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Table 5 : Tissue distribution of putative Tsal ESTs 

The average contig length is 1599 base pairs. While the bulk of reads originate from the salivary glands, 

contig 29 has the widest tissue distribution.  

SG – Salivary gland;               PUM – Male pupae;                  MG – Midgut;                           

PUF – Female pupae;              TUF – Combined tissue data;    FB – Fat body; 

*Tsal1 and Tsal2 cDNA sequences were downloaded from GENBANK. 

PHRAP 

GENERATED 

CONTIG IDs 

LENGTH (BP)  NUMBER OF READS 

 

  SG MG FB PUM PUF TUF *Tsal1 *Tsal2 TOTAL 

1 1091 1        1 

2 1161 1        1 

3 1396 1        1 

4 892 1        1 

5 1198 1        1 

6 699  1       1 

7 1263        2 2 

8 2197 2        2 

9 886 2        3 

10 2016 4        4 

11 1202 4        4 

12 1633 4 1       5 

13 1463  3  2     5 

14 1443 11        11 

15 1436 13        13 

16 1537 16        16 

17 1396 17        17 

18 1477 20        20 

19 1516 22        22 

20 1542 27        27 

21 1576 32        32 

22 1521 35        35 

23 1584 55        55 

24 1680 105 1       106 

25 1755 115 1       116 

26 2821 366 2       368 

27 2715 452 1 1      454 

28 2807 1011 4 1      1016 

29 2495 1216 5 2 2 1 1 1  1228 

��

��

��

��
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Table 6 : Conserved domains of Tsal ORFs 

Contig 

1D 

Length (amino 

acids) 

CDD PFAM SMART 

1 117 Lac Z Dihydropiridine 

Sensitive L type calcium channel 

x 

2 123 x Shikimate quinate dehydrogenase x 

3 126 x X x 

4 215 x X x 

5 108 x X x 

6 54 x X x 

7 388 Nuclease Endonuclease Endonuclease 

8 14 x X x 

9 54 x X x 

10 35 x X x 

11 164 Nuclease DNA/RNA non specific endonuclease Endonuclease 

12 164 Nuclease DNA/RNA non specific endonuclease Endonuclease 

13 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

14 418 Nuclease DNA/RNA non specific endonuclease Endonuclease 

15 359 Nuclease DNA/RNA non specific endonuclease Endonuclease 

16 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

17 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

18 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

19 164 Nuclease DNA/RNA non specific endonuclease Endonuclease 

20 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

21 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

22 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

23 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

24 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

25 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

26 164 Nuclease DNA/RNA non specific endonuclease Endonuclease 

27 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

28 356 Nuclease DNA/RNA non specific endonuclease Endonuclease 

29 399 Nuclease DNA/RNA non specific endonuclease Endonuclease 

 

Columns indicated by ‘x’ denote that no domains or motifs could be predicted with confidence. 
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Figure 14: Graphical representation of the conserved domain for G. morsitans PHRAP generated 

contig29 putative Tsal. 

Contig29 was generated as a result of PHRAP assembly of Tsal ESTs. A BLASTP search was 

carried out with contig29 ORF against NCBI non-redundant protein database. The grey bar 

corresponds to G.morsitans contig29 ORF. The nuclease superfamily conserved domain is 

depicted as the red bar. The relative positions of the substrate binding sites, Mg2+ binding site 

and the active site are indicated as peaks above the nuclease domain region. 

 

3.9 Polymorphism in Tsal ESTs  

There was a high degree of variation observed within the reads in all PHRAP generated contigs. 

A predicted SNP is deemed valid only if the corresponding quality score on the base is 

satisfactory (Marth et al., 1999). Additionally, a SNP is confirmed if its neighboring nucleotides 

are conserved over an interval. For example, Hayes and colleagues (2007) have proposed an 

interval of at least 50 bases. Single base mismatches were identified on contig12 using both a 

customized Perl script and the BEAP viewer (Figure 15). In addition, the corresponding quality 

scores of the putative SNPs were verified. Most of the variation observed was in the read 

GmSg121a03.plk with two instances of substitution of A to T at consensus positions 362 and 

363. In addition, two instances of substitution from T to A occur at positions 368 and 445. 

Substitution for position 391 is T to G, while G is substituted with T in position 411(Table 7). 
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Figure 15: Variation in the contig12 assembly. 

