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strongest Hsp70 affinities failed to direct the import. Sequence analysis indicates
that these peptides contain 2-3 residues of Trp which is the rarest aa in the TP
N-termini. We proposed that although these peptides can interact with the
stromal Hsp70 and initiate translocation, they may not function correctly in the
preceding steps such as the binding or intermediate steps before translocation.

In Chapter 5, the spacer length between the strong N-terminal Hsp70
domain and FGLK motifs were studied. Mutants of SStp and FDtp were
generated to contain spacers with lengths between + 10 aa of wild-type lengths
based on the designed spacer sequences or the wild-type SStp and FDtp spacer
sequences. We found that the mutants containing the spacer lengths similar to
those of the wild types had the highest targeting efficiencies while the mutants
with greater length deviation from the wild-type lengths had lower targeting
efficiencies. We proposed that the optimal Hsp70-FGLK spacer should be around
28 to 31-aa long.

The results from Chapters 4 and 5 provide supporting evidence for our
biomodal interaction model. While we showed in Chapter 4 that some TPs
utilized the N-terminal Hsp70 domain for targeting, Chapter 5 showed that the
optimal import efficiencies only occur at specific Hsp70-FGLK spacer lengths.
These results together indicate the link between binding and translocating steps
in plastid protein import. While TPs are captured by Toc34 receptor via the
FGLK motif, an optimal length spacer allows the stromal Hsp70 to trap/pull the

N-terminal Hsp70 domain to initiate the translocation within a rapid timeframe.

6.1.3 Future directions

Although in Chapter 4, we showed that the unrelated Hsp70-interacting
peptides could substitute for the TP N-terminal Hsp70 domain and mutants
lacking N-terminal Hsp70 domain failed to direct import. We reasoned that the

N-termini of these mutants were unable to interact with the stromal Hsp70
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chaperone to initiate translocation. But there is no direct evidence to connect this
domain with the stromal Hsp70 interaction. Analysis of these mutants in
chloroplasts lacking stromal Hsp70 will provide supporting evidence. In addition,
majority of TPs do not contain the strong N-terminal Hsp70 domain (Chapter 4).
It is possible that these TP N-terminal domains may interact with other stromal
proteins. Hsp93 is another translocon motor located in the stroma, however, its
substrate recognition is still unknown (Chou et al., 2006; Chou et al., 2003;
Kovacheva et al., 2005; Nielsen et al., 1997). Mutants of both stromal Hsp70 and
Hsp93 have been identified in Arabidopsis (Kovacheva et al., 2007; Su and Li,
2008). Analysis of the precursor proteins containing either Hsp70-interacting or
non-interacting (possibly Hsp93-interating) N-terminal domain in both Hsp70
and Hsp93 mutants may provide evidence to support the role of stromal Hsp93 in
initiating the translocation of precursor proteins lacking N-terminal Hsp70
interacting domain. However, it is also known that Hsp70 and Hsp93 function
together during import (Shi and Theg, 2011) which potentially complicates this
study. But, we previously concluded that the N-terminal domain is a key
determinant for import (Chapter 3). The import of TPs utilizing the N-terminal
Hsp70 domain is expected to be severely reduced in the Hsp70 mutant but much
less reduced in the Hsp93 mutant. The import of TPs utilizing the N-terminal
Hsp93 domain would behave oppositely. To reduce the effect from the sequences
of different precursors, the experiments could be performed by replacing only the
N-terminal domain of the model TP such as SStp with these potential
Hsp70/Hsp93-interacting N-termini.

The TP mutants generated from two peptides, pp9 and pp38, were found
to be import-deficient (Chapter 4). It was proposed that these mutants could not
function in steps before the translocation step in the import. Experiments could
be performed to investigate the formation of the binding and import
intermediates of the precursors of these mutants using the previously reported

methods (Akita and Inoue, 2009; Inoue and Akita, 2008a). Mutagenesis analysis
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of these peptide sequences may also uncover the requirement of these steps in the
import.

In Chapter 5, the experiments were performed exclusively using onion
cells. It was proposed that the optimal spacer length corresponds to the thickness
between the compressed chloroplast outer and inner membranes. Although the
lipid composition of plastids are maintained over all plastid forms (Joyard et al.,
1991) and our experiments using onion, Arabidopsis, pea, and tobacco in Chapter
3 were in agreement, the experiments using pea or Arabidopsis chloroplasts will
provide additional supporting results. The in vitro import assays using either pea
or Arabidopsis chloroplasts would provide an in-depth understanding about the

kinetic implication cause by the spacer length.

6.2 Toward designing novel chloroplast transit peptides

Our findings suggest a possible domain architecture of TPs (Figure 6-1A).
Many bioinformatics tools are currently available such that we can possibly
design novel TPs. The Hsp70 prediction algorithm with high specificity is
available (Gragerov et al., 1994; Ivey et al., 2000) while we have developed an
Hsp70-FGLK spacer generator based on the observed spacer aa distribution in
Chapter 4. The FGLK motif prediction based on the heuristic algorithm had
been published (Chotewutmontri et al., 2012). Anoother importance part of TPs
is the SPP recognition site. Many articles had reported a SPP motif (Peltier et
al., 2000; Richter and Lamppa, 2002; Zybailov et al., 2008). TargetP can also be
used to detect TP and predict the SPP cleavage (Emanuelsson et al., 2000).

Similar to the designed Hsp70-FGLK spacers generated in Chapter 5, the
specific-sequence/motif generators can be developed based on the aa frequency
preferences employed in the scoring algorithm or the reported aa distribution of
SPP motif. The Hsp70 binding peptides, the FGLK motifs, and the SPP motifs

can be generated by the sequence generators. These generated sequences can be
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screened using the prediction tools again to identify potential functional
sequences. The last step is to combine these domain sequences together to form
TPs. Note that our model has an unknown functional region between the FGLK
motif and SPP motif (Figure 6-1A). We proposed that this region can be filled
with the designed sequences generated from the aa frequencies from the entire
TP sequences or more appropriately the frequencies found in the native sequence
of this region. Lastly, the designed TPs should be at least 60 aa long to support
the import (Bionda et al., 2010).
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Appendix 1

DNA Sequences

Table A1-1. General Primers

Primer name

Sequence (5-3°)

T7P

TTter
Intein-R
d35S-F
YFP-5ter-R
M13F
MI13R
nos-R

AATACGACTCACTATAGGG
GCTAGTTATTGCTCAGCGG
ACCCATGACCTTATTACCAACCTC
CTATCCTTCGCAAGACCCTTCC
GAACAGCTCCTCGCCCTTGC
CGCCAGGGTTTTCCCAGTCACGAC
TCACACAGGAAACAGCTATGAC
CTTAACGTAATTCAACAGAA
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Table A1-2. Primers for the Construction of pET-30a-based Vectors

Generated construct  Primer name Primer sequence (5-3’) Template
pET-SSF-YFP SSF-Ndel-F GGTGGTCATATGGCTTCTATGATTTCTTCTTCTGC pBS-SSF-YFP
pET-SSR-YFP SSR-Ndel.F GGTGGTCATATGTGTAAGGTACGTGGCGGTAACAGC pBS-SSR-YFP
pET-FDF-YFP FDF-Ndel-F GGTGGTCATATGGCATCTACTCTGTCTACTCTGTCTG pBS-FDF-YFP
pET-FDR-YFP FDR-Ndel-F GGTGGTCATATGGCTACTGTTCGTGGTCGTTCTGG pBS-FDR-YFP
pET-ntSSF-YFP ntSSF-Ndel-F GGTAGATACATATGGCTTCCTCAGTTC pAN187
pET-m20-YFP m20-Ndel-F GGTGGTCATATGCAGGTGTGGCCACC pET-FDF-YFP
. 6xHis-F GTACAAGGGCAGCCATCACCATCACCATCACTAAC
PET-m20-YFPGxHis o i TCGAGTTAGTGATGGTGATGGTGATGGCTGCCCTT -

pET-Nhel-YFP

Xbal-RBS-Ncol-
F
Xbal-RBS-Ncol-
R

CTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATG
CTAGCC
CATGGGCTAGCATCTCCTTCTTAAAGTTAAACAAAA
TTATTT
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Table A1-3. Primers for the Construction of pAN187-based Vectors

Generated

construct Primer name Primer sequence (5’-3°) Template
FDF-F-Nhel GCTAGCATGGCATCTACTCTGTCTACTCTG
- TCTG
pBS-FDF-YFP FDF-R.Mscl TGGCCACACCTGCATAGCAGTAACACGGCC pTYB2-FDF
—h-Ise GCGAGAACC
FDRF-Nhel GCTAGCATGGCTACTGTTCGTGGTCGTTCT
- G
pBS-FDR-YFP D Ml TGGCCACACCTGCATGGCAGAGGTCAGGGA pTYB2-FDR
R-R-Msc AGTC
SSF-F-Nhel GCTAGCATGGCTTCTATGATTTCTTCTTCT
- G
pBS-SSF-YFP . TGGCCACACCTGCATGCATTTAACACGACC pTYB2-SSF
SSF-R-Msc GCCGTTGCTAG
GCTAGCATGTGTAAGGTACGTGGCGGTAAC
BS-SSR-YFP SRR AGCACTATCTC TYB2-SSR
pbs-5oh- SSRRMscl TGGCCACACCTGCATTGCGCTCATGATGCT p -
~h-Aise GGAGGAAGC
g%§F$Ff;10- FDR10-Xbal-R, GGTGGTTCTAGATGCACCAGAACGACCACG pBS-FDR-YFP
GCTTCTATGATTTCTTCTTCTGCCGTTGCG
pBS-SSF10- SSF10-MtoA-SSR-F TGTAAGGTACGTGG

MtoA-SSR-YFP

SSF10-MtoA-SSR-R

CCACGTACCTTACACGCAACGGCAGAAGAA
GAAATCATAGAAGC

pBS-SSF10-SSR-YFP

pBS-SSR10-
MtoA-SSF-YFP

SSR10-MtoA-SSF-F

SSR10-MtoA-SSF-R

CGGTAACAGCACTGCGGCTTCTAGCATTTC
TTCTTCTGCC
GGCAGAAGAAGAAATGCTAGAAGCCGCAGT
GCTGTTACCG

pBS-SSR10-SSF-YFP

pBS-FDF10-
MtoA-FDR-YFP

FDF10-MtoA-FDR-F

FDF10-MtoA-FDR-R

CTCTGTCTACTCTGTCTGTTGCGGCTACTG
TTCGTGGTCG
CGACCACGAACAGTAGCCGCAACAGACAGA
GTAGACAGAG

pBS-FDF10-FDR-
YFP

pBS-FDR10-
MtoA-FDF-YFP

FDR10-MtoA-FDF-F

FDR10-MtoA-FDF-R

GGTCGTTCTGGTGCAGCGGCATCTACTCTG
TCTACTCTG
CAGAGTAGACAGAGTAGATGCCGCTGCACC
AGAACGACC

pBS-FDR10-FDF-
YFP

pBS-pp38-MtoA-

pp38-MtoA-SSF-F

GGTGGTGCTAGCATGTTCTGGGGTCTCTGG

pBS-SSR10-MtoA-

SSF-YFP CCTTGGGCGGCTTCTAGC SSF-YFP
pBS-pp9-MtoA- GGTGGTGCTAGCATGTGGATCTTCCCTTGG pBS-SSR10-MtoA-
SSF-YFP pp9-MtoA-SSF-F ATTCAACTTGCGGCTTCTAGC SSF-YFP
pBS-PepG-MtoA- GGTGGTGCTAGCATGGGTTGGTATGGTTTC pBS-SSR10-MtoA-
SSF-YFP PepG-MtoA-SSF-F CGTCATCAGAACTGCGCGGCTTCTAGC SSF-YFP
pBS-V10-MtoA- V10-MtoA-SSF-F GGTGGTGCTAGCATGTTCTACCAACTTGCT pBS-SSR10-MtoA-
SSF-YFP -MtoA-55k- AAGACCTGTCCAGTTGCGGCTTCTAGC SSF-YFP
GGACCAAGAGGTCATTTCTACGATGCAGCG .
pBS-DRCS- DRC8-MtoA-SSF-F1 GCTTCTAGC gSBFS_i'SF%IO_I\/ItOA_
MtoA-SSF-YFP DROS-MtoA-SSF-F2 GGTGGTGCTAGCATGTACCTTGTTGGACCA B
~VItOA- ) AGAGGTCATTTCTACG

pBS-A6R-MtoA-

A6R-MtoA-SSF-F

GGTGGTGCTAGCATGGCCAGCCATCTGGGT

pBS-SSR10-MtoA-

SSF-YFP CTGGCCCGTGCGGCTTCTAGC SSF-YFP
e s e e
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Table A1-3. (continued)

Generated Primer name Primer sequence (5-3°) Template
construct
pBS-V10-MtoA- V10-MtoA-SSR.F GGTGGTGCTAGCATGTTCTACCAACTTGCT pBS-SSF10-MtoA-
SSR-YFP -MtoA- § AAGACCTGTCCAGTTGCGTGTAAGGTACG SSR-YFP

pBS-DRC8-MtoA-
SSR-YFP

DRC8-MtoA-SSR-F1

DRC8-MtoA-SSR-F2

GGACCAAGAGGTCATTTCTACGATGCAGC
GTGTAAGGTACGTGG
GGTGGTGCTAGCATGTACCTTGTTGGACCA
AGAGGTCATTTCTACG

pBS-SSF10-MtoA-
SSR-YFP

pBS-A6R-MtoA-

A6R-MtoA-SSR-F

GGTGGTGCTAGCATGGCCAGCCATCTGGGT

pBS-SSF10-MtoA-

SSR-YFP CTGGCCCGTGCGTGTAAGGTACGTGG SSR-YFP
PBS-HbS-MoA- 1o\ cop GGTGGTGCTAGCATGGTGCATCTGACCCCG pBS-SSF10-MtoA-
SSR-YFP ~M0A-SS R GTGGAAAAAGCGTGTAAGGTACGTGG SSR-YFP
pBS-np09-MtoA- . GGTGGTGCTAGCATGAGAGTTGATCCAGTT pBS-SSF10-MtoA-
SSR-YFP np09-MtoA-SSR-F GTGGCTTTCGCGTGTAAGGTACGTGG SSR-YFP
pBS-HA-MtoA- HA-MtoA-SSR.F GGTGGTGCTAGCATGTACCCATACGATGTT pBS-SSF10-MtoA-
SSR-YFP ~VIOA- § CCTGACTACGCAGCGTGTAAGGTACGTGG SSR-YFP
pBS-FlipN10SSF- . GGTGGTGCTAGCATGGTTGCTTCCTCCAGC
YFP Flip-SSF-F ATCATGAGCGCAACCACTGTTTCCCGTGC pBS-SSF-YFP
pBS-FlipN10FDF- . GGTGGTGCTAGCATGGTTTCTCTGACTTCC
YFP Flip-FDF-F CTGACCTCTGCCTCTGCTTCTCTGCTGC pBS-FDF-YFP
pBS-

GGTGGTGCTAGCATGGTTTCTTCAGCAATC
?{cFr;mblcNIOSSF— Scramble-SSF-F AGCGCATCCACCACTGTTTCCCG pBS-SSF-YFP
pBS-

TGGTGCTAGCATGT

ScrambleN10FDF- Scramble-FDF-F CGTGGTGCTAGCATCTCTICGCTGACCGTG pBS-FDF-YFP

YFP

ACCCTGGCATCTTCTGCTTCTCTGCTGC
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Table A1-4. Oligonucleotides for Cloning of the First 10 Amino Acids of TPs

Generated construct

Oligonucleotide
name

Primer sequence (5’-3’)

pBS-SSF10-SSR-YFP

SSF10-F
SSF10-R

CTAGCATGGCTTCTATGATTTCTTCTTCTGCCGTTG
CTAGCAACGGCAGAAGAAGAAATCATAGAAGCCATG

pBS-SSR10-SSF-YFP

SSR10-F
SSR10-R

CTAGCATGTGTAAGGTACGTGGCGGTAACAGCACTG
CTAGCAGTGCTGTTACCGCCACGTACCTTACACATG

pBS-FDF10-FDR-YFP

FDF10-F
FDF10-R

CTAGCATGGCATCTACTCTGTCTACTCTGTCTGTTG
CTAGCAACAGACAGAGTAGACAGAGTAGATGCCATG
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Table A1-5. Oligonucleotides for Cloning of the 14-aa Designed Spacer Mutants

Generated construct

Oligonucleotide
name

Primer sequence (5’-3’)

pBS-SSF-YFP-no92-14aa

Oligol
Oligo2

Oligo3

Oligo4
Oligob

CTAGCATGGCTTCTATGATTTCTTCTTCTCAGGT
GGGAAACCGGTCATGCTTTCCGGTTCGCTCACCT
GAGAAGAAGAAATCATAGAAGCCATG
GAGCGAACCGGAAAGCATGACCGGTTTCCCTGTT
AAAAAGGTAAACACCGACATCACCAG
CATTTAACACGACCGCCGTTGCTAGTGATGCTGG
TGATGTCGGTGTTTACCTTTTTAACA
CATCACTAGCAACGGCGGTCGTGTTAAATGCATG

pBS-SSF-YFP-no228-14aa

Oligol
Oligo2

Oligo3

Oligo4
Oligob

CTAGCATGGCTTCTATGATTTCTTCTTCTACCGT
GGGAAACCGGTCATGCTACCGGCGCTGGTCACGG
TAGAAGAAGAAATCATAGAAGCCATG
GACCAGCGCCGGTAGCATGACCGGTTTCCCTGTT
AAAAAGGTAAACACCGACATCACCAG
CATTTAACACGACCGCCGTTGCTAGTGATGCTGG
TGATGTCGGTGTTTACCTTTTTAACA
CATCACTAGCAACGGCGGTCGTGTTAAATGCATG

pBS-SSF-YFP-n0296-14aa

Oligol
Oligo2

Oligo3

Oligo4
Oligob

CTAGCATGGCTTCTATGATTTCTTCTTCTACCAAC
GGGAAACCGGTCATGCTACCGTTGTTCACGTTGGT
AGAAGAAGAAATCATAGAAGCCATG

GTGAACAACGGTAGCATGACCGGTTTCCCTGTTAA

AAAGGTAAACACCGACATCACCAGC
CATTTAACACGACCGCCGTTGCTAGTGATGCTGGT
GATGTCGGTGTTTACCTTTTTAACA
ATCACTAGCAACGGCGGTCGTGTTAAATGCATG
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Table A1-6. Primers for the Construction of the Designed Spacer

Mutant Vectors

Generated Primer name Primer sequence (5’-3’) Template
construct
CTCAGGTGAGCGAACCGGAAAGCAACATTG
pBS-SSF-YFp-  9219F TGAGCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-no92-
1n092-19aa CAGGGAAACCGGTCATGCTGCTCACAATGT 14aa
92-19-R TGCTTTCCGGTTCGCTCACCTGAG
GGAAAGCAACATTGTGAGCGGTGTGCCGGC
pBS-SSF-YFp-  9224F CCCGAGCATGACCGGTTTCCCTG pBS-SSF-YFP-no92-
1n092-24aa CAGGGAAACCGGTCATGCTCGGGGCCGGCA 19aa
92-24R CACCGCTCACAATGTTGCTTTCC
GAGCGGTGTGCCGGCCCCGGGTGCCTTTCC
pBS-SSF-YFp-  92:29F GTGCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-no92-
1092-29aa CAGGGAAACCGGTCATGCTGCACGGAAAGG 24aa
92-29-R CACCCGGGGCCGGCACACCGCTC
GGGTGCCTTTCCGTGCCCGAGCAGCTGCCC
pBS-SSE-YFp-  9234F GAGCATGACCGGTTTCCCTG pBS-SSF-YFP-n092-
n092-34aa CAGGGAAACCGGTCATGCTCGGGCAGCTGC 29aa
92-34-R TCGGGCACGGAAAGGCACCC
CTACCGTGACCAGCGCCGGTGGTGCCGTGG
pBS-SSE-YFp. 228 19F GTGTGAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
1n0228-19aa AAACCGGTCATGCTCACACCCACGGCACCA 14aa
228-19-R CCGGCGCTGGTCACGGTAGAAGAAGAAATC
GGTGGTGCCGTGGGTGTGAGCAGCCGTCCG
pBS-SSF-YFp- ~ 22824F GATAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
Nn0228-24aa CAGGGAAACCGGTCATGCTATCCGGACGGC 19aa
228-24-R TGCTCACACCCACGGCACCACC
GTGTGAGCAGCCGTCCGGATTTTGCCAACC
pBS-SSF-YFp-  22820F CGGTGAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
1n0228-29aa CAGGGAAACCGGTCATGCTCACCGGGTTGG 24aa
228-29-R CAAAATCCGGACGGCTGCTCACAC
CGGATTTTGCCAACCCGGTGAGCCCGGTGC
pBS-SSF.YFp.  228-34F ATGGTAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
n0228-34aa CAGGGAAACCGGTCATGCTACCATGCACCG 29aa
228-34-R GGCTCACCGGGTTGGCAAAATCCG
CGGTGAGCCCGGTGCATGGTACTGTTACTT
pBS-SSF-YFp-  22830F CAGCAAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
1n0228-39aa CAGGGAAACCGGTCATGCTTGCTGAAGTAA 34aa
228-39-R CAGTACCATGCACCGGGCTCACCG
GCATGGTACTGTTACTTCAGCAGGCGGAGC
pBS-SSF-YFp-  228-44F CGTTGGCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
n0228-44aa CAGGGAAACCGGTCATGCTGCCAACGGCTC 39aa
228-44-R CGCCTGCTGAAGTAACAGTACCATGC
GCATGGCTTCTATGATTTCTTCTTCTGTGA
pBS-SSF-YFp.  228-(44-10)-F GCAGCCGTCCGGATTTTGC pBS-SSF-YFP-1n0228-
O g et i
CTACCAACGTGAACAACGGTAACGGTCCGT
pBS-SSF-YFp-  296-19-F ATAGCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0228-
10296-19aa CAGGGAAACCGGTCATGCTGCTATACGGAC 14aa
206-19-R CGTTACCGTTGTTCACGTTGGTAG
CGGTAACGGTCCGTATAGCCGTAGCCAGGG
pBS-SSF-YFP- 296-24-F TTTTAGCATGACCGGTTTCCCTG pBS-SSF-YFP-n0296-
10296-24aa CAGGGAAACCGGTCATGCTAAAACCCTGGC 19aa
296-24-R TACGGCTATACGGACCGTTACCG
CGTATAGCCGTAGCCAGGGTTTTCAGATGA
pBS-SSF-YFP- 296-29-F GCAACGCCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0296-
1n0296-29aa 296-29-R. CAGGGAAACCGGTCATGCTGGCGTTGCTCA 24aa

TCTGAAAACCCTGGCTACGGCTATACG

259



Table A1-6. (continued)

Generated Primer name Primer sequence (5-3°) Template
construct
GGGTTTTCAGATGAGCAACGCCCAGCCGAA
pBS-SSF-YFp.  296-34F CTTTAGCAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0296-
10296-34a2 CAGGGAAACCGGTCATGCTGCTAAAGTTCG 29aa
206-34-R GCTGGGCGTTGCTCATCTGAARACCC
CGCCCAGCCGAACTTTAGCACTAATGIGAA
pBS-SSF-YFp-  296-39-F CAATAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0296-
10296-3%aa CAGGGAAACCGGTCATGCTATTGTTCACAT 34aa
296-39-R TAGTGCTAAAGTTCGGCTGGGCG
GAACTTTAGCACTAATGTGAACAATGGCAA
pBS-SSF-YFp.  296-44-F TGGTCCTTACAGCATGACCGGTTTCCCTG pBS-SSF-YFP-1n0296-
10296-44aa CAGGGAAACCGGTCATGCTGTAAGGACCAT 39an
206-44-R TGCCATTGTTCACATTAGTGCTAAAGTTC
GCATGGCTTCTATGATTTCTTCTICTAGCC
pBS-SSF-YFp.  296-(44-10)-F GTAGCCAGGGTTTTCAGATGAGC pBS-SSF-YFP-10206-

10296-(44-10)aa

296-(44-10)-R

GCTCATCTGAAAACCCTGGCTACGGCTAGA
AGAAGAAATCATAGAAGCCATGC

44aa

pBS-SSF-YFP-
no228-34aa-
mFGLK

228-34-mFGLK-F

228-34-mFGLK-R

GGTGAGCCCGGTGCATGGTAACACCGACAT
CACCAGCATCAC
GTGATGCTGGTGATGTCGGTGTTACCATGC
ACCGGGCTCACC

pBS-SSF-YFP-no228-

34aa

pBS-SSF-YFP-
n0228-29aa-
hFGLK

228-29-hFGLK-F

228-29-hFGLK-R

CGGATTTTGCCAACCCGGTGAGCATGACCG
GTTTAGCCCGGTGCATGGTAACAC
GTGTTACCATGCACCGGGCTAAACCGGTCA
TGCTCACCGGGTTGGCAAAATCCG

pBS-SSF-YFP-no228-

34aa-mFGLK

pBS-SSF-YFP-
1n0228-29aa-EL

228-29-EL-F

228-29-EL-R

GGTGAGCATGACCGGTTTCCCTGTTAAAAA
GGTAAGCCCGGTGCATGGTAACAC
GTGTTACCATGCACCGGGCTTACCTTTTTA
ACAGGGAAACCGGTCATGCTCACC

pBS-SSF-YFP-no228-

29aa-hFGLK

GTGAGCAGCCGTCCGGATAGCATGACCGGT

EEQSQ'SSQE;EFP - 228-24-hFGLK-F TTTTTGCCAACCCGGTGAGC pBS-SSF-YFP-n0228-
B i GCTCACCGGGTTGGCAAAAAACCGGTCATG 34aa-mFGLK
hFGLK 228-24-hFGLK-R CTATCCGGACGGCTGCTCAC
998 24 FLF GGATAGCATGACCGGTTTCCCTGTTAAAAA
pBS-SSF-YFP- TetT GGTATTTGCCAACCCGGTGAGCC pBS-SSF-YFP-no228-
n0228-24aa-EL 99894 FL-R GGCTCACCGGGTTGGCAAATACCTTTTTAA 24aa-hFGLK

CAGGGAAACCGGTCATGCTATCC

pBS-SSF-YFP-
no228-19aa-
hFGLK

228-19-hFGLK-F

228-19-hFGLK-R

CGGTGGTGCCGTGGGTGTGAGCATGACCGG
TTTAGCAGCCGTCCGGATTTTGCCA
TGGCAAAATCCGGACGGCTGCTAAACCGGT
CATGCTCACACCCACGGCACCACCG

pBS-SSF-YFP-no228-

34aa-mFGLK

pBS-SSF-YFP-
1n0228-19aa-EL

228-19-EL-F

228-19-EL-R

GGTGTGAGCATGACCGGTTTCCCTGTTAAA
AAGGTAAGCAGCCGTCCGGATTTTGCC
GGCAAAATCCGGACGGCTGCTTACCTTTTT
AACAGGGAAACCGGTCATGCTCACACC

pBS-SSF-YFP-no228-

19aa-hFGLK

CCGTGACCAGCGCCGGTAGCATGACCGGTT

EEQSQS SIE;}ZFP B 228-14-hFGLK-F TGGTGCCGTGGGTGTGAGC pBS-SSF-YFP-n0228-
- i GCTCACACCCACGGCACCAAACCGGTCATG 34aa-mFGLK
hFGLK 228-14-hFGLK-R CTACCGGCGCTGGTCACGG
998 14 FLF GGTAGCATGACCGGTTTCCCTGTTAAAAAG
pBS-SSF-YFP- TR GTAGGTGCCGTGGGTGTGAGC pBS-SSF-YFP-no228-
n0228-14aa-EL 99814 EL-R GCTCACACCCACGGCACCTACCTTTTTAAC 14aa-hFGLK

