCTTI'CICCTTATCATAA oG "CCCCACCAATGAATAA CTT CTTTATCTACTTAATCT
cuneatumT_DQ404233

erectumT_DQ404230 ACGCRAGTTCTYTCTUCTTATCATAA TTATCCCCCACCAATGAATAM CIT: CTTTATCTACTTAATCT
grandi florumT_DQ404229 ACGCGAGTICTTTCICCTTATCATAA- Q@T NCCCCACCAATGAATAAAAAGTOCTT Y - - - = - = CTTTATCT === =——==
luteumT_DQ404234

ovatumT_DQ404228 ACECAGTICTTICICCTTATCATAA ATGA CTT- CTTTATCT = == ======
s ile_T_DQ00620 AmmCﬂATCATMNmTAmeAmmNM AAAAL CTTCTTT
tschonoskiiT_DQ404235 ACGCGAGTICTTTICTCCTTATCATAA GITTATCCCCCACCAATGAATAAMAAGTGCCTT =

O_pst._rivale ACTTA-CTTTA. TTTTCTATYTTGAATTTTAGAT AATTCAAT
734_barryo ACTTATCTTT -

735_1incolnT™ ACTTATCTTTA

736_whit fieldGA ACTTATCTTTA-- TTTTCTATTTTGAATTTTAGA AATTCAATTAACGAC
740_graysonVA ACTTATCTTTA TTTTCTATTTTGAATTTTAGAT AATTCAATTAACGACG
746_maculatum

747_1louisianal
748_louisiana2
749_louisianal

750_freemanii ==

778_caddoLA ACTTATCTTTA-- - TTTTCTATTTTGAATTTTAGAT AATTCAATTAACGACG

779_washingtonOR ACTTATCTTTA TPrTTCTATTTIGAN

780_escambiaAL ACTTA-CTTGA:

782_jameeCityVa ACTTATCTTTA.

783_grsysonVA - ACTTATCTTTA.

784_undulatum ACTTA-CTTTA:

785_rockinghaamVa ACTTATCTTTA:

789_nivale ACTTA-CTTTATTCTTTA

790_mis sippi ACTTATCTTTA

791_montgomeryAR ACTTATCTTTA

793_limestoneAL ACTTATCTTTA

794_smithTX ACTTATCTTT

796_hibbersonii ACTTACCTTTA-=--==---cceccemeccmecccacaan

799_ovatum ACTTATCTTTA

800_hibbersonii ACTTACCTTTA
ACTTATCTTT! TTTTCTATT TTGAATTTGAGATTATATAAATTCAATTAACGACGAGATTGATTATC - - - -

AGAT

ACTTA-CTTTA TTTTCTATTTTGAATTTTAGATTATATAAATTCAATTAACGATGAGATTGATTATC = = - -

807_nippersinkAL ACTTA-CTTGA mmonAﬂmnmmrrmmmﬂam £

808_catesbaeiGA ACTTA-CTTGA = TTTTCTATTTIGAATTTTAGAT

810_viri

811 rMD TCTTPA

812_grandi florum ACTTA-CTTTA

816_aikensC ACTTATCTTTA -

817_cumberlandT™ ACTTATCTTTA:

2105_viri

2106_dorcesterscC ACTTATCTTTA: -

2107_persistens ACTTA-CTTTA==-======== TTTTCTATTTTGAATTTTA( AATTCAATTAAC TQATTATC----
2108_wakeNC ACTTATCTTTA: TTTTCTATTTTGAATTTTAGATTATCTAAA TTCAATTAACGACGAGATTGATTATC - - - =
2109 _williamsii . AGAT
2110_penderNC ACTTATCTTTA TTTTCPATTTTGAATTTTAGATTATATAAMTTCAATTAACGACGAGATTGATTATC - - - =
2111_recurvatum .

2112_caseyxY

2113_lancifolium

2114_nas

2115_clay®C

2116_hibbersonii

2117_oettingeri
2119_bhumboldtCA
2120_skagitWa
2132_russellKy
2133_montana
2134_cumberlandTN
2135_franklinNC

2137_colorado ACTTATCTTTA

2139_luteum

2141_jonesMs TCTTT

2290_nivalePA_1 ACTTA-CTTTATTCTTTA- -

2319_rivale ACTTA-CTTTA-==~--~ -==

2330_nivalePA_2 ACTTA-CTTTATTCTTTA

2331 _catesbaeiscC ACTTA-CTTTA TTTTCTATTTTGAATTTTAGATTATAT AAATTCAATTAAGGATGAGATTGATTATC - - - -

albidumT_DQ404232 S =====-=AQAT

camschatcenseT_DQ404231 ACTTA-CTTTA * = TTTTCTATTTTGAATTTGAGATTCTATAAA TTCAATTAACGACGAGATTGATTATC - - = =

cernuusT_DQ404227 ACTTA-CTTTA-=======c==ccaao = nmmrmammmﬂcrmwmnﬂummmaﬂAm- =

Cuneatumr_DQ404233 - - ======AGAT

erectumT_DQ404230 ACTTA-CTTTA TETTCTATTTTGAATTTGAGATTCTATAAATTCAATTAACGACGAGATTTATTATC - - - ~

grsndiflorumT_DQ404229 ACTTA-CTTTA TTTTCTATTT TGAATTTGAGATTCTATAAATTCAA TTAACGACGAGATTGATTATC - - - =

luteumT_DQ404234 ~=e===AGAT

ovatumT_DQ404228 ACTTATCTTTA: TTTTCTATTTTGAATTTGAGATTCTATAAM TTCAATTAACGACGAGATTGATTATC - - - -
sile_T_DQ00620 = AGAT

tschonoskiiT_DQ404235 ACTTA-CTTTA TTTICTATTTTGAATTTGAGATTCTATAAATTCAATTAACGACGAGATTGATTATC - = = =

O_Pst._rivale
734_barryMo
735_1incolnTN
736_whitfieldGA




740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
_caddoLA
779_washingtonOR
780_escambiaAL

QTTCCCT ATGTCTTGTGAA "GCGAATTCTCCCAATTTATGACCTA
TCTTCATAATCATAACGAGATTCATTATCGTTATTGTCCCCT - - = = = = GCATAGCT A GCGAATTCTCCCAATT CTA
TCTTCATAATCATAACGAGATTCATTATCGTTATTGTCOCCCT T T "GCGAATTCTCCCAATT CCTA
TCTTCATAATCATAACGAGATTCATTATCGTTATTGTCCCCT - - = = = = GCATAGC T "GCGAATTCTCCCAATTTATGACCTA
TCTTCATAATCATAACGAGATTCATTATCGTTATTGTCCCCT ATAGCTTGTGAA "GAATTCTCCCAATTTATGACCTA
TCTTCATAATCATAACGAGATTCATTATCGTAATTGTOCCOCT - - = = = = A OCGAATTCTCCCAATTTATGACCTA

GTTCCCT- -~ == ~GCATATT Y TUTGAMAGT TCUAGTAGGCGCRAATTCTCCCAATTTATAACCTA
GTTCCTT- --~--GCATUTCIIT ' ¥ T GO TCTCCCAATTTATGACCTA

GTTCCTT GCATUTITT GCGAATTCTCCCAATTTATGACCTA
782_jamesCityVA GTTCCCT -~~~ -~ =GCATGTCT "GCGAATTCTCOCCAATTTATGACCTA
78)_graysonVA OTTCCCT GCATUTCT IV A “GCGAATTCTCCCAATTTATGACCTA
784_undulatum OTTCCTT GCATGTCTTTCRAAMSTTAGAGTAGGCGCRAATTCTCTUCAATTTATGACCTA
785_rocki. =GTTCCCT ATITCTIG "GCRAATTCTCCCAATT °CTA
789_nivale GTTCCTT CTY ACTY, GCGAATTCTCCCAATTTATGACCTA
790_miesiesippi - GTTCCCT GCATGTST GCGAATTCTOCCAATT CCTA
791_montgomeryAR === TTCCCT GCGAAPTCTCTTAATTTATGACCTA
793_limestoneAL GTTCCCT GCATVICTY T NaC TCTCCCAATT 'CTA
794_smithTX QTTCCCT GCATATYY CTTCRAGTAGOCGCGAATTCTCCCAATTTATAACCTA
796_hibbersonii TCCTT ATUTCTT "GCGAATTCTUCCAATT 'CTA
799_ovatum TTCCTT: ATGTCTTTCRAA GCGAATTCTCCTAATT 'CTA
800_hibbersonii GTTCOCTT! -GCATGTCT A "GCGAATTCTCCCAATTTATGACCTA
801_ovatum = ----- GTTCCTT Y A A TCTCCC T CCTA
802_cuneatum TCTTCATAATCATAACGAGATTCATTATCGT! TGTCCCCT GCATAGCT T "GCGAATTCTCCCAATTTATGACCTA
806_persistens mmeecsscsecccccae GTTCCTT ATCTC GCRAATTCTCCCAATTTATGACCTA
807_nippersinkAL GTTCCTT ATGTCT A GCGAATTCTCCCAATT >CTA
808_catesbaeiGA GTTCCTT GCATGTCTTC A “GCGAATTCTCCCAATTTATGACCTA
810_viridescens mATMTCATMAﬂTNAﬂAmAm GCATAGCT T "GCGRATTCTCCCAATTTATGACCTA
811_worcesterMd ==GTTCCCT: GCATGTICT CCGAATTCTCCCAATTTATGACCTA
812_grandiflorum 3TTCCTT. GCATGICTTY GCGAATTCTCCCAATT >CTA
816_aikensC GTTTTCT-- -~ - -GCATATCY T “GAATTCTCCCAATTTATAACCTA
817_cumberlandTN GTTCCCT: GCATUICT "CORQAATTCTCCCAATTTATGACCTA
2105_viridescens ==GCATAGC GCGAATTCUTCCCAAT >CTA

2106_dorcestersC -GTTCOCT! GCATATYT "rmmmummnml«
2107_persistens = --=m===e-eececccccccccccccccccccoaa- T OCRAATTCTCCCAATTTATGACCTA
2108_wakeNC GTTCOCT T AGTT! GCGAATTCTCCCAATTTATGACCTA
2109_williameii TCTTCATAATCATAACGAGATTCATTATCGTTATGGTCTTCT! 'ATAGCT AAGTT GCGAATTCTCCCAATTTATGACCTA
2110_penderNC  -----------ceee AGTTCG GCGAATTCTCCCAATTTATAACCTA
2111_recurvatum TCTTCATAATCATAACGAGATTCATTATCGTTA - ~GCATAGCTTGTGAAAGTTCGAGTAGGCGCAAATTCTCCCAATTTATGACCTA
2112_caseyXY TTCCCT GCATGTCTTUTGAAAGTTAGAGT! TTCTCCCAATTTATGACCTA
2113_lancifolium TCTTCATAATCATACCGAGATTCATTATCGTTATGGTCCCCT - == == -GCATAGE Y TG TGAMAC T TCRAGTAGGCGCGAATTCTCCCAATTTATGACCTA
2114_nashnc GTTCCCT GCATGTCT T YGOGAATTCTCCCAATTTATGACCTA
2115_claydC STTCCCT GCATGTCT GOGAATTCTCCCAATT CTA
2116_hibbersonii =3 GTTCCTT GQCATUTCT AD ’GCGAATTCTCOCCAATTTATGACCTA
2117_oettingeri ==GTTCCTT GCATUTICTT GCGAATTCTCCCAATTTATGACCTA
2119_humboldtCA ==GCATUTCTT 2 GAATTCTCCTAATT CCTA
2120_skagitwa ~ GTTCCTT GCATUTCTT GCRAATTCTCCCAATT CTA
2132_russellKY = = --------ccca-o GTTCCCT GCATUTCT GCGAATTCTCCCAATT CTA
2133_montana -—-- GTTCCTT-- -~~~ QCATUTCTTTCRAAAGTTC SGCGAATTCTCCTAATTTATGACCTA
2134_cuaberlandTn GTTCCCT ATGTCT AAGT “GCGAATTCTCCCAATTTATGACCTA
2135_franklioNC = = =  =-=ece---cccccccccccccccccacc e e e eoQTTCOTT- =~ GCATGTCTTNG A GCGAATTCTCCOCAATTTATGACCTA
2137_colorado TCCTT: ATCTCT TTCGAMGTTCGAGTAGGCCCRAATTCTCCCAATTTATGACCTA
2139_luteum TCTTCATAATCATAACGAGATTCATTATCGTAATTGTCCCCT - - = == = ucnmmmmmnoaccccumﬂ'nmAMA
2141_jonesMs GTTCCCT GCATOTCTT T GCRAATTCTCCCAATT CTA
2290_nivalePA_l GTTCCTT TYT A GAATTCTCCC >CTA
2319_rivale GTTCCTT ATGTCT A "GCQA n.nmmkmccu
2330_nivalePA_2 TTCCTT- L/ TCTTY AAGT GCOQAATTCTCCCAATT CCTA
2331 _ baeiscC GTTCCTT ATOTCT T "GCGAATTCTCCCAATT >CTA
albidumT_DQ404232 TCTTCAT-~--~~-~ AACGAGATTCATTATCGTTATCGTICCCT - = - = = = GCATAGCT TG TGAMGT TAGAGTAGCCGCGAATTCTCCCAATTTATGACCTA
camschatcenseT_DQ404231 -- TCCTTGCATTTGCATCTCT TOCGARAG Y TAGAGTAGGCGCGAATTCTCCCAATTTATGACCTA
cernuumT_DQ404227  ----e--e- STTCCTTGCATTTGCATGTCTTT GCGAATTCTCCCAATT CTA
cuneatumT_DQ404233 m‘rnmnuccncnﬂcuﬂnmuﬂmccm- = =GCATAGCTTGTGAAAGTTAGAGTAGGCGCGAATTCTCCCAATTTATGACCTA
erectumT_DQ404230 STTCCTTOCATTTGCATGTCT T IC GCGAATTCTCCCAATT CTA
grandiflorusT_DQ404229 ------ GTTCCTT- === GCATGTCTTTUGAAAGTTAGAGTAGGCGCGAATTCTCCCAATTTATGACCTA
luteumT_DQ404234 TCTTCATAATCATAACGAGATTCATTATCGTAATTGTCCCCT. 'ATAGCT A "GCGAATTCTCCCAATTTATGACCTA
ovatumT_DQ404228 "TCCT Jmns TY AAGTT "AGGCGCGAATTCTCCCAATTTATGACCTA

ile_T_DQ00620 TCTTCATAATCATAACGAGATTCATTATCGTAATTGTCCCCT - AAGTT 'GCGAATTCTCCCAATTTATGACCTA

0_Pst._rivale
734_barryMo
735_lincolnT™
736_whitfieldGA
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
780_escambiaAL
782_jamesCityVvAa
783_graysonVA
784_undulatum

onoskiiT_DQ404235

e = =GTTCCTTGCATTTGCATGTCT A "GCRAATTCTCCCAATTTATGACCTA

CCATACGA’XWH‘ATATWTMWMCAHANMTAGCGAWAMCCMTCAWTATMNGTABA’N}C CCTAGACCA

cC TGT AATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCAT CCTAGACCA
ccrummnum‘rmmm TTTCCAT GATTG CAATCATTGTGGGT! 'CCTAGACCA
CCATAGTACCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTG CAATCATTGTGGGT “CCTAGACCA
CCATAGAAGCTCTTATATAAATAGGTAAATGTTCCTTTCCATTA' 'GTAT CAATCATTGT 'CCTAGACCA
CCATAGMGmATATMA‘I‘AGGTMAmmAﬂA‘IGMTAGNAWAMMNAWATMMMANCMAGACCA
CCATAGAAGCTGTTATATAAATAGGTAAATGTTCCTTTCCAT 'AGC CAATCAT TAGATGCCCTAGACCA
CCi GTT A 'AAATGTTCCTTTCCAT TGTAT CAATCAT 'TGGTAGATGCCCTAGACCA
CCAT! AAA AATGTTCCTTTCCATTATGAATA TGT CAATCAT 'TGGTAGATGCCCTAGACCA
CCATAGCA le'l‘ATA'l‘AMTmmmmhﬂhmTAGCGAmlmCMNAWATMmAGANCCﬂAGACCA
CCRTATARTCTICTT A1) A\.‘.l’llLLnA TOTAT CARTCATIGVIGGOTATAN CUTAGACUA
CCATATGATCTGTTATATAAA' A 'CAATCATTGT 'CCTAGACCA

ccA'rAmAm'rA'rA'rm'rmc'rmmmmAnAmM'rmccumxm CCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGG CCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATACGATCTGTTATATAAATAGGTAAATGTTCC TTTCCATTATGAATAGCGATTGTATGGC CAATCATTGTGGG TATAATGGTAGATGCCCTAGACCA

785_rocki A
789_nivale
790_miesiesippi
791 _montgomeryAR
79)_1imestoneAL
794_smithTX
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersinkAL
808_catesbaeiGA
810_viridescens
811_worcesterMd
812_grandiflorum
816_aikensC
817_cumber 1andTN
2105_viridescens
2106_dorcestersC
2107 _persistens
2108_wakeNC
2109_williameii
2110_penderNC
2111 _recurvatum

CCi TGT TAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCAT TAGATGCCCTAGACCA
CCATACGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGC CAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTIGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTG TGGGTATAATGGTAGATGCCCTAGACCA
CCATAGCACCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATACGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTG TGGGTATAATGGTAGATGCCCTAGACCA
CCATATAATCTGTTATATAAATAGGTAAATGTTICCTT ICCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATACGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTG TGGGTATAATGGTAGATGCCCTAGACCA
cC CTGTT TCCTTTCCATTAT "AGCGATTG CAXTCATTGTGGGTATARTGG "CCTAGACCK
‘TCAT! AATGTTCCTTTCCATTATGAATAGOGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATANAthlTMATAGWWmCAﬁANMTAGCGAmAmCMTCAWATMNG‘I‘AGAMCCPAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTG TGGGTATAATGGTAGATGCCCTAGACCA
CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATAGAAGCTGTTATATAAATAGCTAAATG TTCCTTTCCATTATGAATAGCGATTGTATGGC CAATCATTG TGGG TATAATGG TAGATGCCCTAGACCA
CCA'I‘Amhm'l'h'l'ATAMTAGG’I‘AMWCH'PCCAﬂlmMTAGCGAm‘l‘AmCCMTCAmmG'I‘ATMmTAGANCCCPM}ACCA
CCATATAACCTCT A TTCCTTTCCAT TGTATGGCCAATCATTGTGGGTAGAATGGTAGATGCCCTAGACCA
CCA‘I'ACGACmATATWTmMAmCAﬂAmeAmAmCCMTCAWTATMWAGAWWCCA
CCATATGATCTCTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATAGAAGCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CC, CTGT A AAATGTTCCTTTCCATT "CAATCATTGTGGGT 'CCTAGACCA
AAA A TCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA

CcC ‘CTGTT 'AAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATM;MmATATAMTM}GPAMmCAﬂANMTAGCGA T 'CAATCAT 'ATAATGGTAGATGCCCTAGACCA
CCATAGGACCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCAT GGT “CCTAGACCA
CCATAGAATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTG TGGGTATAATGGTAGATGCCCTAGACCA

ce CTGT
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2112_caseyKY CC. ‘CTGT 'AAA A TCCTTTCCATTAT "CAATCAT "CCTAGACCA
2113_ llncitol:l.ull CCATAGAATCTGTTATATAA A TCCTTTCCATT nuA‘R)OCCNuLou A “CCTAGACCA
2114_n CCA’I‘A’IGAWATATMATAOGTW ATTATGAATAGCGATTGTATGGCCAATCAT “CCTAGACCA
2115 cllm TGTTATATAA TTCCTTTCCAT 'AGCY "CA. TGTGGG 'CCTAGACCA
2116_hinhbersonii ccnnccmcmnmmm’rmc’rmmnA AATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
2117_oettingeri cunm‘rcmnmmmncmmmn “CAATCATTGT “CCTAGACCA
2119_humboldtCA CCA TGT A TCCTTTCCATTA' ICCAATCAT 'AGATGCCCTAGACCA
2120_skagitwA CCA' TGT AATAGGTAAATGTTCCTTICCAT "CAATCATTGTGGGTAT 'CCTAGACCA
2132_russellKY CC TGTTATATAA A TCCTTTCCAT 'TAGCGATTGTATGGCCAATCAT A’ 'GCCCTAGACCA
2133_montana CCATATGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTG TATGGCCAATCA' ATA TGCCCTAGACCA
2134_cumberlandTy CC CTGTTATATAA TAAATGTTCCTTTCCATTATGAATAGCOGATTGTATGGCCAATCATTGTGGG TATAATGGTAGATGCCCTAGACCA
2135_franklinNC CC TGTTATATAA A TCCTTTCCATTATGAATA( T 'CAATCAT AT 'CCTAGACCA
2137_colorado CC ‘CTGT A TTCCTTTCCAT ATA CAATCATTGTGGGTATAATGGTGGATGCCCTAGACCA
2139_luteum TCATAGAAGATGT A A TCCTTTCCAT CAATCATTGTOGGTATAATGGTAGATGCCCTAGACCA
2141_jonesMs CC. ‘CTGT "AAA’ AAN’ ﬁANMTAmmAWMmmTATMmAGAmAGACCA
2290_nivalePa_l CCATACGATCTGT A A TCCTTTCCAT CAATC ‘AT 'CCTAGACCA
2319_rivale CCATACGATCTGT A TTCCTTTCCATT TG 'CAATC “CCTAGACCA
2330_nivalePA_2 CCATACGATCTGT A TTCCTTTCCAT .unmcummmnummamcmmmcu
2331_ baeisC CC. “CTGT "AAA’ 'AAATGTTCCTTTCCATTATGAATAGCGATT "CAATCAT “CCTAGACCA
albidumT_DQ404232 CC ATCTGTTATATAA mﬂAmfAmmAmmmAmmmunmmamccﬂmmca
camschatcenseT_DQ404231 CCATAAGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGAT CAATCAT CCTAGACCA
cernuusT_DQ404227 CCATAAGATCTGTTATATAA TTCCTTTCCAT TGTA’ CAATCAT “CCTAGACCA
cuneatumT_DQ404233 ‘TCATAGAAGATGTTATATAAATAGGTAAA' ATTATGAATAGCGATT “CAATC CCTAGACCA

erectumT_DQ404230

grandi florumT_DQ404229

luteumT_DQ404234
ovatumT_DQ404228
sessile_T_DQ00620

tschonoskiiT_DQ404235

O_Pst._rivale
734_barryMo
735_lincolnTN
736_whitfieldGA
740_graysonVAa
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
750_freemani i
778_caddoLA
779_washingtonOR
780_escambiaAL
782_jamesCityVa
783_graysonVA
784_undulatum
785_rockinghamVa
789_nivale
790_missiesippi
791 _jontgomeryAR
793_1imestoneAL
794_smithTx
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersinkAL
808_catesbaeiGA
810_viridescens
811_worcesterMD
812_grandiflorum
816_aikensC
817_cumberlandTN
2105_viridescens
2106_dorc rSC
2107_persist ens
2108_wakeNC
2109_williamsii
2110_penderNC
2111_recurvatum
2112_caseyKY
2113_lancifolium
2114_nashNC
2115_clayNC
2116_hibbersonii
2117_oettingeri
2119_bumboldtCA
2120_skagitWA
2132_russellKy
2133_montana
2134_cumberlandTN
2135_franklinNC
2137_colorado
2139_luteum
2141_jonesMs
2290_nivalePA_1l
2319_rivale
2330_pivalePA_2
2331_catesbaeisc
albiduwT_DQ404232

camschatcenseT_DQ404231

cernuunT_DQ404227

cuneatumT_DQ404233

erectumT_DQ404230

grandiflorumT_DQ404229

luteumT_DQ404234
ovatumT_DQ404228
sessile_T_DQ00620

tschonoskiiT_DQ404235

0_Pst._rivale
734_barry™M0
735_lincolnTN
736_whitfieldGa
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2