AGGGAAACCGGTCATGCTACC

pBS-SSF-YFP-
1n0296-34aa-
mFGLK

296-34-mFGLK-F

296-34-mFGLK-R

GCCCAGCCGAACTTTAGCAACACCGACATC
ACCAGC
GCTGGTGATGTCGGTGTTGCTAAAGTTCGG
CTGGGC

pBS-SSF-YFP-no296-

34aa

pBS-SSF-YFP-
1n0296-29aa-
hFGLK

296-29-hFGLK-F

296-29-hFGLK-R

GGGTTTTCAGATGAGCAACGCCAGCATGAC
CGGTTTCCAGCCGAACTTTAGC
GCTAAAGTTCGGCTGGAAACCGGTCATGCT
GGCGTTGCTCATCTGAAAACCC

pBS-SSF-YFP-no296-

34aa-mFGLK
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Table A1-6. (continued)

Generated Primer name Primer sequence (5-3°) Template
construct
EL-F GCCAGCATGACCGGTTTCCCTGTTAAAAAG
pBS-SSF-yFp. ~ 296-20-EL- GTACAGCCGAACTTT pBS-SSF-YFP-10206-
1n0296-29aa-EL 906.99.EL.R AAAGTTCGGCTGTACCTTTTTAACAGGGAA 29aa-hFGLK

ACCGGTCATGCTGGC

pBS-SSF-YFP-
1n0296-24aa-
hFGLK

296-24-hFGLK-F

296-24-hFGLK-R

CCGTATAGCCGTAGCCAGGGTTTTAGCATG
ACCGGTTTCCAGATGAGCAACGCCCAGC
GCTGGGCGTTGCTCATCTGGAAACCGGTCA
TGCTAAAACCCTGGCTACGGCTATACGG

pBS-SSF-YFP-n0296-
34aa-mFGLK

pBS-SSF-YFP-
1n0296-24aa-EL

296-24-EL-F

296-24-EL-R

GGGTTTTAGCATGACCGGTTTCCCTGTTAA
AAAGGTACAGATGAGCAACGCC
GGCGTTGCTCATCTGTACCTTTTTAACAGG
GAAACCGGTCATGCTAAAACCC

pBS-SSF-YFP-n0296--
24aa-hFGLK

pBS-SSF-YFP-
1n0296-19aa-
hFGLK

296-19-hFGLK-F

296-19-hFGLK-R

CGGTAACGGTCCGTATAGCAGCATGACCGG
TTTCCGTAGCCAGGGTTTTCAGATGAGC
GCTCATCTGAAAACCCTGGCTACGGAAACC
GGTCATGCTGCTATACGGACCGTTACCG

pBS-SSF-YFP-n0296--
34aa-mFGLK

pBS-SSF-YFP-
1n0296-19aa-EL

296-19-EL-F

296-19-EL-R

GCAGCATGACCGGTTTCCCTGTTAAAAAGG
TACGTAGCCAGGGTTTT
AAAACCCTGGCTACGTACCTTTTTAACAGG
GAAACCGGTCATGCTGC

pBS-SSF-YFP-n0296--
19aa-hFGLK

pBS-SSF-YFP-
1n0296-14aa-
hFGLK

296-14-hFGLK-F

296-14-hFGLK-R

CTACCAACGTGAACAACGGTAGCATGACCG
GTTTCAACGGTCCGTATAGCCGTAGCC
GGCTACGGCTATACGGACCGTTGAAACCGG
TCATGCTACCGTTGTTCACGTTGGTAG

pBS-SSF-YFP-n0296--
34aa-mFGLK

pBS-SSF-YFP-
1n0296-14aa-EL

296-14-EL-F

296-14-EL-R

CAACGGTAGCATGACCGGTTTCCCTGTTAA
AAAGGTAAACGGTCCGTATAGCCGTAGC
GCTACGGCTATACGGACCGTTTACCTTTTT
AACAGGGAAACCGGTCATGCTACCGTTG

pBS-SSF-YFP-n0296--
14aa-hFGLK
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Table A1-7.

262

Primers for the Construction of the Spacer Mutant Vectors based

on the Native Spacers

Generated Primer name Primer sequence (5’-3°) Template
construct
GCATGGCTTCTATGATTTCTTCTTCTTCCC
pBS-SSF-YFP- SSF-mA-F GTGCTTCTCGCGGCCAGTCTGC
mA GCAGACTGGCCGCGAGAAGCACGGGAAGAA pBS-SSF-YFP
SSF-mA-R GAAGAAATCATAGAAGCCATGC
CCACTGTTTCCCGTGCTTCTGCTGTGGCTC
SSF-mC-F
pBS-SSF-YFP- CGTTCGGTGG
mC CCACCGAACGGAGCCACAGCAGAAGCACGG pBS-SSF-YFP
SSF-mC-R GAAACAGTGG
GCCAGTCTGCAGCTGTGGCTCCGAGCATGA
pBS-SSF-YFP- SSF-mE-F CCGGTTTCCCTGTTAAAAAGG
mE CCTTTTTAACAGGGAAACCGGTCATGCTCG pBS-SSF-YFP
SSF-mE-R GAGCCACAGCTGCAGACTGGC
GTCTGCAGCTGTGGCTCCGGCAGTGACTAC
pBS-SSF-YFP- SSF-mEpA-F CGTGAGCATGACCGGTTTCCCTG
mEpA SSF-mEpA-R CAGGGAAACCGGTCATGCTCACGGTAGTCA PBS-SSF-YFP-mE
CTGCCGGAGCCACAGCTGCAGAC
GTCTGCAGCTGTGGCTCCGGTGAGCCGTGC
pBS-SSF-YFP- SSF-mEpB-F ATCTAGCATGACCGGTTTCCCTG
mEpB SSF-mEpB-R CAGGGAAACCGGTCATGCTAGATGCACGGC pBS-SSF-YFP-mE
TCACCGGAGCCACAGCTGCAGAC
GTCTGCAGCTGTGGCTCCGCGTGGTCAATC
pBS-SSF-YFP- SSF-mEpC-F TGCGAGCATGACCGGTTTCCCTG
mEpC SSF-mEpC-R CAGGGAAACCGGTCATGCTCGCAGATTGAC pBS-SSF-YFP-mE
CACGCGGAGCCACAGCTGCAGAC
GGCTTCTATGATTTCTTCTTCTCGTGGTCA
pBS-SSF-YFP- SSF-pCmEpA-F ATCTGCGGCCGTTACCACTGTTTCCCG
pCmEpA SSF-pCmEpA-R CGGGARACAGTGGTAACGGCCGCAGATTGA PBS-SSF-YFP-mEpA
p CCACGAGAAGAAGAAATCATAGAAGCC
GGCTTCTATGATTTCTTCTTCTGCTGCAGT
pBS-SSF-YFP- SSF-pDmEpB-F TGCACCGGCCGTTACCACTGTTTCCCG
pDmEpB SSF-pDmEPB-R CGGGARACAGTGGTAACGGCCGGTGCAACT PBS-SSF-YFP-mEpB
GCAGCAGAAGAAGAAATCATAGAAGCC
GGCTTCTATGATTTCTTCTTCTGTGAGCCG
pBS-SSF-YFP- SSF-pBmEpC-F TGCATCTGCCGTTACCACTGTTTCCCG
pBmEpC SSF-oBmEDC.R CGGGARACAGTGGTAACGGCAGATGCACGG pBS-SSF-YFP-mEpC
pbmbp CTCACAGAAGAAGAAATCATAGAAGCC
CCACTGTTTCCCGTGCTTCTGTGAGCCGTG
pBS-SSF-YFP- SSF-pCBmEpA-F CATCTCGCGGCCAGTCTGCAGCTG pBS-SSF-YFP-
pCBmEpA CAGCTGCAGACTGGCCGCGAGATGCACGGC CmEpA
SSF-pCBmEpA-R TCACAGAAGCACGGGAAACAGTGG P P
CCACTGTTTCCCGTGCTTCTCGTGGTCAAT
pBS-SSF-YFp.  SSF-pDCmEpB-F CTGCGCGCGGCCAGTCTGCAGCTG pBS-SSF-YFP-
pDCmEpB CAGCTGCAGACTGGCCGCGCGCAGATTGAC DmEpB
SSF-pDCmEpB-R CACGAGAAGCACGGGAAACAGTGG P P
CCACTGTTTCCCGTGCTTCTCGTGGTCAAT
pBS-SSF-YFP- SSF-pBCmEpC-F CTGCGCGCGGCCAGTCTGCAGCTG pBS-SSF-YFP-
pBCmEpC CAGCTGCAGACTGGCCGCGCGCAGATTGAC BmEpC
SSF-pBCmEpC-R CACGAGAAGCACGGGAAACAGTGG P P
CGGTTTCCCTGTTAAAAAGGTAGCCGTTAC
pBS-SSF-YFP- SSF-mA-ELpA-F CACTGTTAACACCGACATCACCAGC
mA-ELpA SSF-mA-ELpA-R GCTGGTGATGTCGGTGTTAACAGTGGTAAC PBS-SSF-YFP-mA
GGCTACCTTTTTAACAGGGAAACCG
GCCAGTCTGCAGCTGTGGCTCCGAGCATGA
pBS-SSF-YFp.  SSF-mAE-ELpA-F CCGGTTTCCCTGTTARARAGG pBS-SSF-YFP-mA-
mAE-ELpA CCTTTTTAACAGGGAAACCGGTCATGCTCG ELpA

SSF-mAE-ELpA-R

GAGCCACAGCTGCAGACTGGC




Table A1-7. (continued)

cjj:::;i:jf Primer name Primer sequence (5-3°) Template
GGTAGCCGTTACCACTGTTCGCGGCCAGTC
pBS-SSF-YFP- SSF-mAE-ELpAC-F TGCAAACACCGACATCACCAGC pBS-SSF-YFP-mAE-
MAE-ELpA GCTGGTGATGTCGGTGTTTGCAGACTGGCC ELpA
pAC SSF-mAE-ELpAC-R GCGAACAGTGGTAACGGCTACC P
CGGTTTCCCTGTTAAAAAGGTACGCGGCCA
pBS-SSF-YFP- SSF-mC-ELpC-F GTCTGCAAACACCGACATCACCAGC
mC-ELpC SSF-mC-ELpC-R GCTGGTGATGTCGGTGTTTGCAGACTGGCC pBS-SSF-YFP-mC
GCGTACCTTTTTAACAGGGAAACCG
CGGTTTCCCTGTTAAAAAGGTAGCCGTTAC
pBS-SSF-YFP- SSF-mC-ELpAC-F CACTGTTCGCGGCCAGTCTGCAAACACC pBS-SSF-YFP-mC-
mC-ELpAC GGTGTTTGCAGACTGGCCGCGAACAGTGGT ELpC
P SSF-mC-ELpAC-R AACGGCTACCTTTTTAACAGGGAAACCG P
GCTTCTATGATTTCTTCTTCTTCCCGTGCT
pBS-SSF-YFp-  SSF-mAGELPACF  qorgergrec pBS-SSF-YFP-mC-
mAC-ELpAC CCACAGCAGAAGCACGGGAAGAAGAAGAAA ELpAC
P SSF-mAC-ELpAC-R  Cacacance P
CGGTTTCCCTGTTAAAAAGGTATTCGGTGG
pBS-SSF-YFP- SSF-mE-ELpE-F CCTGAAGAACACCGACATCACCAGC
mE-ELpE SSF-mE-ELpE-R GCTGGTGATGTCGGTGTTCTTCAGGCCACC pBS-SSF-YFP-mE
GAATACCTTTTTAACAGGGAAACCG
CGGTTTCCCTGTTAAAAAGGTAGCCGTTAC
pBS-SSF-YFP- SSF-mE-ELpA-F CACTGTTAACACCGACATCACCAGC
mE-ELpA SSF-mE-ELpA-R GCTGGTGATGTCGGTGTTAACAGTGGTAAC pBS-SSF-YFP-mE
GGCTACCTTTTTAACAGGGAAACCG
CGTGCTTCTGCTGTGGCTCCGAGCATGACC
pBS-SSE-ypp.  SSFmCE-ELpAGF  gorppeccrerTananace pBS-SSF-YFP-mC-
mCE-ELpAC CCTTTTTAACAGGGAAACCGGTCATGCTCG ELpAC
i SSF-mCE-ELpAC-R GAGCCACAGCAGAAGCACG P
GTCTGTTTCTGCTTCTCTGCTGCCGGTGGC
pBS-FDF-YFP- FDF-mA-F ATCTTCTCTGCCGACC BS.FDF-YEP
mA GGTCGGCAGAGAAGATGCCACCGGCAGCAG pbo-Dt=
FDF-mA-R AGAAGCAGAAACAGAC
GCCGAAGCAGCAGCCGATGCCGACCAACAT
pBS-FDF-ypp. ~ FDFmB-F GGGCCAGGC
mB GCCTGGCCCATGTTGGTCGGCATCGGCTGC pBS-FDF-YFP
FDF-mB-R TGCTTCGGC
FDFmCF CCGATGGTGGCATCTTCTCTGCAGGCACTG
pBS-FDF-YFP- mbs TTCGGTCTGAAAGC BSFDF.YFP
mC GCTTTCAGACCGAACAGTGCCTGCAGAGAA pbo-t U=
FDF-mC-R GATGCCACCATCGG
CTCTGCCGACCAACATGGGCAAGCAGCAGC
pBS-FDF.YFp.  FDPF-mApA-F CGATGCAGGCACTGTTCGGTCTGAAAGC
mApA FDF-mApA-R GCTTTCAGACCGAACAGTGCCTGCATCGGC pBS-FDF-YFP-mA
TGCTGCTTGCCCATGTTGGTCGGCAGAG
CGATGCCGACCAACATGGGCGTGGCATCTT
pBS-FDF-YFp- ~ FDF-mBpB-F CTCTGCAGGCACTGTTCGGTCTGARAGC
mBpB FDF-mBoB.R GCTTTCAGACCGAACAGTGCCTGCAGAGAA pBS-FDF-YFP-mB
p GATGCCACGCCCATGTTGGTCGGCATCG
CTGTTTCTGCTTCTCTGCTGCCGCCGACCA
pBS-FDF-YFP- FDF-mCpC-F ACATGGGCAAGCAGCAGCCGATGGTGGC
mCpC FDF-mCoC.R, GCCACCATCGGCTGCTGCTTGCCCATGTTG pBS-FDF-YFP-mC
p GTCGGCGGCAGCAGAGAAGCAGAAACAG
CTCTGCCGACCAACATGGGCAAACAACAAC
pBS-FDF-YFP. T PF-PAF CGATGCAGGCACTGTTCGGTCTGARAGC S EDEYED
PA FDF-0AR GCTTTCAGACCGAACAGTGCCTGCATCGGT p
p TGTTGTTTGCCCATGTTGGTCGGCAGAG
CTCTGCCGACCAACATGGGCGTTGCCTCTA
pBS-FDF-YFp-  FDPF-PB-F GCCTTCAGGCACTGTTCGGTCTGAAAGC S EDEYED
pB FDF-pB-R GCTTTCAGACCGAACAGTGCCTGAAGGCTA p

GAGGCAACGCCCATGTTGGTCGGCAGAG
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Table A1-7. (continued)

264

Generated

construct Primer name Primer sequence (5’-3°) Template
FDF-0C.F CTGTTTCTGCTTCTCTGCTGCCGCCTACTA
pBS-FDF-YFP- P ATATGGGTAAGCAGCAGCCGATGGTGGC RS FDFYFP
pC FDF-C.R GCCACCATCGGCTGCTGCTTACCCATATTA pbo-t U=
-pt- GTAGGCGGCAGCAGAGAAGCAGAAACAG
. GCTGCCGAAGCAGCAGCCGATGGTTGCCTC
pBS-FDF-YFP- “pBA- AAGCCTTGTGGCATCTTCTCTGCCGACC BS.FDF.YFP-0A
pBA FDF-0BAR GGTCGGCAGAGAAGATGCCACAAGGCTTGA pBo-tDE-Y X -p
“PHA- GGCAACCATCGGCTGCTGCTTCGGCAGC
FDF-UBB.F GCTGCCGAAGCAGCAGCCGATGGTTGCCTC
pBS-FDF-YFP- L AAGCCTTGTGGCATCTTCTCTGCCGACC BS.FDF.YFP-oB
pBB FDF-UEB GGTCGGCAGAGAAGATGCCACAAGGCTTGA pBo-trDE-TEL-p
-PBB-R GGCAACCATCGGCTGCTGCTTCGGCAGC
FDF-nCF GGGTAAGCAGCAGCCGATGGTTGCCTCAAG
pBS-FDF-YFP- bt CCTTGTGGCATCTTCTCTGCCGACC BS.FDF.YFPoC
pCB T GGTCGGCAGAGAAGATGCCACAAGGCTTGA pBo-tDE-THL-p
-ph- GGCAACCATCGGCTGCTGCTTACCC
CGGTCTGAAAGCAGGTTCTAAGCAGCAGCC
pBS-FDF.YFp.  FDPF-mA-ELpA-F GATGCGCGGCCGTGTTACTGCTATGC RS FDF.YEP.mA
mA-ELpA FDF-mA-ELoA.R GCATAGCAGTAACACGGCCGCGCATCGGCT pBo-t -y -m
“MA-LLPA- GCTGCTTAGAACCTGCTTTCAGACCG
CTGTTTCTGCTTCTCTGCTGCCGCCGACCA
pBS-FDF-YFp- ~ FDFmAB-ELPA-F  5carcesecace pBS-FDF-YFP-mA-
mAB-ELpA CCTGGCCCATGTTGGTCGGCGGCAGCAGAG ELpA
FDF-mAB-ELpA-R AAGCAGAAACAG
GGTTCTAAGCAGCAGCCGATGGTGGCATCT
pBS-FDF-yFp-  FDF -mAB-ELPAB-F  10701606CGGCCGTGTTACTGCTATGE pBS-FDF-YFP-mAB-
mAB-ELpAB GCATAGCAGTAACACGGCCGCGCAGAGAAG ELpA
FDF-mAB-ELpAB-R 5 160cacCATCGGCTGCTGCTTAGAACT
CGGTCTGAAAGCAGGTTCTGTGGCATCTTC
pBS-FDF-yFp. [ DF-mB-ELpB-F TCTGCGCGGCCGTGTTACTGCTATGC BS.FDF.YFP-mB
mB-ELpB FDF-mB-ELoB.R GCATAGCAGTAACACGGCCGCGCAGAGAAG pbo-tUE-xt-m
“mb-ELpE- ATGCCACAGAACCTGCTTTCAGACCG
GCCGAAGCAGCAGCCGATGCAGGCACTGTT
pBS-FDF-ypp. ~ FDF-mBC-ELPB-F  cqerereanace pBS-FDF-YFP-mB-
mBC-ELpB GCTTTCAGACCGAACAGTGCCTGCATCGGC ELpB
FDF-mBC-ELpB-R TGCTGCTTCGGC
GGTTCTGTGGCATCTTCTCTGCCGACCAAC
pBS-FDF-YFp- ~ FPF-mBC-ELPBC-F  5rcececaecaccerarTacTeeTarce pBS-FDF-YFP-mBC-
mBC-ELpBC GCATAGCAGTAACACGGCCGCGGCCCATGT ELpB
FDF-mBC-ELpBC-R  166100660AGAGAAGATGCCACAGRACT
CGGTCTGAAAGCAGGTTCTCCGACCAACAT
pBS-FDF-YFp. ~ FDF-mC-ELpC-F GGGCCGCGGCCGTGTTACTGCTATGC BS FDEYFP-mC
mC-ELpC DRI OR GCATAGCAGTAACACGGCCGCGGCCCATGT pho-F =Y -m
“mi-ELpl- TGGTCGGAGAACCTGCTTTCAGACCG
CTGTTTCTGCTTCTCTGCTGCCGGTGGCAT
pBS-FDF-YFp- ~ FPFmACGELPCF  crqerergeace pBS-FDF-YFP-mC-
mAC-ELpC CCTGCAGAGAAGATGCCACCGGCAGCAGAG ELpC
FDF-mAC-ELpC-R AAGCAGAAACAG
CGGTCTGAAAGCAGGTTCTAAGCAGCAGCC
pBS-FDF-YFP- FDF-mAC-ELpAC-F  cargeceaccancaTeaeecse pBS-FDF-YFP-mAC-
mAC-ELpAC GCGGCCCATGTTGGTCGGCATCGGCTGCTG ELpC

FDF-mAC-ELpAC-R

CTTAGAACCTGCTTTCAGACCG




Table A1-8. Codon Optimized Synthetic DNAs

Peptides

Sequence (5’-3’)

FDF

GGTAGATACATATGGCATCTACTCTGTCTACTCTGTCTGTTTCTGCTTCTCTGCT
GCCGAAGCAGCAGCCGATGGTGGCATCTTCTCTGCCGACCAACATGGGCCAGGCA
CTGTTCGGTCTGAAAGCAGGTTCTCGCGGCCGTGTTACTGCTATGCCCGGGTAAT
GG

FDR

GGTAGATACATATGGCTACTGTTCGTGGTCGTTCTGGTGCAAAACTGGGCTTTCT
GGCCCAGGGCATGAACACCCCGCTGTCCTCTGCAGTCATGCCGCAGCAGAAACCA
CTGCTGTCTGCTTCCGTTTCTCTGACTTCCCTGACCTCTGCCATGCCCGGGTAAT
GG

SSF

GGTAGATACATATGGCTTCTATGATTTCTTCTTCTGCCGTTACCACTGTTTCCCG
TGCTTCTCGCGGCCAGTCTGCAGCTGTGGCTCCGTTCGGTGGCCTGAAGAGCATG
ACCGGTTTCCCTGTTAAAAAGGTAAACACCGACATCACCAGCATCACTAGCAACG
GCGGTCGTGTTAAATGCATGCCCGGGTAATGG

SSR

GGTAGATACATATGTGTAAGGTACGTGGCGGTAACAGCACTATCTCTACTATTGA
CACTAACGTTAAGAAAGTTCCTTTCGGCACTATGTCTAAACTGGGCGGCTTCCCA
GCGGTTGCAGCCTCCCAGGGTCGTTCCGCGCGTAGCGTTACCACCGTTGCTTCCT
CCAGCATCATGAGCGCAATGCCCGGGTAATGG
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Appendix 2

Arabidopsis TP Datasets

Table A2-1. TargetP-predicted Arabidopsis TP Dataset

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At1g01080 0.975 1 68
At1g01090 0.962 1 61
Atlg01500 0.825 2 50
At1g01690 0.843 2 46
At1g01860 0.967 1 48
At1g02560 0.901 1 62
At1g02730 0.972 1 58
Atlg03130 0.951 1 43
At1g03160 0.871 2 54
At1g03480 0.931 2 48
At1g03600 0.930 2 67
At1g03680 0.971 1 48
At1g03970 0.927 2 46
At1g04420 0.983 1 45
At1g05750 0.758 2 54
At1g05860 0.813 2 51
At1g06070 0.963 1 46
Atlg06510 0.819 2 50
At1g06730 0.663 2 51
At1g06950 0.941 1 50
At1g07010 0.816 2 53
Atl1g07160 0.939 1 67
At1g07460 0.753 2 51
At1g07900 0.948 2 43
At1g08050 0.894 2 63
At1g08130 0.873 2 53
At1g08380 0.974 1 40
At1g08490 0.925 2 35
At1g08510 0.957 1 49
At1g08520 0.822 2 49
At1g08640 0.959 1 58
At1g08850 0.902 2 57
At1g09130 0.863 2 43
At1g09420 0.895 2 49
Atlg10390 0.883 2 48
Atlg10500 0.960 1 55
Atlgl0510 0.790 2 60
Atlgl10700 0.924 1 39
Atlgl10830 0.972 1 58
At1g10890 0.950 2 49
Atlg10960 0.932 2 69
Atlgl1430 0.808 2 58
Atlgl1750 0.930 2 51
Atlgl12230 0.969 2 49
Atlgl2250 0.913 2 66
Atlgl2520 0.852 2 67
Atlg12800 0.939 1 49
Atlgl12900 0.874 2 48




Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliable class TP length
Atlgl3200 0.882 2 35
Atlg13280 0.977 1 52
Atlgl13990 0.983 1 61
Atlg14030 0.937 1 57
Atlgl5140 0.806 2 47
Atlgl5510 0.960 1 52
Atlgl15700 0.938 1 60
Atlgl5730 0.676 2 50
Atlg15980 0.867 2 44
Atlgl6300 0.860 2 66
Atlgl6630 0.955 1 64
Atlgl7440 0.938 2 56
Atlgl7870 0.937 1 50
Atlg18440 0.758 2 55
Atlgl8500 0.930 1 57
Atlgl9150 0.978 1 49
Atl1g19480 0.853 2 37
At1g19740 0.862 2 49
Atl1g20310 0.923 2 58
At1g20340 0.874 1 52
At1g20830 0.833 2 52
At1g20990 0.928 1 36
At1g21060 0.937 2 59
Atlg21350 0.952 1 59
Atlg21600 0.802 2 59
At1g21910 0.976 1 66
Atlg22110 0.915 2 63
At1g22170 0.846 2 48
At1g22230 0.855 2 64
At1g22410 0.872 2 51
At1g22660 0.785 2 45
Atl1g23400 0.818 2 43
At1g24040 0.963 1 55
At1g24280 0.926 2 57
Atl1g24310 0.930 2 59
Atl1g25500 0.933 2 39
Atlg26160 0.892 2 50
Atl1g26230 0.951 2 37
At1g26760 0.946 2 47
At1g27210 0.844 2 54
Atlg27510 0.948 1 69
Atlg27610 0.966 1 65
At1g28530 0.929 2 37
At1g29040 0.961 1 59
At1g29410 0.914 1 38
At1g29700 0.893 1 65
At1g29900 0.963 1 62
Atlg30100 0.920 2 45
Atlg30120 0.970 1 44
Atlg31220 0.945 1 65
Atl1g32190 0.911 1 67
At1g32200 0.679 2 62
At1g32220 0.827 2 57
Atl1g32380 0.931 1 44
Atl1g32440 0.930 2 55
At1g32500 0.897 2 36
At1g32990 0.953 1 60
At1g33250 0.798 2 55
At1g34000 0.957 1 42
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliable class TP length
Atl1g34380 0.930 1 61
Atlg35340 0.956 1 39
Atl1g36280 0.965 1 50
At1g36390 0.979 1 66
Atlgd1610 0.981 1 49
Atlg41640 0.982 1 49
Atlg41670 0.987 1 49
At1g42960 0.903 2 59
Atl1g43220 0.913 2 54
Atl1g43840 0.930 1 36
At1g48350 0.863 2 47
At1g48450 0.839 2 71
At1g48490 0.892 2 59
At1g48850 0.892 2 39
At1g48860 0.949 1 39
At1g49000 0.814 2 65
At1g49380 0.803 2 69
At1g49970 0.933 1 41
Atl1g50020 0.989 1 48
Atlg50030 0.889 2 51
Atlg50040 0.919 1 65
Atlg50170 0.919 2 46
Atl1g50250 0.800 2 48
At1g50260 0.798 2 67
At1g50770 0.896 2 68
Atlg51100 0.854 2 38
Atlg51110 0.873 1 55
Atlg51350 0.873 2 36
Atlg51440 0.941 1 52
Atl1g52220 0.941 1 55
Atlg52510 0.833 2 39
Atl1g52550 0.955 1 54
At1g52870 0.939 2 41
At1g53050 0.976 1 36
Atlg54130 0.697 2 64
Atlg54350 0.845 2 54
Atlg54580 0.918 2 51
Atlg55040 0.823 2 39
At1g55140 0.970 1 47
At1g55490 0.979 1 53
Atl1g55580 0.932 2 53
At1g55670 0.963 1 59
Atlg55800 0.945 1 50
Atl1g56200 0.989 1 68
Atlg56460 0.901 2 44
Atl1g58060 0.948 1 37
Atl1g58080 0.922 1 68
At1g58290 0.862 2 64
At1g59650 0.892 2 53
At1g59660 0.846 2 39
At1g59990 0.804 2 63
At1g60000 0.872 1 63
Atl1g60950 0.962 1 52
Atlg61520 0.891 1 48
Atlg61590 0.866 2 41
Atlg61800 0.972 1 68
Atlg61820 0.904 1 57
Atlg62140 0.934 2 60
Atlg62180 0.973 1 66
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliable class TP length
Atlg63610 0.877 2 58
At1g63720 0.899 2 54
At1g63970 0.937 1 52
Atlg64350 0.825 2 53
Atlg64510 0.926 1 40
At1g64970 0.950 2 50
Atlg65010 0.969 1 35
Atl1g65260 0.965 1 64
At1g66430 0.975 1 46
Atlg66670 0.904 1 71
Atlg67080 0.895 1 37
Atlg67280 0.903 2 63
Atlg67560 0.822 2 40
Atlg67740 0.871 2 50
Atlg67810 0.916 1 41
Atlg67930 0.879 2 71
At1g68070 0.969 1 48
Atlg68160 0.845 2 71
Atl1g68450 0.951 2 58
At1g68460 0.974 1 71
At1g68880 0.756 2 61
At1g69240 0.978 1 58
At1g69650 0.804 2 42
At1g69740 0.835 2 52
At1g69830 0911 1 55
Atlg70070 0.868 2 58
At1g70200 0.896 1 49
Atlg70820 0.890 1 49
Atlg71480 0.858 2 70
Atlg71500 0.889 2 62
Atlg71720 0.867 2 63
Atlg71920 0.957 1 39
Atlg72010 0.813 2 55
At1g72520 0.938 1 58
At1g72540 0.921 1 38
At1g72640 0.763 2 44
Atlg72810 0.957 1 57
Atlg73060 0.812 2 58
Atlg73110 0.866 2 39
Atlg73150 0.896 2 51
Atlg73430 0.840 2 43
Atlg73470 0.781 2 44
Atlg73740 0.778 2 56
Atlg73760 0.883 2 48
At1g74040 0.960 1 46
Atlg74070 0.908 1 45
Atlg74470 0.906 2 43
Atlg74600 0.912 1 71
Atlg74730 0.803 2 44
At1g74850 0.821 2 66
At1g74960 0.675 2 52
At1g74980 0.867 2 55
At1g75260 0.853 2 67
Atlg75330 0.968 1 53
At1g75390 0.912 2 49
Atlg75400 0.851 2 45
Atlg75460 0.926 1 50
At1g75690 0.907 2 43
Atlg76050 0.741 2 43
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliable class TP length
Atlg76080 0.946 1 56
Atlg76100 0.963 1 66
Atlg76570 0.758 2 64
Atlg76620 0.963 1 44
Atlg77390 0.852 2 57
Atlg77640 0.956 1 59
Atlg77930 0.868 2 67
Atlg78310 0.973 2 54
At1g78560 0.986 1 70
At1g78620 0.909 2 65
At1g78630 0.962 1 56
At1g79050 0.841 2 51
At1g79560 0.810 2 49
At1g79600 0.773 2 42
At1g79850 0.957 1 48
At1g80040 0.932 1 71
At1g80370 0.788 2 51
At1g80480 0.935 1 68
At1g80670 0.890 2 36
At1g80920 0.934 1 46
At2g01590 0.971 1 54
At2g01940 0.918 2 50
At2g02070 0.836 2 50
At2g02800 0.978 1 69
At2g02980 0.843 2 38
At2g03140 0.955 1 69
At2g03400 0.950 1 65
At2g04530 0.970 1 68
At2g05070 0.801 2 41
At2g06520 0.936 1 58
At2g07370 0.968 2 57
At2g07710 0.954 1 49
At2g10550 0.919 1 53
At2g12900 0.979 1 52
At2g12980 0.958 1 46
At2g13130 0.965 1 52
At2g13150 0.958 1 46
At2g14880 0.982 1 43
At2g15570 0.979 1 67
At2g16570 0.973 1 58
At2g17220 0.975 1 41
At2g17240 0.961 1 59
At2g17300 0.873 2 56
At2g17540 0.872 1 53
At2g17630 0.956 1 49
At2g17880 0.969 1 39
At2g18470 0.965 1 66
At2g18710 0.946 1 67
At2g20020 0.820 2 37
At2g20080 0.972 1 63
At2g20260 0.917 1 46
At2g20270 0.905 1 61
At2g20890 0.927 1 67
At2g20920 0.877 2 59
At2g21170 0.950 2 58
At2g21340 0.969 1 56
At2g21530 0.862 2 61
At2g22880 0.894 2 57
At2g23070 0.951 1 55
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At2g23160 0.938 2 50
At2g23670 0.928 2 57
At2g23720 0.880 2 56
At2g24060 0.789 2 55
At2g24090 0911 1 56
At2g24820 0.897 1 48
At2g25250 0.937 2 60
At2g26000 0.888 2 62
At2g26100 0.845 2 36
At2g26280 0.933 2 67
At2g26610 0.963 1 64
At2g26670 0.926 1 54
At2g27510 0.859 2 49
At2g27660 0.890 2 58
At2g27680 0.895 2 35
At2g27950 0.888 2 37
At2g28000 0.884 2 45
At2g28190 0.960 1 61
At2g28800 0.919 2 55
At2g28880 0.959 1 43
At2g28930 0.858 2 59
At2g29180 0.959 1 65
At2g29280 0.896 1 61
At2g29630 0.918 1 37
At2g29650 0.986 1 59
At2g29760 0.896 2 42
At2g30390 0.933 1 49
At2g30790 0.951 2 42
At2g30950 0.911 2 47
At2g31250 0.866 2 52
At2g31350 0.884 2 64
At2g31400 0.940 1 41
At2g31840 0.840 2 48
At2g32140 0.869 2 42
At2g33800 0.929 1 49
At2g34420 0.849 2 37
At2g34590 0.979 1 70
At2g35260 0.954 1 54
At2g35490 0.944 1 53
At2g35600 0.893 2 55
At2g36000 0.945 1 55
At2g36390 0.898 2 37
At2g37000 0.941 1 63
At2g37080 0.921 1 55
At2g37220 0.976 1 47
At2g37240 0.924 2 50
At2g37420 0.879 2 54
At2g37660 0.876 1 69
At2g38040 0.930 2 54
At2g38060 0.905 2 44
At2g38140 0.923 2 54
At2g38270 0.956 1 62
At2g38360 0.844 2 44
At2g38450 0.732 2 56
At2g38780 0.914 2 63
At2g39000 0.928 2 61
At2g39080 0.948 1 64
At2g39730 0.888 1 58
At2g39830 0.839 2 58
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At2g39990 0.797 2 40
At2g40300 0.920 1 52
At2g40380 0.936 1 36
At2g40490 0.885 2 35
At2g41040 0.949 1 53
At2g41120 0.937 1 39
At2g41180 0.967 1 38
At2g41680 0.952 1 67
At2g42130 0.874 1 48
At2g42220 0.913 2 53
At2g42520 0.956 2 40
At2g42620 0.868 2 51
At2g42750 0.930 1 59
At2g42940 0.923 2 48
At2g43030 0.912 1 49
At2g43090 0.973 1 59
At2g43100 0.968 1 59
At2g43180 0.956 1 59
At2g43710 0.969 1 35
At2g43750 0.938 1 58
At2g43970 0.960 2 48
At2g44050 0.878 2 68
At2g44650 0.908 1 39
At2g44700 0.957 1 51
At2g44940 0.921 1 43
At2g45290 0.970 1 65
At2g45770 0.847 2 40
At2g46100 0.764 2 40
At2g46590 0.940 2 56
At2g46820 0.966 1 45
At2g47390 0.814 2 62
At2g47450 0.943 2 49
At2g47730 0.914 1 49
At2g48090 0.964 1 43
At3g01170 0.896 1 44
At3g01180 0.938 2 55
At3g01200 0.964 2 69
At3g01370 0.720 2 45
At3g01480 0.974 1 36
At3g01500 0.977 1 47
At3g02060 0.952 1 52
At3g02450 0.895 2 42
At3g02610 0.850 2 44
At3g02660 0.860 2 64
At3g02690 0.981 1 68
At3g02730 0.856 2 57
At3g02750 0.924 2 59
At3g03880 0.930 2 50
At3g04340 0.951 1 43
At3g04510 0.945 2 62
At3g04550 0.846 2 61
At3g05020 0.931 1 53
At3g06180 0.904 2 69
At3g06430 0.926 1 36
At3g06590 0.973 2 36
At3g06660 0.839 2 64
At3g07560 0.920 2 60
At3g08630 0.918 2 58
At3g08640 0.892 2 59
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At3g08940 0.875 2 39
At3g09070 0.887 2 47
At3g09150 0.908 2 45
At3g09650 0.828 2 65
At3g10060 0.791 2 56
At3g10130 0.919 1 70
At3g10670 0.899 2 66
At3g10690 0.975 1 71
At3g10940 0.852 2 61
At3g11050 0.915 2 44
At3g11330 0.725 2 64
At3g11490 0.790 2 43
At3g11670 0.895 2 58
At3g11690 0.816 2 64
At3g12080 0.860 2 65
At3g12590 0.962 2 63
At3g12930 0.915 1 66
At3g13180 0.889 2 64
At3g13470 0.924 1 49
At3g14050 0.920 1 63
At3g14390 0.961 1 48
At3g14490 0.809 2 48
At3g14900 0.828 2 35
At3g15000 0.914 2 56
At3g15050 0.910 1 61
At3g15095 0.982 1 68
At3g15490 0.843 2 52
At3g15520 0.820 2 52
At3g15690 0.706 2 54
At3g15840 0.923 2 49
At3g15900 0.960 1 60
At3g15940 0.816 2 40
At3g16000 0.843 2 41
At3g16250 0.885 2 48
At3g16890 0.814 2 51
At3g16950 0.977 1 70
At3g17040 0.904 1 68
At3g17100 0.978 2 35
At3g17170 0.877 2 47
At3g17600 0.979 1 56
At3g17830 0.793 2 57
At3g18040 0.964 1 42
At3g18110 0.733 2 44
At3g18270 0.916 1 70
At3g18390 0.921 2 56
At3g18420 0.891 2 39
At3g18630 0.928 1 49
At3g18650 0.861 2 39
At3g18680 0.963 1 53
At3g18870 0.974 1 54
At3gl19110 0.803 2 49
At3g19120 0.822 2 67
At3g19160 0.876 2 35
At3g19480 0.847 2 38
At3g19490 0.947 1 39
At3g20150 0.913 1 54
At3g20230 0.772 2 68
At3g20320 0.882 1 45
At3g20330 0.914 2 68

273



Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At3g20350 0.921 2 53
At3g20420 0.904 2 54
At3g20490 0.880 2 49
At3g20680 0.946 1 60
At3g20930 0.968 1 54
At3g21140 0.934 2 46
At3g21200 0.929 1 41
At3g21290 0.926 1 64
At3g21810 0.814 2 63
At3g22150 0.917 2 50
At3g22890 0.945 1 47
At3g22960 0.862 2 47
At3g23290 0.966 2 65
At3g23740 0.912 2 38
At3g23790 0.894 1 47
At3g23940 0.809 2 35
At3g24860 0.986 1 47
At3g25410 0.973 1 70
At3g25780 0.984 1 56
At3g25860 0.981 1 47
At3g25920 0.866 2 65
At3g26060 0.904 2 57
At3g26650 0.850 2 45
At3g26710 0.912 2 44
At3g26740 0.872 1 41
At3g26840 0.945 1 65
At3g26900 0.908 1 56
At3g27110 0.767 2 47
At3g27160 0.966 1 47
At3g27210 0.956 1 64
At3g27580 0.915 2 65
At3g27830 0.941 1 58
At3g27840 0.960 1 59
At3g27850 0.955 1 54
At3g28460 0.749 2 43
At3g29185 0.848 2 41
At3g29200 0.969 1 52
At3g29770 0.908 2 46
At3g30780 0.846 2 57
At3g32930 0.846 2 53
At3g43610 0.825 2 51
At3g44880 0.969 1 49
At3g44890 0.798 2 41
At3g45140 0.765 2 56
At3g45890 0.954 2 68
At3g46440 0.842 2 49
At3g46880 0.827 2 46
At3g47470 0.898 2 49
At3g47650 0.981 1 56
At3g47970 0.853 2 67
At3g48070 0.914 2 48
At3g48420 0.957 1 65
At3g48560 0.976 1 55
At3g48560 0.976 1 55
At3g49170 0.868 2 50
At3g49350 0.910 2 55
At3g49680 0.924 2 60
At3g50180 0.919 2 57
At3g50240 0.902 2 49
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At3g50770 0.970 1 46
At3g50880 0.843 2 63
At3g51820 0.849 2 57
At3g51930 0.953 1 57
At3g52150 0.859 1 56
At3g52960 0.936 1 70
At3g53130 0.936 1 36
At3g53460 0.903 1 65
At3g53580 0.803 2 51
At3g53860 0.932 1 70
At3g53900 0.927 2 61
At3g54050 0.941 1 57
At3g54210 0.987 1 53
At3g54220 0.973 1 47
At3g54290 0911 2 41
At3g54320 0.975 1 57
At3g54610 0.946 2 66
At3g54680 0.886 2 59
At3g54900 0.818 2 63
At3g55040 0.772 2 56
At3g55250 0.883 2 45
At3g55270 0.835 2 59
At3g55400 0.834 2 58
At3g55560 0.809 2 37
At3g55800 0.937 1 59
At3g56090 0.960 1 48
At3g56110 0.845 2 53
At3g56130 0.970 1 56
At3g56160 0.951 1 47
At3g56410 0.967 1 53
At3g56650 0.954 1 65
At3g56700 0.851 2 47
At3g56810 0.913 2 68
At3g56910 0.978 1 64
At3g56940 0.940 1 36
At3g57050 0.935 1 54
At3g57070 0.916 1 52
At3g57560 0.954 1 49
At3g57950 0.828 2 38
At3g58010 0.949 1 53
At3g58140 0.844 2 53
At3g58610 0.980 1 70
At3g58830 0.964 1 58
At3g58850 0.883 2 38
At3g58990 0.945 1 56
At3g59400 0.931 1 69
At3g59870 0.957 1 67
At3g59890 0.763 2 53
At3g60000 0.928 2 71
At3g60210 0.890 1 61
At3g60410 0.922 2 39
At3g60750 0.960 1 65
At3g61470 0.966 2 44
At3g61680 0.892 2 67
At3g61780 0.928 2 47
At3g62910 0.907 2 50
At3g63410 0.983 1 51
At3g63490 0.937 1 70
At4g00150 0.829 2 48
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At4g00270 0.887 2 36
At4g00620 0.880 2 60
Atdg01150 0.916 2 62
At4g01650 0.934 1 51
At4g01940 0.953 1 68
At4g02040 0.942 1 65
At4g02770 0.895 2 44
At4g02780 0.912 1 60
At4g02800 0.965 2 54
At4g04020 0.895 2 55
At4g04350 0.915 2 56
At4g04480 0.852 2 56
At4g04610 0.964 1 53
At4g04640 0.963 1 42
At4g04770 0.985 1 63
At4g05070 0.806 2 69
At4g05390 0.944 1 47
At4g08330 0.829 2 60
At4g08510 0.912 2 64
At4g08600 0.948 1 66
At4g08650 0.811 2 37
At4g10000 0.901 2 47
At4g10030 0.959 1 62
At4g10300 0.799 2 37
At4g10340 0.892 2 48
At4g10620 0.859 2 58
At4g10750 0.954 1 65
At4g10840 0.874 2 65
At4g11680 0.927 2 48
At4g11910 0.817 2 54
At4g12060 0.936 1 58
At4g12800 0.879 2 50
At4g13050 0.873 2 48
At4g13200 0.974 1 56
At4gl13220 0.840 2 63
At4g13670 0.900 2 40
At4g14070 0.896 2 45
At4g14680 0.954 1 49
At4g14700 0.957 1 49
At4g14770 0.892 2 65
At4g14870 0.846 2 38
At4g14890 0.888 2 56
Atdg15560 0.956 1 58
Atdg16060 0.899 1 51
At4g17040 0.958 1 68
At4g17070 0.959 1 49
At4g17600 0.954 1 39
At4g18240 0.779 2 42
At4g18320 0.829 2 38
Atdg18440 0.890 2 57
At4g18480 0.971 1 60
At4g19100 0.891 2 35
At4g20120 0.945 1 62
At4g20210 0.925 1 42
At4g20360 0.975 1 67
At4g21280 0.889 2 44
At4g21460 0.869 2 58
At4g21660 0.954 2 60
At4g21990 0.984 1 69
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At4g22240 0.920 2 59
At4g22260 0.965 2 56
At4g22370 0.942 1 35
At4g22890 0.959 2 60
At4g22920 0.959 1 48
At4g23450 0.929 2 61
At4g23940 0.984 1 53
At4g24090 0.806 2 45
At4g24390 0911 2 60
At4g24620 0.949 1 48
At4g24750 0.856 2 56
At4g25050 0.939 1 48
At4g25080 0.866 2 39
At4g25130 0913 1 68
At4g25270 0.920 2 47
At4g25370 0.974 1 63
At4g25650 0.981 1 55
At4g25700 0.891 2 51
At4g25770 0.888 2 59
At4g25970 0.849 2 48
At4g25990 0.979 2 69
At4g26370 0.887 2 61
At4g26500 0.827 2 66
At4g26550 0.968 1 39
At4g26900 0.965 1 55
At4g27070 0.963 1 50
At4g27370 0.788 2 70
At4g27440 0.878 1 43
At4g27670 0.868 2 43
At4g28030 0.964 1 65
At4g28240 0.855 2 39
At4g28730 0.833 2 61
At4g28750 0.900 2 44
At4g29840 0.883 2 38
At4g29890 0.839 2 47
At4g30620 0.823 2 48
At4g30740 0.963 1 40
At4g31040 0.967 2 47
At4g31530 0.846 2 56
At4g31560 0.820 2 48
At4g31870 0.969 1 69
At4g32020 0.881 2 70
At4g33170 0.779 2 47
At4g33480 0.966 1 64
At4g33540 0.883 2 45
At4g34020 0.949 1 60
At4g34100 0.957 1 50
At4g34120 0.879 1 71
At4g34190 0.823 2 61
At4g34200 0.967 1 53
At4g34590 0.950 2 41
At4g34740 0.994 1 53
At4g35600 0.950 1 38
At4g35630 0.938 1 63
At4g35680 0.945 1 52
At4g35890 0.975 1 57
At4g35980 0.939 2 56
At4g36040 0.899 2 63
At4g36530 0.962 1 51
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At4g36810 0.903 2 56
At4g36910 0.916 1 71
At4g37510 0.942 1 51
At4g38610 0.968 1 66
At4g38880 0.961 1 59
At4g38970 0.810 2 46
At4g39040 0.884 2 65
At4g39610 0.946 2 59
At4g39690 0.952 1 39
At4g39740 0.808 2 37
At4g39970 0.978 1 46
At4g39980 0.864 2 47
At5g01310 0.982 1 66
At5g01600 0.876 2 47
At5g01920 0.972 1 49
At5g02020 0.917 1 56
At5g02120 0.758 2 40
At5g02160 0.903 1 45
At5g02250 0.908 2 35
At5g02600 0.943 1 70
At5g03110 0.887 2 57
At5g03415 0.972 2 39
At5g03800 0.934 1 58
At5g03880 0.918 2 46
At5g04140 0.828 2 62
At5g04260 0.858 2 55
At5g04360 0.903 1 62
At5g04710 0.918 1 63
At5g04770 0.949 1 50
At5g04980 0.919 1 55
At5g05380 0.931 2 41
At5g05400 0.889 2 36
At5g05460 0.925 2 68
At5g05580 0.875 2 42
At5g06340 0.864 1 44
At5g06790 0.822 2 58
At5g06930 0.935 2 55
At5g07950 0.983 1 63
At5g08050 0.958 1 62
At5g08650 0.980 1 45
At5g08740 0.933 2 52
At5g09760 0.856 2 38
At5g09790 0.935 2 44
At5g09820 0.944 2 61
At5g10160 0.872 2 48
At5g10330 0.957 1 39
At5g10620 0.779 2 42
At5g10920 0.965 1 45
At5g11250 0.890 1 55
At5g11270 0.977 1 65
At5g11480 0.797 2 43
At5g11840 0.936 1 42
At5g11880 0.863 2 49
At5g12860 0.937 1 69
At5g13110 0.816 2 50
At5g13310 0.950 1 35
At5g13340 0.912 2 58
At5g13420 0.978 1 61
At5g13510 0.887 2 40
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At5g13720 0.872 2 60
At5g13730 0.871 2 52
At5g13800 0.878 2 46
At5g13840 0.928 1 53
At5g14010 0.962 1 64
At5g14100 0.891 2 49
At5g14590 0.916 2 47
At5g14910 0.955 1 38
At5g15390 0.855 1 59
At5g15450 0.920 1 67
At5g15760 0.973 1 45
At5g15980 0.878 2 56
At5g16110 0.886 2 60
At5g16230 0.966 2 35
At5g16440 0.963 1 52
At5g16620 0.856 2 42
At5g16670 0.945 1 56
At5g17230 0.911 1 70
At5g17520 0.940 1 47
At5g17630 0.901 2 55
At5g17660 0.860 1 52
At5g17710 0.788 2 64
At5g17840 0.975 1 42
At5g17990 0.810 2 63
At5g18660 0.896 2 49
At5g18910 0.958 2 60
At5g19020 0.788 2 67
At5g19050 0.946 1 57
At5g19220 0.923 1 54
At5g19380 0.807 2 48
At5g19460 0.904 2 49
At5g19540 0.964 1 54
At5g19940 0.974 1 50
At5g20190 0.878 2 64
At5g20720 0.901 2 50
At5g22090 0.922 1 43
At5g22340 0.966 1 45
At5g22510 0.846 2 45
At5g22630 0.869 2 38
At5g22830 0.888 2 62
At5g23010 0.940 1 49
At5g23040 0.971 1 47
At5g23120 0.906 2 60
At5g23240 0.942 1 38
At5g23310 0.945 2 41
At5g24000 0.937 1 51
At5g24300 0.938 2 49
At5g24700 0.885 1 41
At5g25380 0.973 1 69
At5g25510 0.851 2 47
At5g26030 0.869 2 35
At5g26570 0.992 1 51
At5g26940 0.776 2 63
At5g27200 0.926 1 54
At5g27280 0.937 1 39
At5g27380 0.973 1 55
At5g27390 0.899 2 58
At5g27860 0.971 1 42
At5g28430 0.909 2 44
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At5g28500 0.846 2 51
At5g28750 0.838 2 59
At5g35360 0.919 2 70
At5g35630 0.926 1 45
At5g35790 0.983 1 50
At5g36120 0.957 1 39
At5g36790 0.879 2 62
At5g37360 0.943 1 53
At5g38060 0.956 1 45
At5g39980 0.800 2 64
At5g40030 0.967 1 55
At5g40140 0.865 2 41
At5g40160 0.931 1 39
At5g40470 0.944 2 49
At5g41960 0.966 1 57
At5g42270 0.829 2 58
At5g42390 0.920 2 54
At5g42750 0.913 2 50
At5g43050 0.793 2 44
At5g43160 0.980 2 37
At5g43540 0.892 2 46
At5g43780 0.878 2 40
At5g43930 0.970 1 44
At5g44000 0.940 2 56
At5g45390 0.963 1 60
At5g45930 0.943 1 60
At5g46420 0.958 1 52
At5g47110 0.959 1 38
At5g47750 0.901 1 47
At5g47840 0.941 2 57
At5g47870 0.865 2 39
At5g48110 0.927 1 52
At5g48130 0.931 2 59
At5g48300 0.976 1 70
At5g48370 0.849 2 38
At5g48440 0.931 2 37
At5g48790 0.957 1 48
At5g48830 0.928 1 62
At5g48910 0.850 2 53
At5g48990 0.882 2 43
At5g50210 0.935 1 69
At5g50250 0.922 1 71
At5g50280 0.852 2 44
At5g50350 0.910 2 68
At5g51100 0.771 2 46
At5g51110 0.827 2 50
At5g51670 0.919 2 40
At5g51920 0.972 1 42
At5g52250 0.934 2 66
At5g52570 0.905 1 52
At5g52810 0.861 2 42
At5g52920 0.885 2 63
At5g52960 0.914 1 42
At5g53080 0.953 1 70
At5g53170 0.919 2 63
At5g53450 0.976 1 52
At5g53570 0.971 2 52
At5g54090 0.899 2 40
At5g54180 0.889 2 64
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Table A2-1. (continued)

Locus TargetP TargetP TargetP
identifier c¢TP score reliability class TP length
At5g54190 0.957 1 53
At5g54430 0.938 2 43
At5g54600 0.920 2 49
At5g54730 0.919 2 48
At5g54770 0.925 1 45
At5g54800 0.959 2 64
At5g54810 0.948 1 52
At5g55570 0.940 1 67
At5g55740 0.928 1 59
At5g56050 0.867 2 63
At5g56250 0.837 2 43
At5g57180 0.920 1 59
At5g57960 0.861 2 46
At5g58330 0.951 1 52
At5g59080 0.917 2 68
At5g60050 0.919 2 63
At5g60750 0.934 2 51
At5g61120 0.913 2 55
At5g61410 0.925 1 45
At5g62840 0.909 2 56
At5g63300 0.967 1 37
At5g63310 0.954 1 62
At5g63420 0.877 2 70
At5g63570 0.930 1 40
At5g63830 0.948 2 61
At5g64090 0.937 1 45
At5g64280 0.829 2 54
At5g64290 0.819 2 68
At5g64300 0.953 2 56
At5g65220 0.924 2 58
At5g65480 0.833 2 49
At5g65530 0.939 2 57
At5g65780 0.896 2 54
At5g65840 0.959 1 65
At5g66090 0.968 1 59
At5g66190 0.888 2 64
At5g66480 0.764 2 48
At5g66530 0.884 2 37
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Table A2-2. Results of Hsp70 Binding Site Clustering and
TargetP Prediction of the 208-TP Dataset