AGTTACTATAATTTCTT I'CTCCTCCCTCATGTTGAGTTTTTCAA’
AGTTACTATAATTTCT Y TCTCCTCCCTCATG TTGAGT TTTTCAATTTTTCCOGATAAATGATTAGCTACAAAAGGATTATTTTTT -AG‘IC‘I'I‘AG‘I’G AACG

CCATAAGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGGTATAATGGTGGATGCCCTAGACCA
ccmnmvrrnmmncc’rmmcxﬂnmunm "CAATCATTG “CCTAGACCA

TCAT! TCCTTTCCAT TGT “CAATCATTGTGGGTATAATGGTAGATGCCCTAGACCA
CCATATAATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGCGATTGTATGGCCAATCATTGTGGG TATAATGGTAGATGCCCTAGACCA
CCATAGAAGCTGTTATATAAATAGGTAAATG TTCCTTTCCATTATGAATAGC CAATCAT 'ATAAT 'GCCCTAGACCA
CCATAAGATCTGTTATATAAATAGGTAAATGTTCCTTTCCATTATGAATAGC! 'CAATCAT ATAN’ TGCCCTAGACCA

AGTTACTATAATTTCTTT'CTCCTCCCTCATGTTGAGTTTTTCAATTTTTCCCAATAAATGATTAGCTACAAAAGGATTTY TT TTT -AGTG- - = = = ~AACG
AGTTACTATARTTTCTTTCTCC T TCCTCATG TTGAG T T T T TCCAT T T TTCCCGATARATGA T TAGC TACARAAGGATT T T T T T T T-AGTG=

AGTTACTATAATTTCTTTCTCCTTCCTCATGTTGAGTTTTTCCATTTTTOCCGATAA CTACAAA TTTTTTTT-AGTG-

AGTTACTATAATTICT T TCTCCTTCCTCATG TTGAGTTTTTCCATTTTTCC A T TACAAA. TTTTTTTT-AGTG
AGTTACTATAATTTCTTTCTCCTCCCTCATGTTGAGTTTTTCAATTTTTCCCGATAAATGATTAGCTACAAAAGGATTATTTTTT- Acm'rl\mmc
AGTTACTATART T TC T T TC TCC ICCC TCA TG T TGAG T T T T TC AR T T T T TCCCGATAAA TGATTAGC TACAAAAGGAT TTTTT 1 1 T-CG TG TTAGTGAACG

AGTTACTATAATTTCTTTCTCCTCCCTCATG TTGAGTTTTTCAATTTTTCCCGAT! CTACAAA TTTTTTTIT-CGTGTTAGTGAACG
AGTTACTATAATTICTTTCTCCTCCCTCATGTTGAGTTTTTCAATTTTTCC A CTACAAA TTTTTIIT-CGTGTT! ACG
AGTTACTATAATTTCT T TCTCCTCCCTCATG T TRAGT T TTCAATTTTTCCCRATAAATGATTAGCTACAAAAGGATTATTTTTT-AGTGTTAGTGAACG
AGTTACTATAATTTCT T TCTCCTTCCTCATG TTGAGTTTTTCCATTTTTCCCAATAAATGATTAGCTACAAAAGGATTTTTT T T T- AGTG -~ AACG
AGTTACTATAATTTCT T TCTCCTCCCTCATG TTGAGTTTTTICCATTTTTCCCOATAAATGATTAGCTACAAAAGGATTTTTTTIT-AGTG
AGTTACTAGAATTTCTTTCTCCTCCCTCATGTTGAGT TTTTCCATTTTTCCCOATAAATGATTAGCTACAAAAGGATTTTTTTIT-AGTG
AGTTACTATAATTTCTTTCTCCTTCCTCATG TTGAGTTTTTCCATTTTTCCCOATAAATGATTAGCTACAAAAGGATTTT T T TT-AGTG:
AGTTACTATAATTTCT TTCTCCTTCCTCATGTTGAGTTTTTCCATTTTTCCCOATAAATGATTAGCTACAAAAGGATT TTTTTTT -AGTG
AMAGATMMMAWMMMGATWNA”MMM AGTG-
AGTTACTATAATTTCT TTCTCCTTCCTCATGTTGAGT TTTTCCATTTTTOCC TTTTITTTT-AGTG
mhﬂnmmcmnwmumumcurmmnmcncmwm AGTG-
AGTTACTATAAT TTCTTTCTCCTTCCTCATGTTGAGTTTTTCCATTTTTCCCGATAA CTACAA TTTITTIIT-AGTG:
TGTTGAGTTTTTCOCA

AGTTACTATAATTTCT T ICTCCTTCCTCATG TTGAGTTTTTCCATTTTTCCCGATAAN' ICTACAAA TTITTITT-AGTG
AGTTACTATAATTTCTTIC TGTTGAGTTTTTCCATTTTTCCCAATAA TACAA TTTTTTTT-AGTG-
AGTTACTATAATTTCTTICTCCTCCCTCATG TTGAGTTTTTCCATTTTTCCCGATAA ICTACAAA TTTTTTIT-AGTG--~~--~,
RGTTACTATART TTC T T CTCC TCCCTCATG TTGAGTT TTTCCAT T T T TCCC TTAGCT TITTTTTIT
AGTTACTATAATTI'CTTT! ATGTTGASTTT I TCCATTTTTCCC A TACAA TTTTTTTT-AGTG-----~
AGTTACTATAATTTCT T TC TCCTCCCTCATC TTGAG T T TTTCCATTTTTCCC TAC TTTTTTTT=AGTG=~~

AGTTACTAGAATTTCTTTCICCCCCCTCATG TTGAGT T TT TCCATTT T TCCCAATAAATGATTAGCTACAAAAGGATTTITT I T T -AGTG -
AGTTACTATAATTTCTTTCTCCTTCOCCATGTTGAGTTTTTCTATTTTTCCCAATAA TACAA TTTTTTTT-AGTG-
AGTTACTATAATTTCTTTCTCCTTCCTCATGTTGAGTTTTTCCATTTTTCCC A TACAAA TTTTTTTIT-AGTG
AGTTACTATAATTTCT T TCTCCTCCCTCATG TTGAGT TTT TCAATTTTTCCCGATAAATGATTAGCTACAAAAAGATTT T TTT T T - AGTGTTAGTGAACG
AGTTACTATAATTTCTTTCTCCTTCCTCATG TTGAGTTTTTCCATTTTTCCCAATAAATGATTAGCTACAAAAGGATTTTTT I IT -AGTG

AGTTACTATAATTTCTTTCTCCTTCCTCATG TTGAGTTTTTCCATTTTTCCCGATAAATGATTAGCTACAAAMGGATTTITTT IT- AGTG
AGTTACTATAATTICT TTCTCCTCCCTCATGTTGAGTTTTTCAATTTTTCCCGATAAATGATTAGCTACAAAAGGATTT T TTT T T-. Am’l'AG‘I'GMCG
AGTTACTATAATTTCTTTCT'CCT ICCTCATG TTGAGTTTTTCCATTTTTCCCAATAAATGATTAGCTACAAAAGGATT T TTT I TT -

AGTTACTATART T TC I T IC TCCTCCCTCATG TTGAGT T T TCAR T T T TTCCCGATARR TGATTAGC TACARAAGGATTT T IT T T T=AGTGTT.

mhﬂATMWMAmAMﬂmCGATWNAHMAmm -AGTG------ AACG
AGTTACTATAATTTCTTTCTCCTCCCTCATG TTGAGTTTTTCAATTTTTUCX TACAAA TTTTTTTT-AGTGTTAGTGAACG
AGTTACTATAATTTICTTTC xccrmmammumrmmnmncmmm AGTG--
AGTTACTATAATTTCT T TCTCCTTCCTCATG TTGAGT TTT ICCATTTTTCCCGATAAATGATTAGCTACAAAAGGATT TTTTTTT-AGTG~
AmAﬂATMWMAWMAmTWNAﬂAmACmm ~AGTG-
AGTTACTATAATTTCTTTCTCCTCCCTCATGTTGAGTTTTTCCATT Y TTTCK TACAAA TITTTTTT-AGTG-
AGTTACTATAATTTCT T TCTCCTCCCTCATG TTGAGTTTTTCCATTTTTCCCGATAAATGATTAGCTACAAAAGGATTTTTTTTT - AGTG -~
AGTTACTATAATTTCTTTCTCCTCCCTCATGTTGA( ATTTTTCCCGATAA TACAAA TITTTTTT-AGTG

AGTTACTATAATTICTTTCTCCTCCCTCATG TTGAGTTTTTCCATTTTTCCC A TACAA GTG
AGTTACTATAATTTCTTIC TCCTTCCTCATG TTGAGTT TTTCCATTTTTOCCGATAAATGATTAGCTACAAAAGGATTT T TTTTT-AGTG == = = = =
AGTTACTATART T TCT TTCTCCTCCCTCATG T TGAG T T TTTCCATT T T TCCCGA TARA TG AT TAGC TACARARGGATTT T T T T T T=AGTG ==

AGTTACTATAATTTCT T TCTCCTCCCTCATG TTGAGTTTTTCCATTTTTCCCGATAAATGATTAGCTACAAAAGGATTTT TTTTT -AGTG - -
AGTTACTATAATTTCT T TCTCCTCCCTCATG TTGAGTTTTTCAATTTTTICCC AATGAT TACAA TATTTTTT-AGTGTT
TTTTITTTT-AGTG--

AGTTACTATAATTTICTTTC ICCTCCCTCATG TTGAGTTTTTCAATTTTTCCCAATAAATGATTAGCTACAAAAGGATTT T TTTTT-AGTG - -

TTTTTCOCAATAAATGATTAGCTACAAAAGGATTTTTTTTT-AGTG

TGTCACAGTCACAGCOGGATTACTCCTTTTTTTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCGA
TGTCACAGTCACAGCGGATTACTCCTTTTTTTACATTTTTCAAA

TGTCACAGTCACAGCGGATTACTCCTTTTT TTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCGA - -
TGTCACAG=="====CGGATTACTCCTTT T T T TACATT T T TCARA T TGGCATTC TATG TCCAATATC TCGA=

AMACPATM’H‘WM’CCNCCTCAWMﬁTﬂ'CCCMTMANAHAOCK‘ACAMAGGA’Tﬂ'ﬂ'm AGTG-====~~, AACG
AGTTACTAGART TTC T T TCTCCCCCCTCATG T TGAG TT T TTCCATT T TTCCC TTTTTTIT AACG
AGTTACTATAATTICTI ICTCCTCCCTCATG TTGAGTTTTTCAATTTTTCCOGATAAATGAT TACAA TATTTTTT-AGTGTT! ACG
AGTTACTATAGT TTCTCTCTCCTCCCTCATG TTGAG T T TT TCCATTTTTCCCGATAAATGATTAGCTACAAAAGGATTT T TTTTT-AGTG - = = = = -, AACG
AGTTACTATAATTTCT TTCTCCTCCCTCATGTTGAGTTTT ICAATTTTTCC \TAA L TACAAA TITTTTTT-AGTGTTAGTGAACG
AGTTACTATAATTTCTTTCTCUTCCCTCATG T TGASTITT RCAATTTTTCCCAATAA TACAAA TTTTITTIIT-AGTG= == - - -, -AACG
TGTCACAG-=-~= == CGGATTACTCCTTTTTT TACATTTTTCAAATTOGCATTCTATGCCCAATATCTCRA - -

TTCTATGTCCAATATCTCGA- -

~TTTAAGTATGTAAGTATGAAGGT
==TTTAAGTATGTAAGTATGAAGGT
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2319_rivale
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albidumr_DQ404232

camschatcenesT_DQ404231

cernuua_pQ404227

cuneatumT_DQ404233

srectumT_DQ404230

grandiflorusT_DQ404229
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O0_Pst._rivale
734_barryMo
735_1incolnT™
7)6_whitfieldGA
740_graysonVA
746_maculatum
747_louisianal
748_louisiana2
749_louisianal
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779_washingtonOR
aAL

TGTCACAGTCACAGCGRATTACTCCTTTTTTTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCGA.
T CACAGTCACAGCOGA TTACTCCTT T T T T TACAT T T T TCARA TTGGCATTC TATG TCCARTATC TCGA=

TGTCACAGTCACAGCGGATTACTUCTTTITTTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCOGA -

=CGGATTACTCCT TTTTTTACATTTTTCAAATTOGCATTCTATUTCCAATATCTOGA -

== COGATTACTCC I TS I T TGACAT TT T TCARAT TGUCAT TC TATG TCCAATATCTCGA=
=CGGATTACTCCTTTTTTTACATTTTTCAAA TTOGCATTCTATGTCCAATATCTCGA -
=COGATTACTCCTTT T T TGACAT TT T TCARAT TOGCATTCTATG TCCAATATCTCGA=

==CGGATTACTCCTTTTT I TACATTTTTCAATTGGCATTCTATGTCCAATATCTCGA -
TGTCACAGTCACAGCGEATTACTCCT I T TTTTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCGA:
TP ACAT TEACAGCOGATTACTCCT T T T T TTACAT T T T TCARATTGOCATTC TATGTCCAATATCTCGA=
TUTCACAGTCACAGCGGATTACTCCTTTTTTTACATTTTTCAAATTGGCATTCTATGTCCAATATCTCOGA:
TGTCACAT CGUATTACTCCTTTTTT TACAT I T T TCAAATTGGCATTC TCGRA==-~=~==TT AGGT

‘TGTCACAGTCACAGCGGATTACTCC 'ACATTTTTCAMTTOGCATTCTATGTCCAATATCTCGA-

TOTCACAS======COGATTACTCCT TT T T T TACAT T T TTCARATTOGCATTCTATG TCCAATATCTCGA= - -
TGTCACAGTCACAGCOGATTACTCCTTTTTTTACATTTTTCAAATTOGCATTCTATITCCAATATCTCGATTCTCGATTTAAGT. -AAGGT
TGTCACAGTCACAGCGGATTACTCCTTTTTT FACATTTTTCAMTTOGCATTCTATG TCCAATATCTCGA - - =
TOTCACAG======COGATTACTCCTTTT T TTACAT T T T TCARAT TOOCATTC TATUTCCARTATCTCRR =

TGTCACAG====~~! CGGATTACTCCTTTTT TTACAT T T T TCARAT TOGCATTCTATGTC
TGTCACA(
TGTCACAG -~ ===~ CGGATTACTCCTTTTT I TACATTTTTCAMTTGGCATTCTATGTCCA TC

TGTCACAGTCACAGCGGATTACTCCT T TTT T TACATTTTTCAAATTGGCATTCTATGTCCAATATCTCGA - -

Wmmnm
TGTCACAGTCACAGCGGATTACTCCTTTTTTTACATTTTTCAMTTGGCATTCTATGTCCAATATCTCGA -
wmmmmmm

TGTCACAG- - - - - ~COGATTACTCCTTTTTTGACATTTTTCAM TTOGCATTCTATGTCCAATATCTCGA - - - = = = ~TTTAAGTA'
TGTCACAGTCACAGCGGATTACTCCTTTTTTTACATTTTTCAAMTTOGCATTCTATGTC CAATATCTCOA -
TGTCACAG======CGGATTACTCCTTTTTTGACATTTTTCAAMTTOGCATTCTATGTCCAATATCTCGA -

ATGGAAAAAGAAAAAA GAGAAAATCCTTTAGCTAGAT - - -CTAGATAAGG-0001000--1101101120100
AAAAGAAAAAAA "CTTTAGCTAGA TAAGG-7001020--1101101100100
TCCTTTAGCTAGA- =~ ~~=-=-==TAAGG-7001020--1101101100100
“CTTTAGC -=-TAAGG-0021020--1101101001100
PAADC~0101030—=1101101100100

~==TA 1000--11011011-----
~TAAGGN0011000--110110110410-
-=-=TAAGGN0011000--110110110410-
TAA??N0011000--110110110410-
===TAAGGN0011000--11011111---~~
~TAAGG-0021010--1101101001100
-==TAAGG-0001000--1101161100100

AAGAATAAATACAATAATGATGAAT,
AAGAATAAATACAATA

AAGAATAAATACA

782_jamesCityVA
783_graysonVA
784_undulatum
785_rockinghamVa

‘TAAGG-0001020--1101101100100
~TAAGG-0101020--1101101100100
-TAAGG-0101020--1101101100100
TAAGG-0001000--1101101000100
~TAAGG-0101020--1101101100100

AAGAATAAATACAATA
AAGAATAAATACAA'
AAGAATAAATACAATAA
AAGAATAAATACAATAATGATGAATGAAAAAAGAAAAAAA - = =GAGAAAN’

789_nivale AAGAATAAATACAATA. ATGGAAAAAGAAAAAA ~TAAGG-0001000-=10-====== 0100
790_miesissippi -TAAGG-0001020--1101101100100
791_montgomeryAR =TAAGG-0001020--1101101100100
793_1imest oneAL ‘TAAGG-0001020--1101101100100
794_smi thTX -TAAGG-0021010--1101101001100
796_hibbersonii ~TAAGG-0011000--1101101000100
799_ovatum AAGAATAAATACAATAATGATGAN' -TAAGG-0001000--1101101100100
800_hibbersonii AAGAATAAATACAATA =TA 0011000--1101101000100
801_ovatum AAGAATAAATACAATAATGATGAATGGAAAA A -TAAGG-0001000--1101101100100
802_ AAGAATAAATACAA’ AAAAGAAAAAA TAAGGN0011000--11011011-----
806_pe! AAGAATAAATACAATA ATGGAAAAAGAAAAA ~TAAGG-0001020--1101101100100
807, AAGAATAAATACAATAA GAAAAAA TA 0001020--1101101100100

808_catesbaeiGA
810_viridescens
811_worcesterMD
812_grandi florum
816_aikenSC
817_cumberlandT™
2105_virid
2106_dorc
2107_persistens
2108_wakeNC
2109_williamsii
2110_penderNC
2111_rscurvatum
2112_caseyKY
2113_1ancifolium
2114_nashNC
2115_clay®C

-TAAGG-7001020--1101101100100
TAAGGN0011000--110110110410-
-TAAGG-0101020--1101101100100
TAAGG-?002---111101001000100
=TAAGG-1021020--1101101001100
-TAAGG-0001020--1101101100100
-TAA??N0011000--110110110410-
TAAGG-0021020--1101101001100
-TAAGG-0001020--1101101110100
-TAAGG-0101020--1101101100100
-TAAGGN0011000--110110110410-
-TAAGG-0021020--1101101001100

AAGAATAAATACAATAATGATGAATGGAAAAAGAAAAAA
AAGAATAAATACAATAATGATGAATAGAAAAAGAAAAAA

AAGA AATA ATGAAAAAAGAAAAAAA AGAAAA

AAGAATAAATACAATA AAAAGAAAAAA .GAGAAAATCCTTTAGCT!