Hsp70 SWISS- Lee el at. TargetP prediction

cluster PROT ID (2008) Localization Reliability TP

group Group class length
1 QISUI7 None Chloroplast 3 44
1 Q8WO0Y8 None Chloroplast 2 49
1 Q949Y5 None Chloroplast 3 18
1 Q9XI84 DnaJ-J8 Chloroplast 1 57
1 P27521 PORA Chloroplast 2 49
1 P52032 None Chloroplast 1 72
1 QILYU9 DnaJ-J8 Chloroplast 3 80
1 QISAGS8 DnaJ-J8 Chloroplast 1 46
1 Q41932 None Chloroplast 3 48
1 Q39195 DnaJ-J8 Chloroplast 1 69
1 P93009 RbcS Chloroplast 3 70
1 P25856 PORA Chloroplast 2 45
1 P10797 RbcS Chloroplast 3 54
1 Q96242 BCCP Chloroplast 2 32
1 P25697 DnaJ-J8 Chloroplast 3 54
1 022170 None Other 2 -
1 QIC5W3 None Chloroplast 2 61
1 049347 Cab Chloroplast 2 50
1 022886 None Chloroplast 2 35
2 024621 BCCP Chloroplast 1 32
2 QISTES DnaJ-J8 Chloroplast 1 79
2 QISCY0 DnaJ-J8 Chloroplast 5 52
2 QIFKPO None Secretory Pathway 5 16
2 022056 GLU2 Chloroplast 3 39
2 QI3WC9 None Other 4 -
2 P82538 None Chloroplast 1 74
2 Q949X0 TOCC Chloroplast 2 53
2 Q9SI53 TOCC Mitochondrion 5 76
2 QOWNZ5 None Chloroplast 5 33
2 Q81493 RbcS Chloroplast 2 57
2 Q9ZR03 None Chloroplast 3 50
2 Q9C642 None Chloroplast 2 48
2 P25702 None Chloroplast 4 51
2 P25701 DnaJ-J8 Chloroplast 2 51
2 Q8LPN3 BCCP Chloroplast 1 45
2 QIS7TN7 None Chloroplast 1 59
2 QI9SR43 DnaJ-J8 Chloroplast 2 45
2 QISYI0 TOCC Chloroplast 4 61
2 QIFYC2 RbcS Chloroplast 1 49
3 Q96291 BCCP Chloroplast 1 83
3 024600 None Chloroplast 1 95
3 po4rT7 None Chloroplast 3 23
3 Q8LCA1 GLU2 Chloroplast 1 45
3 QILS03 None Chloroplast 1 78
3 Q93ZB2 None Secretory Pathway 1 16
3 Q8S9IK3 Cab Chloroplast 4 33
3 P10796 RbcS Chloroplast 3 54
3 P10798 RbcS Chloroplast 4 54
3 P10795 RbcS Chloroplast 3 54
3 QI9SRL5 RbcS Chloroplast 2 44
3 QIFYL3 PORA Chloroplast 3 45
3 P50318 RbcS Chloroplast 1 95
3 QISMWO None Chloroplast 3 49
3 Q93ZC5 DnaJ-J8 Chloroplast 1 52
3 QI3WTT RbcS Chloroplast 1 69
3 Q39101 RbcS Chloroplast 2 47
3 024629 None Other 5 -




Table A2-2. (continued)

Hsp70 SWISS- Lee el at. TargetP prediction

cluster PROT ID (2008) Localization Reliability TP

group Group class length
3 QISUI5 DnaJ-J8 Chloroplast 4 32
3 QISKP6 DnaJ-J8 Chloroplast 2 58
3 QISUI4 RbcS Chloroplast 2 50
3 Q39194 RbcS Chloroplast 3 44
3 QILQKT BCCP Chloroplast 2 36
3 Q02166 None Chloroplast 2 63
3 078310 None Chloroplast 1 61
3 P04778 None Chloroplast 3 23
3 QIFUZ2 RbcS Chloroplast 5 56
3 Q3EAJ6 Cab Chloroplast 4 35
4 QILDH1 None Chloroplast 3 54
4 QILTF4 None Other 5 -
4 Q97597 None Chloroplast 1 63
4 QIMT7I7 None Chloroplast 4 47
4 P57720 RbcS Chloroplast 2 39
4 P46248 RbcS Chloroplast 4 41
4 QISQK3 PORA Chloroplast 1 39
4 P82658 None Chloroplast 4 32
4 QS8LBP4 None Chloroplast 2 55
4 P25851 RbcS Chloroplast 1 57
4 QIFGS4 DnaJ-J8 Chloroplast 1 69
4 QILERTY Cab Chloroplast 1 64
4 P46644 None Chloroplast 4 64
4 P21238 None Chloroplast 2 45
4 Q05753 RbcS Chloroplast 4 36
4 QILS01 GLU2 Chloroplast 1 56
4 QI9SA14 DnaJ-J8 Mitochondrion 5 35
4 Q944G9 None Chloroplast 2 46
4 QIC5U8 RbcS Chloroplast 4 29
4 048782 None Chloroplast 1 54
4 Q39199 DnaJ-J8 Chloroplast 2 51
4 Q39002 None Chloroplast 5 21
4 080575 None Chloroplast 2 68
4 QIM5K4 None Chloroplast 1 23
4 082499 BCCP Mitochondrion 2 46
4 Q94FYT7 TOCC Chloroplast 1 98
4 QIXFHS BCCP Chloroplast 2 57
4 Q8WO033 BCCP Other 5 -
4 QILYN2 RbcS Chloroplast 1 48
4 Q95720 None Chloroplast 2 26
5 QIXF89 None Chloroplast 2 48
5 Q95714 None Chloroplast 1 46
5 Q3E9T1 None Chloroplast 2 33
5 Q94AY1 None Chloroplast 5 74
5 QI9SRN1 None Other 4 -
5 Q3EA16 RbcS Other 4 -
5 P81760 GLU2 Chloroplast 4 33
5 Q95831 None Chloroplast 2 44
5 Q42029 None Chloroplast 2 31
5 QI9ZNZ7 GLU2 Chloroplast 2 62
5 Q42536 PORA Chloroplast 1 53
5 Q97ZU32 Cab Mitochondrion 3 26
5 Q42588 Cab Other 2 -
5 Q948R9 None Chloroplast 2 47
5 Q00218 RbcS Chloroplast 4 47
5 Q8LEB5 None Other 1 -
5 082730 None Other 3 -
5 Q95841 None Chloroplast 3 28
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Table A2-2. (continued)

Hsp70 SWISS- Lee el at. TargetP prediction

cluster PROT ID (2008) Localization Reliability TP

group Group class length
5 Q01908 None Chloroplast 1 42
5 P21218 PORA Chloroplast 1 43
5 P10896 DnaJ-J8 Chloroplast 1 58
5 Q5XET4 PORA Chloroplast 2 60
5 Q84JH7 None Chloroplast 2 46
5 QIXIK3 None Chloroplast 1 55
5 QI9XF91 DnalJ-J8 Chloroplast 5 59
5 Q39161 None Chloroplast 3 25
5 004921 None Chloroplast 1 49
5 Q9T0P4 GLU2 Chloroplast 2 72
5 P69834 DnaJ-J8 Mitochondrion 5 92
5 064903 None Chloroplast 1 62
5 022160 None Chloroplast 1 34
6 004130 None Chloroplast 3 49
6 048741 PORA Chloroplast 3 66
6 QILD95 None Chloroplast 1 55
6 QISW33 None Chloroplast 4 21
[ 022773 None Chloroplast 1 38
6 QIM401 PORA Chloroplast 2 60
6 QICAKS RbeS Chloroplast 1 52
6 P92935 None Mitochondrion 5 80
6 Q84W65 None Chloroplast 2 66
6 P46310 DnaJ-J8 Chloroplast 2 81
6 QILW57 GLU2 Chloroplast 1 72
6 QIMBA1 None Chloroplast 2 36
6 QIXF88 None Chloroplast 2 39
6 QISAK2 BCCP Chloroplast 3 29
6 QISX22 None Chloroplast 2 56
6 049292 None Chloroplast 5 52
6 049196 None Chloroplast 4 59
6 Q9M439 PORA Mitochondrion 4 22
6 Q9S756 None Chloroplast 1 52
6 QILRT75 RbcS Chloroplast 2 48
[ Q43316 RbcS Chloroplast 1 86
6 Q95193 TOCC Mitochondrion 5 10
6 Q9SZ52 None Chloroplast 5 62
7 P37271 None Chloroplast 1 70
7 QISEUS None Chloroplast 1 72
7 Q07473 None Chloroplast 3 40
7 Q941C9 TOCC Mitochondrion 4 58
7 Q38802 BCCP Chloroplast 1 60
7 QI9S7TW1 None Chloroplast 3 26
7 P42699 BCCP Chloroplast 1 52
7 QISKTO RbcS Chloroplast 1 67
7 Q43307 BCCP Chloroplast 2 62
7 Q42533 BCCP Chloroplast 1 82
7 Q38933 None Other 2 -
7 P49077 PORA Chloroplast 2 68
7 Q66GR6 None Chloroplast 3 75
7 Q8RWWG6 None Chloroplast 1 70
7 P49107 RbcS Chloroplast 5 81
7 Q8LD49 None Chloroplast 1 67
7 P27202 RbcS Chloroplast 3 40
7 QI3VA3 None Chloroplast 4 18
7 P11490 DnaJ-J8 Chloroplast 1 66
7 QISEUT None Chloroplast 1 67
7 QIM591 Cab Chloroplast 1 36
7 P42732 RbcS Chloroplast 2 46
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Table A2-2. (continued)

Hsp70 SWISS- Lee el at. TargetP prediction

cluster PROT ID (2008) Localization Reliability TP

group Group class length
7 QIFMT1 GLU2 Other 5 -
7 Q43349 None Chloroplast 1 65
7 P16127 RbcS Chloroplast 1 60
8 Q84RQT7 None Chloroplast 2 99
8 QI93WX6 DnaJ-J8 Chloroplast 2 35
8 QILUD9 None Chloroplast 3 39
8 QILS02 None Chloroplast 1 7
8 Q8GXUS None Chloroplast 4 56
8 QISJEL None Chloroplast 2 49
8 QISTH1 None Chloroplast 2 44
8 QILFVO0 BCCP Chloroplast 1 45
8 QISA56 None Chloroplast 1 43
8 Q38854 None Chloroplast 1 58
8 QIS7D1 None Chloroplast 2 58
8 QICA35 DnalJ-J8 Chloroplast 1 71
8 Q8W105 Cab Chloroplast 2 90
8 Q38885 RbcS Chloroplast 1 67
8 023403 None Chloroplast 1 75
8 QISUI6 None Chloroplast 4 44
8 081439 DnalJ-J8 Chloroplast 2 55
9 Q39089 None Chloroplast 2 22
9 050039 RbcS Chloroplast 1 53
9 QIXFT3 None Chloroplast 2 44
9 022265 RbcS Chloroplast 1 56
9 P42762 None Chloroplast 1 89
9 QI9SCX9 None Chloroplast 3 32
9 082796 GLU2 Chloroplast 4 15
9 P32068 RbcS Chloroplast 5 60
9 Q96255 PORA Chloroplast 1 63
9 QICAPS None Chloroplast 5 30
9 P21240 None Chloroplast 1 53
9 Q93W20 None Chloroplast 1 16
9 Q9SJU4 None Chloroplast 3 10
9 P16972 None Chloroplast 1 52
9 004090 PORA Chloroplast 2 69
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Appendix 3

The Position-specific Scoring Matrices

Table A3-1. The Components of the TP PSSM for Analysis of the

N-terminal 10 Residues

Amino Acids fi fiotofi o D; S 1 S; 260 8; ¢
Ala 0.4693 0.1197 0.0863 2.4426 0.4716
Cys 0.0055 0.0192 0.0125 -1.1912 0.6193
Asp 0.0241 0.0053 0.0532 -1.1405 -3.3300
Glu 0.0811 0.0082 0.0620 0.3883 -2.9232
Phe 0.0143 0.0442 0.0403 -1.4980 0.1357
Gly 0.0515 0.0288 0.0709 -0.4604 -1.2975
His 0.0033 0.0106 0.0221 -2.7503 -1.0653
Ile 0.0230 0.0500 0.0601 -1.3839 -0.2652
Lys 0.0154 0.0183 0.0531 -1.7899 -1.5387
Leu 0.0296 0.1240 0.0992 -1.7452 0.3217
Met 0.0175 0.0279 0.0246 -0.4899 0.1786
Asn 0.0362 0.0274 0.0412 -0.1860 -0.5869
Pro 0.0164 0.0510 0.0469 -1.5108 0.1207
Gln 0.0219 0.0308 0.0396 -0.8511 -0.3625
Arg 0.0121 0.0178 0.0544 -2.1727 -1.6122
Ser 0.1075 0.2409 0.0666 0.6901 1.8546
Thr 0.0296 0.1014 0.0558 -0.9140 0.8627
Val 0.0373 0.0635 0.0678 -0.8629 -0.0954
Trp 0.0000 0.0029 0.0129 -10.2024 -2.1631
Tyr 0.0044 0.0082 0.0305 -2.8000 -1.9020

286



287

Table A3-2. The Components of the TP PSSM for Analysis of the
N-terminal 30 Residues

Amino Acids S 1 S; 260 8; 44 S 12 S 13 Si 1y
Ala 2.4426 0.4716 -0.1664 0.1554 -0.5816
Cys -1.1912 0.6193 0.9413 0.9412 -0.3808
Asp -1.1405 -3.3300 -2.4675 -1.1456 -2.4676
Glu 0.3883 -2.9232 -3.6887 -2.6888 -10.3327
Phe -1.4980 0.1357 1.0215 0.7413 0.3933
Gly -0.4604 -1.2975 -1.8825 -0.2976 -0.7127
His -2.7503 -1.0653 -0.2028 -1.2029 0.1190
Ile -1.3839 -0.2652 0.3563 -0.0588 -0.0589
Lys -1.7899 -1.5387 -0.6574 -1.1429 -0.1430
Leu -1.7452 0.3217 0.1559 0.2762 0.1558
Met -0.4899 0.1786 -0.0355 -0.7725 -1.3575
Asn -0.1860 -0.5869 0.0720 0.2240 -0.7761
Pro -1.5108 0.1207 0.9627 0.8846 1.4695
Gln -0.8511 -0.3625 -0.7187 -3.0407 -1.4558
Arg -2.1727 -1.6122 -0.9147 -0.3298 0.2006
Ser 0.6901 1.8546 1.6342 1.4558 1.3370
Thr -0.9140 0.8627 0.2709 0.1639 0.9870
Val -0.8629 -0.0954 -1.2329 -0.2330 -0.6481
Trp -10.2024 -2.1631 -0.4261 -8.0700 -8.0701

Tyr -2.8000 -1.9020 -0.6676 -1.6676 -0.3458
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Table A3-2. (Continued)

Amino Acids Si 15 S 16 S 17 S 18 S; 19 60 8; 29
Ala -0.0791 -0.1665 -0.4661 -0.4661 -0.5935
Cys 0.2041 0.2042 -1.3807 0.6192 0.1047
Asp -2.4676 -1.4675 -0.8826 -1.8826 -1.6195
Glu -2.6888 -1.6888 -3.6888 -2.1039 -2.4257
Phe 0.5189 0.5189 0.1039 0.6344 0.3670
Gly -0.7127 -0.1821 -0.5606 -0.4232 -0.7450
His -1.2029 0.1191 -1.2029 0.1190 0.1757
Ile -0.6439 -0.1843 0.1636 -1.6439 -0.8782
Lys 0.2356 -0.2949 -0.0054 0.4420 0.3008
Leu 0.2761 0.0917 0.1559 0.1558 -0.0822
Met -9.0014 -9.0013 -9.0013 -9.0014 -2.0944
Asn -0.0980 -1.5130 0.0720 0.2239 0.0396
Pro 1.1740 0.6216 0.9626 0.8021 0.7937
Gln -1.4558 0.6598 -0.2333 -0.2334 -0.3402
Arg 0.8925 0.8222 0.4071 0.0851 0.5182
Ser 1.4557 1.1620 1.4173 1.5653 1.8632
Thr 0.2708 0.3704 0.3704 0.2708 -0.1719
Val -1.4961 -0.4960 -0.6480 -0.2331 -0.5105
Trp -8.0701 -1.4262 -0.4262 -1.4263 -2.7480

Tyr -0.6677 -2.6676 -0.3457 -9.3116 -1.6676
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Table A3-3. The Components of the mTP PSSM for Analysis of the
N-terminal 30 Residues

Amino Acids Si 4 Si o Si 3 Si 4 Si 5
Ala 1.7558 1.2041 0.8216 0.9411 0.9916
Cys -8.8438 0.1220 0.9700 1.1181 1.1220
Asp -10.9306 -10.9306 -10.9306 -3.2906 -3.2867
Glu -2.9230 -2.9230 -2.1860 -11.1557 -11.1518
Phe 1.4723 -0.0779 0.0217 -0.4297 -1.3002
Gly -1.8944 -1.2423 -2.3798 -0.7988 -0.6143
His -2.0221 -1.4371 -9.6659 -2.0260 -2.0220
Ile -0.2931 -0.7625 -0.4630 -0.7664 -0.6556
Lys -1.6991 -0.5836 -0.4767 -0.5875 0.1755
Leu 1.2394 0.2054 0.5680 0.5371 0.6460
Met -1.1767 -0.5917 0.1452 -0.0106 -0.3693
Asn -1.3322 -0.9172 -1.1098 -1.5991 -1.9171
Pro -0.9346 0.1434 0.1434 -0.5235 -1.2971
Gln -0.6900 -2.2749 -0.4004 -1.0564 -0.4004
Arg -0.5116 1.6118 1.6583 1.5351 0.9665
Ser 0.1960 1.3659 0.2955 0.4722 0.7106
Thr -2.0338 -0.6553 -0.3557 0.7279 0.1038
Val -1.4673 -0.8298 0.1177 0.0028 0.4073
Trp -0.2454 -0.6604 -0.2454 -1.2493 0.7546

Tyr -0.3169 -10.1307 -0.9019 -2.4907 -1.9018
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Table A3-3. (Continued)

Amino Acids S 6 S 7 S 8 S 9 S; 10
Ala 0.6031 0.5023 0.9212 0.3718 0.7422
Cys 0.9739 0.1181 -0.6150 -0.2000 0.6074
Asp -10.9267 -2.7056 -10.9306 -10.9306 -2.7018
Glu -11.1479 -3.5118 -2.9230 -3.5080 -11.1518
Phe -0.1809 -0.3041 0.0217 -0.1848 -0.8852
Gly -0.4499 -0.7056 -0.0579 0.0531 -0.4538
His -0.2108 -0.7040 -1.4371 -0.7001 -1.4371
Ile -0.3716 -1.4668 -1.2930 -1.2931 -1.4630
Lys -0.3732 0.2357 -0.3771 -0.4767 0.0379
Leu 0.9045 0.4531 0.5411 0.9424 0.7200
Met -1.5878 -1.5956 -1.1766 -0.5917 -0.3693
Asn -0.7433 -2.3360 -0.0102 -1.1098 -0.5952
Pro -0.4002 -0.7865 -0.4041 -0.1976 -0.5196
Gln -0.1555 -0.0564 -0.0525 -0.8599 -1.0525
Arg 1.1112 1.8269 1.3249 1.5390 1.3815
Ser 0.6404 0.6702 0.8149 0.7105 1.0325
Thr 0.1718 0.0328 -0.4488 0.5023 0.0366
Val 0.0672 0.1663 -0.1136 -1.17r7 -0.3153
Trp -8.8854 0.3357 -1.2454 0.7546 0.5620

Tyr -2.4829 -1.4907 -2.4868 -10.1307 -10.1307
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Table A3-3. (Continued)

Amino Acids Si 11 S 12 S 13 Si 1y S; 15
Ala 0.8433 1.0143 0.7108 0.1804 0.7422
Cys 0.7962 -1.2000 0.6035 0.1181 0.8001
Asp -1.7057 -10.9306 -10.9345 -3.2906 -3.2867
Glu -2.9269 -2.9230 -2.9269 -2.5118 -2.9230
Phe -0.3041 -0.3003 0.1109 -0.5671 -0.0778
Gly -0.7988 0.1056 0.1523 0.1017 0.2052
His -1.0260 -0.4371 -1.0260 -2.0259 0.1479
Ile -1.0074 -1.2931 -0.6595 -0.2969 -0.8780
Lys 0.0340 -0.0361 -0.5875 -1.1179 -0.6990
Leu 0.4239 0.5410 0.3942 0.2016 0.2394
Met -0.3732 -9.8205 -2.1806 -0.0106 -1.5917
Asn -0.1137 -1.1098 -1.3361 -1.5991 -0.4577
Pro 0.0615 -0.1045 0.2839 0.2839 -0.2971
Gln 0.1362 -0.0525 -0.4043 -0.2788 0.1402
Arg 1.3496 0.8905 1.3210 1.5101 1.2660
Ser 0.7067 0.7462 0.7771 1.1661 0.9432
Thr -0.5522 -0.1858 -0.2721 0.2843 0.1679
Val -0.4711 0.2208 0.2169 -0.5536 -0.5497
Trp -8.8931 -0.2454 -1.2493 0.9207 -1.2454

Tyr -1.1688 -1.1649 -2.4907 -2.4907 -10.1307
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Table A3-3. (Continued)

Amino Acids Si. 16 Si. 17 Si. 18 Si. 19 Si. 20
Ala 0.4406 0.5023 0.7109 0.1397 0.5954
Cys 1.2595 0.3812 0.3812 0.1181 0.9661
Asp -10.9306 -2.7056 -2.7056 -1.9687 -2.7056
Glu -1.5079 -2.1899 -3.5118 -2.1899 -1.1899
Phe -0.4257 -0.3041 -0.3041 -0.3041 -0.0817
Gly -0.1168 0.0493 -0.1207 -0.3133 -0.1821
His 0.6784 0.2960 -0.0259 -0.2186 -0.7040
Ile -0.8780 -1.4668 -0.8819 -0.6595 -1.4668
Lys -0.5835 -0.5874 0.0341 0.1045 -0.4805
Leu 0.1351 0.6166 0.1312 0.0187 0.3328
Met -2.1766 -0.5956 -2.1805 -0.8586 0.1414
Asn -1.5952 -1.3360 -0.5991 -0.3360 -1.3360
Pro -0.1976 -0.3010 0.0615 0.7985 0.0615
Gln -0.1594 -0.1633 -0.0564 0.2237 0.3062
Arg 0.7255 1.2318 1.1690 1.3210 0.8866
Ser 1.2216 0.6702 0.8442 0.4722 0.8110
Thr 0.6443 0.4478 0.4478 0.2254 0.2254
Val -0.1136 -0.7341 -0.3931 0.0594 -0.1175
Trp 0.3396 0.3357 -0.2492 -0.6643 0.0727

Tyr -0.9018 -0.3208 -1.1688 -1.1688 -1.4907
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Table A3-3. (Continued)

Amino Acids S;. 21 S;. 29 S;. 23 Si. gy S; 25
Ala 0.4406 0.6829 0.4699 0.4699 0.6829
Cys -0.1999 0.1181 0.7962 0.7962 1.1181
Asp -10.9306 -2.2906 -2.2906 -1.9687 -2.2906
Glu -2.5079 -2.9268 -2.5118 -2.1899 -2.9268
Phe 0.0217 -1.5671 -0.0817 -0.1886 -0.8891
Gly -0.3798 -0.5357 0.0493 -0.1821 -0.0618
His -0.7001 -0.7040 0.6745 -0.2186 0.6745
Ile -0.7625 -0.7664 -0.6595 -0.4668 -2.4668
Lys -0.5835 -0.0399 -0.3810 -0.1179 -0.1179
Leu -0.3795 -0.3328 0.1312 -0.2839 0.2016
Met -1.5917 -0.3732 -1.1805 -1.1805 -0.5956
Asn -0.4577 -0.7511 0.3269 0.0790 -0.4616
Pro 0.8024 0.4152 0.5355 0.8458 0.0615
Gln 0.0471 0.4582 -0.2788 0.0432 0.0432
Arg 1.1073 1.3776 0.9991 0.8065 0.9251
Ser 1.0034 1.0572 1.0286 0.8766 1.1397
Thr 0.5023 0.2254 -0.4527 0.1640 0.0328
Val 0.2208 -0.6410 -0.8337 -0.1816 -0.8337
Trp -0.2454 0.3357 -1.2492 -0.2492 -0.2492

Tyr -0.3169 -0.4907 -1.4907 -1.4907 -0.3208




Table A3-3. (Continued)

Amino Acids S;. 26 S;. 27 S;. 28 Si. 29
Ala 0.6582 0.5023 0.5650 0.6543
Cys 0.8001 0.3812 0.1181 0.6036
Asp -1.9648 -1.2906 -1.4832 -0.9687
Glu -1.7006 -0.9268 -1.1899 -1.9268
Phe -0.1847 0.1109 -0.1886 -0.0817
Gly -0.2423 -0.2462 -0.56357 -0.3133
His -0.0220 -0.0259 0.8810 -0.4410
Ile -0.4629 -1.1449 -1.6595 -0.8819
Lys -0.0360 -0.2879 -0.1179 -0.3810
Leu -0.3289 0.0187 -0.6672 -0.1908
Met -9.8205 -1.1805 -0.5956 0.1414
Asn -0.2167 -0.7511 -0.9210 -1.3360
Pro 0.4191 0.6990 0.4152 0.3511
Gln -0.8598 -0.1633 -0.4043 0.3842
Arg 0.8103 0.6772 0.7646 -0.0009
Ser 0.9736 0.7423 0.9995 1.0572
Thr 0.3992 0.1640 0.6848 0.2254
Val 0.1177 0.0594 0.2659 0.1139
Trp 0.0766 -0.2492 -0.6643 0.0727
Tyr -1.4868 -0.4907 -0.4907 -0.0312
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Table A3-4. The Components of the SP PSSM for Analysis of the
N-terminal 30 Residues

Amino Acids Si 4 Si o Si 3 Si 4 Si 5
Ala 2.1596 -0.8318 -0.4500 0.0021 -0.1398
Cys -8.3850 0.2535 0.5702 0.2643 0.8386
Asp -1.2429 -10.4771 -2.8385 -10.4663 -2.8332
Glu 0.0384 -10.6984 -2.4747 -10.6876 -3.0544
Phe -2.4264 0.8162 0.0225 0.4859 0.7383
Gly 0.5644 -1.2483 -2.6686 -0.9156 -1.6632
His -1.5632 -0.2467 0.2335 0.7641 0.0165
Ile -2.4192 -0.4246 -0.4298 0.1712 0.0780
Lys 0.7598 1.2138 1.0222 1.1803 0.2570
Leu -1.4061 -0.4855 0.6876 0.1843 0.4761
Met -0.7178 0.7362 -0.1435 -0.3905 -0.4012
Asn -0.4583 0.5363 -1.1470 0.3545 -0.4636
Pro -1.6457 -1.6511 -0.6563 -0.0553 -1.0660
Gln -1.4010 -0.5991 -0.6043 -0.2257 -0.8213
Arg -0.1597 1.0414 0.5887 0.2328 -0.5435
Ser -0.4521 1.1996 1.2631 1.0623 1.3340
Thr -0.7269 0.6213 0.3405 -0.0841 -0.3172
Val -0.0909 0.0642 -0.1015 -0.4725 1.1383
Trp -8.4304 -8.4358 -0.2122 -8.4250 -8.4357

Tyr -9.6718 -1.0334 -0.2312 -1.4376 -1.0333
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Table A3-4. (Continued)

Amino Acids S 6 S 7 S 8 S 9 S; 10
Ala 0.1171 0.7211 0.6827 0.7747 0.7264
Cys -0.7410 -0.7410 1.0663 1.5970 0.5862
Asp -10.4717 -10.4717 -2.8278 -10.4555 -2.8225
Glu -10.6929 -2.0491 -10.6929 -10.6768 -3.0437
Phe 0.8216 0.9660 0.9660 1.1134 1.7489
Gly -1.6579 -1.4355 -1.2429 -1.6418 -3.2376
His -1.5632 -1.5632 -0.9782 -9.1909 -9.2017
Ile 0.5195 0.4554 0.0834 -0.0810 -0.2983
Lys -0.3657 -1.2401 -0.2401 -2.2240 -2.2348
Leu 1.1300 1.1300 1.5008 1.5361 1.6523
Met -0.1328 0.4522 -0.1328 -0.1167 0.0949
Asn 0.1267 -1.8733 -1.4583 -1.4421 -2.4529
Pro -0.8383 -1.0607 -1.3237 -1.3076 -1.3184
Gln -1.4010 -1.8160 -10.0448 -10.0287 -10.0395
Arg -0.8601 -0.6901 -2.2751 -2.8439 -1.8548
Ser 0.7055 0.7544 0.6024 0.6710 0.2452
Thr 0.4955 0.0101 -0.5749 -0.4212 -0.4321
Val 0.4067 0.5766 0.5222 0.8823 0.8270
Trp 0.7985 -8.4303 -0.7865 -8.4142 -8.4250

Tyr -1.0279 -0.7060 -2.0279 -1.4268 -9.6665
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Table A3-4. (Continued)

Amino Acids Si 11 S 12 S 13 Si 1y S; 15
Ala 0.5122 1.0277 0.9965 1.4200 0.8003
Cys 1.8385 0.5808 1.0661 0.8600 1.0715
Asp -10.4771 -10.4718 -10.4719 -10.4556 -2.2377
Glu -2.0544 -10.6930 -10.6931 -10.6768 -2.4589
Phe 1.2687 1.0971 1.3808 1.2902 1.3338
Gly -2.2483 -0.1555 -2.6581 -2.2268 -1.4303
His -1.5686 -9.2071 -9.2072 -9.1909 -9.2018
Ile 0.3828 -0.3037 0.8031 -0.0811 0.6450
Lys -2.8305 -10.4691 -10.4692 -10.4529 -10.4638
Leu 1.5885 1.3594 1.4215 1.2654 0.9776
Met -0.7232 0.0895 0.7414 -0.3798 1.1943
Asn -1.8787 -1.4584 -10.1023 -10.0860 -10.0969
Pro -0.8437 -1.3238 -2.6458 -2.6295 -1.3185
Gln -1.4064 -2.4011 -10.0450 -1.3849 -10.0396
Arg -2.2805 -1.8602 -2.8603 -10.4878 -2.2699
Ser -0.0704 -0.3452 0.0172 -0.0489 0.3122
Thr -0.7323 -0.5750 -1.0897 -0.0734 -0.0842
Val 0.7232 1.1792 1.0694 1.0857 1.2532
Trp -8.4357 0.5353 -0.7867 -0.1854 -8.4251

Tyr -0.2260 -2.0280 -1.0281 -0.4269 -9.6666
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Table A3-4. (Continued)

Amino Acids Si. 16 Si. 17 Si. 18 Si. 19 Si. 20
Ala 0.9649 0.8253 0.8254 1.2281 0.9914
Cys 1.4288 1.4234 1.5755 0.5809 1.7130
Asp -10.4718 -2.8333 -2.2482 -2.2429 -1.0259
Glu -2.4642 -1.4695 -2.4694 -1.7271 -0.2471
Phe 1.0330 0.9606 0.6558 0.7436 0.1533
Gly -1.0730 -0.1608 -0.6632 -0.1554 -0.2483
His -9.2071 -9.2125 -0.2466 0.0218 0.0164
Ile 0.5808 -0.2022 0.3125 -0.6821 -0.2021
Lys -2.2403 -2.8306 -1.2455 -2.8251 -10.4744
Leu 1.0792 0.9104 0.8814 0.2720 0.2208
Met 0.0895 0.4467 0.0842 -1.1328 -0.1382
Asn -10.1022 -1.1418 -1.1417 -0.1363 -0.8787
Pro -2.0608 -1.6511 -0.6510 -0.3237 -0.8437
Gln -10.0449 -10.0503 -0.5990 -1.8160 -0.5990
Arg -2.8602 -10.5094 -2.8654 -10.5039 -1.8655
Ser 0.6023 0.8421 0.6495 1.0570 0.7490
Thr 0.1906 0.2677 0.1853 0.2731 0.4901
Val 0.9915 0.7705 0.4602 0.8217 0.5712
Trp -0.7866 -0.2070 -8.4357 -8.4303 -8.4357

Tyr -2.0280 -1.0334 -1.4483 -2.0279 -1.4484
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Table A3-4. (Continued)

Amino Acids S;. 21 S;. 29 S;. 23 Si. gy S; 25
Ala 0.8888 1.1958 0.8254 0.8254 0.9219
Cys 1.7077 0.8386 0.2536 0.5755 1.7077
Asp -0.5166 -1.2482 -0.1327 -0.5112 -0.5166
Glu -0.7378 -1.0544 -0.7325 -0.8845 -0.0598
Phe -0.4370 -0.2617 -0.4316 0.4752 0.5630
Gly -0.5531 0.5592 -0.5478 -0.2482 -0.1661
His -0.9889 0.4315 -0.2466 0.2389 -0.2519
Ile -0.4298 -0.2021 -0.1025 -0.6875 -0.2074
Lys -1.5138 -1.2455 -1.0231 -1.0231 -0.2509
Leu 0.3057 -0.3410 0.0740 -0.5634 -0.6512
Met 0.0789 -0.4012 0.2769 -1.1381 -1.7285
Asn -0.6616 -0.6562 -0.4636 -0.0042 -0.1470
Pro 0.0442 -1.0660 0.1564 0.5970 -0.3344
Gln -0.4116 0.1787 0.7636 0.9156 -0.2418
Arg -1.2858 -1.2804 -0.2804 -0.6955 -0.5488
Ser 1.0463 0.9297 0.8866 0.7964 0.4218
Thr -0.0006 0.0048 -0.9021 0.0048 0.3404
Val 0.3960 0.2758 -0.0137 -0.4832 0.1329
Trp -0.7971 -8.4357 -8.4357 -8.4357 -8.4411

Tyr -2.0386 -2.0333 -0.7113 0.1367 -1.4537




Table A3-4. (Continued)

Amino Acids S;. 26 S;. 27 S;. 28 Si. 29
Ala 0.3747 -0.2155 -0.2155 -0.0086
Cys 0.5755 1.0557 2.2483 1.8385
Asp 0.5591 -0.3791 0.8054 0.6262
Glu -0.3540 -0.3593 -0.8898 -0.7325
Phe -0.4317 0.3704 0.1480 -0.6243
Gly 0.3956 0.2700 0.1388 0.5591
His 0.0164 -1.5738 0.2335 0.2388
Ile -0.1026 -0.2074 -1.2074 0.5755
Lys -1.0231 -0.6658 -0.6658 -1.0231
Leu -0.4855 -0.4167 -0.3463 -0.4855
Met -9.3670 -1.7284 -1.1435 -9.3670
Asn -0.2937 0.6186 0.9234 0.4432
Pro 0.1563 0.2506 0.2506 0.2559
Gln 0.4010 0.5884 0.9807 0.5005
Arg -2.2805 -1.5488 -1.0634 -0.4060
Ser 0.9714 1.0068 -0.1631 -0.3505
Thr -0.0948 -0.3225 -0.2070 0.3457
Val 0.4013 -0.1889 -0.3816 -0.7242
Trp -8.4357 0.5248 -0.2122 -8.4357
Tyr -0.4484 0.5464 0.1313 0.1366
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Appendix 4

Perl Script Codes

Code A4-1. Percentage of Uncharged Amino Acids Calculator

#!/usr/bin/perl
figddsdssssssssassssddssdiisssssdassissasidssssiiassiisssssaasidssssiiasiissi
# Created by Prakitchai Chotewutmontri, 6 Apr 2010

updated on 15 Aug 2010

GST student

OBJECTIVE
We try to identify the N-ter uncharged region of Transit peptide
This script will calculate #Uncharged & %uncharge within
a specific window length (w=5,...,20) along the whole lenght of
transit peptide sequence.

Input: multiple fasta amino acid sequences
>header 1
segl........
>header 2

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# Output: separate by tab

# <w_len><header><window-start-residue><#UC><#C><%UC><%C>\n

#
figddsdsssissssassssadssadisssssdassissasidsassisasaiissssssasissassiiassissi
#Subroutine prototypes

sub CHARGEcal ();

#global vars

my $i = 0;

my @temp = ();

my S$num = 0;

my $total =

my $line = "";

my S$seq = ;

my $linelimit = 60;

my $filenum

my Swsize = 0;

my $minw = 5; #can change

my S$maxw = 17; f#can change

my Swi = 0;

my $sl = ;

my $s2 = "";

my $s3 = ;

my @ansl = ()

my @ans2 = ()
()

my @ans3 =
my @percent
my $header =
my Sresi = 0;
my S$start = 0;
my %sum_percent

= 0;
my %sum_percentSQ =
(
(

0
)i
)i

my %num_count =
my @max_start =
my $cal_sum = 0;
my $cal_sd = 0;

#usage
my SUSAGE = "usage: $0 <input fasta filename> <out data filename> <out summary filename>\n\n";

#check argument

unless (@GARGV == 3) ({
print $USAGE;
exit -1;

}

#store argv

my $infname = S$ARGV[0];

my S$outfname = SARGV[1];
my S$Soutsumfname = S$ARGV[2];

#open infile
unless ( open (INFILE,"<$infname") ) {
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print "Can't open S$infname\n\n";
exit -1;

}

#open outfile, first time, overwrite it
unless ( open(OUTFILE,">$outfname™) ) {

print "Can't create $outfname\n\n";
}

#open outfile, first time, overwrite it
unless ( open (OUTSUM, ">$outsumfname™) ) {

print "Can't create $outsumfname\n\n";
}

#write the outfile header line

# <w_len><header><window-start-residue><#UC><#C><%UC><%C><subseq>

print OUTFILE "window size\tseq ID\twindow-start-residue\t#Uncharged\t#Charged\t";
print OUTFILE "$Uncharged\t%Charged\tsubsequence\n";

#main part
Stotal = 0; #count # sequence
while ($line = <INFILE> ) { #read input file line by line

chomp ($line); #remove end-line char

if ($line =~ /~\>/ ) {#found the > at the first char, mean the header line
$num++; #count header
if ($num != 1) { #not the first header, calculate & write out previous seq result

#sequence of the previous header was collected before this point
#now analyse the seqg and print out

for ($wi=$minw; S$wi<=$maxw; S$wi++) { #run the function below for every window size
Sresi = 0; #reset the start residue to zero
# run the calculation from of window length = wi
# along the whole lenght of the seqg
for ($resi=0; S$resi<=length($seq)-Swi; Sresi++) {

#(1) generate substring
$sl = substr ($seq, $Sresi, Swi);
print "$sl\n";

#(2) calculate #uncharged, #charged
# ans[0] = #Uncharged amino acid
# ans[1l] = #Charged amino acid

@Gansl = &CHARGEcal ($sl);
print "$ans1[0]\t$ansl[1]\n";

#(3) calcualte %uncharged, %charged

# percent[0] = %$Uncharged amino acid

# percent[l] = %Charged amino acid

$percent[0] = ($ansl1[0]1*100)/(Sansl[0]+$ansl[1]);
$percent[1] = ($ansl[1]1*100)/($ans1[0]+Sansl[1]);

#print "percentUC=$percent[0]\n";

#(4) write to output file
#<w_len><header><window-start-residue><#UC><#C><%UC><%C><subseq>
$start = S$resi + 1;

print OUTFILE "$wil\tSheader\t$start\t";
printf OUTFILE '%.4f', $ansl[0];

print OUTFILE "\t";

printf OUTFILE '%.4f', S$ansl[1];

print OUTFILE "\t";

printf OUTFILE '%.4f', $percent[0]; #%UC
print OUTFILE "\t";

printf OUTFILE '%.4f', S$percent[l];
print OUTFILE "\t$sl";

print OUTFILE "\n"; #end of line

#(5) keep number in hash table for summary

# hash table keys = window size & start residue

#sum $UC

if ( exists $sum_percent{ $wi, Sresi } ) {
#print "exists = $sum percent{$wi,$resi}\n";
S$sum_percent{ $wi, $resi } = $sum_percent{ $wi, Sresi } +

$percent[0];

$sum_percentSQ{ $wi, Sresi } += ($percent[0]**2);
#print "new value = $sum_percent{$wi,Sresi}\n";

} else {
$sum_percent{ S$wi, $resi } = $percent[0];
$sum_percentSQ{ $wi, S$resi } = (Spercent[0]**2);
#print "initiate = Spercent[0]\n";

}

#sum number of each %UC based on wi & resi

if ( exists $num _count{ S$wi, S$resi } ) {
#print "count exists = $num_count{ Swi, S$resi }\n";
S$num_count{ $wi, $resi } = $num count{ Swi, Sresi } + 1;
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#print "count new value = $num_count{ $wi, S$resi }\n";
} else {

$num_count{ $wi, $resi } = 1;
}
#keep track of max value of start residue

if ( exists $max_start([$wi] ) {

if ( S$resi > Smax_start[Swi] ) { $max_start[$wi] = Sresi; }
} else {

$max_start[$wi] = Sresi;

}

} # for loop running window for the whole length of seq
} # for loop every window size

$seq = ""; #clear seq after used
}
#keep header
$header = $line;
}
else { #otherline remove spaces, concate sequence
$line =~ s/\s//g ;
$seq .= $line; #concate
} #end if header line

} #end while line = infile

#analyse the last seq after while loop
for ($wi=$minw; S$wi<=S$maxw; S$wi++) { #run the function below for every window size
Sresi = 0; #reset the start residue to zero
# run the calculation from of window length = wi
# along the whole lenght of the seqg
for ($resi=0; S$resi<=length($seq)-Swi; Sresi++) {

#(1) generate substring
$sl = substr ($seq, $Sresi, Swi);
print "$sl\n";

#(2) calculate #uncharged, #charged
# ans[0] = #Uncharged amino acid
# ans[l] = #Charged amino acid

@Gansl = &CHARGEcal ($sl);
print "$ans1[0]\t$ansl[1]\n";

#(3) calcualte %uncharged, %charged

# percent[0] = %$Uncharged amino acid

# percent[l] = %Charged amino acid

$percent[0] = ($ansl1[0]1*100)/(Sansl[0]+$ansl[1]);
$percent[1] = ($ansl[1]1*100)/($ans1[0]+Sansl[1]);

#(4) write to output file
#<w_len><header><window-start-residue><#UC><#C><%UC><%C><subseq>
$start = S$resi + 1;

print OUTFILE "$wil\tSheader\t$start\t";
printf OUTFILE '%.4f', $ansl[0];

print OUTFILE "\t";

printf OUTFILE '%.4f', S$ansl[1];

print OUTFILE "\t";

printf OUTFILE '%.4f', $percent[0]; #%UC
print OUTFILE "\t";

printf OUTFILE '%.4f', S$percent[l];
print OUTFILE "\t$sl";

print OUTFILE "\n"; #end of line

#(5) keep number in hash table for summary
# hash table keys = window size & start residue
#sum $UC
if ( exists $sum_percent{ $wi, Sresi } ) {
$sum_percent{ $wi, $resi } = $sum percent{ $wi, $resi } + $percent[0];
$sum_percentSQ{ $wi, Sresi } += ($percent[0]**2);
} else {
$sum_percent{ S$wi, $resi } = $percent[0];
$sum_percentSQ{ $wi, S$resi } = (Spercent[0]**2);
}
#sum number of each %UC based on wi & resi

if ( exists $num _count{ S$wi, S$resi } ) {

S$num_count{ $wi, $resi } = $num count{ Swi, S$resi } + 1;
} else {

$num_count{ $wi, $resi } = 1;

}
#keep track of max value of start residue
if ( exists $max_start([$wi] ) {
if ( S$resi > Smax_start[Swi] ) { $max_start[$wi] = Sresi; }
} else {
$max_start[$wi] = Sresi;

}
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} # for loop running window for the whole length of seq
} # for loop every window size

#write the out summary file
# <w_len><%UC_res=1><%UC_res=2>...

#write the out summary file header line

#  <w_len><%UC_res=1><%UC_res=2>...

print OUTSUM "%Uncharged\n";

print OUTSUM "window size\tstart residue=1l..end\n";

for (Swi=S$minw; Swi<=Smaxw; Swi++) {
print OUTSUM "$wi";

for ($resi=0; S$resi <= Smax start[$wi]; $resi++) {
#print "cal sum = $sum percent{$wi, S$resi } devide by $num_count{ $wi, $resi }\n";
$cal_sum = $sum percent{ $wi, $resi } / $num count{ S$wi, S$resi};
print OUTSUM "\t";
printf OUTSUM '%.4f', Scal sum;
}
print OUTSUM "\n"; #end of line

}

#write the out summary file header line
#  <w_len><%UC_res=1><%UC_res=2>...
print OUTSUM "SD of %Uncharged\n";

print OUTSUM "window size\tstart residue=1l..end\n";

for (Swi=S$minw; Swi<=Smaxw; Swi++) {
print OUTSUM "$wi";

for ($resi=0; Sresi <= S$max start[$wi]; $resi++) {

#SD = sgrt( (1/(num-1))* (sum_val”2) - mean”2 )
$cal_sum = $sum percent{ $wi, $resi } / $num count{ S$wi, S$resi};
$cal_sd=sqrt (($sum_percentSQ{$wi,$resi}/ ($num_count{$wi,Sresi} -1))-($cal_sum**2));

print OUTSUM "\t";

printf OUTSUM '%.4f', Scal sd;
}
print OUTSUM "\n"; #end of line

}

print OUTSUM "Num of %$Uncharged\n";
print OUTSUM "window size\tstart residue=1l..end\n";

for (Swi=S$minw; Swi<=Smaxw; Swi++) {
print OUTSUM "$wi";

for ($resi=0; S$resi <= Smax start[$wi]; $resi++) {
print OUTSUM "\t";
printf OUTSUM '%.0f', $num_count{$wi,Sresi};
}
print OUTSUM "\n"; #end of line

}

close OUTFILE;
close OUTSUM;

close INFILE;
exit 0;

idddddasissdsaasiasisiasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
#Subroutine programs
idddddasissisaasiasissasiasisiasiasisiasiasisiasiasissasiasisissiasissiasistisi
#
sub CHARGEcal () {
# Calculate the uncharge-to-charge ratio

my $inseq = $_[0]; #input sequence

my $num_UC = 0; #number of uncharged residues

my $nun_C = 0; #number of charged residues = seq lenght - #UC

my $ratio = 0; #num UC/C ratio

$num_C = ($inseq =~ tr/K|RIDIE|H//);

$num_UC = length($inseq) - $num_C;
if ($num_C == 0) {

$ratio = ($num_UC+1)/($num _C+1); #correct for zero denominator
} else {

$ratio = $num UC/$num_C;
}

return ($num UC, $num_C, $ratio);



Code A4-2. Hsp70 Binding Site Prediction based on Random Peptide-display
Phage Library Derived Algorithm

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
# RPPDscoring.pl

# Created by Prakitchai Chotewutmontri, 1 Feb 2010

# GST student

OBJECTIVE
Calculate HSP70 binding score based on
Ivey et al (2000). Plant Physiol. 122(4):1289-99.
Using index derived from RPPD (Random peptide phage display)
published in Gragerov et al. (1994) J Mol Biol 235:848.
Scoring using 6 windows
Score (i) = I(aa(i-2))*I(aa(i-1))*I(aa(i))*I(aa(i+l))*I(aa(i+2)*I(aa(i+3))
Score at residue i is the multiplication of indices (I) corresponded to
amino acid at position i-2 to i+3.

Input: multiple fasta amino acid sequences
>header 1
segl........
>header 2

Output: score from residue 3 to (length-2) separate by tab
>header 1

score (3)<tab>score (4)<tab>...score(length-2)<end-line>
>header 2
score (3)<tab>score (4)<tab>...score(length-2)<end-line>

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

ldddasaasasssssssasasasasassasasssassssasasasssssssasasassssasassninsss]

use strict;
use warnings;

#Subroutine prototypes
sub RPPDscore () ;

#global vars
# RPPD - Random peptide phage display Indices
# Index values are derived from graph (Fig. 1A, manually measured by ruler)

my %RPPD = ( "A", "0.876", #Alanine
"cT, "1.000", #Cysteine
"D", "0.871", #Aspartate
"E", "1.000", #Glutamate
"F", "0.506", #Phenylalanine
"G", "0.567", #Glycine
"H": "0.567": #Histidine
"I", "1.772", #Isoleucine
"K", "2.025", #Lysine
"L": "2.015": #Leucine
"M", "1.000", #Methionine
"N", "0.754", #Asparagine
"p", "0.785", #Proline
"Q": "0.547": #Glutamine
"R", "1.489", #Arginine
"s", "1.362", #Serine
"T", "0.597", #Threonine
"v", "0.800", #Valine
"W, "1.782", #Tryptophan
"y"™, "0.759" ); #Tyrosine

my $i = 0;

my Q@temp (O
my S$num = 0;

my $line = "";
my $seq = "";
my $linelimit
my $filenum = 1;
my S$windowsize = 6;

#usage
my SUSAGE = "usage: $0 <input fasta filename> <output filename>\n\n";

#check argument

unless (QGARGV == 2) {
print $USAGE;
exit -1;

}

#store argv
my S$infname = S$ARGV[0];
my S$Soutfname = S$ARGV[1];

#open infile
unless ( open (INFILE,"<$infname") ) {
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}

print "Can't open $infname\n\n";

exit -1;

#open outfile
unless ( open(OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#read infile and write outfile

while ( $line = <INFILE> ) {

chomp ($1line);

if ( $line =~ /~\>/ ) { #this line is a header line

}
#last seq

}

$num++; #count header

if ($num != 1) { #not the first header, cal & write previous seq result

my $seqglength = length($seq);
# position used in Ivey paper -2 -1 0 +1 +2 +3

# RPPD score of this string is give to pos 0 residue

for ($i=2; $i < $seqlength-3; $i++) { #calculate from index 2..ln-4
print "pos ".($i-2)." to ".($i-2+$windowsize-1)."\n";
my $subseq = substr($seq,$i-2,$windowsize);

print "seq = S$subseq\n";
my S$calscore = &RPPDscore ($subseq);
print "$subseq : $calscore\n";
printf OUTFILE '%.4f', Scalscore;
if ($i != $seqglength-4) {
print OUTFILE "\t";
} else {
print OUTFILE "\n"; }
}
$seq = ""; #clear seq
}
#write header
print "\n\n$line\n";
print OUTFILE $line."\t"; f#same line header
#print OUTFILE $line."\n"; #separate line header

else { #otherline remove spaces, concate seq

$line =~ s/\s//qg ;
$seq .= $line;

my $seqglength = length($seq);
$i < $seqlength-3; $i++) { #calculate from index 2..ln-4

for ($i=2;

}

print "pos

"L.($i-2)." to ".($i-2+Swindowsize-1)."\n";

my $subseq = substr($seq,$i-2,$windowsize);
print "seq = S$subseq\n";

my $calsco

re = &RPPDscore ($subseq) ;

print "$subseq : $calscore\n";

printf OUT
if ($1 !=

} else {
print OUTF

close OUTFILE;

print "Total = $num

close INFILE;

exit 0;

FILE '%.4f', Scalscore;
$seqlength-4) {
print OUTFILE "\t";

ILE "\n"; }

sequences\n\n";

idddddasissdsaasiasisiasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
#Subroutine programs
idddddasissisaasiasissasiasisiasiasisiasiasiaiasiasissasiasisissiasissiasiatisi

#

sub RPPDscore () {
# Calculate RPPDscore for the input string

}
#

my $sixaa
my $score
my $pos =
if (length
for ($pos

}

return $sc

= $_[01;

= 1; #non bias, will be used in multiplication

0;

($sixaa) != 6) { print "input for RPPDscore() is not 6 aa
= 0; $pos < length($sixaa); Spos++) {

$score = $score*$RPPD{substr ($sixaa, $Spos,1)};

ore;

idadasasassssssssasasassssasasasassssssasssasassssasssssassssasasasnssasassi

A\n";

}
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Code A4-3. Hsp70 Binding Site Prediction based on Cellulose-bound Peptide
Library Derived Algorithm

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasiaiasiasissasiasisissiasissiasistisi
# CBPSscoring.pl

# Created by Prakitchai Chotewutmontri, 1 Feb 2010

# GST student

OBJECTIVE
Calculate HSP70 binding score based on
delta delta G derived from CBPS (Cellulose-bound peptide library)
published in Rudiger et al. (1997) EMBO J 16(7):1501-07.
Scoring using 13-aa windows
Score(n) = (0.33*Ln-6) + (0.66*Ln-5) + (1.00*Ln-4) + (1.50*Ln-3) +
Cn-2 + Cn-1 + Cn + Cn+l + Cn+2 +
(1.50*Rn+3) + (1.00*Rn+4) + (0.66*Rn+5) + (0.33*Rn+6)
Score at residue n is the summation of weight*ddGof aa at position
n-6 to n+6. There are 3 tables for ddG (left, core, right)

>header 1
segl........
>header 2

#

#

#

#

#

#

#

#

#

#

#

#

# Input: multiple fasta amino acid sequences

#

#

#

#

#

# Output: score from residue 7 to (length-6) separate by tab
# >header 1

# score (7)<tab>score (8)<tab>...score(length-6)<end-line>
# >header 2

# score (7)<tab>score (8)<tab>...score(length-6)<end-line>
#

#

ldddasaasasssssssasasasasassasasssassssasasassassssasasassssasassninsss]

use strict;
use warnings;

#Subroutine prototypes
sub CBPSscore () ;

#global vars

# CBPS - Cellulose-bound peptide scanning

# Equation come with correction factor (can be seen as weight factor)

my @cf = ("0.33", "0.66", "1.00", "1.50", "1.00", "1.00", "1.00", "1.00", "1.00",
"1.50", "1.00", "0.66", "0.33");