AAGAATAAATACAATAATGATGAATGGAAAAAGAAAAAAAAA - GAGAAAATCCTTTAGCTAGA

AAGAATAAATACAATAA'

AAGAATAAATACAATA

GAGAAAATCCTTTAGC TA 11000--110110110410-
AAGAATAAATACAATA AGAAMATCCTTTAGCTAGA - = = = = = = = = TAAGG-0001020--1101101100100
AAGAATAAATACAATAA' GA: --§0011000--110110110410-
MGMTAMTACMTMNAMNMMMBM ~=GAGAAAATCCTTTAGCTAGA! TAAGG-0101020--1101101100100

AAGAATAAATACAA

AA AATCCTTTAGCTAGA: -TAAGG-0001020--1101101100100
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2116_hibbersonii
2117_oettingeri
2119_humboldtCA
2120_skagitwa
2132_russsllKy
2133_msontana
2134_cumberlana™
2135_frankl inNC
2137_colorado
2139_luteum
2141_jonesMS
2290_nivalePA_1
2319_rivale

AAGAATAAATACAATA, ATGGAAAAAGAAAAAA GAGAAAATOCTTTAGCTAGA- --TAAGG-0011000--1101101000100
MGMTMATACMTM‘N“M‘F‘"“““’“““ "CTTTAGCTAGA TAMGG-0001000--1101101100100
AACIATA TTTAGCTAGA- - TAAGG--001000--1101101100100
AAGAATAAATACAATA ATGG. GAAAA TTTAGC it TANGG-0001000--1101101100100

PAA2~0001020221101101100100

--TAAGG-0001000--1101101100100
-=-TAAGG-0001020--1101101100100

00010203 Py

AAGAATAAATACAATAATGATGAATOGAAAAAGAAAAAA - - - -GAGAAAATCCTTTAGCTAGA -

AAGAATAAATACAATAATOATGAATGAAAAANGAAAAAAA- - -GAGAAAATCCTTTAGCTAGA- -
CAATAMT:

AAGAATAAATACAATAN TG GAGAAAATCCTTTAGCTAGA:

AAGAATAAATACAATAATGATGAATATAAAAAGAAAAAA - - - ~GAGAAAATCCTTTAGC
AGAATAMTACAAT, ATGAMMAMAGAMAAMN-——GAG:

AAGAATAAATACAATAATGATGAATOGAAAAAGAAAAAA - - - -GAGAAAATCCTTTAGCTAGA - -

CTTTAGCTAGAT=="C
ATCCAAMAACIAAAAA 3.

AAGAAMAAA

TAAGG-0001000--1101101100100
TmOOllOOO--llOllOll -----

0G~0001020-=1101101100100
--TAAGG-0001000--1101101000100

TT0TI0TT20100
0001000-=1101101000100

2330_nivalePA_2 ARGAATAAATACAAT;

2331 Tac AACAATAMAT: T, ATOGANA T 020—1101101100103
albidumT_DQ404232 AAGAATAAATACAATA ATAGAAA A-- AGAAAATACTTTAGCTAGA = === = === = TAAGGN0011000--110110110410-
camschatcenseT_DQ404231 = QAR TCCTTTAGCTAGATTAGCTAGATAXGG =002 TU0==TTUTT0TO0UTO0
cernuumT_DQ404227 =G

cuneatumT_DQ404233 AACAATAAATACAAT ATATAAAAACAAAAA GAGA 1000211011011
erectumT_DQ404230 “CTTTACCTAGAT *
grandiflorum™_DQe04229 AAGAATAAATACAATA AACAMAAR TANGG—0002—m1 31101001 000100
luteumT_DQ404234 SAATANATACIATA ATATANX A N 1000-=21111011
ovatumT_DQ404228 AAGAATAAATACAATAATGATGAATGGAAAAAGAAAAAA- - - ~GAGAAAATCCTTTAGCTAGA =TAAGG-0001000--1101101100100

sessile_T_DQ00620

tschonoskiiT_DQ404235

O_Pst._rivale
734_barryMo
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746_maculatum
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749_louisianal
750_freemanii
778_caddoLA
779_washingtonOR
780_escambiaAL
782_jamesCityVa
783_graysonVa
784_undulatum
785_rockinghamVa
789_nival
790_mississippi
791_montgomeryAR
793_limestoneAL
794_smithTX
796_hibbersonii
799_ovatum
800_hibbersonii
801_ovatum
802_cuneatum
806_persistens
807_nippersiniaL
808_catesbaeiGa
810_viridescens
811_worcesterMD
812_grandi florum
816_aikensC
817_cumberlandTn
2105_viridescens
2106_dorcestersC
2107 _persistens
2108_wakeNC
2109_williamsii
2110_penderNC
2111_recurvatum
2112_caseyRY
2113_lancifolium
2114_nashNC
2115_claywc
2116_hibbersonii
2117_oettingeri
2119_humboldtCA
2120_skagitWwa
2132_russsllKY
2133_montana
2134_cumberlandTN
2135_franklinNC
2137_colorado
2139_luteum
2141_jonesMS
2290_nivalePA_1
2319_rivale
2330_nivalePA_2
2331_catesbaeisC
albidunmT_DQ404232

camschatcenseT_DQ404231

cernuumT_DQ404227
cuneatumT_DQ404233
erectumT_DQ404230

grandiflorumT_DQ404229

luteumT_DQ404234
ovatumT_DQ404228
8ile_T_DQ00620

tschonoskiiT_DQ404235

]
End;

-=TAAGGN0011000--110110110410-
ZIT00==1T01I101000100

AAGAATAAATACAATAATGATGAATAGAAAAAGAAAAA A - == =GAGAAAATCCTTTAGCTAGA - -
CTTTAGCTAGAT

0010010100100010-000010001
1010010000101010-000110010
1010110000101010-000110010
0000010000101010-000111030
1010010000101010-000110010
------- --10----01001010000

--------- 10----01001010000
0010010000101010-000111040
0010010000101010-000010000
0010010000100010-000110000
1010010000101010-000110010
1010010000101010-000110010
0010010000100010-000010000
1010011000101010-000110010
0010010000100110-000010000
1010010000101010-000110010
1010010000101010-000110010
1010110000101010-000110010
0010010000101010-000111040
0010010000101010-000010000
0010010000101010-000010000
0010010000101010-000010000
0010010000101010-000010000
--------- 10----01001010000
0010010000100010-000110000
0010010000100010-000110000
0010010000100010-000110000
00100032110----01001010100
1010010000101010-000110010
0010010000100010-000010000
0010010000101000-000111030
1010110000101010-000110010
00100032110----01001010100
0011011000101010-000111030
0010010000100010-000110000
1010010000101010-000110010
00100132110----01001010000
0011011000101010-000111030
00100132110----01001010000
1010010000101010-000110010
00100132110----0100101000?
1010010000101010-000110010
1010010000101010-000110010
0010010000101010-000010000
0010010000101010-000010000
0010010000101010-000010000
0010010000101010-000010000
1010010000101010-000110010
0010010000101010-000010000
1010110000101010-000110010
------------- 110-000110000
0010010000101010-000010000
--------- 10-~--01001010000
1010010000101010-000110010
0010010000100110-000010000
0010010100100010-000010001
0010010000100110-000010000
0010010000100010-000110000
00100100110----00001010000
0010010000110010-100010001
0010010000110010-100010001
---10----01801010000
0010010000110010-100010001
0010010000100010-000010000
+=======-10----01001010000
0010010000101010-000010000
00100032110----01001010000
0010010000110010-100010001




#NEXUS

[ combo data get

§

Begin data;
Dimensions ntax=45 nchar=4077;
Format datatype=dna interleave symbols="01234° gap=-;
Matrix
Pst._rivale 2P RNINYL t tg-tcgattct tgeagc
734_T. actcgt- - tecgt
735_T.alabamicum tcattgt -gaetgaa-t tet gagg tgaagc
736_T.georgianum - - tcatcctgaage
7‘6_‘[.":“1.:“- aacct cat tgtgaactcget - - tegt
747_1louisianal cat actcgt
748_louisiana2 cattgt t
749_louisianal actcgt tegt
750_£: i
778_¢ cnddou cgt tcgtcctgaage
TI9L onoRrR t gaag
780_ aAL t . e
782_jamesCityVa - agc
783 _gr. actcgt- =
784 _undulatum actcgt g
785_r i A ~ -t
789_nivale ]
790_p1ulu£w1 a -gaatgaa: teg!
91 YAR cattgt tt
793 ll—uonou. actcgt-gaatga gaag
794_smithTX a actcgt - tcctgaage
796_bibbersonii a t - {114
799_ovatum t tet tca
800_hibbersonii t t g
801_ovatum a,
act - -t cctgaage
act cgt - agce
acta. actcgt-gaatgaa-!
PRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRVNNIRRIRIR 2R P 2P 2?2 CLgot ~gaayy gay ct ttgt
811_worcesterMd tegt
812_grandi florum t
2106_ gt & gaagc
2107_persistens aa actcgt-gaatgaa-t agc
2135_franklinkC tacta actcgt - -t ] agce
albidumT 2222222222222t teg
camschatcenseT P22 20222722 gtg
cuneatumT rP27227222222222 227t cgagat. ttg
erectuaT 22722222222222222277¢ gagggttcg agc
grandiflorusr P22 22222222
luteuaT rRRPRRRRRRRRRRRPRR? teeg
ovatumT 2222222222222 2222t actcgt
rivalePst 22722222222222222722 actcge-t tg- ggagggttcg
rugeliiuumr PR RRRRRRRRD
cattgt tcgt gtggaggg g
tschonoskiiT P22 222222 222¢C actcgt aat
Pst._rivale caa-tgeccc-tge--cec-tt t ttcga
734_T.ozarkanum caaa c--cce-tt-
735 i -
736_T.georgianum caaatgcccc-tgc--ccc-tt-gagt
746_T.maculatum caa-tgcccc-tg £
747_louisianal g tg t
748_louisiana2 caa-tgcccc-tg tt-
749_louisianal caa-tgccce-tg t
750_freemanii caa-tgcccc-tgc--ccc-tt
776_caddoLA tgc--cce-tt-
779_washingtonOR caa-tgcccc-tg te
780_¢ aAL ca tgc te
782_jamesCityVA ca F=cCcT e
_gray ca, --ccc-tt-
784_undulatum caa-cg tg ts
7.5_rnrh| ca tet
789_nivale g te-
790_mie L=
91 --ccc-tt-gg -
793_14 (-
794_smithTX caaatgcccc-tge--ccc-tt=
796_hibbersonii C=tt= a -tgct
799_ovatum cce-te-
800_hibbersonii te t
801_ovatum t
€= g
cce-tt- -cgcta
tg te-
caa, --ccc-tt-gr
c--ccc-tt-
812 qnndiflom -tgccecc-tgt--cce-tt
2106_dorcesterSC caaatgcccc-tgc--ccc-tt-
2107_persistens -tg C-tC~: aacaa
2135_franklinNC caa tg te-
albidunT caa-tgccce-tg te-
camachatcenseT tgccte-tg te
cuneatumT c g tg te-
erectumT [ tgccce-tg te-
grandi florumsr taa-tgcccc-tgt--ccc-tt-gtgt
luteumr cn-:qcccc-wc--ccc te-
ovatumT tgc t-gaat
rivalePst qcccc tgc--cce-tt g tt
rugeliivumT gc--ccc-tt-gagt
sessileT g tg te- g
tschonoskiiT tgcctc-tge--ccc-tt- t t
Pst._rivale catt- atgett teeat ta
134T acgtga tcatt- gtcc---tatatt aattttat ta
735_T.alabamicum & -tatatttcgcagagta. tuuwuc:ctcgccncqmu
736_T.georgianum -g 99 teee
746_T.maculatum 5 tee ta
747_louisianal catt- cc- -:ltqr.ucqcnqaqul::ttu:quctc:cwcuucqqnu
7“_10“‘.1.‘.2 t-ggct aattttatga
749_1louisianal tcatt-ggc = -r.‘:qr.l:thcuqlg:llttt:ltnlctctcﬂcllcﬂltl
750_£x i1 acgtga tgtcatt-ggct aattttatgactctcggcaacggata
778_caddoLA acgtga - ---nn:tthcnnuuu:ltqnc:cthocuacwnu
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779 _washingtonOR t gtcatt cc---tatgttttgcatagtaattttat,
780_ iaAL acgtga. t- ---tatattt
782_jamesCityVa t g acgtga gt cc---tatatt ttt
783_graysonVA tcaaggaacgagtacgtgaat, gtcatt- ---tatatt aattet ta
784_undulatum t = ---tatg atttt
85_1 i tcatt. tee- ttatgact a
789_nivale & at - aattte a
790_mississippi t gtcatt. ggtcc- tttatgactct a
791, YAR t at tcatt - - aatttt
793_14 L t ce- t. a
794_smithTX t tcatt cc- aattttatgact
796_hibbersonii tcaaggaatgagtacgtgaatgtgg gtcatt: cc- aatttt
799_ovatum t at tcat cc-: atttt
800_hibbersonii tcaaggaatgagtacgtgaatgtgg-cccattgtcatt- tce- tt!
801_ovatum tcatt cc- t
806_persistens t acgtgaat - gtcatt-ggctgatgcagtggtcc- ttratgactct gata
807_catesbaeiAL t at -
808_ 1 tcatt: t ta
810_viri tcatt- atttt
811_worcester® tcatt- - teee a
812_grandiflorum t acgtgaat - gtcatt-ggctgatgcagtgggct - ttteatgactct a
2106_dorcesterscC t acgtgaat gtcatt-ggctgatgcagtggtcc- aattttatgactct a
2107_persistens t tcatt - cc---tat tee ta
2135_franklinNC ¢t at tcatt - ---tatattt ttttatgact a
albiguar tcatt - aatttt gata
h t = t
t tcatt- aatttt
ersctumr t g t tcatt- aatttt
grandi florumr t acgtga tcatt- atttt
t tcatt- g
ovatumT t tcc---tatgttttgcatagtaattttatgactctcggcaacggata
rivalePst t -gcc! aatttt gata
rugelijiuunr t at gtcatt- -t aatttt a
sessileT t acgtgaat gtcatt-ggctgatgcagtggtcc---tatgtet ttttatgactct a
iir acgtgaat. - cc---tatgtt aatttt ta
Pst._rivale tet at acttgatgtga. catcgagtt t
734_T.ozarkanum tcttggc atcgat tt t
735_T.alabamicum tcttggc at at tet
736_T.georgianum tcttggctcccgta teee
746_T.maculatum - tct at at teee
747_louisianal
748_louisians2 at
749_louisianal tett at tt
750_fr ii tc atcgat et
778_caddoLA tc atcgat 2 ttt
L i OR (113
80_ aAL tet t Tt .
782_jamesCityva tctt at tte
783_graysonVA atcgat t ga (4
784_undulatum tet
785_rock g atcatcgagtttttgaacgcaagttgegece
7’9_!1“(.1. tectt at gcgat a teee
790_mi ippi tettgy tee
791_montgomeryAR tcttg: t tee
793_14 L teeet
794 _amithTx t ttt
796_hibbersonii tct t (313
799 _ovatum tcteg ttee
800_hibbersonii - tct tt
801 _ovatum ttet
806_persistens t
807_¢ iAL tcttgge & tgcgatacttga tee
808_ iGA tctt atcgat
810_viri tett at act teeee. t
811_worcesterMD tct t act teee
812_grandiflorum tct act att atcat tt
zlos_dgr ersc tcttgge! atcgat acttga t cgagtttt
2107_persistens act teee
2135_frankliaNc (113
albidumr tecttg act teeet
h /5 teee
cuneatumr t tteet
erectumnT tetegy atcgat att etet
grandi f1orumr tect at ttga tgcagaatcccgtgaatcatcgagtttttgaacgcaagttgcgece
luteumT tcttggcetecegtatcgat gcgatacttgatgtgaatt atcatcgagttttt t
ovatumT tcttggctcccgtatcgatgaagaacgtagcgaaatgcgatacttgatgtgaate cccgtgaatcatcgagtttet t
rivalePst t tttt
rugelijuumr at t
sessileT tcttggctcccgtatcgatgaagaacgtagcgaaatgegatacttgatgtgaattgcagaatcecgtgaatcatcgagtttttgaacgcaagttgegeece
tschonoskiiT tettg e
Pst._rivale tce -----aagtgttggcatggatgcggag
734_T. tg tgt
735_T.alabamicum
736_T.georgianum gt
746_T.maculatum t
747_louisianal tgt
748_louisiana2 gatgccat gcctgggegtcacgtcttgegtegeteggt gggt gtt
749_louisianal  gatgccatt gcectgggegtcacgtettgegteget gtt
750_£r i1 gt gatgcggag
778_caddoLA Q
779 R
700_ iaAL
782_jamesCityVva
783 A gatgccatt gcctgggegt tgcgtegeteggt gggt tgtt
784_undulatum gcg gag
789_nivale gcg {3 aattgt
ggcy! at
ggcg
t tgt
g
gcgtcatg gt gag
799 _ovatum 99
800_hibbersonii tcatgtct
801_ovatum gatgccatt gcctgggcgtcacgtettgegtegeteggt gcacatgt gtt
806_persistens
807_ baeiAl e
808_ baei gcg t tg