# delta delta G values are copies from Table I (Left, Core, Right)

my %CBPS_L = ( "A", "-0.07", #Alanine

"c", "4.87", #Cysteine
"D", "0.44", #Aspartate
"E", "1.48", #Glutamate
"F", "0.14", #Phenylalanine
"G", "-0.33", #Glycine
"H", "-0.24", #Histidine
"Im, "1.04", #Isoleucine
"K", "-0.85", #Lysine
"L": "1_70",’#Leucine
"M", "0.08", #Methionine
"N", "0.74", #Asparagine
"p", "0.15", #Proline
"Q", "-1.13", #Glutamine
"R", "-1.19", #Arginine
mgm, "_(0.13", #Serine
"T": "—0_91": #Threonine
"y", "-0.26", #Valine
"W", "-0.43", #Tryptophan
"y"™, "0.19" ); #Tyrosine

my %CBPS_C = ( "A", "0.79", #Alanine
"Cc", "6.35", #Cysteine
"D": "4.91": #Aspartate
"E", "5.14", #Glutamate
"F", "-1.17", #Phenylalanine
"G", "1.95", #Glycine
"H", "1.74", #Histidine
"I": "—2.05;, #Isoleucine
"K", "0.40", #Lysine
"L", "-3.62", #Leucine
"M", "1.10", #Methionine
"N", "2.36", #Asparagine
"p", "1.63", #Proline
"Q": "1.60": #Glutamine
"R", "-0.79", #Arginine
"s", "1.27", #Serine
"T", "0.27", #Threonine
"y", "-1.75", #Valine
"W", "3.49", #Tryptophan
"y"™, "-1.88" ); #Tyrosine

my %CBPS_R = ( "A", "0.46", #Alanine
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"c", "0.25", #Cysteine
"D", "0.35", #Aspartate
"E", "1.65", #Glutamate
"F", "0.53", #Phenylalanine
"G", "0.03", #Glycine
"H", "0.09", #Histidine
"I", "0.11", #Isoleucine
"K", "-1.08", #Lysine
"L", "-0.02", #Leucine
"M", "0.17", #Methionine
"N", "-0.29", #Asparagine
"p", "-0.28", #Proline
"Q", "-0.15", #Glutamine
"R", "-1.72", #Arginine
"s", "-0.23", #Serine
"T", "-0.48", #Threonine
nym, wQ,70", #valine
"w", "0.12", #Tryptophan
"y", "1.15" ); #Tyrosine

my $i = 0;

my @temp = ();

my S$num = 0;

my $line = "";

my $seq = "";

my $linelimit = 60;

my $filenum =

my S$windowsize = 13;
#usage
my SUSAGE = "usage: $0 <input fasta filename>

#check argument

unless (@GARGV == 2) ({
print $USAGE;
exit -1;

}

#store argv

my $infname = S$ARGV[0];
my S$outfname = S$ARGV[1];

#open infile

unless ( open (INFILE,"<$infname") ) {
print "Can't open $infname\n\n";
exit -1;

}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#read infile and write outfile
while ( $line = <INFILE> ) {
chomp ($line);

<output filename>\n\n";

if ( $line =~ /"\>/ ) { #this line is a header line

Snum++; #count header
if ($num != 1) { #not the
my $seqlength =
# position used
# CBPS score of
for ($i=6; $i <
print

1st header, cal & write previous seq result

length ($seq) ;

-6...-1 0 +1...+6

this string is give to pos 0 residue

$seqglength-6; $i++) { #calculate from index 6..1ln-7
"pos ".($i-6)." to ".($i-6+$windowsize-1)."\n";

my $subseqg = substr($seq, $i-6,$windowsize);

print "seq = S$subseq\n";
my S$calscore = &CBPSscore ($subseq);
print "$subseq : $calscore\n";

printf OUTFILE '%.4f', Scalscore;

if ($1

!= $seglength-7) {
print OUTFILE "\t";

} else {
print OUTFILE "\n"; }

}

$seq = ""; #clear seq

}

#write header

print "\n\n$line\n";

print OUTFILE $line."\t";
}

# use \t for same line or \n for new line

else { #otherline remove spaces, concate seq

$line =~ s/\s//g ;
$seq .= $line;

}
#last seq
my $seqlength = length ($seq);

for ($i=6; $i < $seqglength-6; $i++) { #calculate from index 6..1ln-7
print "pos ".($i-6)." to ".($i-6+S$windowsize-1)."\n";
my $subseqg = substr($seq, $i-6,$windowsize);

print "seq = S$subseq\n";
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my S$calscore = &CBPSscore ($subseq);
print "$subseq : $calscore\n";
printf OUTFILE '%.4f', Scalscore;
if ($1 != $seglength-7) {
print OUTFILE "\t";

} else {
print OUTFILE "\n"; }

}

close OUTFILE;

print "Total = $num sequences\n\n";
close INFILE;

exit 0;

idddddasissdsaasiasissasiasisiasiasisiasiasisiasiasisiasiasisissiasissiasistisi
#Subroutine programs
idddddasissdsaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistii
#
sub CBPSscore () {
# Calculate CBPSscore for the input string

my $sixaa = $ [0];

my $score = 0; #non bias, will be used in summation
my S$pos = 0;
if (length($sixaa) != 13) { print "input for CBPSscore() is not 13 aa.\n"; }

for ($pos = 0; $pos < length($sixaa); S$pos++) {
if ($pos < 4 ) {
$score = $score+ ($cf[Spos]*$CBPS_L{substr ($sixaa, $pos,1)});
} elsif ($pos < 9 ) {
$score = $score+ ($cf[Spos]*$CBPS_C{substr ($sixaa, $pos,1)});
} else {
$score = $score+ ($cf[Spos]*$CBPS_R{substr ($sixaa, $pos,1)});
}
}
return $score;

}

#
idadasasassssssssasasassssasasasassssssasssasassssasssssassssasasasnssasasssi
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Code A4-4. FGLK Motif Prediction

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
# FGLKscoring2.pl

# Created by Prakitchai Chotewutmontri, 20 September 2011

GST student

OBJECTIVE
Calculate FGLK motif score based on heuristic rules developed by
David McWilliams (2007). Dissertation. UTK.
The score scheme is novel from this work

Input: multiple fasta amino acid sequences
>header 1

segl........
>header 2
seqg2.......
Output: score from residue 4 to (length-4) separate by tab
>header 1<tab>score(4)<tab>score (5)<tab>...score(length-4)<end-line>
>header 2<tab>score(4)<tab>score (5)<tab>...score(length-4)<end-line>

Output: FASTA of FOUND SEQ(4 group matched)
>headerl _matchl
seq
>headerl_match2
seq

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

ldddasaasasssssssasasasasassasasssassasasasasssisssasasaasssasasaninsss]

use strict;
use warnings;

#Subroutine prototypes
sub FGLKscore?2();

#global vars
my S$good = 2;
my S$bad = 0;
#my $other = 1; #don't need

my $win = 8; #the length of the window to calculate score
my $aai = 0; #hold the amino acid index
my $1i = 0;

my @temp = ();
my S$num = 0;

my $line = "";
my $seq = "";

my S$nummatch = 0;
my S$header = "";

#usage
my SUSAGE = "usage: $0 <input fasta file> <out score file> <out FASTA matched seg file>\n\n";

#check argument

unless (@GARGV == 3) ({
print $USAGE;
exit -1;

}

#store argv

my $infname = S$ARGV[0];
my S$outfname = SARGV[1];
my $fasta = SARGV[2];

#open infile

unless ( open (INFILE,"<$infname") ) {
print "Can't open $infname\n\n";
exit -1;

}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#open fasta
unless ( open (FASTA,">$fasta™) ) {
print "Can't create $fasta\n\n";

}

#read infile and write outfile
while ( $line = <INFILE> ) {
chomp ($line);
if ( $line =~ /~\>/ ) { #this line is a header line
Snum++; #count header
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if ($num != 1) { #not the lst header, cal & write previous seq result
my $seqglength = length($seq);
#keep track of match seq
$nummatch = 0;
# calculate score with in window the whole length of seq
for ($aai=0; $aai <= $seqlength-S$win; Saai++) { #cal from index 0 to length-win
print "pos ".Saai." to ".($aai+$win-1)."\n";
my S$subseq = substr ($seq, $aai,$win);
print "seq = S$subseq\n";
my S$calscore = &FGLKscore2 ($subseq);
#print match seqg to FASTA out file
if ( $calscore >= $good**4 ) {
$nummatch++; #count the match in this seq
print FASTA "Sheader";
print FASTA "_";
print FASTA "S$nummatch\n"; #FASTA formatted header on separate line
print FASTA "$subseg\n";
}
print "$subseq : $calscore\n";
printf OUTFILE '%.4f', $calscore;
if ($aai != $seglength-$win) {
print OUTFILE "\t";
} else {
print OUTFILE "\n"; }
}
$seq = ""; #clear seq
}
#write header
print "\n\n$line\n";
Sheader = $line; #keep header for FASTA out file
print OUTFILE $line."\t"; f#same line header
#print OUTFILE $line."\n"; #separate line header
}
else { #otherline remove spaces, concate seq
$line =~ s/\s//g ;
$seq .= $line;

}
#last seq
my $seqglength = length($seq);
#keep track of match seq
$nummatch = 0;
# calculate score with in window the whole length of seqg
for ($aai=0; $aai <= $seqglength-S$win; $aai++) { #calculate from index 0 to length-win
print "pos ".Saai." to ".($aai+$win-1)."\n";
my $subseq = substr ($seq, $aai,$win);
print "seq = S$subseq\n";
my S$calscore = &FGLKscore2 ($subseq);
#print match seqg to FASTA out file
if ( $calscore >= $good**4 ) {
$nummatch++; #count the match in this seq
print FASTA "Sheader";
print FASTA "_";
print FASTA "S$nummatch\n"; #FASTA formatted header on separate line
print FASTA "$subseg\n";
}
print "$subseq : $calscore\n";
printf OUTFILE '%.4f', $calscore;
if ($aai != $seglength-$win) {
print OUTFILE "\t";
} else {
print OUTFILE "\n"; }
}

close OUTFILE;
close FASTA;

print "Total = $num sequences\n\n";
close INFILE;
exit 0;

idddddasissdsaasiasissasiasisiasiasisiasiasisiasiasisiasiasisissiasissiasistisi
#Subroutine programs
idddddasissdsaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistii
#
sub FGLKscore2 () {
# Calculate FGLK score for the input string

my $winaa = $_[0]; #input amino acid seq from a window

my $score = 1; #multiplication unbias value
#my $score = 0; #summation unbias value

#test the length
if (length($winaa) != $win) { print "input for FGLKscore() is not $win aa.\n"; }

#scoring
#RULE 22
# F AND P|G AND K|R AND A|L|V NOT D|E



312

print "Found: ";

#multiplication

if ( $winaa =~ /[Ff]/ ) { #match F or f
$score = $score*$good;
print "F";

}

if ( S$winaa =~ /[PpGgl/ ) { #match P or p or G or g
$score = $score*$good;
print "P";

}

if ( $winaa =~ /[KkRr]/ ) { #match K or k or R or r
$score = $score*$good;
print "K";

}

if ( $winaa =~ /[RAaLlvv]/ ) { #match Alal|L|1l|V]|v
$score = $score*$good;
print "L";

}

if ( $winaa =~ /[DdEe]/ ) { #match D|d|E|e
Sscore = $bad; #as the last if, this would result in "S$bad=0" score
print "\tDorE";

}

print "\n";

return $score;
}

#
iadasassssssssssasasassssasasasassssssasssasassssasasssassssasasasnsssasssi



Code A4-5. TP PSSM Calculator Using the N-terminal 10 Residues

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
# Created by Prakitchai Chotewutmontri, 19 November 2012

GST student

OBJECTIVE

Calculate the score measuring how close is the N-terminal region
resemble the N-terminal domain of TP

From WebLogo, the N-terminal of TP contain: (i) the N-ter Met, (ii) the

second residue which is generally Ala, (iii) highly uncharged until about
aa 12.

AA freq distributions of aa2 and from aa3-12 were calculated. These will
be used to represent TP N-terminus.

AA freq distribution of UniProt release 2012 10 was used at background
frequency

APPROACH

The log odd score similar to position-specific scoring matrix (PSSM)
scoring scheme will be used to calculate the score for the N-terminal
domain of the sequences.

However, only 2 position matrix will be made. One for the 2nd aa and
another one for aa3-12. This is because, the 2nd has its own distribution
and aa3-12 seems to have the same distribution.

The log odd table = log (freqg of aai in TP/freq of aai in UniProt)

Score aa seq 1-10 = sum2 to 10 of log odds

Input: multiple fasta amino acid sequences
>header 1
segl........
>header 2

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
# Output: separate by tab

# <header><N-ter sequence><log odd score>\n

#
idddddasissisaasiasissasiasisiasiasisiasiasiaiasiasissasiasisissiasissiasistii
#Subroutine prototypes

sub LOGODDAA () ;

#global vars

my Stotal = 0;

my $line = "";

my S$num = 0;

my $nlen = 10; #length of N-terminal domain, CHANGE IF NEEDED
my $seq = "";

#usage
my SUSAGE = "usage: $0 <input fasta filename> <output filename>\n\n";

#check argument

unless (@GARGV == 2) ({
print $USAGE;
exit -1;

}

#store argv

my S$infname = S$ARGV[0];
my S$outfname = SARGV[1];

#open infile

unless ( open (INFILE,"<$infname") ) {
print "Can't open $infname\n\n";
exit -1;

}

#open outfile, first time, overwrite it
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#write the outfile header line
# <header><N-ter sequence><log odd score>
print OUTFILE "seq ID\tN-ter sequence\tlog odd score\n";

#main part
Stotal = 0; #count # sequence
while ($line = <INFILE> ) { #read input file line by line

chomp ($line); #remove end-line char

if ($line =~ /"\>/ ) {#found the > at the first char, mean the header line
$num++; #count header

if ($num != 1) { #not the first header, calculate & write out previous seq result

#sequence of the previous header was collected before this point
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#now calculate the score

my $nseq = substr($seq,0,S$nlen);

$nseq =~ tr/[a-z]/[A-Z]/; #convert to uppercase only
print "$nseg\n";

my S$score = 0;
my Sresi = 0;
for ($resi = 1; $resi<length(Snseq); S$resi++){
my $pos_i = $resi+l;
my $aa_i = substr(Snseq,$resi,1);
#print "$pos_i\t$aa_ i\t$score\t";
$score = $score + &LOGODDAA (Saa_i,$pos_i);
#print &LOGODDAA ($aa_ i, $pos_i);
#print "\t$score\n";
}

#write out file

print OUTFILE "$header\t$nseqg\t";
printf OUTFILE '%.4f', $score;
print OUTFILE "\n"; #end of line

$seq = ""; #clear seq after used
}
#keep header
$header = $line;
}
else { #otherline remove spaces, concate sequence
$line =~ s/\s//g ;
$seq .= $line; #concate
} #end if header line

} #end while line = infile

#last seq

#calculate the score

my $nseq = substr($seq,0,S$nlen);

$nseq =~ tr/[a-z]/[A-Z]/; #convert to uppercase only
print "$nseg\n";

my S$score = 0;
my Sresi = 0;
for ($resi = 1; $resi<length(Snseq); S$resi++){
my $pos_i = $resi+l;
my $aa_i = substr(Snseq,$resi,1);
#print "$pos_i\t$aa_ i\t$score\t";
$score = $score + &LOGODDAA (Saa_i,$pos_i);
#print &LOGODDAA ($aa_ i, $pos_i);
#print "\t$score\n";
}

#write out file

print OUTFILE "$header\t$nseqg\t";
printf OUTFILE '%.4f', $score;
print OUTFILE "\n"; #end of line

close OUTFILE;
close INFILE;

exit 0;

idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
#Subroutine programs
idddddasissisaasiasissasiasisiasiasiaiasiasiaiasiasissasiasisissiasissiasiatisi
#
sub LOGODDAA () {
# Return log odd value of the input aa based on position
my $inaa = $_[0]; #input aa
my $inpos = $_[1]; #input aa position
my %logodd2 = ( "A", 2.442563807,
"c", -1.191215311,
"D", -1.140495553,
"E", 0.388298646,
"EY, -1.497971094,
"G", -0.460375819,
"H", -2.750299179,
"I", -1.383860388,
"K", -1.789852748,
"L", -1.745212866,
"M", -0.489873626,
"N", -0.185959585,
"p", -1.510833245,
"Q", -0.851139869,
"R", -2.17273589,
"s"™, 0.690140193,
"T", -0.914005136,
"v", -0.862908303,
"R, -10.20244257,
"y", -2.800024553);



my %logodd3up = ( "A",

my S$outlogodd = 0;

if ($inpos == 2) {

0.471636772,

$outlogodd = $logodd2{$inaa};

} else {

$outlogodd = $logodd3up{S$inaa};

}

return ($outlogodd);

-1.902023692) ;
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Code A4-6. PSSM Calculator Using the N-terminal 30 Residues

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi
Created by Prakitchai Chotewutmontri, 19 November 2012

GST student

OBJECTIVE

Calculate the score measuring how close is the N-terminal region
resemble the N-terminal domain of TP

From WebLogo, the N-terminal of TP contain: (i) the N-ter Met, (ii) the

second residue which is generally Ala, (iii) highly uncharged until about
aa 12.

AA freq distributions of aa2 and from aa3-12 were calculated. These will
be used to represent TP N-terminus.

AA freq distribution of UniProt release 2012 10 was used at background
frequency

APPROACH

The log odd score similar to position-specific scoring matrix (PSSM)
scoring scheme will be used to calculate the score for the N-terminal
domain of the sequences.

However, only 2 position matrix will be made. One for the 2nd aa and
another one for aa3-12. This is because, the 2nd has its own distribution
and aa3-12 seems to have the same distribution.

The log odd table = log (freqg of aai in TP/freq of aai in UniProt)

Score aa seq 1-10 = sum2 to 10 of log odds

Input: multiple fasta amino acid sequences
>header 1
segl........
>header 2

Output: separate by tab
<header><N-ter sequence><cp score aa2-12><cp score aal3-19><cp score aa20-30>
<total cp score><total mt score><total sp score><total others score>
<cp prob><mt prob><sp prob>\n

e T e S

iddddiasissdsaasiasissasiasisiasiasiaiasiasiaiasiasissasiasisissiasissiasiatisi
use strict;
use warnings;

#Subroutine prototypes
sub LOGODDAA () ;

sub ERF ();

sub ZDIST ()

sub N_PDF ()

#global vars

my Stotal = 0;

my $line = "";

my S$num = 0;

my $nlen = 30; #length of N-terminal domain, CHANGE IF NEEDED
my $llen = 12; #end residue at the left side
my $mmin = 13; #start of the middle

my $mmax = 19; #end of the middle

my $rmin = 20; #start of the right

my $rmax = 30; f#end of the right

my $seq = "";

my S$header = "";

#MEAN and SD from the prediction results, give probability
#Based on the calculated score of each category

# score->%relative accumulative dist->get %amplitude, mean and sd
# $amplitude, mean and sd were derived from true training set
# eg. the %ampli, mean and sd of cp are from the scores of Lee208TP set (training set)

my S$cpampl = 0.1158; #from 11.58%
my S$cpmean = 12.98;
my $cpsd = 6.789;

my $mtampl = 0.1418;
my S$mtmean = 9.772;
my $mtsd = 5.503;

my S$spampl = 0.1345;
my $spmean = 13.79;
my $spsd = 5.332;

#usage
my SUSAGE = "usage: $0 <input fasta filename> <output filename>\n\n";
#check argument
unless (QARGV 2) |
print $USAGE;
exit -1;
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#store argv
my $infname = $ARGV[0];
my Soutfname = S$ARGV[1];

#open infile

unless

}

(o

pen (INFILE, "<$infname"™) ) {
print "Can't open $infname\n\n";
exit -1;

#open outfile, first time, overwrite it

unless

}

(o

pen (OUTFILE, ">$outfname™) ) {
print "Can't create $outfname\n\n";

#write the outfile header line
# <header><N-ter sequence><log odd score>

print
print
print
print

#main

Stotal

while

OUTF
OUTF
OUTF
OUTF

part
-0
(5141

ILE "seq ID\tN-ter sequence\tlog odd cp score aa2-12";

ILE "\tlog odd cp score aal3-19\tlog odd cp score aa20-30\ttotal cp score";
ILE "\ttotal mt score\ttotal sp score\ttotal others score";

ILE "\tcp prob\tmt prob\tsp prob\n";

; #count # sequence
ne = <INFILE> ) { #read input file line by line

chomp ($line); #remove end-line char

if ($line =~ /*\>/ ) {#found the > at the first char, mean the header line
$num++; #count header

if ($num != 1) { #not the first header, calculate & write out previous seqg

#sequence of the previous header was collected before this point

#now calculate the score

my $nseq = substr($seq,0,S$nlen);

$nseq =~ tr/[a-z]/[A-Z]/; #convert to uppercase only
print "$nseg\n";

my S$cplscore = 0;
my S$cpmscore = 0;
my S$cprscore = 0;
my $cptotal = 0;

my S$mttotal = 0;
my $sptotal = 0;
my S$ottotal = 0;
my Sresi = 0;
for (Sresi = 1; S$Sresi<$llen; Sresi++) {

my $pos_i = $resi+l;

my $aa_i = substr(Snseq,$resi,1);

my @templ = &LOGODDAA ($aa_i,Spos_1i);
$cplscore = $cplscore + $templ([0];
$mttotal = $mttotal + $templ[l];
$sptotal = $sptotal + $templ[2];
Sottotal = $Sottotal + $templ[3]

}

for (Sresi = Smmin-1; S$resi<S$Smmax; Sresi++) {
my $pos_i = $resi+l;
my $aa_i = substr(Snseq, $resi,1);
my @temp2 = &LOGODDAA ($aa_i,Spos_1i);
$cpmscore = $cpmscore + S$temp2([0];
$mttotal = $mttotal + $temp2[l1];
$sptotal = $sptotal + $temp2[2];
Sottotal = Sottotal + $temp2[3]

}

for ($resi = $rmin-1; $resi<$rmax; S$resi++){
my $pos_i = $resi+l;
my $aa_i = substr(Snseq, $resi,1);
my @temp3 = &LOGODDAA ($aa_i,Spos_1i);
$cprscore = $cprscore + Stemp3([0];
$mttotal = $mttotal + S$temp3[1];
$sptotal = $sptotal + $temp3[2];
$ottotal = $ottotal + $temp3[3]

}

Scptotal = $cplscore+$cpmscore+$cprscore;

#my $cpprob = &ZDIST((($cptotal-$cpmean)/$cpsd));
#my $mtprob = &ZDIST((($mttotal-Smtmean)/$mtsd));
#my $spprob = &ZDIST((($sptotal-$spmean)/$spsd));

my $cpprob = &N_PDF ($cptotal, $cpampl, S$cpmean, Scpsd);
my $mtprob = &N_PDF ($mttotal, $mtampl, $mtmean, Smtsd);
my $spprob = &N_PDF ($sptotal, $spampl, $spmean, S$spsd);

#write out file

print OUTFILE "$header\t$nseqg\t";
printf OUTFILE '%.4f', $cplscore;
print OUTFILE "\t";

result
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printf OUTFILE '%.4f', $cpmscore;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cprscore;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cptotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', S$mttotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', $sptotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', S$ottotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cpprob;
print OUTFILE "\t";

printf OUTFILE '%.4f', $mtprob;
print OUTFILE "\t";

printf OUTFILE '%.4f', $spprob;
print OUTFILE "\n"; #end of line

$seq = ""; #clear seq after used
}
#keep header
$header = $line;
}
else { #otherline remove spaces, concate sequence
$line =~ s/\s//g ;
$seq .= $line; #concate
} #end if header line

} #end while line = infile

#last seq

#calculate the score

my $nseq = substr($seq,0,$nlen);

S$nseq =~ tr/[a-z]/[A-Z]/; #convert to uppercase only
print "$nseg\n";

my S$cplscore = 0;
my S$cpmscore = 0;
my S$cprscore = 0;
my $cptotal = 0;

my S$mttotal = 0;
my $sptotal = 0;
my S$ottotal = 0;

my Sresi = 0;
for (Sresi = 1; S$Sresi<$llen; Sresi++) {

my $pos_i = $resi+l;

my $aa_i = substr(Snseq,$resi,1);

my @templ = &LOGODDAA ($aa_i,Spos_1i);
$cplscore = $cplscore + $templ([0];
$mttotal = $mttotal + $templ[l];
$sptotal = $sptotal + $templ[2];
Sottotal = $Sottotal + $templ[3]

}

for (Sresi = Smmin-1; $resi<Smmax; Sresi++) {
my $pos_i = $resi+l;
my $aa_i = substr(Snseq, $resi,1);
my @temp2 = &LOGODDAA ($aa_i,Spos_1i);
Scpmscore = $cpmscore + S$temp2([0];
$mttotal = $mttotal + Stemp2[1];
$sptotal = $sptotal + $temp2[2];
Sottotal = Sottotal + $temp2[3]

}

for ($resi = $rmin-1; $resi<$rmax; S$resi++){
my $pos_i = $resi+l;
my $aa_i = substr(Snseq,$resi,1);
my @temp3 = &LOGODDAA ($aa_i,Spos_1i);
$cprscore = $cprscore + Stemp3([0];
$mttotal = $mttotal + Stemp3[1];
$sptotal = $sptotal + $temp3[2];
$ottotal = $ottotal + $temp3[3]

;

}
Scptotal = $cplscore+$cpmscore+$cprscore;

#my $cpprob = &ZDIST((($cptotal-$cpmean)/$cpsd));
#my $mtprob = &ZDIST((($mttotal-Smtmean)/$mtsd));
#my $spprob = &ZDIST((($sptotal-$spmean)/$spsd));

my $cpprob = &N_PDF ($cptotal, $cpampl, S$cpmean, Scpsd);
my $mtprob = &N_PDF ($mttotal, $mtampl, $mtmean, Smtsd);
my $spprob = &N_PDF ($sptotal, $spampl, $spmean, S$spsd);

#write out file

print OUTFILE "$header\t$nseg\t";
printf OUTFILE '%.4f', $cplscore;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cpmscore;
print OUTFILE "\t";
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printf OUTFILE '%.4f', $cprscore;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cptotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', S$mttotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', $sptotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', S$ottotal;
print OUTFILE "\t";

printf OUTFILE '%.4f', $cpprob;
print OUTFILE "\t";

printf OUTFILE '%.4f', $mtprob;
print OUTFILE "\t";

printf OUTFILE '%.4f', $spprob;
print OUTFILE "\n"; #end of line

close OUTFILE;
close INFILE;

exit 0;

idddddasissisaadsiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasissiasistisi
#Subroutine programs
idddddasissdsaasiasissasiasisiasiasiaiatiasiaiasiasissasiasisissiasissiasistisi
#
sub LOGODDAA () {
# Return log odd value of the input aa based on position

my $inaa = $ [0]; #input aa

my $inpos = $_[1]; #input aa position
my %cpodd = (
aa2 => {
"A" => 2.442563807,
"c" => -1.191215311,
"D" => -1.140495553,
"E" => 0.388298646,
"EM => -1.497971094,
"G" => -0.460375819,
"H" => -2.750299179,
"I" => -1.383860388,
"K" => -1.789852748,
"L" => -1.745212866,
"M" => -0.489873626,
"N" => -0.185959585,
"P" => -1.510833245,
"Q" => -0.851139869,
"R" => -2.17273589,
"S" => 0.690140193,
"T" => -0.914005136,
"V o=> -0.862908303,
"W" => -10.20244257,
"y" => -2.800024553,

by
aa3tol2 => {

"A" => 0.471636772,
nem o => 0.61932271,

"D" => -3.329957533,
"E" => -2.923153859,
"F" => 0.135689164,
"G" => -1.297536055,
"H" => -1.065292041,
"I" => -0.265200073,
"K" o => -1.538742137,
"L" => 0.321664908,
"M" => 0.178645389,
"N" => -0.58692567,
"pT => 0.120734634,
"Q" => -0.362529944,
"R" => -1.612176123,
"S" => 1.854635162,
"rT o => 0.862744571,
"V o=> -0.095439005,
"W" => -2.163085855,
"y" => -1.902023692,

by

aa20to30 => {
"A"™ => -0.593547396,
"C" => 0.104749537,
"DM => -1.61946415,
"EM => -2.425654199,
"ET => 0.36701471,
"G" => -0.744995032,
"H"™ => 0.175716058,
"I" => -0.87817695,
"K" => 0.300793191,
"L" => -0.082232034,
"M" => -2.094373105,
"N" => 0.039615934,
"P" => 0.793693616,



aal3 => {

aald => {

by

aals => {

aale => {
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=> -0.340162131,
=> 0.518220514,

=> 1.863248292,

=> -0.171854091,
=> -0.510476504,
=> -2.748048356,
=> -1.667558438,

=>
=>
=>
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=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

=>
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=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

-0.166437065,
0.941250804,
-2.467461057,
-3.688688605,
1.021518144,
-1.882498556,
-0.202795565,
0.356288304,
-0.657386633,
0.155927703,
-0.035479416,
0.072037412,
0.962669788,
-0.718673754,
-0.914738893,
1.634161219,
0.270928399,
-1.232942529,
-0.426120261,
-0.667558438,

0.155421671,
0.941181446,
-1.14560232,
-2.688757964,
0.741340866,
-0.297605414,
-1.202864924,
-0.058818554,
-1.142882819,
0.276152578,
-0.772514369,
0.223971147,
0.884597917,
-3.040671208,
-0.329845751,
1.455754619,
0.163943836,
-0.233011887,
-8.07004581,
-1.667627797,

-0.581613278,
-0.380816004,
-2.467599771,
-10.33268351,
0.393348208,
-0.712712268,
0.118993816,
-0.05888791,
-0.142952174,
0.155788989,
-1.357546225,
-0.776098209,
1.469491063,
-1.455778062,
0.200599611,
1.337040767,
0.986996719,
-0.648118742,
-8.070115165,
-0.345769057,

-0.079112938,
0.204146496,
-2.467599771,
-2.688827319,
0.51887909,
-0.712712268,
-1.202934279,
-0.64385041,
0.235559449,
0.276083223,
-9.001402415,
-0.098026303,
1.174035179,
-1.455778062,
0.892477315,
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by

aal7 => {
by
aalg8 => {
by
aal9 => {
by
mtodd = (
aa2 => {
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=> 1.455685263,
=> 0.270789685,

=> -1.496115649,
=> -8.070115165,
=> -0.667697152,
=> -0.166506424,
=> 0.204215852,
=> -1.467530415,
=> -1.688757964,
=> 0.518948445,
=> -0.182128196,
=> 0.119063171,
=> -0.184349436,
=> -0.294885912,
=> 0.091728007,
=> -9.00133306,
=> -1.512994447,

=> 0.621563512,
=> 0.659768511,
=> 0.822157343,
=> 1.162023416,
=> 0.370394714,

=> -0.496046293,
=> -1.42618962,
=> -2.667627797,
=> -0.466066705,
=> -1.380746649,
=> -0.882567915,
=> -3.688757964,
=> 0.103910946,
=> -0.56063982,
=> -1.202864924,
=> 0.163573867,
=> -0.005379295,
=> 0.155858344,
=> -9.00133306,

=> 0.071968053,
=> 0.962600429,

=> -0.233316285,
=> 0.407119843,
=> 1.417280471,
=> 0.370394714,
=> -0.648049387,
=> -0.42618962,
=> -0.345699702,
=> -0.466136061,
=> 0.619183996,
=> -1.88263727,
=> -2.103864818,
=> 0.634356307,
=> -0.423205651,
=> 0.118993816,
=> -1.64385041,

=> 0.442010326,
=> 0.155788989,
=> -9.001402415,
=> 0.223901791,
=> 0.802066402,
=> -0.233385641,
=> 0.085122393,
=> 1.565309754,
=> 0.270789685,

=> -0.233081243,
=> -1.426258975,
=> -9.311553342,

=> 1.755754768,

=> -8.843808634,
=> -10.9305924,

=> -2.923001258,
=> 1.472332154,

=> -1.894418787,
=> -2.022070719,
=> -0.293061848,
=> -1.699054208,
=> 1.239355348,

=> -1.176682665,
=> -1.332200242,
=> -0.934607877,

=> -0.689952001,
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aa3 => {
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aad => {

aa5 => {

aa6 => {
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=> -0.511621625
=> 0.195976232,
=> -2.033773582
=> -1.467255181
=> -0.245395415
=> -0.31690859,
=> 1.20411234

=> 0.121975651

=> -10.9305924

=> -2.923001258
=> -0.077864928
=> -1.242342091
=> -1.437108218
=> -0.762547132
=> -0.583576991
=> 0.205408016
=> -0.591720164
=> -0.917162743
=> 0.143394635
=> -2.274914502

=> 1.61176079
=> 1.365901234

=> -0.655261959
=> -0.829825261
=> -0.660432914
=> -10.13068978

=> 0.821642704
=> 0.969972557

’

’

’

’

=> -10.9305924
=> -2.186035664,
=> 0.021670745
=> -2.379845615,
=> -9.665926909,
=> -0.46298685
=> -0.476661787,

=> 0.567978096
=> 0.14524543

=> -1.109807821
=> 0.143394635
=> -0.400445384

=> 1.658303376
=> 0.295511906
=> -0.355701677
=> 0.117707319

’

=> -0.245395415,
=> -0.901871091,

=> 0.941138832
=> 1.118089363

=> -3.290622498
=> -11.15570624
=> -0.429674519
=> -0.798769401
=> -2.025957006
=> -0.766433419
=> -0.587463278
=> 0.537124761

=> -0.010643951
=> -1.599120936
=> -0.523456666
=> -1.056408368

=> 1.53511816
=> 0.472197864
=> 0.727874877
=> 0.002789719
=> -1.249281702
=> -2.490719879

=> 0.991607014
=> 1.12201496

=> -3.286696901
=> -11.15178064
=> -1.300218041
=> -0.614271559
=> -2.02203141

=> -0.655592619

=> 0.175454219
=> 0.646019917

=> -0.369288434
=> -1.917123434
=> -1.297138648
=> -0.400406075

=> 0.966464981
=> 0.710588714
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0.103769251
0.407253245
0.754643894
-1.901831782

0.603147067
0.973869342
-10.92669562
-11.14792316
-0.180883348
-0.449949411
-0.210819012
-0.371627224
-0.373229329
0.904450219
-1.587823379
-0.743340957
-0.400196376
-0.1555405
1.111184992
0.640445608
0.171757064
0.06715632
-8.88535482
-2.482936807

0.502293794
0.118128566
-2.705620794
-3.511810843
-0.304104434
-0.705620794
-0.703989708
-1.466833934
0.235698163
0.453099699
-1.595567248
-2.336047327
-0.786451868
-0.056369165
1.826923488
0.670176445
0.032768662
0.166327655
0.335720002
-1.490680676

0.921217686

-0.614950634
-10.93055309
-2.922961949
0.021710054

-0.057878211
-1.437068909
-1.29302254

-0.377086804
0.541050357

-1.176643356
-0.010232839
-0.404053852
-0.052482771
1.324918952

0.814925374

-0.448771772
-0.113578918
-1.245356106
-2.486794283

0.371839786
-0.199952444
-10.9305924
-3.507963759
-0.184780132
0.053113793
-0.700142624
-1.293061848
-0.476661787
0.94237361
-0.591720164
-1.109807821
-0.197642283
-0.859877002
1.539004448
0.710549405
0.502279318
-1.177748564
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=> 0.754604585
=> -10.13068978

=> 0.742208236
=> 0.607402478

=> -2.701773709
=> -11.15181995
=> -0.885219851
=> -0.453846196
=> -1.437108218
=> -1.46298685

=> 0.037911386
=> 0.719981189

=> -0.369327743
=> -0.595234648
=> -0.519570378
=> -1.05252208
=> 1.381463171

=> 1.0324775 ,
=> 0.036615746

=> -0.315252088
=> 0.561959507
=> -10.13068978

=> 0.843291508
=> 0.796161268

=> -1.705659997
=> -2.926887545
=> -0.304143637
=> -0.798769401
=> -1.025957006
=> -1.007441519

=> 0.034025099
=> 0.42391415

=> -0.37321403
=> -0.113694108
=> 0.061505835
=> 0.13623671

=> 1.349562507
=> 0.706663118

=> -0.552233042
=> -0.471141469
=> -8.893137892
=> -1.168791784

=> 1.014287782

=> -1.199952444
=> -10.9305924
=> -2.923001258
=> -0.30025735
=> 0.105581213
=> -0.437108218
=> -1.293061848
=> -0.036089195
=> 0.541011048
=> -9.820538854
=> -1.109807821
=> -0.104532879
=> -0.05252208
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=> -1.025957006
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=> -0.587463278
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=> -2.180568952
=> -1.33608653
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=> -0.404331671

=> 1.320993355
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0.180365699
0.118128566
-3.290583295
-2.511810843
-0.56713884
0.101734128
-2.025917803
-0.296908933
-1.117938792
0.201560932
-0.010604748
-1.599081733
0.283937459
-0.278761586
1.510066383
1.166133939
0.284307429
-0.553564426
0.920682502
-2.490680676

0.742247545
0.800086865
-3.286696901
-2.922961949
-0.07782562
0.205156195
0.147893592
-0.87798504
-0.699014899
0.239394657
-1.591680855
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-0.297138648
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1.266025262
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0.167899588
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-1.245356106
-10.13065047
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-1.50792445
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-2.176643356
-1.595195339
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-0.159397975
0.725456881
1.221550633
0.644337632
-0.113578918
0.339606395
-0.901831782

0.502293794
0.381162972
-2.705620794
-2.189882748
-0.304104434
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0.296010292
-1.466833934
-0.587424075
0.616598431
-0.595567248
-1.336047327
-0.301025041
-0.163284369
1.23176522
0.670176445
0.447806161
-0.734136672
0.335720002
-0.320755675
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.599081733
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.168752581
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141398346
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061545038
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.490680676

440591845
.199913135
0.93055309
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457691816
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.278761586
999104463
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.452658165
.833672345
.249242499
.490680676

469872316
796200472
9686552
189882748
188627217
182058838
.218562881
466833934
117938792
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.249242499
.490680676

682866039
118128566
.290583295
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.889066935
.061764604
674521915
.466833934
.117938792
201560932
.595567248
.461578209
061545038
043166509
925103882
139661728
032768662
.833672345
.249242499
.320755675
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.964768806
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=> -0.184740824
=> -0.242302782
=> -0.02203141

=> -0.462947541
=> -0.036049886
=> -0.328889103
=> -9.820499546
=> -0.216683716
=> 0.419068386

=> -0.859837694

=> 0.810345779
=> 0.97362312
=> 0.399225134
=> 0.117746628
=> 0.076571989
=> -1.486794283

=> 0.502293794
=> 0.381162972

=> -1.290583295
=> -0.926848342
=> 0.110933065

=> -0.246189175
=> -0.025917803
=> -1.144905839
=> -0.287863793
=> 0.018696875

=> -1.180529749
=> -0.751084826
=> 0.698974959

=> -0.163284369

=> 0.677176368
=> 0.742326231
=> 0.164013195
=> 0.059412451
=> -0.249242499
=> -0.490680676

=> 0.565029549
=> 0.118128566

=> -1.483228372
=> -1.189882748
=> -0.188627217
=> -0.535695792
=> 0.880972792

=> -1.659479012
=> -0.117938792
=> -0.667194535
=> -0.595567248
=> -0.921009827
=> 0.415181993

=> -0.404292468

=> 0.76463921
=> 0.99948407
=> 0.684845358
=> 0.265863328
=> -0.664279998
=> -0.490680676

=> 0.654296887
=> 0.603555394

=> -0.9686552

=> -1.926848342
=> -0.081712013
=> -0.313303371
=> -0.440955302
=> -0.881871434
=> -0.380973198
=> -0.190756491
=> 0.141398346
=> -1.336047327

=> 0.351051655
=> 0.384203427
=> -0.000895537
=> 1.057199568
=> 0.22541374

=> 0.113860235
=> 0.072685596
=> -0.031249058

=> 2.159645157
=> -8.384951785
=> -1.242916861
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=> -2.426363002
=> 0.564438061

=> -1.56321387

=> -2.419167501
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=> -1.406124463
=> -0.717825816
=> -0.458305894
=> -1.64567603
=> -1.401020154
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=> -0.452082123
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=> 0.253511751
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=> -1.033369397
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=> 1.263138574
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=> 0.002119473
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=> -10.46632266
=> -10.68755021
=> 0.48594048

=> -0.915575879

=> 0.764127112
=> 0.171207887
=> 1.180253027
=> 0.184250924

=> -0.390484834
=> 0.354461914

=> -0.055300643
=> -0.225682266

=> 0.232756029
=> 1.062344411

=> -0.084077019
=> -0.472470729
=> -8.424981869
=> -1.437601356
=> -0.139822945
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-0.401182719
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-1.065998528
-0.821342651
-0.543476602
1.334046257
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1.138319762
-8.435679754
-1.033261741

0.117054848
-0.741041567
-10.47168152
-10.69290907
0.82161854
-1.657900332
-1.563159842
0.519485983
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1.129982466
-0.132809287
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-1.400966125
-0.86006567
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-1.027922715

0.721126172
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-1.060659501
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0.754422783
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-8.430340728
-0.70599462

0.682652024
1.066313355
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-10.69290907
0.966008449
-1.242862832
-0.978197341
0.083386868
-0.240143331
1.500820161
-0.132809287
-1.458251866
-1.323693907
-10.04482232
-2.275103169
0.602419689
-0.574862705
0.522170412
-0.786484538
-2.027922715

0.774737541
1.597023191
-10.45554486
-10.67677241
1.113389646
-1.641763668
-9.190879368
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=> -2.224006668
=> 1.536065647

=> -0.116672623
=> -1.442115203
=> -1.307557244
=> -10.02868565
=> -2.843929007
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=> -0.421222518
=> 0.882261477

=> -8.414204064
=> -1.426823551
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=> -2.822520704
=> -3.043748253
=> 1.748920657
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=> -9.201711403
=> -0.298331626
=> -2.234838702

=> 1.652345531
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=> -2.452947237
=> -1.318389278
=> -10.03951769
=> -1.854761041
=> 0.245154239
=> -0.432054552
=> 0.827035323
=> -8.425036099
=> -9.666474276
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=> 1.838528078

=> -10.47707438
=> -2.054445737
=> 1.268737889
=> -2.248255688
=> -1.568552697
=> 0.382848594

=> -2.830498687
=> 1.58853671

=> -0.723164643
=> -1.878682221
=> -0.843659935
=> -1.406358981
=> -2.280496025
=> -0.070397827
=> -0.732258654
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=> -8.435733583
=> -0.225960648
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=> -10.47178958
=> -10.69301713
=> 1.097144928

=> -0.155508046
=> -9.207124086
=> -0.30374431

=> -10.46907008

=> 1.359356257
=> 0.089475079

=> -1.458359921
=> -1.323801962
=> -2.40107418
=> -1.860173725
=> -0.345220946
=> -0.57497076

=> 1.179174644
=> 0.535335502
=> -2.02803077

=> 0.996544513
=> 1.066097253

=> -10.47189762
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=> 1.380829847

=> -2.658116433
=> -9.207232133
=> 0.803062847
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0.741443729

-10.10232416
-2.645838104
-10.04503842
-2.860281772
0.017241087

-1.089651979
1.069442106

-0.786700639
-1.028138817

1.420018023
0.860002961
-10.4555995
-10.67682704
1.290212772
-2.226780805
-9.190934004
-0.08110335
-10.45287999
1.265363421
-0.379761665
-10.08602603
-2.629539975
-1.384884098
-10.48783983
-0.048922944
-0.07335385
1.085740235
-0.18544001
-0.426878187

0.800322929
1.071509531
-2.237666656
-2.458894205
1.333774705
-1.430311734
-9.201819856
0.644976393
-10.46376585
0.977637365
1.194314984
-10.09691188
-1.318497731
-10.03962614
-2.269906993
0.312159982
-0.084239702
1.253191625
-8.425144552
-9.666582729

0.9649437
1.42877538
-10.47178958
-2.464198436
1.03301459
-1.073045886
-9.207124086
0.580778473
-2.240251386
1.079248338
0.089475079
-10.10221611
-2.060767556
-10.04493037
-2.860173725
0.602311635
0.190563987
0.991547641
-0.786592593
-2.02803077

0.825303981
1.423436752
-2.833272016
-1.469537063
0.960561767
-0.160846674
-9.212462714
-0.202167733
-2.830552514
0.910410978
0.446706531
-1.141770454
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=> -1.651068684
=> -10.050269
=> -10.50936854

=> 0.842085505
=> 0.267687519
=> 0.770480322
=> -0.20696872
=> -1.033369397

=> 0.825411637
=> 1.575547501

=> -2.248201859
=> -2.469429408
=> 0.655814841

=> -0.663239358
=> -0.246570774
=> 0.312513095

=> -1.245482358

=> 0.881372288
=> 0.084244108

=> -1.141662798
=> -0.650961029
=> -0.59895023
=> -2.865404697

=> 0.649548083
=> 0.185333015
=> 0.460247857
=> -8.435679754
=> -1.448299241
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=> 0.580886528
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=> =1.727124787
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=> -0.323693907
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=> -10.50392186

=> 1.056985553
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=> -2.027922715

=> 0.991367759
=> 1.712997196

=> -1.025863267
=> -0.247090815
=> 0.153260672

=> -0.248255688
=> 0.016409803

=> -0.202113906
=> -10.47435488
=> 0.220804925

=> -0.138202143
=> -0.878682221
=> -0.843659935
=> -0.599004059
=> -1.865458526

=> 0.749029927
=> 0.490133768
=> 0.571225341
=> -8.435733583
=> -1.44835307

=> 0.888805045
=> 1.707731684

=> -0.516555606
=> -0.737783155
=> -0.436967341
=> -0.553081482
=> -0.988855709
=> -0.42977184

=> -1.513836105

=> 0.305737222
=> 0.078924766

=> -0.661555312
=> 0.044159348
=> -0.411624493
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-1.285761537
1.046327185
-0.000558572
0.396034827
-0.797142906
-2.038581083

1.195780086
0.838581907
-1.248201859
-1.054391908
-0.261722999
0.559153063
0.431501132
-0.202060077
-1.245482358
-0.341020133
-0.401182719
-0.656235971
-1.065998528
0.178657349
-1.280442196
0.929656002
0.004760769
0.275823286
-8.435679754
-2.033261741

0.825411637
0.253619406
-0.132724642
-0.732463813
-0.431648 ,

-0.547762141
-0.246570774
-0.102524404
-1.023089936
0.074017366
0.276889186
-0.463590893
0.156393893
0.763619849
-0.280442196
0.88658728

-0.902129826
-0.013683331
-8.435679754
-0.711333647

0.825411637
0.575547501
-0.511236265
-0.884466907
0.475242595
-0.248201859
0.238856054
-0.687486905
-1.023089936
-0.563412555
-1.138148314
-0.004159274
0.596966485
0.915622943
-0.695479695
0.796389471
0.004760769
-0.483168614
-8.435679754
0.13666326

0.921918279
1.707678053
-0.516609237
-0.05976488
0.562979028
-0.16611199
-0.251943746
-0.207433049
-0.25085533
-0.651247687
-1.728483786
-0.14703577
-0.334405906
-0.241753123
-0.548849574
0.421782689
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0.340424715
0.13294679
-8.441052726
-1.453672213

0.374696399
0.575493672
0.559099234
-0.354006019
-0.431701829
0.395600502
0.016409803
-0.102578233
-1.023143765
-0.485463872
-9.367020833
-0.29371972
0.156340065
0.400995941
-2.280496025
0.971422349
-0.094828733
0.401300339
-8.435733583
-0.44835307

-0.215531614
1.055654987
-0.379052082
-0.359271531
0.370387581
0.270040756
-1.57381821
-0.207379419
-0.665839198
-0.416728803
-1.728430156
0.618552607
0.250610226
0.588375507
-1.548795943
1.006798821
-0.322486667
-0.188927674
0.524785189
0.546381418

-0.215531614
2.248300065
0.805372489
-0.889786248
0.147995159
0.138796222
0.233536712
-1.207379419
-0.665839198
-0.346339475
-1.143467655
0.923407189
0.250610226
0.980692929
-1.063369116
-0.163126181
-0.207009449
-0.381572752
-0.212180405
0.131343919

-0.008632241
1.838528078
0.62621343
-0.732517642
-0.624346907
0.559099234
0.238802225
0.575493672
-1.023143765
-0.485463872
-9.367020833
0.443245874
0.255875738
0.500531615
-0.406026907
-0.350505746
0.345743858
-0.724230543
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-8.435733583
0.136609431

2.035438239
-0.011692001
-9.742331957
0.380736403
-9.340815597
1.130342924
-0.833810275
1.117591016
-9.739612455
-10.64250515
0.011577779
-0.143939799
-1.331309935
-0.671616559
-2.130716104
0.483772349
-2.167441233
-10.09277593
=7.700991161
0.023354946

-0.194280698
2.328444671
0.241660905
-0.131569737
-9.32260702
0.592158152
0.184398301
-0.671555329
-0.492585188
-0.810515385
1.35171445
0.874268778
-9.541920049
-0.331479888
-0.527545027
0.843017844
0.850767343
-10.07456735
-7.682782585
0.719635428

0.363988599
2.149748374
-0.299605472
-1.006259847
-1.705444034
0.478002107
1.157705098
0.524143889
-1.519278392
0.162791411
0.810448074
0.262613073
-0.924757063
-0.095138685
-0.817272636
0.268836845
-0.17592586
-10.10126056
0.519342902
0.692942224

-1.203143267
1.997654007
0.232798336
0.274605193
-9.331469589
0.19627246
0.497463827
0.19405122
-1.086410258
-0.819377954
1.020923786
1.980883426
-0.584998333
-0.340342456
-0.799442001
0.493118357
-0.158095226
-1.854611231

336



aa6 => {

aal => {

by

aa8 => {

aa9 => {

"
nyn

npn
nen
npn
ngn
npn
ngn
nygn
nyn
ngn
npn
vl
oy
npn
non
ngw
ngn
npn
nyn
g
nyn

npn
nen
npn
ngn
npn
ngn
nygn
nyn
ngn
npn
v
oy
npn
non
ngw
ngn
npn
nyn
"
nyn

npn
nen
npn
ngn
npn
ngn
nygn
nyn
ngn
npn
v
oy
npn
non
ngw
ngn
npn
nyn
"
nyn

npn
nen
npn
ngn
npn
ngn
nygn
nyn
ngn
npn
v
oy
npn
non
ngw
ngn
npn
nyn
nn
nyn

=>
=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

-7.691645153
0.518127781

-0.475165336
0.988666344
0.071807579
0.002583124
-1.696601063
-0.053723303
0.166548069
-0.46701314
-0.288042999
-0.538859 ,
2.011936123
0.271456045
-9.559770281
0.328741786
0.039567242
0.577240098
0.154845206
-10.09241758
0.528185874
1.701785196

-0.337661812
0.573628845
0.071807579
-0.319344971
-1.696601063
0.486845078
0.488476164
0.185063557
-0.095397921
-0.998290619
1.181861125
0.856418546
-9.559770281
0.328741786
-0.323002837
0.38459502
0.417879612
-10.09241758
-0.056776627
1.701785196

-0.466177672
2.319582102
-0.089129759
-0.140432306
-0.102650899
-0.182239163
0.175535732
0.904544603
-1.501447757
-0.66737486
1.828278709
1.08779863
-9.550782618
0.50765445
-1.121370096
-0.413772239
0.426867275
-10.08342992
-0.047788964
0.880697861

-0.627168429
2.448097963
0.602322296
-0.511990049
-9.340457252
0.393735674
1.336473071
0.632522534
-1.095397921
-1.190935697
1.333864218
0.271456045
-1.33095159
-0.671258214
0.570081959
0.664702939
-0.167082889
-10.09241758
-0.056776627
0.286747697
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=> -0.2906729
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=> -1.696511463
=> -0.053633703
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=> 0.039656842
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=> -0.671258214
=> 0.191570336
=> -0.100831807
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=> -10.09241758
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=> -0.2906729
=> 0.140176248
=> -1.696511463
=> -0.053633703

=> 0.75160017
=> 0.632612134
=> -9.739164511
=> -0.998201019
=> 1.012025723
=> 0.730977264

=> -1.33086199
=> -0.34924052
=> -0.545305658
=> 0.577329698
=> -0.359638367
=> -1.448471795
=> -0.056687027
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0.118694674
1.319491948
0.370211705
0.148984157
-9.331559743
-0.334332411
0.497373673
0.641420043
-1.086500412
-0.529961491
1.480265251
1.602281649
-0.907016582
0.337639294
-1.12146025
-0.828899892
0.163742715
-10.08352008
-7.691735308
1.170114324

0.019249155
1.582616508
-0.281774837
-0.310357307
-1.687613399
-0.334242257
0.982890655
1.258181557
-2.086410258
-1.181948033
1.605886287
-0.134593791
-9.550782618
-1.077308051
0.7855205 ,

0.04565938

0.301336393
-10.08342992
-0.047788964
1.617663455

-0.475165336
2.89555694
-0.513154922
-0.73438247
-9.340457252
-0.191226827
-0.24848943
0.53298686
-9.739254111
-0.828365617
2.099398964
1.271456045
-1.915914091
0.913704286
0.329073859
-0.2528349
-0.167082889
-2.448561395
1.528185874
0.023713291

-0.627168429
2.448097963
-0.513154922
-0.511990049
-9.340457252
0.071807579
0.488476164
0.973559452
-1.51043542
-1.413328118
2.181861125
0.730887664
-9.559770281
0.136096708
0.676997163
0.036671717
-0.845154794
-1.863598894
-0.056776627
1.286747697

-0.980750845
2.167579009
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0.080795242
-0.310357307
-1.102650899
0.665757743
0.497463827
0.734619601
-2.086410258
-1.404340455
1.605886287
0.980883426
-1.321963927
-9.306126741
0.200557999
0.28666748
0.301336393
-10.08342992
1.759565958
0.710772859