810_viri gtt
811 _worcesterMd (- tgcgtcget
812_grandiflorum tgegt act aattgt
2106_dorcestersc tgcgty
2107_persistens
2135_frankl inNC
albidumT cacgt
hat T tgegt
CuneatumT tgcgt
erectumT
grandiflorusT cga gt
luteumT 900 ot
ovatumT tgt
rivalePst
rugelijuusr t gtgt
sessileT =g
t iir €t gt ggag
Pst._rivale at gcee-tt 9g --gggat c
734_T.ozarkanum accc-tt gggat tC
735_T.alabamicum accc-tt -g gggat tc
736_T.georgianum at accc- gggat c
746_T.maculatum t--gggat c
747_louisianal -t t--gggat
748_louisiana2 - --gggat.
749_louisianal ac ttg t--gggat.
750_freemanii -t g --gggat
778_caddoLA at accc-t --gggat- c
779 washi ac -t gg gggat c
iaAL at acce-t --gggat
783 “jamescityva -tt --gggat.
783_gr -tt B --gggat ggat.
784_undulatum act = --gggct.
785_rocki =t gotggy! --gggat
789_nivale -t --gggat.
accc-tt g --gggat ggtgga
-tt - --gggat <
accc-tt - --gggat tc
a t 9 --gggat tc
796_hibbersonii -tt --ggggt. tt
799_ovatum -t 9 --gggat.
800_hibbersonii g --ggggt tt
801_ovatum gtgece-t 9 --gggat
806_persistens at accc-t ] --gggat c
807_catesbaeiAL at accc-t g --gggat c
808_ iGA at acce-t og --gggat.
810_viri 9 --gggat
811_worcesterMD acca-tt --g t--gggat
812_grandiflorum ac t t--gggat c
2106_dorcesterSC attgr accc-ttg 9 --gggat.
2107_persistens at accc- g --gggat c
2135_franklinNC attg accc-t t --gggat.
albidumT gtgcce-t --Wtﬂwﬂ:wnnu--qwu c
at oot --gggat c
= g --gggat.
erectunT attggect -t --gggat <
grandi f1oruam ttg --gggat 2
luteunT -t g --gggat
ovatumT -t --gggat: J
rivalePst at = --gggat c
rugeliiuumr tgcce-t --gggat c
sessileT gtgccc-ttg t--gggat c
t iir attggect --gggat
P.[._riv.l. gtggtctt--ctcctctaatggetcggag--===-=-- at tgcge--t t tatt. tacaatt
734_T.ozarkanum gtggtctc--gtcctct, --t acaatt
735_T.alabamicum - - t wu--thcntutovuﬂutu
736_T.georgianum g c--gtccte t t --tagcattatgg:
746_T.maculatum gtggtctc--gtcctct, > tgcc--tagcattatgga qur.ucaa--
747_louisianal gtggtct - t tt acaa--
748_louisiana2 e t tagggtt: gce-- atggaagaattacaa--
749_louisianal 4 'lthtvccc--tacncwco:twcc--tnccntutwuqu: =
750_freemanii gtggtctc--gtcctct t - tgee--t. ta -
778_caddoLA - t --tagcattatggaagaattacaatt
779_washingtonOR --gtcctct t - {3
780_escambiaAL gtggtctc-- ct. t tagcattatggaag
782_jemesCityva - t --tagcattatggaagaattacaatt
783_graysonVA gtggtctc--gtce --tagcat tacaatt
7!! undulatum gtggtctc--gecctc t .- tgcc--tagcattatggaagaattacaa--
78 A = tagggt gcc--tagcattatggaagaattacaatt
789_n1u e gtggtctc-- t t gcattatggaagaattacaatt
790_mi, ippi gtggtctc-- gcc--tagcattatgga:
791_montgomeryAR gtggtctC--gtcCtCtaaaggct????22222222222222222222222222222222222222222222222222727277atggaagaattac
793_limestoneAL ¢ c--gtcctct t tagggt --tagcattat
794_smithTX gtggtctc--gtcctctaa t t
796_hibbersonii gtggtctc--gtcctct. t
799_ovatum == aa gt t--t
800_hibbersonii gtggtctc--gtcctat (< tagggttgcge-- ttacaatt
801_ovatum gtggtcte-- agggttgcgt--tgcacgegttgec--tagcattatggaagaattacaatt
806_persistens --gtac tagcattatggaagaattacaatt
807_ eiAL = a t
808_catesbaeiGA gtggtctc--gtcctct. t
810_viri - - t tagggttgcgc--tgcacgegttgec--tagcattatggaagaattaca
811_worcesterMD -- tagggt --tagcattatggaagaattacaatt
812_grandiflorum gtggtctc-- gtagggttgcgc-- tgcc--ta tacaatt
2106_dorcestersC g = a, t
2107_persistens gtggtctc--gtactct t
2135_franklinNC --gtactct gtagggt
albidumT gtggtctc--gtectc tegt g t o
camschatcenseT gtggtctc--gtcctc! tagg - t
cuneatunT gtggtctc--gtectcet, t --tgcacgcgttgcc--tagcattatggaagaattacaa--
erectunT gtggtctc--g' t --tagcatt tacaatt
grandif lorunT -- t t nqqq:tchc- -tgcacgcgt r.qcc- tagcattatggaagaattac
luteum? gtggtctc--gtecte gtagggttgcg --tagcattatgg:
ovatunT gtggtcte-- t -nqqq:r.ch:--r.qcncchr.:qcc--tuqcn:utgq
rivalePst gtggtctt--ctcctctaatggetcggag------- t tgcge-- ttcctctagtattatggaagaattacaatt
rugeliiuumT gtggtctc--gtcctcet gtatggttgcgc--tgaacgcgttgcc--tagcattatggaagaattacaatt
sessileT gtggtctc--gttctct t tgcc--tagcattatggaagaattacaa--
iir c--gtcctct. gc--t tgcc--tagcattatggaagaattacaatt
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Pst._rivale tattt ct ttcctat. atatt tattt tgc!
734_T.ozarkanum attt -~--ttcctat at tgggtta
735_T.alabamicum tet ----ttcctat tat tattt g
736_T.georgianum at at at a
746_T.maculatua ct atat a
747_louisianal at at a
748_louisiana2 9 ttcotat atat atattt
749_louisianal ----ggat at. attt atattt a
750_fr ii  ----ggat at at atatet tta
776_caddoLA attt at at attt gtta
779_washingtonOR tattt tcctat at atattt tta
780_¢ iaAL tatt at. at. at
782_jamesCityVAa tcctat at atattt
783_gray att at atatt atattt ggtta
784_undulatum P tattt atatccgettatattt tattt a
']ss_rhrki attt at atattt catattt a
789_nivale attt at atattt a
790 issippi attt -ttcctatatccgettat. at a
791 YAR attt -ttccet at a
19]_1( tteect atatt atatt tgcet
79‘_“1ghn {444 tcctat atatt atet. a
796_hibbersonii tattt at atatt attt. a
799_ovatum tattt. at at atattt tta
800_hibbersonii attt, at. atatt attt tta
801 _ovatum attt at atatt attt tta
806_persistens at atattt at. a
807_ 1AL attt at. at atattt a
808_ 1GA ttcctat. atatt atte a
810_viri tatt at at atattt a
811 _worcesterMd attt at atattt tatattt tta
812_grandiflorum att ttcctat tatat atattt. ta
2106_dorcesterSC attt at. atatt atattt gtta
2107 _persistens tcctatatcegettat attt ta
213S_franklinNC att at at atattt a
albidunT ----ggatattt at at attt a
T at at atattt a
cuneatumT =] at atat t gtta
erectunT ate at atattt atattt a
grandiflorumT att at atat atattt gtta
luteumT ---- tat at atatt atattt gtta
ovatumT tatt at tatatt attt gtta
rivalePst at. atattt atattt a
rugeliiuumT attt ct at at atattt tta
sessileT -—— tattt ttcctat atattt tatattt tta
t iiT t at. at atattt a
Pst._rivale tt taggttatgacaataaatct ttaattactcgaa
734_T.ozarkanum cttuqntutqlcunuuntcclattccqtlct:q:qlllcqtttnlttnc:cqnl
735_T.alabamicum tee ataa ttaattactcgaa
736_T.georgianum te :r.lqgtur.qlcun:aunccuqt:ccqnct:q:qullcqttutuncthn
746_T.maculatum teee a gtttaggttatgacaataaatccagttccgtacttgtgaaacgtttaattactcgaa
747_louisianal tgtgggtttaggttat t t ttaattactcgaa
748_louisiana2 aggttatgacaat tcegt tttaatt
749_louisianal tog! aacgtttaattactcgaa
750_fr ii tog aggtt ttaattactcgaa
778_caddoLA aggtt g aacgtttaattactcgaa
779 _washi a taggttatgacaataa aattactcgaa
7680_escambiaAL ttaggttatgacaataa teegt taatt
782_jamesCityvA tee tgtgggtttaggttatgacaataaatccagttccgtacttgtga lcqttu ttactcgaa
783_gray tcgatttttt actcg
784_undulatum aat------ t a atgacaataa ttaattactcgaa
785_rocki aat. tee aat :m:tuwtntwncuuuultccnq::ccqnct:qtqu acgtttaattactcgaa
7‘9_niv.1. aat====== teeee aggtt tcege ttaattactcgaa
790_mississippi aat teeet a. tg aa aattactcgaa
791_montgomeryAR t ttaattactcgaa
793_1imestoneAL a t at tcegt
794_smithTx at ataaatccagttccgt
796_hibbersonii ataa. acttgtgaaacgtttaattactcgaa
799_ovatum ttaggte ttaattactcgaa
800_hinbersonii a aggtt aa tttaatt
801_ovatum a, aggttatgacaataa, tttaatt
806_persistens ttgtgggttt Tt TEQE St 2ok CRaR
807_ cntuhniu. ttagget tccagt t. tacttgt ttaattact
808_ ttaattactcgaa
810_viri aggttatgacaataa. aattactcgaa
811_worcesterMD ---agttctatttttt t ataa aacgtttaattactcgaa
812_grandiflorum tee Q tt tttaattactcgaa
2106_dorcestersC aat ttaattactcgaa
2107_persistens teeee aggtt tttaattactcgaa
2135_franklinnC agttcgatteeet ttgtgggtttaggtt 'ttann::cqla
albidumr aat------ a. tgggtttaggtt acgtttaatt
T t a tgg tt ttlct_cqlu
cuneatumT (4444 aat ttagot tecegt ttactcgaa
erectumT teeet, ttaggt a teegt tttaattactcaaa
grandiflorusr aat. teee a, aggtt a tttaattactcgaa
luteunT aat------agtt l:qmr.l:cnvmtntq.cnntnlltcclqttccqr.lc:l:ql:wlnncctr.tl !tlctcﬂll
ovatunT aat------agtt t a tggg tcegt tttaatt
rivalePst - {444 taggttatgacaataaatctagt 'tt..t:.cth..
rugeliiuumr teeee aggte tttaattactcgaa
sessileT tt a agget aa ttaatt a
t iiT teeee t ttaggttat t tttaattactcgaa
rivale tgt att ttattcaatgaatgattttaaccaa ctttttattcaaatttttattctCaaat
73‘_, tcattgatet .4 - tcaat tctttttattcgaattttgattctca t
735_T.alabamicum tgt ttattca tt caattcgt
736_T.georgianum teatt ttaaccaaaatcaattcgttgggeacaacaattctttttattcgaattttgattctc
746_T.maculatum attcaatga ctttttattcga
747_louisianal t att t tctttttattega
748_louisiana2 tgt t ttattcaatgaatgacttt tctttttattcgaatttggattctc,
749_louisianal tgt ttattcaatga ttott
750_fr ii tatt te t ttcgttgggcacaacaattctttttattcgaatttggattctc
776_caddoLA tgt cattgatttat atgacttt tcgt tctttttattcgaatttt------g
779_washingtonOR tgtatcaacagaattcattgatttattcaatgaatgactttaaccaaaatcgattcgttgggcacaacaattctttttattcgaattttgattct,
780_ iaAL tgt. tgatttattca. ttctttttattcgaattttgattctc
782_jamesCityVa attcaat t tee tcaattcgt attcgaattt c
783_graysonVA tgtatcaacagaattcattgatttattcaatgaatgactttaacc. attctttttattcgaattttgattctc,
784_undulatua tgt tcattgatttatt t t Tttt tctttttattcgeatttttattctc,
785_rockinghamva twutcunclwllucnttvltttlttclltﬂllwncttuuccnllltcuutca!tmcucuac-nttcr.r.tttll:tcnuututnnttctcnuu
789_nivale tgtat atgacttt cgt ttctttttattcgaatttggattctc t
790_miesissippi tgt tcattgatttatt t atca tctttttattcgaattttgattctca




791 YAR tgtat at tctttttattcga
793_1i tgtat tca attcga
794_smithTx tgt atgacttt tctttttattcgaatttt-
79‘)‘&"0““ tgt. attca a ttegt attcgaatttttattcte
799_ovatum tgtat te ttctttttattcga.
800_hibbersonii tgtat taatca
aol_ov‘tu. tgt. ttctetetattcga
806 _persistens t attca. ctet aa ctttttattcga
Bo"_ 1AL tgtat attca. t at ttattcga
808_ iGA tctttttattcga.
810_virid tgtat t ttctettetat
811_worcesterMD tgtat t ctttttattcga. aat
812_grandiflorum tgtat at tt cgattcgt tctttttattcgaatttggattctaaaat
Zlo‘_dorc.'[.[sc tgtat at tca tcttettattcga
2107_persistens tgt t attcga aat
2135_franklinNC tgt att tctttttattcgaatt adt
albidum? tgtat tcattgatttat cgat attctttttattcgaatttggattctcaaat
T tgtat ctttttattcgaatttttattctc t
CuneatumT tgtatcaacagaat ttctttetat aaat
erectuar tgtat tcattgatt tttaaccaaaatcgattcgttgggea attctttttattcgaatttttattctcaaat
wrlnﬂ‘tlom tgtat at attcttttrattcga aaaat
luteumT tgt attctttttattcga t
ovatumT tgtatcaacagaat attca ctttttattcga, aaaat
rivalePst tgt attcaa attctttttattcaaatttttattctcaaal
rugeliivumr tgtat tt tctttttatt t
tgtat 144 attca gg cttetetacet g.t!ctc t
tgt attca ttctttttattcgaatttttattctcaaat
Pst._rivale gotat te gttagt acga
7 _T '_' ccatt atttacga
735_T.alabamicum ggt agt t ttacga
736_T.georgianum te agtacct ta-- ttacga
746_T.maculatum ggt tgtggaa
747_louisianal  ggtat agt acga
748_louisiana2 acct acga
749_louisianal tat, t ttacga
750_freemanii =2 atttacga
778_caddoLA ggt tt tccat acct atttacga
779_washingtonOR ggt t tcgattagtacct atttacga
780_ aAL ggt t tcgatt cccaaatctcagaatttacga
762_jamesCityvA ggtat t tcgat tcagaatttacga
783_graysonva ggtat tt agtacct t. atttacga
784_undulatum tee tccat tcgattagtacct t tctcagaatttacga
785_rocki ggtat t tccat tcgatt t tctcagaatttacga
789_nivale . ggtatcagaaggtt tccat tcgattagt t. ttacga
790_mississippi ggt agt acga
791, YAR ggtat t tcgattagtacct atttacga
793_14 L ggtat t tccat tcgatt atttacga
794_smithTX tee t t tctcagaatttacga
796_hibbersonii ggt ttegcag agt atttacga
799_ovatum t tagt tacga
800_hi ii ggt t tccat tcgatt ttacga
801_ovatum t tagtacct cagaatttacga
ggtat tt tccat tcgattagtacctt t ---cccaaatctcagaatttacga
(444 agt. t atttacga
808_ iGA tee agt atttacga
alo_vir‘ ggt. aattccat tcgatt ta=-=-- t tccacga
811_worcesterMD ggtat ttt ct agt t. acga
812_grandiflorum t atttacga
2106_dorcestersC ggt 334 tccattct t atttacga
2107_persistens ggtat t tee ta=-=- atttacga
2135_franklinNC t agt ———- atttacga
albidumT ggtat agt. t atttacga
T ggtat tgtgga agt. tctacga
tt aattccattct agtacct tctacga
erectumT ggtat agt. t t atttacga
grandiflorumT ggt. tt agt =L, =R
luteumT t agt. ttacga
ovatunT t t atttacga
rivalePst ggtatcagaaggttt agt. --- atttacga
rugelijuumr tat teee t t t tttacga
[l ileT ggt. cat tccat tcgattagt a==-- ttacga
h it ggt. tttgcagt attccat tcgatt t atttacga

Pst._rivale
734_T.ozarkanum
735_T.alabamicum
736_T.georgianum

tctattcattcaatatttccctttctagaggacaaattgtcgcatttaaattatgtcttagatatactaataccctatcctattcatctagaaatcttag

tctattcattcaatatttccctttct
tctattcattcaatatttccctt

746_T.maculatum tctattcattcaatatttccctttct tcctagatatactaataccctatcctattcatctagaaatcttag
747_louisianal tctattcattcaatatttcccttt ttaaatt. atactaataccctatcctattcatctagaaatcttag
748_louisiana2 tctat atatt ct ttaaatt agatatactaat tatcct agaaatcttag
749_louisiana3l tct attt agatatactaataccctatcct agaaatcttag
750_freemanii tctattcattcaatatttccctttct accctatcctattcatct tcttag
778_caddoLA tct at taccctatcct ag tcttag
779_washingtonOR tctattcattcaatatttccctttctagaggaca. accctatcctattcatctag
780_escambiaAlL  tctattcattcaatatttccctttctagaggacaaattgtcgeattt, accctatcctattcatctag
782_jamesCityVA tctattcattcaatatttccctttctagaggacaaattgtcgeattt. taccctatcctattcatctag
783_graysonVa tctatt tt taccctatcct ag
784_undulatum tctattcattcaat tatcctattcatct

785_rocki tctattcattcaat agatatactaataccctatcct ag
789_nivale tect at aaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
790_mississippi tctattcattcaatatttcccttt att. agatatactaataccctatcctattcatctag tcttag
791_montgomeryAR tctattcattcaatatttccctttctagaggacaaattgtcgeatttcaattatgtcttagatatacta, tcttag
793_limestoneAL tctattcattcaatatttccctt atgtcttagatatactaataccctatcctattcatctagaaatcttag
794_smithTX tct at ttet. aaatt agatatactaataccctatgcetattcatctagaaatcttag
796_hibbersonii tctattcattcaatatttccctttctagaggacaaattgtcgeatttaaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
799_ovatum tctattcattcaatatttccctttctagaggacaaattgtcgtatttaaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
800_hibbersonii tctattcattcaatatttccctttct att tcttagatatactaataccctatcctattcatctagaaatcttag
801_ovatum tctattcattcaat agatatactaataccctatcctattcat ag
806_persistens tct tcaat agatata Faccebatockatteatet
807_catesbaeiAL tctattcattcaatatttccctttctagaggacaaattgtcgeatttaaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
808_¢ iGA tct atatttcectt aaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
810_viridescens tctattcattcaatatttccctttctagaggacaaattgtcgeatet,

811_'"., tctat atatttcccttect

812_grandiflorum
2106_dorcestersSC
2107_persistens
2135_franklinNC
albidumT
camschatcenseT

tctattcattcaatatttccctttctagaggacaaattgtegatet,
tctattcattcaatatttccctttctagaggaca,
tctattcattcaat

agatatactaataccctatcctattcatctagaaatcttag
tcttagatatactaataccctatcctattcatctagaaatcttag
tce at aaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
tctattcattcaatatttccctttctagaggacaaattgtcgeatttaaattatgtcctagatatactaataccctatcctattcatctagaaatcttag
tctattcattcaatatttccctttctagaggacaaattgtcgcatttaaattatgtcttagatatactaataccctatcctattcatctagaaatcttag
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tct atttceccettect aaatt agatatactaataccctatcct

erectumr tctattcattcaatatttccctttctagaggal accctatcct agaaatcttag
grandi f lorumT tct at agatatactaataccctatcctattcatctagaaatcttag
luteumT tet aaatt aataccctatcct agaaatcttag
ovatumT tct at ttatgtcttagatatactaataccct. agaaatcttag
rivalePst tctattcattcaatatttcccteect ttatgtcttagatatact. ccctatcctattcatctagaaatcttag
rugeliivum? tctattcattcaat, tt cttagatatactaataccctatcctattcatctagaaatcttag

ileT tct at aaatt aataccctatcct agaaatcttag
t iiT tet at t aaatt aataccctatcctattcatctagaaatcttag
Pst._rivale ttcaaatcct ttgcattttttgecgatte a, aatttt

734_T.ozarkanum ttc,
735_T.alabamicum ttc
736_T.georgianum ttc
746_T.maculatum ttc

geecc ttgcattteeegegattat aattt

gt tttetgegactat aattt

teee at ttggaataatttg--
ttggaataatttg----

747_louisianal ttcaa gt
748_louisiana2 ttcaaatcct gt t gcgattatt a aatttg----
7‘9_’-0“1.1."3 ttcaaatcct attetce aattggaataatttg-
750_freemanii atccttca: tttetgegattat ataatttg
tecttea: ttettgegateate ataattt
79_washingtonOR ttcaaatccttca. tgcgattatttctccatgaatttcataattggaataatttg----
_ L teteetgegateatct
782_jamesCityVA ttc tccttca gt ttgcattttttgegattatttctccatgaatttcal
teccttca t (1444
784_undulatum atccttca cttl

ttcaaatccttcaatgctggatccaagatgttccctctttgecattttttgecgattatttctccatgaateecal
ippi ttc ttca tgtt

YAR tee gt ttgcecattt att
793_limestoneAL ttc g cattt
794_smithTX
796_hibbersonii tccttcaa ttgcattttttgcgattctt
799_ovatum tcett
800_hi ii
801_ovatum
806_persistens tatt
807 _¢ eiAL t
808_ i at
810_viri tceteca, tee att
811_worcesterMD ttcaaatccttcaatgctggatccaagatgttccctctttgeattttttgcgattatttctccatgaatttca
'lz_qr‘ndilloru- ttcaa tgcgattatet aattggaataatctt
2106_dorcesterSC ttcaaatccttca a aatee
2107_persistens ttcaa at a
2135_franklinNC ttcaa. a.
albidumr teett gt atttcataattgga
camschatcenseT tccttcal ccaagatgt ttgeatttettgegatect att
tgcgattatet

erectumT tgcateet atttcata
grandi florumT tccttcaatgetggatccaagatgttccctctttgeattttttgcgattatttctccatgaatttcataattgga
luteumT ttcaaatccttca
ovatumT ttcaa. gt t c att
rivalePst tcaat
rugeliiuumr tgcattttttgcgattctt atttcat
sessileT t aattggaataatttg------attac

iir gt tgcattt tett aattggaataatttgaattttattac
pst._rivale atct tcaaaag agactattccggatcctgtataattcttatgtatctgaatatgaatttgtattcgteeee
734_T.ozarkanum tccgactaaatctatttccgtttttt at gatcctgtataattcttatgtatctgaatatgaatttgtattcgeetee
735_T.alabamicum aatct ataattcttatgt
736_T.georgianus -- teeeet ataattcttatgtatctgaatatgaatttgtattcgtttte

746_T.maculatum tccgactaaatctatttctgttett
747_louisianal  tccgactaaatctatttctgttttttca

ataattcttatgtatctgaatatgaatttgtatcegteeet

_louisiana2 ¢t aatct gatcctgrataattcttatgtatctgaatatgaatttgtattcgeeeet
749_louisianal  tccgactaaatctatttctgtrtttt t ataattcttatgtatctgaat tgtattcgteeet
750_freemanii tccgactaaatctatttctgttttttca atatgaatttgtattcgteeet
778_caddoLA ————— cteeet & t cctgtataattctt. at teeet
779 OR aaatct. teeeec agactattccggatcctgtataattcttatgtatctgaatatgaatttgtattcgteeet
780_ aAL aatct teeeec gactattccggatcctgtataattcttatgtatctgaatatgaatttgtattcgeeeet
782_jamesCityva aaatct teeet t ataattcttatgtatctgaatatgaatttgtattcgttttt
783_gray atctatttcegtttttt t at ataattcttatgt atgaatttgtattcgttttt
784_undulatum tCCGlCI’.BIItCtItI’.tCCGtI'.ttttI:llllqlAlltllllqlctltl:cc“ltccI'.thtlll'.l:cttltqtltctclltllqutttqtlttcltttl’.t
7 ¥ aaatcet ata gtatccgeeeet
789_nivale aatct teeee t {d ata atctga. ttgtattcgteeet
790_mississippi aaatct teeeeca taaaagactattccggatcctgtataattcttatgtatctgaatatgaatttgtattcgeeeet
791 YAR atct | < t cctgtataattcttatgtatctgaat Pﬂt.ttcgtttt:
793_14 t. ataattcttatgtatctgaatatgaatttgtat
794 _smithTx teee t t taattcttatgtatctgaatatgaatttgtattcgtteet
796_hi ctatttccgtteeetca ttcttatgtatctgaatatgaatttgeatctcgeeeet
799_ovatum atct ataattcttatgt atgaatttgtattcgttett
800_hibbersonii tct teeee ataattcttatgtatctgaatatgaatttgtattcgttett
801_ovatum aaatct teeeet t. t ataattcttatgt atgaatttgt gteeet
sos_pouunnl aaatctatttccgtteett t cctgtataattcttatgtatctgaatatgaatttgtattageeeee

eiAL uuuscuuqlultullqncuuccqqltcctqnul:tc:ntqutctqnnw tttgtattcgeeeee
uos_ i tctatttccgteeeet ttcttatgtatctgaatatgaatttgtattcgteett
810_viri lqlcn:tccamtcc:qnu ttcttatgtatctgaatatgaatttgtattcgeeet
811_wor aaatctattt agactattccggatcctgtataattcttatgtatctgaatatg:
812_grandiflorum aaatct t t tattccggatcctgtataattcttatgtatctgaatgtg
2106_dorcestersc ------aattccgtttttt ataattcttatgtatctgaatatgaatatgtattcgteett

2107_persistens tccgactaaatctatttccgttttttca

agactattccggatcctgtataattcttatgtatctgaatatgaatttgtattageeeet
t ata

2135_franklinNC tccgactaaatctatttccgttttet
albiduor aaatct
ct t tataattcttatgtatctgaatatgaatttttattcgteeet
aatctatttct :::::tCAAAAqllAAtnllqnctl:tccqql:cctqunlttc:u:q:ltc:qllntql tttgtattcgteett
erectunT aatct teeee i= gatcctgtataattcttatgtatctgaatatgaatttttattcgeeetet
grandiflorumT atttccgeeeeet t t. )gatcctgtataattcttatgtatctgaatatgaatttgtattcgeeeet
aatctattt aaagai ntlluﬂuctlttccqqﬂ:ccr.q:ul:l ttcttatgtatctgaatatgaatttgtattcgeeeet
ovatumT tccgactaaatctatttccgttttt tat ataattcttatgtatctgaatatgaatttgtattcgtteet
rivalePst aagaaaataaaagactattccggatcctgtataattcttatgtatctgaatatgaatttgtattcgteett
rugeliiuumr r.ccqucr.lur.cr..r.r.l:ccqr.:r.r.c:cln. q‘nnuu aagactattctggatcctgtataattcttatgtatctgaatatgaatttttattcgeeeet
sessileT aaatct tataattcttatgtatctgaatatgaatttgtattcgteetet
h kiiT aatctatttccgteeeet t t gatcctgtataattcttatgtatctgaatatgaatttttattcgeeeet
Pst._rivale cteegt attattt acatct tectt ttctatgtaaaaatagaacatcttatagat--
734 T.ozlzlunun cttcgtaaacaatcctattatet, acatct teeeet ttctatgt:
735_T.alab atgt. atagaacatcttatagat------g
736_T.georgianum cttcgtaaacaatcctattatttacgatca: clt:ttcccglq:ctt:cttq cqucacuttcutqt tagaacatcttatagat------g
746_T.maculatum cttcgtaaacaatcctattattt ttettg tctatgt.
747_louisianal cttegt att -r-rrr tectt tttctatge
7‘3:19‘,‘ anal tcctattattt ctt tttctatge.