0.010261492
2.158591345
0.486845078
-0.511990049
-9.340457252
-0.513154922
0.488476164
0.310594439
-0.773469826
-1.413328118
2.181861125
0.441381046
-1.915914091
-1.086295714
0.570081959
0.664702939
-0.359727967
-10.09241758
0.528185874
1.161216815

-0.797093431
1.796021266
-1.098117422
0.140086648
-9.340457252
-0.34322992
0.488476164
0.047560033
-2.095397921
-1.190935697
1.918826719
1.078810967
-0.593985996
1.136096708
0.039567242
0.38459502
0.417879612
-10.09241758
0.528185874
1.286747697

0.363988599
0.564785873
-0.521997893
0.256774558
-9.349300224
-0.937035392
0.479633192
-0.283211034
-0.104240893
-1.199778668
0.810448074
1.069967995
-0.602828968
-0.680101186
1.108726783
0.268836845
0.283505758
-2.457404367
0.519342902
1.152373843

0.211804078
1.804918775
-0.767291818
0.011480633
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aa24 => {

by

aa25 => {

aa26 => {
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=>
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=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>
=>

=>
=>
=>
=>
=>
=>

-9.331559743
0.196182306
0.760408079
0.434969165
-1.086500412
-0.98939311
1.828188554
1.187244149
-1.907016582
-1.077398205
0.048464751
-0.091934298
0.426777121
-10.08352008
-7.691735308
1.411122423

-0.220973901
1.979823372
-0.785032299
-1.328187942
-1.705444034
0.178441825
0.96506002
0.623679562
-1.519278392
-0.547701972
1.810448074
0.847575574
-1.339794562
-0.680101186
-0.139200731
-0.109674779
0.146002234
-10.10126056
1.519342902
1.59983282

-1.220884849
2.149837426
-0.299516419
0.372340828
-0.705354982
-0.199980746
0.479722245
0.417317737
-1.519189339
-0.685116443
2.090645045
0.847664626
-1.92466801
-1.680012134
-1.554149178
0.027917798
0.283594811
-2.457315314
1.519431955
1.693031277

0.001507572
1.564874926
0.352560277
-0.006170795
-1.705354982
-0.199980746
-0.257243349
1.038806114
-0.782223745
-0.547612919
1.462613823
0.070057048
-1.92466801
-1.095049633
0.030813323
0.15344868
-0.175836808
-1.872352813
0.934469454
1.152462896

0.281615492
1.979912425
-0.106871341
0.256863611
-1.705354982
0.06305366
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aa27 => {
by
aa28 => {
by
aa29 => {
by
aa30 => {
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0.479722245
-0.11319698
-0.782223745
-2.007044538
1.462613823
0.722133744
-1.92466801
-0.680012134
-0.331756756
0.568486179
0.146091287
-2.457315314
1.256397549
1.277993778

-0.105496684
2.301751467
0.214967701
0.256774558
-1.705444034
-0.521997893
0.479633192
0.176220585
-0.519278392
-1.199778668
1.173018153
1.262613073
-0.924757063
0.319898814
-0.139200731
0.027828745
-0.006000859
-10.10126056
-0.065619598
1.152373843

0.372741976
1.57353925
-0.290852095
-0.149509564
-9.340546847
-0.928282015
0.751420975
0.184973962
-2.095487515
-0.297940495
1.918737124
0.078721372
-0.916003685
0.328652191
-0.323092432
0.484041099
0.533267235
-10.09250718
=-7.700722411
1.509050524

-0.998492428
2.88680302
-0.299516419
-0.158173888
-1.705354982
0.178530878
0.742756651
0.30184052
-2.10415184
-1.199689616
1.462613823
0.847664626
-1.92466801
-0.095049633
-0.554149178
0.268925897
0.146091287
-1.457315314
1.256397549
1.393470995

-0.635922348
1.564874926
-0.784943246
-0.32809889
-1.120392481
0.565554001
0.965149072
0.623768615
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}

sub ERF ()

my $a2

"K' o=> -0.519189339
"L o=> -1.007044538
"M"o=> 2.003182204
"NTo=> 0.722133744

"p" => -0.339705509
"o => -0.680012134
"R" => -0.331756756
"sto=> -0.109585726
T => -0.368481886
" o=> -2.457315314
WY => -0.065530546

"y" => 1.393470995
by
)i

my S$outcpodd = 0;
my S$Soutmtodd = 0;
my S$outspodd = 0;
my S$outotodd = 0;

#chloroplasts
if ($inpos == 2) {
$outcpodd = $cpodd{"aa2"}{$inaa};
} elsif ($inpos < 13) {
$outcpodd = $cpodd{"aa3tol2"}{Sinaa};
} elsif ($inpos >= 20) {
Soutcpodd = $cpodd{"aa20to30"}{$inaa};

} else {
my $k = "aa".S$inpos;
$Soutcpodd = $cpodd{Sk}{$inaa};
}
#others
my $keyaa = "aa".$inpos;

$outmtodd = $mtodd{Skeyaal}{$inaa}l;
$outspodd = $spodd{Skeyaal{$inaa}l;
Soutotodd = $otodd{$keyaal{$inaa}l;

return ($outcpodd,$outmtodd, $outspodd, $Soutotodd) ;

{
#input value
my $xx = $ [0]; #input value

#A&S Formula 7.1.26
my $al = 0.254829592;
= -0.284496736;

my $a3 = 1.421413741;

my $a4

my S$p
Sxx =
my St

#Direc
#But c

#return 1 - (al * t + a2 * t * t + a3 *t *t*t+ad*t*t*t*t+adb*t*t*t*t*t

*ox);

#Horne

= -1.453152027;
my $a5 = 1.061405429;
= 0.3275911;
abs ($xx) ;
=1/ (1L + $p * $xx);

t calculation using formula 7.1.26 is absolutely correct
alculation of nth order polynomial takes O(n”2) operations

r's method, takes O(n) operations for nth order polynomial

return 1 - (((((($ab*$t+$ad)*s$t)+s$a3)*st+s$a2)*s$t)+sal) *St*exp (-1*$xx*$xx) ;

}

sub ZDIST

my $si

if ($z

0 1

#input value

my $zz = $_[0]; #input value
gn = 1;

z < 0) { $sign = -1; }

return 0.5 * (1.0+$sign*&ERF (abs ($zz)/sqrt(2)));

}

sub N_PDF

my Se
return

0 1
#input value
my $xx = $_ [0

1; #x value
my $amp = $ [1

[

]

(11
2];

;

my Smean = $_
my $sd = $_[3

#Y=Amplitude*exp (-0.5* ( (X-Mean) /SD) "2)

#calculation

= exp( -0.5 * (((S$xx-$mean)/$sd)**2) );
Samp*Se;

* Math.Exp (-1 * x
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Code A4-7. FGLK Peak Finder

#!/usr/bin/perl

idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistisi

# Created by Prakitchai Chotewutmontri, 17 January 2012

# GST student

#

# OBJECTIVE

# Assign the peaks based on a cut-off value. Return the column # that has the value greater
#than the cut-off

#

# Input file 1: out FGLK2 w8 2 0_Lee-cTP208-80aa_arrangeByDatalLine gl-3.txt
# FGLK prediction score

# 8 8 8

# 2 2 2

# 2 2 4

#

#

# Output:

# 10 25 26

# 6 7 8

#

#
idddddasissisaasiasissasiasisiasiasisiasiasisiasiasissasiasisissiasissiasistisi

use strict;
use warnings;

#global vars

my $line = "";
my @temp = ();
my @column = ();
my $i = 0;

my $j = 0;

#usage
my SUSAGE = "usage: $0 <in FGLK outfile filename> <cut-off value> <out filename>\n\n";

#check argument

unless (@GARGV == 3) {
print $USAGE;
exit -1;

}

#store argv

my $fglkfname = SARGV[0];
my $cutoff = SARGV[1];
my S$outfname = S$ARGV[2];

#open FGLK infile
unless ( open (INFGLK,"<$fglkfname™) ) {
print "Can't create $fglkfname\n\n";

}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#will read the value in fglk outfile & process using cut-off value
#read infiles
while ( $line = <INFGLK> ) {

chomp ($line); #remove end line character

Gtemp = ();

@temp = split ( /\t/, $line); # split the FGLK values

#identify columns with value greater than the cut-off
Qcolumn = ();

for ($i=0; $i< scalar (@temp); S$i++ ) {
if ( Stemp[$i] > $cutoff ) {
push (@column, ($i+1)

}
}

#print the identified column# to outfile

for ($3j=0; $j< scalar(@column); $j++ ) {
if ($3 != 0) { print OUTFILE "\t"; }
print OUTFILE "$column([$3]1";

}

print OUTFILE "\n";

}

close OUTFILE;
close INFGLK;
print "DONE\n\n";

exit 0;
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Code A4-8. Hsp70-FGLK Distance Calculator

#!/usr/bin/perl
idddddasissisaasiasissasiasisiasiasiaiasiasisiasiasissasiasisissiasisiasistii
# Created by Prakitchai Chotewutmontri, 13 January 2012

GST student

OBJECTIVE
Calculate the residue distances between RPPD (Hsp70) site & FGLK site

Input file 1: RPPD_locs.txt
location of the RPPD peaks, each line from a transit peptide

44 0 0 0 0 0
19 54 0 0 0 0
26 71 0 0 0 0

Input file 2: FGLK_locs.txt
location of the FGLK peaks, each line from a transit peptide

20 60 0 0 0
0 0 0 0 0
4 18 0 0 0
Caution!!!
Each row in both input files should represent the same protein
Output:
Distancel
Distance2

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

ldddasassasssssssasasasasassasasssassssasasasssssssasasaasssasasaninsss]

use strict;
use warnings;

#global vars
my $linel = "";
my $line2 = "";
my @templ = ();
my @temp2 = ();
my @rppdpks = ();
my @fglkpks = (
my $i = 0;

my $j = 0;

my $distance = 0;
my S$count = 0;

#usage
my SUSAGE = "usage: $0 <in RPPD filename> <in FGLK filename> <out filename>\n\n";

#check argument

unless (@GARGV == 3) ({
print $USAGE;
exit -1;

}

#store argv

my $rppdfname = $ARGV[
my $fglkfname = $ARGV[
my S$outfname = $SARGV[2

01;
1]
1;

;

#open RPPD infile

unless ( open (INRPPD, "<$rppdfname™) ) {
print "Can't open S$rppdfname\n\n";
exit -1;

}

#open FGLK infile
unless ( open (INFGLK, "<$fglkfname™) ) {
print "Can't create $fglkfname\n\n";

}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}
#will read both input files a line at a time, measure the distance and then load next line.

#read infiles
while ( $linel = <INRPPD> ) {
chomp ($linel); #remove end line character
@templ = ();
@templ = split ( /\t/, $linel); # split the RPPD location
#keep only non zero values
Crppdpks = ()
for ($i=0; $i< scalar (@templ); Si++ ) {



}

if  ( Stempl[$i]

1=0) {
push (@rppdpks,

$line2 = <INFGLK>; #read FGLK line

chomp ($line2);

Qtemp2 = ();

@temp2 = split ( /\t/, $line2);

#keep only non zero values
@fglkpks = ();

for ($1=0;

}

if  ( Stemp2[$i]

#print header for OUTFILE
print OUTFILE "RPPDiAA\tFGLKiAA\tDISTZ—\NCE\n" ;

#check there are indentified peaks in both RPPD & FGLK,
&& scalar (@fglkpks) != 0) {

if (scalar(@rppdpks) != 0

}
}
close OUTFILE;
close INRPPD;
close INFGLK;

print "Total =
exit 0;

for ($i=0; $i< scalar (@rppdpks);
for ($3=0;

$count distances\n\n";

$i< scalar (@temp2);
I=0) {
push (@fglkpks,

Sit+ ) |

#remove end line character

Stempl([$1]);

#split the FGLK location

Stemp2[$1]);

Sit+) |

$j< scalar (@Rfglkpks); $i++) {
#calculate the distance

#RPPD calculated using 6-aa window,
#FGLK calculated using 8-aa window,

my $rppd aa
my $fglk aa

$distance

= $rppdpks[$i] + 2;
= $fglkpks[$j] + 3;
$fglk_aa - $rppd_aa;

#print the output

print "AA $rppd aa to AA S$fglk aa => $distance\n";
print OUTFILE "$rppd aa\t$fglk aa\t$distance\n";

$count++;

continue

real position is pos+2
real position is pos+3
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Code A4-9. Random Sequence Generator

#!/usr/bin/perl

#Created by Prakitchai Chotewutmontri, 5 June 2012

#GST student

#

#Modified from older version "random seq AAfreqg LNdist.pl"

#
FHEHFER AR AR R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R
#OBJECTIVE

# Create random amino acid sequence(s) based on input amino acid frequency file.

# Will generate the sequence with the input length & number
#

#INPUT FILE

[File 1] = amino acid frequency file
Ask for file name

Contain: <amino acid>\t<freg>\n
Example

.0813

.0142

.0540

L0673

.0388

.0704

.0228

.0592

.0588

.0967

.0241

.0405

.0477

.0395

.0550

.0667

.0535

.0682

.0109

.0293

KE<HnWOoOwZEr"HIoQ"MEO QR
COO0OO0OO00O0O0OO0OOOOOOOO OO O

OUTPUT FILES
Contain: fasta-formatted seq, header contain tag+number
Ask for file name
Example
>tagl
random sequence
>tag2
random sequence

B b e e

ldddaasasasasssasassssssssasasasassssasasasaisssasasasassssasasasassasasansnssa]

use strict;
use warnings;
use POSIX; #for rounding number

#global var

my $line = "";
my %AAfreq = ();
my @temp = ();

my $MeanvVal =
my $SDval = 0;
my @AAlist = ();

0;

my $i = 0;
my $j = 0;
my $k = 0;
my $1 = 0;

my @firstpool =
my $numneed = 0
my $realnum = 0
my $firstrand = "";
my $pi = 3.14159265;
my @secondpool = ();

my @firstlnpool = ()
my $firstlnrand = "";

my @secondlnpool = ();

#usage

my SUSAGE = "usage: $0 <aaFreqg file> <length> <num seg> <out filename> <tag>\n\n";

ldddaadsasasssssssasssssassasasasassssasasaaaisssasasasassssasasasassasasansnisa]
#

#MAIN PROGRAM
#
iddddassiasisiasiasiasasiatiasasiasissasiatiasisiasiasisiasiasississiasississiasiii
#check argument
unless (@GARGV == 5) ({

print $USAGE;
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exit -1;

}

#store argv

my $aafname = $ARGV[O0];
my $seglength = $ARGV(
my S$totalseq = $SARGV[2
my $outfname = $SARGVI[3
my S$headertag = $SARGV[4

11;
1
1

;

1
1

#open input files

unless ( open (RAFILE,"<$aafname") ) {
print "Can't open $aafname\n\n";
exit -1;

}

print "\n\n..START.......covvvvrennenn. \n";

#read aa freq file
$i=0;
while ( $line = <AAFILE> ) {
chomp ($line); #remove new-line char
Qtemp = split(/\t/, $line);#split data
SAAfreg{$temp (0]} = Stemp[l]; #AA = freq
$it+; #count
#print "read $temp[0] => $temp[l]\n";
#print "hash Stemp[0] => $AAfreq{$temp[0]}\n";
}
#test number of aa in the file
if ( $1 != 20 ) { print " Warning! not complete list of amino acid\n"; }
print "..Read amino acid frequency values\n";

#open outfile
unless ( open(OUTFILE,">$outfname™) ) {

print "Can't create $outfname\n\n";
}

iddddassiasisiasiasiasasiatiasasiasissasiatiasisiasiasisiasiasisissiasissssiasisi
#Part 1
#Generate first pool of AA = 3000 residues
# Thus, frequency 1 = 3000; freg x = x*3000
QAAlist = sort { $AAfreg{$a} cmp $AAfreqg{$b} } keys %AAfreq; #alphabetical order single-coded AA
for ($1=0; $i < scalar(@AAlist); $i++) {
#print $AAlist[$i];
#print " = SAAfreq{SAAlist[$i]}\n";

$numneed = $AAfreq{$AAlist([$i]} * 3000; #calculate portion in 3000 from freq
$realnum = $numneed; #keep real value
$numneed = floor ($numneed); #get integer lower
if ( ($numneed % 2) == ) { #rounded number is even
if ( (Srealnum-$numneed) > 0.5 ) { $numneed++ } #>0.5 shift to next int
} else { #rounded number is odd
if ( ($realnum-$numneed) >= 0.5 ) { S$numneed++ } #from 0.5, shift to next
}
#print "Amino = SAAlist[$i]\n";
#print "Need = $numneed\n";

#add AA to the pool

for ($3=0; $3j < $numneed; $j++) { #number is based on freq
push (@firstpool, $AAlist([$i]); #add new AA to array

}

#final array size maybe largeer that 3000; eg 3001

#because of rounding function!

#print "Legth = ";

#print scalar (@firstpool);
#print "\n";

}
ldddadsasasasssasasassdsssasasasassssasasaaasassasasasassssasasasassasasansnssa]

#Part 2
#Generate First Random Sequence; Make Random AA seq of frist pool of AA!!
$firstrand = join("", @firstpool[ map { rand @firstpool } ( 1 .. 3000 ) 1);

#print ">First random seg\n";
#print "$firstrand\n\n";

#move seq from firstrand seq to array for ease of use
for ($i=0; $i<length($firstrand); S$i++) {
push (@secondpool, substr ($firstrand, $i,1));

}
iddddassiasisiasiasiasasiatiasasiasissasiatiasisiasiasisiasiasisissiasissssiasiii
#Part 3

#Write the sequence to the output file

for ($i=0; $i<Stotalseq; $i++) |
#Write seq to output file
print OUTFILE "\>$headertag"; #headertag
print OUTFILE $i+1; #numbered
print OUTFILE "\n";
my $len = S$seglength; #length of seqg



#generate random seq with this lenght from the secondpool of AA
my $secondrand = join("", @secondpool[ map { rand @secondpool }
#write to out file with 60 residue limit per line

for ($k=0; $k < length($secondrand); $k = $k + 60) { #60 char per line

print OUTFILE substr ($secondrand, $k,60)."\n";
}
#print "\>$headertag";
#print $i+l1;

#print "\n";
#for ($k=0; $k < length($secondrand); $k = $k + 60) { #60 char per line
# print substr($secondrand, $k,60)."\n";
#1
}
print "..DONE\n\n\n";

close (AAFILE);
close (OUTFILE);

exit 0;

$len

)

1)
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Code A4-10. Mutant TP Generator Using Random Spacer Sequences

#!/usr/bin/perl

#Created by Prakitchai Chotewutmontri, 5 June 2012

#GST student

#

iddddassiasissasiasiasasiatiasssiasissasiatiasisiasiasisiasiasisissiasissssiasisi
#OBJECTIVE

# To test the generated spacer sequences between RPPD-FGLK peaks if it is suitable
# to be used in the constructs. This program will generated in silico constructs of
# SSF mutants containing the synthetic linkers by adding the fix sequence of SSF

# onto the N-ter and C-ter of the linkers

#

#INPUT FILE

[File 1] = A fasta-formatted sequence file

Example

>headerl

sequencel

>header2

sequence?2

e

#OUTPUT FILES

# Contain: fasta-formatted seqg
# Ask for file name

# Example

# >headerl

# [NterSeqg] sequencel [CterSeq]
# >header2

# [NterSeq] sequence2 [CterSeq]

# oo
#
ldddadsasasssssssassssssssasasasassssasasaasisssasasasassssasasaassasasansnisa]

use strict;
use warnings;

#global var

my $line = "";
my S$num = 0;

my $seq = "";
my S$header = "";

#usage
my SUSAGE = "usage: $0 <fasta file> <N-ter Seg> <C-ter Seg> <out filename> \n\n";

FHEHFER R AR R R AR R R R R R R R R R R R R R R R R R R R R R R R R R
#

#MAIN PROGRAM

#

FHEHFER AR AR R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R

#check argument

unless (@GARGV == 4) ({
print $USAGE;
exit -1;

}

#store argv

my S$infname = S$ARGV[0];
my $nter = SARGV[1];

my $cter = SARGV[2];

my S$outfname = S$ARGV[3];

#open infile

unless ( open (INFILE,"<$infname") ) {
print "Can't open $infname\n\n";
exit -1;

}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {
print "Can't create $outfname\n\n";

}

#convert N-ter & C-ter to capital letter
$nter =~ tr/[a-z]/[A-Z]1/;
Scter =~ tr/[la-z]/[A-Z]1/;

#read infile and write outfile
while ( $line = <INFILE> ) {
chomp ($line);
if ( $line =~ /~\>/ ) { #this line is a header line
Snum++; #count header
if ($num != 1) { #not the first header, write out previous seq result
$seq =~ tr/la-z]/[A-Z]1/;
my $fullseq = $nter.S$seq.Scter;
print OUTFILE $fullseqg."\n";



$seq = ""; #clear seq

}

#write header

print "\n\n$line\n";

Sheader = $line; #keep header for FASTA out file

#print OUTFILE $line."\t"; #same line header

print OUTFILE $line."\n"; #separate line header
}
else { #otherline remove spaces, concate seq

$line =~ s/\s//qg ;

$seq .= $line;

}

#last seq

$seq =~ tr/la-z]/[A-2]/;

print OUTFILE S$nter.S$seq.Scter."\n";
close OUTFILE;

print "Total = $num sequences\n\n";

close INFILE;

exit 0;
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Code A4-11. Amino Acid Distribution Calculator

#!/usr/bin/perl

#Created by Prakitchai Chotewutmontri, 16 Feb 2010

#GST student
iddddassiasisiasiasiasasiatiasasiasissisiatiasisiasiasisiasiasisissiasissssiasisi
#OBJECTIVE

# Count amino acid frequency in fasta input file

#INPUT FILE

# A fasta-formatted sequence file

# Ask for file name
# Example

# >headerl

# sequencel

# >header2

# sequence2

#OUTPUT FILES

# Contain 3 columns, tab-delimited

# Ask for file name

# <Amino_acid>\t<frequency>\t<count>\n
# Example

# A 0.0000 0

# C 0.2872 2872

#

#

#

#

é.. 0.0191 191
idddaasssssssssssasasassssasasassasssasasssnsassasasasasssssasasssassssssasnss

use strict;
use warnings;

#global var
my @AAlist = ("aA","C","D","E","F","G","H","I", "K","L","M","N","P", Q" "R", SN, TN, VY, WY, YT
my %AAtoFreq = ( "A", "0", #Alanine

"c", "0", #Cysteine

"D", "O0", #Aspartate

"E", "O0", #Glutamate

"F", "0", #Phenylalanine

"G", "0", #Glycine

"H", "O0", #Histidine

"I", "0", #Isoleucine

"K", "0", #Lysine

"L", "0", #Leucine

"M", "O0", #Methionine

"N", "0", #Asparagine

"p", "0", #Proline

"Q", "O0", #Glutamine

"R", "O0", #Arginine

"s", "0", #Serine

"T", "O0", #Threonine

"y", "0", #Valine

"w", "0", #Tryptophan

"y", "0" ); #Tyrosine
my $line = ""
my $numseq =
my $seq = "";
my $res_i = 0;
my $numkey = 0;
my S$totalAAcount = 0;
my S$totalcount = 0;
my $i = 0;
my Stemp = 0;

Py

;

#usage
my SUSAGE = "usage: $0 <input fasta filename> <output filename>\n\n";

#error infile check
my $foundgap = 0;

ldddadsazasasssasasassdsssasasasassssasasasasasiasasasassssasasasassasasasasnssa]
#

#MAIN PROGRAM

#
(dissssssssdsssssassdsssssassssssssssssssssstssasssssstsasasspsssssasasatassdsad
#check argument

unless (@GARGV == 2) {
print $USAGE;
exit -1;

}

#store argv
my S$infname = S$ARGV[0];
my S$outfname = S$ARGV[1];

#open infile

unless ( open (INFILE,"<$infname") ) {
print "Can't open $infname\n\n";
exit -1;



}

#open outfile
unless ( open (OUTFILE,">$outfname™) ) {

print "Can't create $outfname\n\n";
}

#read infile
$numseq = 0;
$seq = "";
while ( $line = <INFILE> ) {
chomp ($line); #remove new-line char
if ( $line =~ /"\>/ ) { #this line is a header line
$numseqg++; #count header
if ($numseqg > 1) { #found next header, count freqg
$seq =~ tr/la-z]/[A-Z]/; #convert seq to Capital Letter
for ($res_i=0; $res_i<length($seq); $res_i++) { #read each aa residue
#use AA as a key, count +1
SAAtoFreqg{substr ($seq, $res_i,1)} = $AAtoFreqg{substr($seq,$res_i,1)}+1;
}
$seq = ""; #reset seq
}
}
else { #other lines, not header,
$line =~ s/\s//g ; #remove spaces
$seq .= $line; #add line to previous seq

}
#last seq
for ($res_i=0; $res_i < length($seq); Sres_i++) {
$seq =~ tr/la-z]/[A-Z]/; #convert seq to Capital Letter
for ($res_i=0; $res_i<length($seq); $res_i++) { #read each aa residue
#use AA as a key, count +1
SAAtoFreqg{substr ($seq, $res_i,1)} = $AAtoFreqg{substr($seq,$res_i,1)}+1;
}
} #finished read infile

print " Number of Sequence in Input :";
print $numseq;
print "\n";

#To calculate frequency
#count number of key (char) found in seq
#sum total number of count

$numkey = 0;
$totalcount = 0;
while ( my ($key, $value) = each(%3AAtoFreq) ) { #run through every keys

$numkey++; #count number of key
$totalcount = Stotalcount+$value; #sum values
}
#sum total number of count from aa
$totalAAcount = 0;
for ($1=0; $i < scalar(@AAlist); $i++) {
$totalAAcount = $totalAAcount+S$AAtoFreq{$AAlist([$i]}; #sum values from AA keys
}

print " Number of Amino Acids in Input :";
print $totalAAcount;
print "\n";

#test if found non protein character in the count
$foundgap = 0;
if ($numkey > 20) {
if (exists($AAtoFreg{"-"}1)) {
$foundgap = 1;

print " Number of Gaps Found in Input: ";

print $AAtoFreq{"-"};

print "\n";

if ($numkey > 21) {
print " Number of Non-Amino Acid Characters Found in Input: ";
print $totalcount-$totalAAcount-$AAtoFreq{"-"};
print "\n";

}

} else {
print " Number of Non-Amino Acid Characters Found in Input: ";

print $totalcount-$totalAAcount;
print "\n";
}
}
#Calcualte freq for each AA & WRITE OUTFILE
for ($1=0; $i < scalar(@AAlist); $i++) {
Stemp = $AAtoFreq{S$AAlist[$il}; #keep num of count
SAAtoFreq{$AAlist([$i]} = (SAAtoFreq{$AAlist[$i]}/StotalAAcount); #count values/total AA count
print OUTFILE $AAlist[$i];
print OUTFILE "\t";
printf OUTFILE '%.4f', S$AAtoFreq{$AAlist([$i]};
print OUTFILE "\tS$temp\n";
}
print "....... DONE\n";
close (INFILE);
close (OUTFILE);
exit 0;
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