749_louisianal attattt. ttcttgaacgaacacatttctatgt atagaacatcttatagat------g




750_freemanii
778_caddoLA
779_washingtonOR

cttcgtaaacaatcctatt

atcttcccgagectttcttgaacga

780_ aAL tcctattat acatct tct

782_jamesCityVa g tcctattatttacgatca tett

783_graysonVA g tcctatta tctt ttctatgt
784_undulatum cttegt. tcctattattt

785_rockinghamVA cttcgtaaacaatcctattattt ct tct tctatgtaaa
789_nivale cttcgtaaacaatcctattattt teteet

790_mississippi cttcgtaaacaatcctattatttacgat tc

791_montgomeryAR cttcgtaaacaatcctattatt

793_limestoneAL cttcgt tcet tet ct

794_smithTX cttcgtaaacaatcctattatt ctt

79‘ hibbersonii cttcgt tcctattatttacgatcaacatct

cttcgt tcctattatet, tctt
000 hibbersonii cttcgt tat acatct teett
cttcgt tcctattattet.
cttcgtaaacaatcctatt
cttc geett
ctt cctattattt ctt
810_viridescens cttcgtaaacaatcctattattt tct rrrutquuuuqncn:cttu
811_worcesterMD cttcgt. attattt, ctatgt.
812_grandiflorum cttcgtaaacaatcctattatttacgatca.
2106_dorcesterSC cttcgtaaacaatcctattat
2107_persistens cttcgtaaacaatcctattat ca
2135_franklinNC cttcgt atta t t
albidumr cttegt tcctattattt tctatgt
camschatcenseT cttcgtaaacaatcctattatttacgat a
cuneatumT cttcgtaaacaatcctattattt t tgt t
erectumT ctt It t tattattt ct tgt. t.
grandifloruaT cttcgtaaaca tat tct atgtaaaa
luteum?T cttcgtaaacaatcctattat acatct t atgt aaataga
ovatumT cttcgtaaacaatcctattat tetcte tctatgtaaaaataga
rivalePst cttcgt, tcctattat taaaaataga
rugeliiuumr cttcgtaaacaatcctattatttacgatcaacatct t ttctatgtaaaaat
seesileT cttcgtaaacaatcctattattt teett tctatgtaaaaatagaacatcttatagat--
tschonoskiiT cttcgtaaacaatcctattatt tcttat --g
Pst._rivale tgtgtcataatcatttt tctt ttctgg
tgtgtc tcattttcagaaaatcctatggttctt at ta
tgtgtcataatcat atgtt gg
736_T.georgianum tcatttt tcctatggttct tctttcatgcat tat tattctgg
746_T.maculatum tgtgtcataatcattt cct tet at t
747_louisianal a tect ct atgttcgatat t
748_louisiana2 t a atggtet tectt it at. at
749_louisianal  tgtgtcataatca tccta tattct
750 _freemanii tgtgtcataatcat tggtet atgtt a 9g
778_caddoLA gtg a t t
779_washingtonOR t t attct
780_ aAL tcatttt t t t atgtt tat tattctgget
782_jamesCityVAa aatcat t tgttcgatat tattc
783_gray t tecct tattctgge
764_undulatum tcctatggttcttcaaagattctttcatgcattatgttcga gctattctggettccagggggac
785_r ctt t tattct
789_nivale tcct atgttcgatat, {3
790_mississippi tecet. tetet at tattctgge
791 YAR tgtg a tct atgt tattc
79314 tecet a at tattctgge!
794_samithTx cctatggttcett tt atgttcgata gctattctggcttccagggggac
796_hi! ii tcttcaaagatt tatgttcgata
799_ovatum ctt atgttcgatat tattct
800_hibbersonii aatccta t atgttcgatat te
801_ovat ct atgttcgatat aagcta
806_persistens atgttcgat. tattctgget
807_catesbaeiAlL tgtgtcataatcatttt tct attc
808_¢ baeiGA tgtgtca!l clttttcmnnltccntqgt:cttcn gattct atgttcgatat a
810 viria tcatttt tctt cgatat a
erMD t {4 tccta atgttcgatat att
sn qunditloxuﬂ tgtgtc tcatttt tctt atgttcgatata ta
2106_dorcesterSC tgtgtcataatcatttt tect te
2107_persistens tgtgtcataatcatttt cct tgttcgat
2135_franklinNC tgtgtcataatcatttt tcctatggttett teet t at tctgget
albidumT tgtg! catttt tccta t attctggett
camschatcenseT  tgtgtcataatcatttt tccta t attctgge
tcatece tcet. tcet tatgt tattctggce!
erectumT t atgttcgatat attctgg
grandifloruaT cctatggttcttcaa t tat attctgget
luteumT tcat tccta tecet at. attctgget
ovatumT tcattt ccta tctrtcatgcattatgttcgata gctattctggcttccagggggac
rivalePst :cnttt:cnqunuccutmtcr.tcnuqltt tcgatat att
rugeli iuumT tcatttt cct. tatgttcgat tatt
tcctatggttctt tctt atgttcgatat tattctgg
iir tcatttt tat atgtt tat tattctgg
Pst._rivale ttatcttctgat tect tttcacttttggtct t c
734_T.ozarkanum ttatcttctgat t ctggcaatataattttcacttttggtct t tat tccattce

735_T.alabamicum
736_T.georgianum
746_T.maculatum
747_louisianal
748_louisiana2
749_louisianal

ttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatata
ttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatata

tettcacttttggtct t tat te
tettcacttrtggtcta, .ccauc-qqn:cc.t-untccutc

ttat tgtcaatt ttcacttttggtct

ttatctectga gasatggaaatgttaccttgtcaatttctggcaatataattttcacttttggtct

t:ucttctqltuuquutqquucqtt caatt atata cttrtggtctaaaccatacaggatccatataaatccattc
ttatctectgat caatt atataattttcacttttggtctaaaccat

750_freemanii ttatcttctgat t cactt a t

778_(:‘“5“ ttatcttce tgttaccttgtcaattect: tat ceeeca {4

779_washingtonOR ttn:cttcl:qnl:unquutwuntqttnccttqtcutttc:wcuutcutttc-cttttwtcuuccutu lwutcut-tn

780_ aAL tt tgtt. ttct tttca

782_jamesCityVva ctntcttctgunugnutwuutqtucctr.gt.cutttctqqcun:utt.ttcncttuqqtctnuccuucquuccnntn atctattc
783_graysonVa ttatcttctgataaagaaatggaaatgte att tata

784_undulatum ttatcttctgat, a att att

785_rockingbamVa ttntcttctntuaquuqquatqtuccttqtcutttctwcuntuttttcuctrr acca ataaatccattc
789_nivale ttatcttctgat tggaaatgtt atataattttcacttttggtctaaa t ataa c
790_miesissippi ttatcttctgat t tgtt t tat. tttcactt t te
791_montgomeryAR ttatcttctgataaagaaatggaaatgttaccttgtcaatttctggcaatataattttcacttttggect t ccatataa

793_14 ttatcttctgat aatgtt at ataattttcacttttggtctaaaccatacaggatcc.

794_smithTx tt. gat t tc atataattttca

796_hibbersonii ttatcttctgat tgtt. r--"rttcnc:t:tgqtcnlnccau:nwnccnu
799_ovatum ttatc tggaaatgtt ttctggcaatatcattttcacttttggtct

800_hi ii ctatct tgttacct ttctg ttttcacttttggtct t t

801_ovatum ttatcttctgataaagaaatggaaatgttaccttgtcaattt. atcat t

806_persistens  ttatctt tgttaccttgtcaatttctggcaatataattttcacttttggtct t
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807_ ttatcttct taccttgtcaa ata ttcactt agatccattc
808_ i ttatcttc atgte ccatat
810_viri ttatctt ataattt
811_worcesterMD ttatcttct at at ataa
812_grandiflorum ttatcttc
2106_dorcesterSC ttatcttct at ataa
2107_persistens ttatcttct ata.
2135_franklinNC ttatcttct
albidumT te ata
h T te a ata ataa
cuneatumT ttatctec ataa
erectunT ttatct t
qt.ndx!lom tcatcttet accttgtcaat {44 ataaatccattc
luteumT ttatct tacct t ataattttcacttt tte
ovatumT te ataa
rivalePst ttatct aaatttctggcaat ccatte
rugeliiuumr ttatc ata tggtct ataa
sessileT ttatc ata tggtct ataa
tschonoskiiT ttatctec aa atata. tggtct ataa
Pst._rivale tcaaactat attt tatatt atcct tt a
734_T.ozarkanum tcaaactattccttctattt atatttcaagtgtactaataaatcctt teeee
735_T.alabamicum ct, tceat tatatt a. ceteeeacctagegg:
736_T.georgianum tcaaactattccttctattttctgggttatatttcaagtgtactaataaat atctagtggata
746_T.maculatum ctattccttctatt tat ttceceatctagtggata
747_louisianal ctattccttctattttctgggttatatte ataaatcctt teeeate
7‘8_10‘]“‘.“2 attt at ataaatcctt Ca: atct. a
749_louisianal at ataaatcct caa tteetatct a
750_fr: ii tatatt tttttatct a
778_caddoLA atatttca. aataaatcct teceetatet
779_washi OR at acta, ca tatct a
780 iaAL atatt ttttatctagtggata
782_jamesCityVA tcaaact atatt a tteetatct a
783_gray tcaaact att ceee a
784 _undulatum t t att tecetatct
785_; i VA ct atatt teee gata
7B9J‘v.1. ct atatt actaataa aatgcet teceee
790_missiesippi act ateet atatttca, a atgcet tteeatce
791 VAR act att atcctt atct
793_limestoneAL ctattccttceatte t taaatcct (13
794 _smithTx ctat attt atatt ttttatctagtggata
796_hibbersonii at taaat tteetatct
799 _ovatum tcaaact atatt aata teeet 2
800_hibbersonii tcaaactattccttctatttt tatatt ttteatce
sol_w.tun tcaaact atattetca aata a tteecatet a
806_persi t T at teeee
‘07_ tcaaact atttt atatttcaagtgtacta.
808_¢ iGA attccttctattttctgggttatatt actaataaatcctt ca ttttatct. A
810_viri tcaaact att actaataa caaatgct tttttatct a
811_wor tcaaact. at. actaataaatcctt agaaaattttt
812_grandiflorum t t teee t
2106_dorcesterSC tcaaact. atattt actaataa. tee a
2107_persistens tcaaact atatttcaagtgtactaata a teeet a
2135_franklinNC ¢t t tgct at
albidumT tcaaact atatt actaat tteecatct.
camschatcenseT  tcaaactattccttctattttctgggttatatttcaagtgtacta ttttacct a
tcaaact atct
erectum? atatttca aataa ceeeatcce
grandi florumr tcaaactattccttctattttctgggttatatttcaagtge, tteteatce
luteumT attet atatt at
ovatumT tcaaact gttatatttca. aataaatcctt aatgcet. teeeeatct
r‘v.l.’.: tcaaact atttcaagtgtactaata tceet tcaa teceeatce
rugelijuumT tcaaact atatttca ataaatccttcggcggtaaagaatcaaatgctagaaaatttttatctagtggata
sessileT tcaaact atattt acta. tcaaatgct. teeet
kiiT tccttctattt tatatttcaagtgtactaataaatcct tceeat
P':,_r‘v.l. ctctgact t tgtctaaagct ttetgtactat. attagtaa
734_T.0zarkanum t tgtctaaagctaaattttgtactat cctattagtaa
735_T.alabamicum ctct tt tggggcatcctattagta.
736_T.georgianum ctc tt at aaagctaaattttgtact attagt
746_T.maculatum agctaaattttgtactatat attagtaa
747_louisianal accat aa actatat agtaa
748_louisiana2 attcctett actat aa
749_louisiana) actat aa
750_fr ii - tgtactat attagta
778_caddoLA t t actatattggggcatcctattagta
779_washi OR at actat. attagtaa
780_ iaAL attcctctt act
782_jamesCityVA actatat
783 _graysonVA t aa actat
784_undulatum attccectt i tat
SLT i aaagctaa. actat
789_nivale tcectett actatat
790_mississippi aaagctaa actatat
791 YAR at actatat
793_14 attcctctt
794_smithTx 2 tattcctcttat
796_hibbersonii attcetett
799_ovatum tattcceceeat tactatattggggcatcctattagta.
800_hibbersonii t aagctaa actat attagt
801_ovatum t ttttgtactatattggggcatcctattage,
806_persistens cat ttagt
_ 1AL t attg aa actatat attagtaa
808_¢ iGA aa actatat attagtaa
810_virid tattcceeeeat tat ttagtaa
811_worcesterMD actatat attagta
812_grandiflorum at ttttgtactatattggggcatcctattagta
2106_dorcestersC accat at actat attagta
2107_persistens attceteet actatat ttagtaa
2135_franklinNC ct agt tgtctaa tttgtactatat attagtaa
albidumT attagtaa
T tcttat attagtaa
accat t at attagtaa
erectunT t tat actatattggggcatcctattagta
grandi florumr tat ttttgtactatattggggeatcctattage
tttgtactat attagt.
ovatumT g tatat ttagta
rivalePst t ttttgtactatattggggcatcctattagt.
m'.liium accatagt actatat attagta
sessileT t attcctcttat tttgtactatattggggcatcctattagta




tschonoskiiT ctctgactcaaaaattcgataccat g cctctt aaagctaa at attagtaa
Pst._rivale gccgatctgggecgagttatcagattctgatattattgatcgat tctttctcattat ctt
734_T.ozarkanum gccgatctgggccgagttatcagattctgatattattgatcgatttggtcggatatgtagaaatctttctcattat tett
735_T.alabamicum gccgatctgggccgagttatcagattctgatatta tt ttctcatt
736_T.georgianum gccgat tat att cggatatgtagaaatctttctcat ggatcte
746_T.maculatua attattgatcgatt atctttctcat tt.
747_louisianal gccgat: atcaga attgat agaaatctttc! at ctt
748_louisiana2  gccgat atcagat ttctcatt cttcaaa
749_louisianal gccgat atcagattc attgat tatgt. tctttctcat ctt
750_fr i1 g a tgatattattgat cggat ctcatt ctt
778 _caddoLA gccgat a agaaatctttct
179_mhiugt°nol gccgat. attat atgtagaaatctttctcat ctt
780_ iaAL attat cggat ctttctcat ggatctt
782_jamesCityVA gccgat tctgatattattgat atgtagaaatctttctcatt ctt.
783_graysonVA tatcagatt t tt ctttctcatt tctt
784_undulatum g atcagat attatt tctcat ctt
785_rocki A gccgat atcagattctgatatta aatctttctcat ctt
789_nivale gccgatctgggccgagttatcagattctgatattattgatcgatttggtcggatatgtagaaatctttctcattatcacagtggatcttcaaaa
790_mississippi cagattc att aatctttctcattat
791 YAR ttgat 9 tctttctcatt ct
793_14 L gccgat atcagat attgat cggatatgta ctttctcattat ctt
794_smithTx gccgatctgggccgagttatcagattctgatattattgatcgatttggtcggatatgtagaaatctttctcatt ctt
796_hibi ii gccga tctgatattatt tatgt tt
799_ovatum qccoatcmvwccow:u:ca attctgatattatt ctcatt ctt
800_hi; ii cagattctgatattatt g ctcatt gatctt
801_ovatum tctgatatt tatgtagaaatctttctcatt
806_persistens g tctgatatt ttctcatta ctt
07_ eiAL gcc atcagattctgatattattgatcgatttggtcggatatgtagaaatctttctcattat ctt
08_¢ i t tctgatatt ttctcatt ct
810_vird gccgag ccglr.ututr.gucqatttqqtcqqltatqtlguatctttc'r-" cte
811 M gag tttctcattat
812_grandiflorum gccga Mn-"rl:qaur.uttqlthatr.tqqtcnlutqr.lountctttctcatn' ctt
2106_dor cagattctgatattatt p ttctcat oty
2107_persistens gccgat atcagattctgatattatt tatgtagaaatctttctcatt ct
2135_franklinNC t attat atgtagaaatctttctcatta t
albiduar gcecgat: attatt agaaatctttctcatt ctt
T tgatatt g ttctcattat ctt
g atcagattctgatattattgatcga aatctttctcatt gatctt
erectusT gccgat tctgatat a cattat
grandi florum? g atcggattctgatattattgat g tetcatt
luteumT gccgat tgatat agaaatctttctcatt t
ovatumT ttatcagattctgat tctttctcattat ctt
rivalePst gcegat att g ltltwthn.tcrrn—r catt ctt
rugeliiuvumT gceg g tatcagattctgatatt ttcoteatt v
sessileT tctgatattat tttctcatta ctt
tschonoskiiT gccgatctgggccgagttatcagattctgatattattgatcgatttggtcggatatgtagaaatctttctcattatcacagtggatcttcaa
Pst._rivale agtttgtatcgaataaaatatatacttcgactttcgtgtg t t

734_T.ozarkanum agtttgtatcgaata tatactta lc:u:qtqwcnqnc:quc t t
735_T.alahamicum agtttgtatcgaataaaatatatacttcgactttcttgtgctagaactttggcetcgtaaacata;
736_T.georgianum agtttgtatcgaat. atatacttcgactttcttgtgctagaactttggctcgtaaacata;
746_T.maculatum agtttgtatcgaatci atatacttcgactttcttgtgctagaactttggctcgtaaacata;

gtacggtacgcaatcttttge

747_louisianal aatatatacttcgactttcttgtgctagaactttggctcgtaaacataaaagtacggtacgcaatcttttgcaaagattaggtt

748_louisiana2 agtttgtatcgaatcaaatatatacttcgactttcttgtgctagaactttggctcgtaaacataaaagtacggtacgcaatcttttgcaaagattaggtt

749_louisianal g atatatactt tttettgtgct: gtacggtacgcaatcttttgc

750_¢reemanii agtttgt atatacttcgactt acggtacgcaatcttttge

778_caddoLA agtttgtatcgaat atatact aga gtacggt

179 _washingtonOR agtttgtatcgaata anr.ac:r.cwncr.zr.ca:gr.acr.ngnczr.r.qqctcqu acata gr.acquucucur.cr.:twcanqunw:r.
iaAL agtttgt tatatacttagatttt tttgge aacat totttt aggtt

1!2_jl-lcitWA ag' tat ttt aaacataaaagtacggtacgcaatcttttgcaaagattaggtt

783_ agtttgt. tatata 13334 gg t t tctttt taggtt

784_undulatum agtttgtat g taaaagt t ctttt ttaggtt

785_rockinghamVA agtttgtatcgaat. g g g 9 ncnunuqucvoucgcntct:r.r.qc agattaggtt

789_nivale ag aaaatatatacttcgactt cttttgcaaagattaggtt

790_mississippi agtttgtatcgaat. tatactt aaacataaa teee taggtt

791_montgomeryAR tatacttagactttcgtgtgctagaactttggctcgtaaacataaaagtacggtacgcaatcttttgcaaagattaggtt

793_limestoneAL gtacggtacgcaatcttttgcaaagattaggtt

794_smithTX aagtacggtacgcaatcttttge

796_hibbersonii agtttgtatcgaa

799_ovatum agtttgtatcgaat

800_hibbersonii

801_ovatum

806_persistens agtttgtatcgaataaaatatatacttagac aaacat

807_catesbaeiAL agtttgtatcgaat atatacttcgactttcttgtgctagaactttggctcgtaaacata.
808_cate: agtttgtatcga tacttagattttcgtg cgt
810_virid agttegt caaatatat te agaactttggctcgtaaacata

811_worcesterMd agtttgtatcgaat. atatacttagactttcgtgtgctagaactttggctcgtaaacatai

a:acqqtlcqcnltcttttqcn agattaggtt
gtacggtacgcaatcttttgcaaagattaggtt

812_grandiflorum agtttgtatcgaat atatacttcgactttcttgtgctagaactt aaacata. cteet! taggtt
2106_dorcesterSC agtttgtatcgaataaaatatatacttagac aaacataaa tceeet ttaggtt
2107_persistens agtttgtatcgaataaaatatatacttagactttcgtg t tcttttg taggtt
2135_franklinNC agtttgt aaaatatatacttagatttt t t t tctett ttaggtt
albiduar agtttgtat tacggtacgcaatcttttgcaaagattaggtt
camschatcenseT  agtttgtatcgaat gtacggt cteet ttaggtt
cuneatumT t t cteteg te
erectusT agtttgtatcgaata gtacggt ttttgcaaagattaggtet
grandiflorusT agtttgtatcgaat atatacttcgactt g gtacggt cttttgcaaagattaggtt
luteuaT agtttgtatcga ttcgac gtgtgctaga gtacggtacgcaatcttttgcaaagattaggtt
ovatunmT agtttgtatcgaat, ttcgacttt agaactt aa agtacggt tee ttaggtt
rivaleprst agtttgtatcgaat acttcgac agaacttt. acggt gc attaggtt
rugeliiuumr agtttgtatcgaataaaatatatacttcgactttcgtgtgc! tt taaaagtacggtacgcaatcttttgcaaagattaggtt
sessiler agtttgtatcga. atatacttcgac aaacataaaagtacggtacgcaatcttttgcaaagattaggtt
tschonoskiiT agtttgtatcgaataaaatatatacttcgactttcgtgtgctagaactttggctcgtaaacataaaagtacggtacgcaatcttttgcaaagattaggtt
Pst._rivale cgggattgt attctt ttatttcttcaaa ttttcettt cacat

736_T. our)unul cgggattgtt tectee att it tttttecttt

735_T.al gtt cttt tatt tttttccttt cgcat

136_"‘ q.orﬂ’-lﬂu- cgggattgtt ctet tatttctccgatctt 44444444

746_T.maculatum gtt tectee atttctccgatcttcccaaaaacaaccctttttcctttacatggatcgcataaagaacg
747_louisianal cgggattgtt tectet tatt gatctt ttteectet

748_louvisiana2 cgggattgttagaagaattcttt ttat g ttttcctttacatggatcgcataaagaacg
749_louisianal  cgggattgtt ttcttt t ctt ttttccett

750_freemanii cgggattgttagaagaattcttt tatt ctt ttttccteta

778_caddoLA ttett ttattt ttttceottt cgcat
779_washingtonOR cgggattgttag: tectet ttatttc ttttectte cgca
780_escambiaAL cgggattgtta tteeet ctccgatctt tttteccttt

782_jamesCityVA cgggattgtt ttceet tatttctccgatctt 3 u:::ccr.:ucur.qgucgcuuaqncq
783 _gray gtt ttottt atttct t ttttectet

784_undulatum cgggattgtt ttcttt nutctccntct :ccccu

accctttttcctttaca :qgucqcnnqaqncw
785_rockinghamVA cgggattgttagaagaattcttt tattt ttteccett g C
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789_nivale cgggattgt tettt tttteeottt
790_mississippi tettt attt ctt ccttt

791 YAR cgggattgt attt tttcett

793_14 L cgggattg tettt t

794_smithTX cgggattgtt tetet

796_hibbersonii cgggattgt tett tatttct tttteett

799_ovatum cgggattgt tetee t teetoceet
800_hibbersonii cgggattgtt tat t tttectet agagaac
801_ovatum cgggattgt ctee t tteett
806_persistens g g attt

807_ cgggattgt t tteette

808_ baeiGA cgg tett tatt tteettt

810_viri cgg tteett tattt

811_worcesterMd cgqncr.qr cttt 3 a
812_grandiflorum cgg t ctt t te

2106_dorcestersSC gtt (1.3 tat t tteecct cgeat
2107_persistens cgggattgtt tattt ccttt
2135_franklinNC cgggattgt tett tat tttttocttt

albidunmr cgggattgtt tctt t tt
camschatcenseT cgggattgtt tctt tat tteeectte

cuneatumT cgggattgt tottt t tttteettt

erectunT tectt attt cctttacat
gr.nd“lorm cgggattgtt atttctccgat (J444

luteunT cgg! tett t ttttceottt

ovatumT cgg attcttt ttttccttt

rivalePst cgggattgtt tctt tatttcteca, ttttecetet

rugeliivumr g tctt tattt ttcettt

sessileT oL t tcettt
tschonoskiiT cgggattgt tttttoctet

Pst._rivale t att atgact tatttagattggtcatgallo1001 atacaaat

734_T. ozarkanum
735_T.alabamicum

tatttggtatt tatcegt tattt 10010010
tatttggtat atgact attt 10010010

736_T.georgianum tatttggtatt attt 1101 atacaaat aagac
746_T.maculatum tatttggtatt atccgtatca attt 1010011 atacaaat
= p Yccatat attt 1010010t t t
_louisiana2 tatttggt atccgt tatce 101001
749_louisianal tatttggtatt teegt atte 1010010
750_freemanii tatttggtatttggacattatccgtatcaatgac! tatte 2a01010010tgaagctccatatacaaat---ggataagac
778_caddoLA tatttggtatt tatet 11 3
779_washingtonOR tatttggtatttgaacattatccgtatca. attattt. 11010010 atacaaat
780_escambiaAL tatttggtatttg atccgtatca tattt 11010010tga acaaat---ggal
782_jamesCityVA tatttggtatttgy tatccgtatcaatgact tattt 1101001
783_gray t at atcegt ttattt 11010010
784_undulatum  tatttggt attcgt tatet 1010010tga
785_rocki tatttggt atccgtatca attt 1101001 aagac
789_nivale tattetggt attt 11010010t aagac
790_mississippi tatttggtatt atccgtatca atttagat 10010010t ga.
791, YAR tat! atccgtatca tattt 1001001 aagac
793_1imestoneAL :lr.r.r.qqr.at::qqlc-t:nr.ccqtlt.cut.qlcttgqccuututtngnttqq:cntqnoomomtql
794_smithTX cgtatc tccatatacaaat---ggataagac
796_hibbersonii t attcgt ttactt 11010010! a atacaaat
799_ovatum tatttggtatttgaacattatccgtatcaatgacttggccaattatttagattggtcatgall010010tgaagctccatatacaaat---ggataagac
800_hibbersonii tatttggt attcgtatca teattt 11010010tgaag aagac
801_ovatum tatttggtatttgaacattatccgtatca 11010010
806_persistens att atccgt 9 tatttagat 11010010t ga aag
807_catesbaeiAL tatttggta tatttagat 11010010tgaagctccatatacaaat---ggataagac
08_ baeiGA tatttggt atccgtatca 11010010 aagac
810_viri t atcegt tatt 1010010tga atacaaat
811_worcesterMd tatttggt atccgt attt 110100 atacaaat taagac
812_grandiflorum tatttggtatttga. (2 11010010 t
2106_dorcesterSC tatttggtatttggacat atca tattt 11010000tgaagctccat., t---ggataagac
2107_persistens tatttg atcegt tacet 1101001
2135_franklinNC t at atca tatt 11010010tgaagc
albidunT tatttggtatteg atccgtatca tattt 1010010tga g
T  tatttgg attcgt teattt g 11010110 ccatatacaaat---ggataagac
cuneatumT tatttggtatt atccgt tattt 1010010tga a at
erectunT tatttggratt attcgt attt 11011110tgaagctccat. at---ggataagac
grandi f1orumr tatttggtatttgaacattat, attattt. 110100101 atacaaat
luteurmT tatttggtatttggacattatccgtatcaatgacttggccaattatttagattggtcataa0l010010tgaagctccatatacaaat---ggataagac
ovatunT tatttggtatttgaacattatccgt. attattt. 11010010
rivalePst t [ g t tatt tattt 11010010t
t“g.ll‘um catt attcgtat attet. 11011110t
sessileT tatttggtatt atccgt tatttagat 01010010tgaagctccatatacaaat---ggataagac
tschonoskiiT tatttggt. att tattt tcatgall0l10110t a

Pst._rivale
734_T.ozarkanum

ttctgtcttagtgtattagtgta-
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t tactat cte
erectusT ttcttecte
grandiflorusT t
luteuaT atga ata actataat tttete
ovatumT atga, tactat
rivalePst tgttcctttccatt. cat tactataatttctttcte
rugeliiuum?r tactataatttctttcte
sessileT ttactataatttctttctc
iir ttcctttccattatga, tactataatttctttcte
Pst._rivale ttttcaatttt ta
73¢_T. cttee tee aatgatt gty ta
735_T.alabami gag atgatt
736_T.georgianum gagt ataa
746_T.maculatum tcaattt asatgattagc atttttt-
747_louisianal attttt t t
748_louisiana2 atttttcccgat ttt-cgtgttagtgaacgtgtcacag-----
749_louisiana atgatt ttteeett agtga
750_fr ii atttett-
778_caddoLA ctt tet agtg ta
779_ i OR tgagtt teeeettt-agtg
7680_escambiaAL ctecect T aatgatt tttetettt-agtg-
782_jamesCityva ¢ aa
783 _gray
784_undulatum aa
789_nivale ataaatgatt g tta
790_missiesippi
791, YAR
793_14 a0 tgagttt tt atgatt a
794_snithTX c ttt ataa. 2
796_hibbersonii atgatt tttteettt-agtg
799_ovatum tttttttt-agtg gtgtcacag -cggatta
800_hibbersonii a, teeeet-ageg ta
801_ovatum ttttttt-agtg
806_persistens gty
807_¢ 1AL tgagtttttccat agct. tttetttt-agtg . a
808_, i ttttttttt-ageg
810_viri ttttca tttttttt-agtgttagtga
811_worcesterMdD ttttttt-agtg
812_grandiflorum tttttttt-agtg = tta
2106_dorcestersc ct tteeeett-ageg
2107_persistens tgagtttttccat trtettttt-agtg tta
2135_franklinNC aatgatt t -agtg
albidusT ttttca tteeeeee- g
seT t ttttttt-agtg ta
ttttcaatttt aaatgattagct. ttatttttt-agtgtt. ta
erectumT tgagtttttca tgatt tttttttt-agty
grandiflorumr tcccaataa tttt-agtg ggatta
luteun? ttatttttt-
ovatumT ttttccatttt atgatt tttettt-agtg ta
rivalePst ataa ttt-agtg gtcacag------ cggatta
rugeliivumr ttttca, atasatgatt: aaaggattttttttt-agtg -
ileT ttttcaatttt a8 tttttttt-agtgttagtga

DediT atttttcccaatasatgattagctacaaaaggattttttttt-ageg
Pst._rivale ctcctttttttacatttttcaaattggeat t -tttaagtatg--
734_T.ozarkanua ctcc tttacatttttcaaat at tt
735_T.al i a vy tttaagtat
736_T.georgi e ca at
746_T.saculatum ctcctttttttacatttttcaa ttet t
747_louisianal ctcctttttttacatttttcaa. at
748_louisiana2 ctcctttttttacatttttca at tttaagtatgta
749_louisiana ctcctttttttacatttttcaaattggcat at -tt
750_fr i c a 9 - --
778 _caddoLA a tatg
779 i )R ttttcaa tee
780_ iaAL ctcecttttttt tcaa ttt
782_jamesCityVA ctcc a a at tttaagtat ataaatacaataatgat
783 _gr ctce aca at ttaagtatg. acaataatgat
784_undulatum aca at ~==ttt t taatgat
785_rocki Act aca a. at ttaagtat taa aatgat
789_nivale aca t t Mo
790_miesissippi ctcctttttttacattt
791 YAR ctce aca
793_limestoneAL ctcctttttttacatttttcaa tet. at
794_smithTX ctcctttttttacat tect.
796_hibbersonii ctcctttttttacat tttaagtatg
799_ovatum g o
800_hibbersonii ctcctttttttacatttttcaaattggcatt a -
801_ovatum ct tcaa tect tttaagtatg:
806_persistens ttttacatttttcaa at tttaagtatg
807_catesbaeiAl ctccttttttt t at tttaagtat
808_catesbaeiGA ctcctttttttacatttttcaa at tttaagtat;
810_viridescens ctcctttttttacatttttcaa tct. tta; aggtaagaataaatacaataatgat
811_worcesterMD ctcctttttttacatttttcaa --tttaagtat - t taatgat
812_grandiflorum ctcctttttttacatttttcaa. tatg' at t acaataatgat
2106_dorcestersC ctcctttttttacatttttcaaattggcattctatg at aagtat taagaataaatacaataatgat
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2107_persistens teeeca at. aat
2135_franklinNC ctcctttttttacatttttcaa atgt aatacaataatgat
albidumT ctcctttttttacatttttcaaattggeattctatgtccaat, asgaataaatacaataatgat
h, ct tt
nd caa. ttaagtat aaat gat
erectumT ctcctreeeet caaatt atct aaatacaataatgat
grandi f1lorusr ctcctttttttacattt tggcat g teg atg----=-=-- out T taatgat
luteumT ctecetttet 144 {4444 atatct t aatgat
ovatumT ctccteeette atgtccaatatctceg g aatacaataatgat
rivalePst ctcecteeet ca t taagtat tacaataatgat
rugelijuumr ctcctrertttacatttttcaaattggeattc at ttaagtat
sessileT a (-4 gutaagaataaatacaataatgat
tschonoskiiT ctcctttttttacatttttcaaattggeattctatgtccaatatctcga-------tttaagtatg-=---=---- aatgat
Pst._rivale cettt t t-=~ct
cctttagctaga- taagg
mnr-_ -.-"
tt taagg
a atattcatattttecttttatattttctat
747_louisianal ga aaaatcctttaget,
748_louisiana2 t cctttagctaga
749_louisianald aaaatcctttagctaga-===-=--- taar?
750_¢. i ga. cctttagcetaga. t
778_caddoLA teecttt g9
779_washingtonOR taget
780_¢ aAL tt
782_3 ‘!YVA cctttaget
783_‘1 Y tta 1
764_undulatum ga
785_rocki gaat:
769_nivale
790_mississippi
791_mont gomeryAR
793_1i
794_smithTX
796_hibbersonii
799_ovatum
800_hi i1
801_ovatun aegg
traget tasog
tasgg
ttaget. teagy
- aaatccttt
t tte g U
ttagee sagy
2106_dorcesterSC ttaget taagy
2107_persistens aget. taagy
2135_franklinNC cctttaget gg
albidunT tag:
censeT cctttagctagattagetagataagg.
erectumT - ttaget
grandi floruoT tasgy -
luteum? gaatat & e
ovatumT ttagctada
rivalePst ttagctagat
rugeliiuumr - aget ttaget C s
sessileT gaa
iiT cettt taget PR

Pst._rivale
734_T.ozarkanum
735_T.alabamicum
736_T.georgianum

746_T.maculatum catattcaatattcatatttttcttttatattttctatcatattcaatattcatatttttottttatattttctatcatattcaatattcatattteece

747_louisianal
748_louisiana2
74%_louisiana)
750_freemanii
778_caddoLA

779_washingtonOR
2 AL

782_jamesCityvA

783_gray
784_undulatum

785_rocki
789_nivale
790_mississippi

791 YAR

793_1i
794_smithTX
796_hibbersonii
799 _ovatum
800_hibbersonii
801_ovatum
806_persistens

807_¢

iGA

808_ b

810_viri
811_worcesterMD
812_grandi florum
2106_dorcestersSC
2107_persistens
2135_franklinNC
albidum?r

censeT

erectunT
grandiflorumT
luteumT
ovatumT
rivalePst
rugelijuumT
sessileT

t iir

Pst._rivale
734_T.o0zarkanum
735_T.alabamicum
736_T.georgianum




746_T.maculatum
747_louisianal
748_louisiana2
749_1louisianal
750 _freemanii
778_caddoLA
779.washingtonOR

tttat

--acttt

e

attttttct.

teetttot

aatt agat

792_jamesCityVA
783_gray

784_undulatum

785_rocki
789_nivale
790_mississippi

791 YAR

793_14
794_smithTx
796_hibbersonii
799_ovatum
800_hibbersonii
801 _ovatum
806_persistens

eiAL

tttet ct.

811_worcesterMd
812_grandiflorum
2106_dorcesterSC
2107_persistens
2135_frankl inNC
albidumT

--actttattttct

cuneatumT
erectumT
grandiflorumr
luteumT
ovatumT
rivalePst

sessileT
t

kiiT

ctattt

—rivale
734_T.ozarkanum
735_T.alabamicum
736_T.georgianum
746_T.meculatum
747_louisianal
748_louisiana2
749_louisianal
ii

t

778_caddoLA
779_washingtonOR

iaAL

780 _¢
782_JjamesCityva

783_gray
784_undulatum

785_rocki
789_nivale
790_mississippi
791_montgome ryAR

793_14

794_smi
796_hibbersonii
799 _ovatum
800_hibbersonii
801_ovatum
806_persisten:

']
807_ AL

808_ iGA

810_viri
811_worcesterMd
812_grandi florum
2106_dorcestersC
2107_persistens
2135_frankl inNC
albidunt

erectunmT
graodi florumT
luteunT
ovatumT
rivalePst
rugeliiuvunT
sessileT

€t

iiT

Pst._rivale
734_T.ozarkanum
735_T.alabamicum
736_T.georgianum
746_T.maculatum
747 _1louisianal
748_louisiana2
749_1ouisianal

0001000--11011011201000010010100100010-000010001

7001020--11011011001001010010000101010-000110010

7001020--11011011001001010110000101010-000110010

0021020--11011010011000000010000101010-000111030
0001000--11011011==============10----01001010000

0011000--110110110410-00100032110----01001010100

750_ i
776_caddoLA

0011000--110110110410-00100032110----01001010100
01001010100

-=-=-0011000--11011111-=-cece=ceee-=-10----01001010000

0021010--11011010011000010010000101010-000111040

0001000--11011011001000010010000101010-000010000

779_wasbi,

iaAL

80_
782_jamesCityVvA

0001020--11011011001000010010000100010-000110000

0101020--11011011001001010010000101010-000110010

783_gray
784_undulatum

0101020--11011011001001010010000101010-000110010

0001000--11011010001000010010000100010-000010000

785_r
789_nivale
790_mississippi

0101020--11011011001001010011000101010-000110010

0001000--10 01000010010000100110-000010000

0001020--11011011001001010010000101010-000110010

791, YAR

793_14
794_smithTX
ii

0001020--11011011001001010010000101010-000110010

e 0001020--11011011001001010110000101010-000110010

0021010--11011010011000010010000101010-000111040

796_hi!

0011000--11011010001000010010000101010-000010000
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799_ovatum =— 0001000--11011011001000010010000101010-000010000
800_hibbersonii 0011000--11011010001000010010000101010-000010000
801_ovatum 0001000--11011011001000010010000101010-000010000
806_persistens - 0001020--11011011001000010010000100010-000110000
807_ AL ------- 0001020--11011011001000010010000100010-000110000
808_ iGA ?001020--11011011001000010010000100010-000110000
810_viri --0011000--110110110410-00100032110----01001010100
811_worcesterMd 0101020--11011011001001010010000101010-000110010
812_grandiflorum -=7002---1111010010001000010010000100010-000010000
2106 _dorcesterSC 0021020--11011010011000011011000101010-000111030
2107_persistens ----- 0001020--11011011101000010010000100010-000110000
2135_franklinNC 0001030--3=---=-~~==cfoecsccacaa---110-000110000
albidumr Sececcescsacesesss=s e ~--0011000--110110110410-00100100110----00001010000
T 0021100--11011010001000010010000110010-100010001
0012000--12011011---=~~=====e--10----01001010000

erectumT --0001000--11211010000000010010000110010-100010001
grandi f1orumr 0002---1111010010001000010010000100010-000010000
1 0011000--11111011-~~====e=ea=e-10----01001010000
ovatuml --=-es-sssses-o-o XSO0 -=-0001000--11011011001000010010000101010-000010000
rivalerst 0001000--11011011201000010010100100010-000010001
rugeliiuumr 0001000--11211010001000010010000110010-100010001
sessileT -0011000--110110110410-00109032110----01001010000
tschonoskiiT --0021100--11011010001000010010000110010-100010001

1)
Enq;
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Appendix C

Standard Statistics from the Morphological Characters






209

Table C.1. Descriptive statistics from the SPSS analysis of members of the Pusillum Complex.

—
taxon N Mean Std. Dev.  Variance Min Max Skewness  Kurtosis
stem alabamicum 39 147.24 38.73 1499.92 64.00 213.00 0.16 -0.63
ozarkanum 65 184.18 51.32 2634.03 90.00 285.00 0.29 -0.87
georgianum 7 111.29 13.29 176.57 98.00 137.00 1.27 1.93
pusillum 15 131.33 49.71 2470.81 65.00 214.00 0.56 -1.07
telmacola 1 150.00 . : 150.00 150.00 " .
texanum 15 175.13 21.00 441.12 140.00 208.00 0.17 -1.12
monticola 10 130.95 33.11 1096.03 86.00 192.00 0.25 -0.20
palustris 25 145.92 31.79 1010.66 113.00  235.00 %32 1.48
carolinianum 8 129.13 39.93 1594.41 60.00 180.00 -0.55 -0.34
virginianum 41 137.78 29.29 857.93 60.00 187.00 0.78 0.36
leaf alabamicum 40 44.78 10.95 119.96 26.00 63.00 0.04 -1.14
length ozarkanum 65 52.29 12.18 148.43 23.00 80.00 0.01 0.37
georgianum 7 42.50 7.57 57.25 35.00 56.00 0.97 0.43
pusillum 12 45.33 9.27 85.88 29.00 60.00 -0.25 -0.72
telmacola 1 65.00 ‘ . 65.00 65.00 . ;
texanum 15 53.80 6.54 42.74 42.00 70.00 0.85 2.02
monticola 10 39.05 9.42 88.69 26.00 55.00 0.38 -0.93
palustris 25 45.98 11.79 138.97 33.00 82.50 1753 2.58
carolinianum 9 38.44 8.99 80.78 23.00 53.00 -0.02 0.07
virginianum 41 38.22 9.32 86.93 24.00 63.00 0.79 0.16
leaf alabamicum 40 14.31 4.44 19.73 7.00 25.00 0.37 -0.76
width ozarkanum 65 17.29 4.54 20.58 8.00 30.00 0.24 -0.25
georgianum 7 8.79 1.41 1.99 7.00 11.00 0.49 -0.94
pusillum 12 12.67 2.70 7.29 7.50 18.00 0.10 0.84
telmacola 1 22.00 » : 22.00 22.00 : ;
texanum 15 15.43 4.98 24.82 9.00 27.50 1.16 0.99
monticola 10 17.75 3.14 9.85 14.00 22.50 0.35 -1.54
palustris 25 14.28 4.29 18.40 8.00 25.00 0.73 0.11
carolinianum 9 13.44 3.09 9.53 7.00 17.00 -0.96 1.52
virginianum 40 11.09 1.95 3.82 6.00 15.00 0.01 0.01
pedicel alabamicum 40 19.38 8.06 64.92 7.00 37.00 0.40 -0.65
ozarkanum 65 23.79 7.36 54.22 9.00 45.00 0.34 0.14
georgianum 7 20.21 6.11 37.32 13.00 29.00 0.04 -1.57
pusillum 15 13.80 4.65 21.60 6.00 23.00 0.29 0.05
telmacola 1 30.00 . A 30.00 30.00 ; ;
texanum 15 31.13 8.26 68.27 23.00 56.00 2.07 5.63
monticola 7 0.70 0.28 0.08 0.40 1.00 0.31 -2.69
palustris 2 1.98 1.62 2.61 0.50 7.00 1472 3.20
carolinianum 9 447 3.15 9.92 1.20 11.00 1.13 1.15
virginianum 38 1.78 1.18 1.40 0.50 7.00 2.41 9.37
sepal alabamicum 40 21.36 4.83 23.33 13.00 30.00 0.05 -0.74
length ozarkanum 67 26.44 6.55 42.92 14.00 41.00 0.31 -0.56
georgianum i 16.57 1.40 1.95 15.00 19.00 0.57 0.38
pusillum 12 19.21 3.12 9.75 13.00 24.00 -0.23 0.10
telmacola 1 21.00 . ‘ 21.00 21.00 . .
texanum 15 22.20 4.28 18.31 15.00 30.00 0.11 -0.58
monticola 9 19.56 3.24 10.53 16.00 25.00 0.26 -1.09
palustris 24 20.48 4.84 23.42 13.00 31.00 0.93 0.22
carolinianum 8 16.94 6.69 44.75 9.00 28.00 0.42 0.53
virginianum 40 16.96 2.25 5.04 11.50 22.00 0.03 0.48
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Table C.1. continued.

—
taxon N Mean Std. Dev.  Variance Min Max Skewness Kurtosis
sepal alabamicum 40 7.39 2.06 423 4.00 12.00 0.34 0.35
width ozarkanum 67 9.04 2.93 8.58 4.00 17.00 0.53 0.13
georgianum 7 6.00 0.82 0.67 5.00 7.00 0.00 -1.20
pusillum 12 6.25 1.12 1.28 4.50 8.00 0.18 0.64
telmacola 1 9.00 . ; 9.00 9.00 ; ;
texanum 15 6.60 2.51 6.29 3.00 13.00 0.77 2.15
monticola 9 6.44 1.69 2.84 4.00 9.00 0.50 0.38
palustris 24 .73 1.62 2.61 4.00 10.00 1.07 1.02
carolinianum 8 5.06 1.43 2.03 3.50 7.00 0.52 -1.68
virginianum 40 474 1.11 1.23 3.00 7.50 0.15 0.36
petal alabamicum 39 21.08 3.66 13.39 15.00 30.00 £0.01 0.24
length ozarkanum 63 25.01 4.52 20.42 14.00 33.00 0.11 0.62
georgianum il 17.29 1.60 2.57 15.00 19.00 -0.31 -1.83
pusillum 10 20.25 3.28 10.74 13.00 26.00 0.72 3.01
telmacola 1 15.00 : : 15.00 15.00 2 .
texanum 10 20.85 3.02 9.11 15.00 25.00 0.79 0.29
monticola 9 20.50 3.54 12.50 16.00 27.00 0.42 0.06
palustris 23 19.87 3.90 15.23 13.00 28.00 0.36 0.27
carolinianum 6 17.75 3.7 13.78 14.00 24.00 1.04 0.45
virginianum 34 18.57 2.46 6.05 12.50 23.00 0.48 0.07
petal alabamicum 39 8.00 2.12 4.50 4.00 13.00 0.34 0.35
width ozarkanum 59 9.95 2.46 6.04 6.00 16.00 0.35 0.36
georgianum 7 8.00 1.53 2.33 5.00 9.00 -1.57 1.97
pusillum 8 6.06 1.21 1.46 4.50 8.00 0.29 -1.02
telmacola 1 6.00 . ‘ 6.00 6.00 . .
texanum 8 8.88 1.58 2.48 7.00 12.00 1.15 1.29
monticola 8 6.13 1.89 3.55 4.00 9.00 0.96 0.51
palustris 23 6.11 2.14 4.59 3.50 12.00 1817 1.37
carolinianum 6 4.92 1.86 3.44 3.00 8.00 0.94 0.25
virginianum 34 5.36 1.02 1.04 3.50 7.00 -0.05 0.70
filament alabamicum 40 377 0.59 0.35 2.50 5.00 0.4 -0.50
ozarkanum 59 4.14 0.59 0.35 3.00 5.70 0.57 0.41
georgianum i 3.39 0.35 0.13 3.00 4.00 0.61 0.25
pusillum 12 3473 0.51 0.26 3.00 5.00 1:27 2.68
telmacola 1 4.00 : i 4.00 4.00 . .
texanum 11 3477 0.93 0.87 2.50 5.50 0.37 -0.08
monticola 8 5.50 1.13 1.29 4.50 8.00 1.76 3.66
palustris 22 4.45 0.95 0.90 2.50 6.00 0.50 0.55
carolinianum 7 3.80 1.28 1.63 2.80 6.40 1.77 2.9
virginianum 40 422 0.78 0.61 3.00 6.50 0.96 1.32
anther alabamicum 40 5.7 1.59 252 3.00 9.70 0.39 0.36
ozarkanum 59 6.30 1792 2.96 2.50 11.00 0.15 0.10
georgianum i 4.39 0.41 0.17 4.00 5.20 1.38 2.31
pusillum 12 4.78 0.99 0.97 3.20 6.50 0.20 -0.84
telmacola 1 5.50 : . 5.50 5.50 , :
texanum 11 5.95 1.17 1.37 4.00 7.50 0.21 0.98
monticola 8 573 1.70 2.89 3.80 9.50 1.72 4.10
palustris 22 5.15 1.10 1.22 3.20 7.00 0.15 .39
carolinianum il 3.77 1.54 2.37 2.50 6.80 1.58 2.07
virginianum 40 423 0.65 0.42 2.60 5.70 0.22 0.4
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taxon N Mean Std. Dev.  Variance Min Max Skewness  Kurtosis

ovary alabamicum 38 3.28 0.68 0.46 2.00 4.50 0.11 -0.93
ozarkanum 57 3.59 0.89 0.80 1.00 6.50 0.21 1.98

georgianum 7 3.24 0.38 0.14 2.70 3.50 -1.09 -1.03

pusillum 12 2.64 0.50 0.25 2.00 3.50 0.74 -0.49

telmacola 1 4.00 . ’ 4.00 4.00 ; )

texanum 10 4.12 1.24 1.53 2.70 7.00 1.44 2.68

monticola 8 391 0.84 0.70 3.00 5.50 1.03 0.29

palustris 21 3.48 1.12 1.26 1.70 7.00 1.43 4.08

carolinianum 7 293 0.81 0.66 1.80 4.00 0.00 -1.32

virginianum 40 2.82 0.54 0.29 1.70 4.00 0.30 -0.33

style alabamicum 38 3.39 0.99 0.9 1.20 5.50 0.10 -0.14
ozarkanum 57 4.28 1.42 2.00 1.20 9.50 0.54 2.30

georgianum T 2.59 0.68 0.46 1.50 3.70 0.09 1.14

pusillum 12 2.68 0.66 0.44 1.50 3.50 0.19 0.92

telmacola 1 1.50 : : 1.50 1.50 a3 ;

texanum 10 3.48 0.69 0.48 2.50 5.00 1.00 1.78

monticola 8 4.94 2.09 4.39 3.00 9.50 1.73 3.21

palustris 21 4.18 1.86 345 2.00 9.50 1.40 24518

carolinianum 7 2.69 1.17 1.36 1.20 4.50 0.64 0.56

virginianum 40 3.35 0.75 0.56 2.20 5.00 0.62 0.38

stigma alabamicum 38 2.92 0.97 0.95 1.30 6.50 1.53 4.05
ozarkanum 57 2.90 1.04 1.09 0.50 6.50 0.70 1.39

georgianum 7 2.01 0.25 0.06 1.50 2.20 -1.79 3.69
pusillum 12 2.16 0.79 0.63 1.00 3.50 0.26 -0.86

telmacola 1 3.00 : 3 3.00 3.00 3 3
texanum 10 2.07 0.90 0.82 1.00 4.00 1.10 1.16

monticola 8 1.81 1.00 1.00 0.50 3.50 0.40 -0.61

palustris 21 2.66 0.81 065 . 1.00 5.00 0.94 2.93
carolinianum , 1.74 0.53 0.28 1.00 2.50 0.16 -1.00

virginianum 40 2.36 0.81 0.65 1.00 4.70 1.06 1.37
stamen alabamicum 40 9.54 1.80 3.23 6.00 13.70 0.13 0.44
ozarkanum 59 10.46 1.86 3.48 7.00 16.00 0.19 0.21
georgianum 7 1.77 0.41 0.17 7.00 8.20 -1.23 1.16

pusillum 12 8.52 0.96 0.93 6.70 10.00 0.35 0.41

telmacola 1 9.50 : . 9.50 9.50 . 4

texanum 11 9.73 1.82 3.32 6.50 13.00 0.31 0.22

monticola 8 11.23 2.78 7.71 8.80 17.50 1.93 4.45
palustris 22 9.60 1.81 3.28 5.70 12.50 0.19 0.33
carolinianum 7 157, 2.58 6.66 5.70 13.20 224 5.37
virginianum 40 8.45 1.17 1.36 6.00 11.00 0.25 0.03
pistil alabamicum 38 9.58 1.90 3.60 5.90 14.50 0.18 0.07
ozarkanum 57 10.92 2.54 6.44 4.50 17.70 0.43 0.71
georgianum 7/ 7.84 0.45 0.20 7.20 8.50 0.06 0.72
pusillum 12 7.48 1.36 1.85 5.10 10.50 0.76 1.59

telmacola 1 8.50 “ . 8.50 8.50 . .
texanum 10 9.67 2.32 5.37 6.20 14.50 0.71 1.14
monticola 8 10.66 2.25 5.05 8.30 15.00 1.03 0.77
palustris 21 10.32 2.85 8.11 5.90 19.50 1.59 4.56
carolinianum 7 7.36 2.04 4.15 5.00 10.00 0.28 -1.73
virginianum 40 8.53 1.33 1.77 5.30 11.20 0.00 0.18
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Table C.1. continued

— =
taxon N Mean Std. Dev.  Variance Min Max Skewness Kurtosis
ratio alabamicum 39 3.32 0.76 0.58 1.58 4.91 0.14 0.43
stem to ozarkanum 65 3.61 0.95 0.90 1.81 6.70 0.69 0.58
leaflength  georgianum 7 2.67 0.47 0.22 2.02 3.43 0.23 0.16
pusillum 12 2.93 0.79 0.63 1.67 3.89 0.29 -1.65
telmacola 1 2.31 . 5 2.31 2.31 J 2
texanum 15 3.28 0.43 0.19 2.21 3.94 0.90 1.40
monticola 10 3.40 0.69 0.48 2.49 4.57 0.48 -0.43
palustris 25 3125 0.59 0.35 2.08 4.39 0.03 0.48
carolinianum 8 3.52 0.95 0.90 2.56 5:19 0.79 -0.62
virginianum 41 k) 0.87 0.75 1.88 5152 0.05 .52
ratio alabamicum 40 3.23 0.55 0.30 2.00 5.10 1.22 3.33
leaf length  ozarkanum 65 3.09 0.57 0.32 2.08 4.87 0.81 0.56
to width georgianum 7/ 4.89 0.86 0.74 3.91 6.06 0.30 -1.52
pusillum 12 3.63 0.62 0.39 2.59 4.82 0.15 0.15
telmacola 1 2.95 ; ; 2.95 2.95 : .
texanum 15 3.73 0.92 0.84 1.89 5.67 0.04 0.69
monticola 10 2.22 0.44 0.20 1.33 2.94 0.34 1.24
palustris 25 3.36 0.86 0.73 2.36 5.70 1.40 1.52
carolinianum 9 2.90 0.45 0.20 2.13 3.53 0.40 -0.66
virginianum 40 3.50 0.92 0.85 2:.33 6.11 1.19 0.86
ratio alabamicum 39 8.48 3.66 13.38 3.78 20.71 1.42 2.66
stem to ozarkanum 65 8.34 3.12 9.75 4.00 19.64 1.11 1.47
pedicel georgianum 7 5.94 1.84 3.38 3.9 8.56 0.44 -1.98
pusillum 15 10.43 4.44 19.67 3.61 16.50 0.04 -1.51
telmacola 1 5.00 . : 5.00 5.00 . s
texanum 15 5.90 1.39 1.92 3.39 7.88 0.18 .81
monticola 7 210.29 107.99 11662.24 86.00 380.00 0.27 -0.81
palustris 22 113.24 72.42 5244.18 18.14  250.00 0.61 -0.69
carolinianum 8 54.54 49.88 2487.70 11.36 138.33 1.01 -0.68
virginianum 38 108.58 73.75 5438.63 21.86  300.00 1.44 1.23
ratio alabamicum 40 2.96 0.41 0.17 1.82 4.00 0.21 1.06
sepal ozarkanum 67 3.07 0.69 0.48 1.29 6.00 0.85 4.43
length georgianum 7 2.81 0.49 0.24 2.43 3.80 1.70 3.05
to width pusillum 12 3.11 0.46 0.22 2.50 4.00 0.66 -0.39
telmacola 1 2.33 . : 2233 2.33 i P
texanum 15 3.66 0.96 0.92 2.08 5.67 0.58 0.06
monticola 9 3.12 0.46 0.21 2.33 4.00 0.28 1.45
palustris 24 3.66 0.59 0.35 2.60 5.00 0.21 -0.11
carolinianum 8 3.28 0.63 0.40 2.25 4.00 -0.50 -0.80
virginianum 40 3.74 0.88 0.78 2.17 6.00 0.87 0.44
ratio alabamicum 40 0.89 0.26 0.07 0.39 1.45 0.41 0.42
pedicel ozarkanum 65 0.92 0.24 0.06 0.43 1137 0.01 0.85
to sepal georgianum 7 1.21 0.32 0.10 0.84 1.60 0.09 -2.29
pusillum 12 0.68 0.27 0.07 0.36 13§ 1.56 2.67
telmacola 1 1.43 - . 1.43 1.43 3 ;
texanum 15 1.44 0.40 0.16 1.00 2.20 0.53 -0.88
monticola 7 0.04 0.02 0.00 0.02 0.06 0.52 -1.75
palustris 21 0.09 0.07 0.01 0.03 0.25 1£31 0.63
carolinianum 8 0.25 0.17 0.03 0.08 0.61 1577 3.55
virginianum 37 0.11 0.07 0.01 0.03 0.41 231 8.39




Table C.1. continued.
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= pm——— —_— 1
taxon N Mean Std. Dev.  Variance Min Max Skewness  Kurtosis
ratio alabamicum 39 2.73 0.50 0.25 1.92 4.00 0.57 -0.49
petal ozarkanum 59 2.59 0.52 0.27 1.73 4.17 0.86 0.98
length georgianum 7 225 0.54 0.29 1.67 3.20 0.96 0.23
to width pusillum 8 3.41 0.51 0.26 2.75 4.30 0.51 -0.22
telmacola 1 2.50 . ; 2.50 2.50 . .
texanum 8 2.49 0.44 0.19 1.83 3.13 0.11 -0.79
monticola 8 3.59 0.64 0.41 2.56 4.60 -0.09 -0.04
palustris 23 344 0.72 0.51 1.96 5.14 -0.05 0.96
carolinianum 6 3.88 1.08 1.16 2.50 5.33 0.06 -1.26
virginianum 34 3.56 0.72 0.52 2.15 5.71 0.69 1.09
ratio alabamicum 39 1.02 0.15 0.02 0.75 1.35 0.55 -0.20
sepal ozarkanum 63 1.04 0.17 0.03 0.71 1.50 0.29 -0.05
length georgianum 7 0.96 0.11 0.01 0.83 1.13 0.29 -0.87
to pusillum 9 0.92 0.14 0.02 0.77 1.18 0.54 -0.62
petal telmacola 1 1.40 i ‘ 1.40 1.40 i .
length texanum 10 1.07 0.10 0.01 0.92 1.23 0.07 -1.46
monticola 9 0.96 0.12 0.01 0.76 1.13 -0.18 0.76
palustris 23 1.04 0.17 0.03 0.72 1.50 0.97 1.79
carolinianum 6 0.92 0.29 0.09 0.51 1.20 -0.59 -1.80
virginianum 34 0.92 0.11 0.01 0.71 1.24 0.56 1.04
ratio alabamicum 40 1.56 0.45 0.21 0.88 2.60 0.53 -0.50
anther to ozarkanum 59 1.55 0.47 0.22 0.56 2575 0.30 0.35
filament georgianum 7 1.31 0.22 0.05 1.00 1.73 0.95 2.82
pusillum 12 1.31 0.36 0.13 0.80 1.86 0.35 -1.19
telmacola 1 1.38 : ; 1.38 1.38 ’ :
texanum 11 1.64 0.42 0.18 1.13 2.60 1.16 1.52
monticola 8 1.03 0.14 0.02 0.76 1.20 -0.80 1.31
palustris 22 1.19 0.27 0.07 0.74 2.00 1.19 3.00
carolinianum 7 1.02 0.36 0.13 0.67 1.71 1.34 1.96
virginianum 40 1.02 0.19 0.04 0.58 1.34 -0.15 -0.72
ratio alabamicum 38 1.19 0.26 0.07 0.67 2.00 0.85 1.46
filament ozarkanum 57 1.24 0.48 0.23 0.62 4.00 3.84 19.85
to ovary georgianum 7 1.05 0.15 0.02 0.86 1.30 0.32 -0.12
pusillum 12 1.44 0.26 0.07 1.14 2.00 0.80 0.37
telmacola 1 1.00 ¢ ' 1.00 1.00 . :
texanum 10 0.94 0.13 0.02 0.71 1.14 0.10 -0.19
monticola 8 1.43 0.24 0.06 1.00 1.78 -0.31 0.21
palustris 21 1.34 0.36 0.13 0.79 2.53 1.69 5.54
carolinianum ) 1.34 0.37 0.13 0.70 1.68 -1.07 0.14
virginianum 40 1.54 0.36 0.13 0.92 2.94 1.45 491
ratio alabamicum 38 1.20 0.33 0.11 0.69 2.25 0.91 1.22
ovary to ozarkanum 57 1.41 0.77 0.60 0.38 6.00 3.89 22.00
stigma georgianum 7 1.62 0.21 0.04 1.23 1.80 -1.43 1.65
pusillum 12 1.39 0.57 0.33 0.72 2.33 0.62 -1.40
telmacola 1 1.33 : X 1.33 1.33 . ;
texanum 10 2.14 0.51 0.26 1.17 2.92 -0.35 0.20
monticola 8 3.23 2.67 ZA0 1.00 9.00 1.67 3.05
palustris 21 1.45 0.82 0.67 0.66 4.50 2.717 9.70
carolinianum 7 1.83 0.75 0.57 0.90 3.00 044 -0.92
virginianum 40 1.31 043 0.19 0.53 2.27 0.47 -0.49
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Table C.1. continued.

e -
taxon N Mean Std. Dev.  Variance Min Max Skewness Kurtosis
ratio alabamicum 38 0.51 0.12 0.02 0.26 0.76 0.06 0.56
stigma to ozarkanum 57 0.49 0.24 0.06 0.13 1.60 1.92 6.92
anther georgianum 7 0.46 0.07 0.00 0.38 0.55 0.14 -1.27
pusillum 12 0.45 0.14 0.02 0.23 0.71 0.45 0.17
telmacola 1 0.55 > > 0.55 0.55 x :
texanum 10 0.35 0.15 0.02 0.18 0.57 0.65 -1.56
monticola 8 0.35 0.22 0.05 0.08 0.66 0.31 -1.52
palustris 21 0.54 0.19 0.04 0.15 1.00 0.48 0.85
carolinianum 7 0.53 0.26 0.07 0.22 0.83 0.15 =227
virginianum 40 0.56 0.19 0.04 0.27 1.12 1.18 1.27
ratio alabamicum 38 1.77 0.26 0.07 1.17 2.30 -0.08 0.36
anther to ozarkanum 57 1.92 1.31 1.70 0.63 11.00 6.19 43.42
ovary georgianum 7 1.36 0.15 0.02 1.14 1.56 0.20 -1.46
pusillum 12 1.86 0.50 0.25 1.14 2.75 0.55 0.69
telmacola 1 1.38 : . 1.38 1.38 v .
texanum 10 1.53 0.40 0.16 1.00 2:17 0.05 0.95
monticola 8 1.47 0.33 0.11 1.00 2.11 0.80 1.29
palustris 21 1.57 0.42 0.18 1.00 2.61 1.19 1.26
carolinianum 7 1.28 0.30 0.09 0.94 1.79 0.67 0.02
virginianum 40 1.55 0.40 0.16 1.06 3.35 2.48 10.17
ratio alabamicum 38 0.97 0.59 0.35 0.36 3.85 3.32 14.64
stigma to ozarkanum 57 0.77 0.43 0.19 0.10 2.80 2.10 7.55
style georgianum 7 0.85 0.33 0.11 0.41 1.47 0.92 1.96
pusillum 12 0.85 0.36 0.13 0.38 1.53 0.52 0.61
telmacola 1 2.00 4 . 2.00 2.00 v 2
texanum 10 0.60 0.27 0.07 0.40 1.14 1.32 0.55
monticola 8 0.45 0.31 0.09 0.08 0.88 0.06 -1.93
palustris 21 0.76 0.38 0.15 0.14 1.67 0.60 0.02
carolinianum 7 0.77 0.45 0.21 0.33 1.67 1.49 2.28
virginianum 40 0.74 0.30 0.09 0.29 1.43 0.81 0.02
ratio alabamicum 38 1.01 0.11 0.01 0.82 1.28 0.50 .01
stamen to ozarkanum 57 0.99 0.18 0.03 0.40 1.56 0.24 1.93
pistil georgianum 7 0.99 0.08 0.01 0.89 1.11 0.13 0.74
pusillum 12 1.16 0.16 0.03 0.90 1.43 0.01 -1.06
telmacola 1 112 : > 1.12 1.12 @ .
texanum 10 1.03 0.15 0.02 0.79 1.30 -0.03 0.05
monticola 8 1.06 0.13 0.02 0.88 1.29 0.58 0.10
palustris 21 0.96 0.17 0.03 0.53 1.27 0.55 1.29
carolinianum 7 1.04 0.21 0.04 0.76 1.35 0.09 -1.13
virginiapum 40 1.00 0.12 0.01 0.81 1.30 0.29 0.18
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Appendix D

Discriminant Analyses
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Table D.1. Wilks lambda illustrating the significance of the functions calculated for the clusters of
the Pusillum Complex.

——————————
Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 2 0.088 376.054 50 0
2 0.615 75.386=I= 24 0

Table D.2. Eigenvalues and % variance for the functions for the clusters of the Pusillum Complex
showing the amount of variation attributable to each function. '

Function Eigenvalue % of Variance Cumulative % CCanomc.al
orrelation
1 5.957 90.5 90.5 0.925

2 0.626 9.5 100.0 0.621
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Table D.3. Standardized canonical discriminant function coefficients indicating the relative
importance of the characters to the functions used in separating the clusters of the Pusillum
Complex. The largest values for each function are bold, and the single largest positive and negative
coefficients are bold-italic.

s
character T el
1 2

stem -0.442 -0.474
leaf length 0.536 1.732
leaf width 0.226 -1.618
pedicel 1.200 -0.093
sepal length -0.858 1.970
sepal width -0.105 0.530
petal length -0.559 -1.464
petal width 0.181 -0.183
filament 0.157 2.394
anther -2.608 3.890
ovary 0.245 -0.593
style 0.142 0.860
stigma -0.101 0.230
stamen 1.681 -5.218
ratio: stem 2 leaf 0.439 0.770
ratio: leaf length 2 width 0.072 -1.679
ratio: stem 2 pedicel 0.302 0.083
ratio: sepal length 2 width 0.223 0.460
ratio: pedicel 2 sepal -1.712 -0.008
ratio: petal length 2 width 0.237 -0.321
ratio: sepal length 2 petal length -0.066 -1.347
ratio: anther 2 filament 1.135 0.276
ratio: ovary 2 stigma -0.179 -0.223
ratio: stigma 2 anther -0.105 -0.509

ratio: stigma 2 style 0.075 0.536
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Table D.4. Structure matrix indicating the correlations of each character to the functions used in
separating the clusters of the Pusillum Complex. Variables in bold italic were not used in the analysis.

=
function
character 1 2

pedice2lsepal -0.708 -0.194
pedicel -0.593 0.117
stem2pedicel 0.466 -0.018
petal 12w 0.291 -0.074
filament2ovary 0.179 0.059
sepal_12w 0.171  0.068
leaf_length -0.170  0.130
sepal2petal -0.110  0.089
ovary -0.097 0.056
stigma2style -0.038 0.036
petal_length -0.192  0.429
stem -0.123  0.424
sepal_length -0.220 0.417
leaf 12w -0.007 -0.415
pistil -0.109  0.381
stem2leaf 0.051 0.377
petal_width -0.330 0.368
style -0.050 0.365
anther -0.205 0.335
leaf_width -0.140 0.332
stamen -0.135 0.331
stigma -0.084 ' 0.322
sepal_width -0.271 0.311
anther2filament -0.226  0.228
anther2ovary -0.041  0.195
ovary2stigma 0.029 -0.161
filament 0.075 0.135
stigma2anther 0.059 0.120

stamenZ2pistil 0.066 -0.110
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Table D.5. Wilks lambda illustrating the significance of the functions calculated for the taxa of the
Pusillum Cluster of the Pusillum Complex.

Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 3 0.000 115.563 57 0
2 through 3 0.005 55.428 36 0.020
3 0.152 19.814 17 0.284
—_—— ————————

Table D.6. Eigenvalues and % variance for the functions used in separating the taxa of the
Pusillum Cluster of the Pusillum Complex showing the amount of variation attributable to each

function. First 3 canonical discriminant functions were used in the analysis even though only the first 2
were significant.

Function Eigenvalue % of Variance Cumulative % Canomc.al
Correlation

1 306.091 89.9 89.9 0.998

2 28.721 8.4 98.4 0.983

3 5.600 1.5 100.0 0.921




Table D.7. Standardized canonical discriminant function coefficients indicating the relative
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importance of the characters to the functions used in separating the taxa of the Pusillum Cluster of
the Pusillum Complex. The largest values for each function are bold, and the single largest positive and

negative coefficients are bold-italic.

Function
character 1 2 3

stem -0.487 -0.961 3.176
leaf length -10.798 -4.788 -4.463
leaf width 14.945 6.914 1.343
pedicel -1.476 -3.687 -3.325
sepal length 21.412 0.440 4.808
sepal width -17.030 0.657 -3.049
petal length 7.264 -4.459 -0.817
petal width 3.882 3.590 1.872
filament -25.929 4.285 -3.858
anther 9.371 0.045 0.619
ovary 22.336 -2.379 3.287
style -5.390 2.265 1.051
stigma -12.952 -1.046 -0.211
ratio: stem 2 leaf -5.987 -0.779 -3.578
ratio: leaf length 2 width 7.008 7.388 1.475
ratio: stem 2 pedicel 4.924 -0.600 2.159
ratio: sepal length 2 width -22.665 3.222 -1.716
ratio: pedicel 2 sepal 7.120 1.789 4.069
ratio: filament 2 ovary 13.394 -2.053

3.649
=
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Table D.8. Structure matrix indicating the correlations of each character to the function used in
separating the taxa of the Pusillum Cluster of the Pusillum Complex. Variables in bold italic were
not used in the analysis.

character Tunction
1 2 3
stem 0.054 -0.010 -0.024
anther 0.044 -0.028 -0.001
Dpistil 0.036 -0.001 0.023
ovary2stigma -0.060 0.144 -0.065
leaf 12w -0.024 0.128 -0.013
petal_width 0.037 0.112 0.034
sepal_length 0.064 -0.066 0.035
stamenZ2pistil 0.025 -0.062 -0.038
filament 0.018 -0.056 0.021
stamen 0.041 -0.048 0.009
sepal2petal 0.066 -0.034 -0.264
petal_length 0.022 -0.066 0.239
style 0.030 -0.006 0.239
stigma2style -0.013 -0.159 -0.203
leaf_length 0.042 -0.034 -0.198
petal_12w -0.055 -0.177 0.197
filament2ovary -0.049 -0.149 0.188
pedice2lsepal 0.032 0.097 -0.174
sepal_I2w 0.001 -0.023 0.152
stem2pedicel -0.021 -0.083 0.132
leaf_width 0.051 -0.104 -0.125
pedicel 0.053 0.050 -0.125
anther2ovary -0.077 -0.101 0.112
sepal_width 0.045 -0.028 -0.110
stem2leaf 0.031 0.023 0.091
ovary 0.048 0.041 -0.081
stigma 0.003 -0.043 -0.066
stigma2anther -0.030 -0.043 -0.044

anther2filament -0.008 0.019 -0.035
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Table D.9. Eigenvalues and % variance for the function used in separating the taxa of the
Ozarkanum Cluster of the Pusillum Complex showing the amount of variation attributed to each
function.

Function Eigenvalue = % of Variance Cumulative % Canomc.al
Correlation
1 0.766 100.0 100.0 0.659

Table D.10. Standardized canonical discriminant function coefficients indicating the relative
importance of the characters to the function used in separating the taxa of the Ozarkanum Cluster '
of the Pusillum Complex. The largest values for each function are bold, and the single largest positive
and negative coefficients are bold-italic.

character Function 1
stem -2.139
leaf length 1.339
leaf width -0.410
pedicel 1.882
sepal length -2.914
sepal width -1.061
petal length 1.709
petal width 0.359
filament 0.555
anther 1.916
ovary -0.140
style -0.306
stigma 0.275
stamen -2.526
ratio: stem 2 leaf 0.992
ratio: leaf length 2 width -0.020
ratio: stem 2 pedicel 0.749
ratio: sepal length 2 width -1.129
ratio: pedicel 2 sepal -1.020
ratio: petal length 2 width 0.569
ratio: sepal 2 petal 1.757
ratio: anther 2 filament 0.748
ratio: ovary 2 stigma -0.280
ratio: stigma 2 anther 0.229

ratio: stigma 2 style _ -0.166
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Table D.11. Structure matrix indicating the correlations of each character to the function used in
separating the taxa of the Ozarkanum Cluster of the Pusillum Complex. Variables in bold italic were
not used in the analysis.

s ————a}
character function 1
petal_length -0.438
petal_width -0.404.
stem -0.400
sepal_length -0.378
filament -0.348
leaf width -0.335
style -0.331
leaf_length -0.283
pistil -0.281
pedicel -0.258
sepal_width -0.237
stamen -0.206
ovary -0.188
ovary2stigma -0.188
leaf 12w 0.171
stigma2style 0.167
stamen2pistil 0.159
stem2leaf -0.159
sepal_I2w -0.149
petal_12w 0.131
anther -0.099
anther2filament 0.074
sepal2petal -0.061
pedice2lsepal -0.053
stem2pedicel 0.046
anther2ovary -0.036
stigma 0.014
stigma2anther 0.008

filament2ovary 0.005
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Table D.12. Wilks lambda illustrating the significance of the functions calculated for the taxa of the
Virginianum Cluster of the Pusillum Complex.

—— ==== == S
Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 3 0.019 167.740 81 0
2 through' 3 0.105 95.806 52 0
3 0.464 32.664 25 0.140
=—

Table D.13. Eigenvalues and % variance for the functions used in separating the taxa of the
Virginianum Cluster of the Pusillum Complex showing the amount of variation attributed to each
function.

—_ —_—
Function Eigenvalue % of Variance Cumulative % C(f) ‘:_::;‘: tci?)::
1 4.433 49.2 49.2 0.903
2 3.418 37.9 87.2 0.880
3 1.157 12.8 100.0 0.732

— ——
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Table D.14. Standardized canonical discriminant function coefficients indicating the relative
importance of the characters to the functions used in separating the taxa of the Virginianum Cluster
of the Pusillum Complex. The largest values for each function are bold, and the single largest positive
and negative coefficients are bold-italic.

character Eemeon
1 2 3
stem -0.965 0.465 -0.002
leaf length -2.736 -2.212 1.048
leaf width 3.329 2.856 -0.436
pedicel 2.844 0.612 2.224
sepal length -2.388 1.944 ~4.701
sepal width -1.191 -3.691 -1.167
petal length 4.155 -2.801 4.753
petal width -3.283 4.546 -0.470
filament -0.524 -1.858 -1.510
anther -0.170 1.160 0.049
ovary -1.604 0.833 2.508
style 3.011 2.077 0.672
stigma 1.308 -5.410 -1.828
ratio: stem 2 leaf 0.329 -0.609 -0.730
ratio: leaf length 2 width 2.606 1.662 -0.909
ratio: stem 2 pedicel 0.499 -0.875 -0.193
ratio: sepal length 2 width -1.141 -2.240 -0.796
ratio: pedicel 2 sepal -2.440 -1.228 -2.291 r
ratio: petal length 2 width -2.161 3.218 -0.354
ratio: sepal 2 petal 1.316 -0.225 3.915
ratio: anther 2 filament 0.786 -0.167 -1.712
ratio: ovary 2 stigma 0.661 -1.505 -0.726
ratio: stigma 2 anther -0.872 4.394 0.748
ratio: anther 2 ovary -2.119 -0.290 2.385
ratio: stigma 2 style 1.884 2.398 1.796

ratio: stamen 2 gistil 2.803 1.760 0.478
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Table D.15. Structure matrix indicating the correlations of each character to the functions used in

separating the taxa of the Virginianum Cluster of the Pusillum Complex. Variables in bold italic
were not used in the analysis.

Tunction
character 1 2 3
leaf_width 0.349 0.131 0.106
ovary2stigma 0.334 -0.029 -0.248
ovary 0.253 -0.032 0.135
stem2pedicel 0.250 -0.088 0.016
leaf 12w -0.219 -0.118 0.171
filament 0.192 -0.146 0.048
style 0.190 -0.159 0.122
stigma2anther -0.176 0.074 0.081
sepal_width 0.171 -0.020 0.146
pedicel -0.141 0.095 -0.049
petal_width 0.103 -0.046 0.103
stamen2pistil 0.073 -0.026 -0.059
stem -0.065 0.018 0.009
sepal_12w -0.091 -0.121 0.108
anther 0.268 -0.185 0.438
sepal_length 0.102 -0.097 0.367
sepal2petal -0.017 -0.038 0.323
stigma -0.088 -0.043 0.308
anther2filament 0.022 -0.007 0.305
stem2leaf -0.051 0.017 -0.302
leaf length -0.008 -0.012 0.298
stamen 0.281 -0.202 0.286
pistil 0.161 -0.123 0.283
anther2ovary -0.026 -0.119 0.234
pedice2lsepal -0.154 0.157 -0.169
petal_length 0.130 -0.097 0.158
stigma2style -0.122 0.101 0.152
filament2ovary -0.067 -0.076 -0.088

petal 12w -0.014 0.019 -0.059
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Table D.16. Wilks lambda illustrating the significance of the functions calculated for the taxa of the
Pusillum Complex.

Test of Function(s) Wilks' Lambda Chi-square df Sig.
1 through 9 0.006 786.608 225 0
2 through 9 0.049 456.308 192 0
3 through 9 0.105 340.988 161 0
4 through 9 0.210 236.739 132 0
S through 9 0.335 165.529 105 0
6 through 9 0.511 101.643 80 0.052
7 through 9 0.688 56.549 57 0.492
8 through 9 0.804 33.050 36 0.610
9 0.924 - 11.926 17 0'805..

Table D.17. Eigenvalues and % variance for the functions used in separating the taxa of the
Pusillum Complex showing the amount of variation attributable to each function. First 9 canonical
discriminant functions were used in the analysis even though only the first 5 were significant.

—_—
Function Eigenvalue = % of Variance Cumulative % (S) t::;:: tci?)ln

1 7.848 66.2 66.2 0.942
2 1.141 9.6 75.9 0.730
3 0.990 8.4 842 0.705
4 0.600 5.1 89.3 0.612
5 0.525 4.4 93.7 0.587
6 0.347 29 96.6 0.507
7 0.168 1.4 98.0 0.379
8 0.150 1.3 99.3 0.361
9 0.082 0.7 100.0 0.275___




Table D.18. Standardized canonical discriminant function coefficients indicating the relative
importance of the characters to the functions used in separating the taxa of the Pusillum Complex.
The largest values for each function are bold, and the single largest positive and negative coefficients are

-0.168
—

bold-italic.
B e e ————— —
character qussiis)
1 2 3 4 5
stem 0.349 0.471 0.212 -1.110 0.378
leaf length -0.748 0.616 -2.163 1.600 -0.828
leaf width 0.261 -1.006 1.980 -0.697 -0.599
pedicel -1.211 0.398 -0.632 -0.260 -1.354
sepal length 1.170 0.513 1.645 <4.429 1.169
sepal width -0.123 0.612 -0.568 1.005 1.019
petal length 0.081 -0.204 -0.927 3.613 -0.002
petal width 0.134 -0.562 0.293 -1.209 -0.501
filament -0.920 1.488 -1.352 1.157 1.834
anther 1.966 2.937 -2.237 1.011 0.613
ovary 0.051 -0.458 0.282 -0.054 -0.714
style -0.300 0.707 -0.273 0.158 0.544
stigma -0.334 0.065 -0.090 -0.053 1.675
stamen -0.297 -3.288 3.278 -1.448 -2.527
ratio: stem 2 leaf -0.250 -0.171 -0.194 0.618 -0.451
ratio: leaf length 2 width 0.429 -1.438 1.529 -0.550 0.192
ratio: stem 2 pedicel -0.327 0.112 0.456 0.247 0.335
ratio: sepal length 2 width -0.235 0.550 -0.386 0.492 0.400
ratio: pedicel 2 sepal 1.699 -0.214 0.751 0.323 1.150
ratio: petal length 2 width -0.152 -0.359 0.217 -0.694 -0.587
ratio: sepal 2 petal 0.008 -0.698 -0.616 2.940 -0.505
ratio: anther 2 filament -1.467 -0.192 -0.217 0.535 0.679
ratio: ovary 2 stigma 0.067 0.146 0.730 -0.128 -0.087
ratio: stigma 2 anther 0.492 -0.354 0.406 -0.070 -1.271
ratio: stigma 2 stgle -0.089 0.400 0.391 -0.392

229
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Table D.19. Structure matrix indicating the correlations of each character to the functions used in
separating the taxa of the Pusillum Complex. Variables in bold italic were not used in the analysis.

character L
1 2 3 4 5
pedice2lsepal 0.701 -0.004 0.140 0.120 -0.141
pedicel 0.590 0.313 0.060 0.086 -0.185
stem2pedicel -0.471 0.047 0.460 0.182 0.090
petal_12w -0.282 -0.061 -0.108 -0.047 -0.061
leaf_width 0.130 0.531 0.147 0.179 -0.306
petal_length 0.165 0.522 -0.011 -0.058 0.199
leaf 12w 0.031 -0.522 -0.087 -0.015 0.313
sepal_length 0.203 0.499 -0.032 0.096 0.054
stamen 0.116 0.451 0.138 0.255 0.135
stem 0.123 0.418 -0.092 -0.088 -0.145
style 0.038 0.418 0.097 -0.023 0.210
pistil 0.098 0.410 0.058 0.117 0.105
petal_width 0.314  0.408 0.075 -0.097 0.135
sepal_width 0.242 0.388 0.045 0.111 -0.036
filament -0.082  0.291 0.211 0.157 0.110
ovary2stigma -0.034 0.115 0.581 -0.013 -0.075
stigma 0.070 0.178 -0.224 0.160 0.087
sepal2petal 0.112 0.114 -0.037 0.338 -0.159
anther2ovary 0.028 0.121 -0.109 0.012 0.135
sepal_12w -0.151  0.023 -0.123 -0.026 0.140
stamen2pistil -0.066- -0.070 0.037 0.066 -0.022
stigma2anther -0.049 -0.043 -0.252 -0.056 -0.047
stem2leaf -0.043  0.247 -0.067 -0.260 -0.108
leaf _length 0.163 0.210 -0.043 0.211 -0.090
stigma2style 0.037 -0.084 -0.169 0.196 -0.140
anther2filament 0.196 0.175 -0.059 0.133 0.053
anther 0.179 0.386 0.057 0.227 0.104
Sfilament2ovary -0.184 -0.016 -0.127 -0.054 0.150

ovary 0.101  0.217 0.294 0.175 -0.136
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