This Figure represents consensus sequence of Tsal contig12 together with its constituent reads. The color differentiation option 

was selected to highlight putative SNPs. In this particular view putative SNPs are highlighted in red. Four reads denoted by the 

prefix “GmSg” originate from salivary gland are while one read (Tse1h02.qlcSCF) originates from the midgut. Most of the 

variation is observed in GmSg121a03.qlkSCF (see Table 7). 
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Table 7 : Putative SNPs in GmSg121a03.plk 

Base position on consensus Type of  substitution Quality score 

362 A/T 12 

363 A/T 15 

368 T/A 10 

391 T/G 10 

411 G/T 15 

445 T/A 12 
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4 DISCUSSION AND CONCLUSION 

4.1 Discussion 

4.1.1 Evolutionary relationships between insect serpins and G.morsitans putative serpins 

Orthologous relationships established in this study are mainly with Drosophila melanogaster 

sequences. This is an observation that is shared with studies that have carried out functional 

annotation and/or phylogenetic analysis of sequences from insects such as Anopheles gambiae, 

Manduca sexta, Bombyx mori and Glossina morsitans (Christophides et al., 2002; Zou et al., 

2009; Tanaka et al., 2008; Lehane et al., 2007). Both the genomes of Anopheles gambiae and 

Drosophila melanogaster have been sequenced and annotated (Holt et al., 2002; Celinker and 

Rubin 2003). It is possible that these genes have been deleted from the Anopheles gambiae 

genome during the evolutionary process. 

 

A notable observation is the absence of a clear G.morsitans orthologue for D.melanogaster 

serpin43Ac, an extensively studied serpin. Despite extensive BLAST searches, a significant hit 

could not be obtained (data not shown). In their studies of the immune genes of Anopheles 

gambiae and Bombyx mori, Christophides et al., (2002) and Tanaka et al., (2008) did not identify 

an orthologue of D.melanogaster serpin43Ac for serpins from Anopheles gambiae and Bombyx 

mori respectively. D.melanogaster serpin43Ac (nec) has been implicated in the control of the toll 

mediated antifungal IMD pathway (Levashina et al., 1999) by acting as an inhibitor of the clip 

domain serine protease, Persephone. The inference that can be drawn from this observation is 

that perhaps unlike Drosophila melanogaster, members of Bombyx, Anopheline and Glossina 

genera may not be overly challenged by fungal infections. Thus in their evolutionary processes, 

the functions of Persephone and nec may have diverged to serve other roles or cope with other 

regular challenges. Since genome sequencing is in progress, it is possible that the sequence of 

this gene is not yet available. Interestingly, D.melanogaster serpin43Ac shows weak sequence 

similarity with cn2215 (one of the sequences that was filtered with the presumption that it was a 

paralogue of cn2217). The putative orthologues of cn2217 are A.gambiae serpin10 and 

D.melanogaster serpin4. In the event that it is established that cn2217 and cn2215 are indeed 

true paralogues and their functions are elucidated, the conclusion would be that the role of 
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D.melanogaster serpin43Ac diverged to perform the function of cn2215. 

 

Different phylogenetic approaches confirm the clustering of cn2217 clusters with A.gambiae 

serpin10 and D.melanogaster serpin4. Danielli and colleagues (2003) have established that 

alternative splicing of A.gambiae serpin10 gives rise to four isoforms. In the same study, 

biochemical characterization of the inhibitory potential of three recombinant serpin10 genes 

show that the isoforms are expressed in tissues involved in insect defense specifically, 

haemocytes and midgut epithelium. At least two isoforms are transcriptionally up-regulated 

during parasite establishment within the midgut potentially implicating them in antiparasitic 

action and/or parasite tolerance. D.melanogaster serpin4 has been reported among the extensive 

arrays of genes that are upregulated in response to microbial challenge (Irving et al., 2001). 

D.melanogaster serpin4 gene encodes at least two different serpin proteins generated by 

alternative splicing of the last coding exon. This serpin was also shown to play a role in 

regulation of peptide maturation in Drosophila (Osterwalda et al., 2004). Interestingly, the 

spliced transcripts Ag serpin10 and Dm serpin4 segregate with contig 2217. It is likely that 

cn2217 also represents an alternative splice variant because of the other Glossina contigs 

(cn2215, cn2216, cn2218 and cn2220) that shared the same parent cluster with cn2217 (see 

section 2.3). Prediction and confirmation of alternative splice variants awaits the sequenced 

Glossina genome. It would be essential to establish the exact role that these homologues play in 

facilitating immune defenses in order to explain whether there has been pressure for 

diversification in order to deal with new challenges thus evolution by duplication followed by 

divergence, to produce a diverse set of paralogues. 

 

Contig 6243 forms an orthologous group with two Drosophila melanogaster serpins deemed to 

be paralogues according to novel ENSEMBL predictions, D.melanogaster serpin5 and 

FBgn0038299(Dm38299). The topology of the clade containing cn6243 suggests that a second 

copy exists for Glossina or alternatively, that the second copy has been deleted over time. These 

paralogues would have arisen before tsetse flies and Drosophila species diverged. Besides 

facilitating wing expansion during early Drosophila development (Charron et al., 2008), 

D.melanogaster serpin5 has been shown to be upregulated in response to immune stimulation by 

oligonucleotide DNA microarrays (Irving et al., 2001). Within the same cluster is A.gambiae 
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serpin9. Currently there is no data on the exact physiological roles of genes in this cluster 

namely, D.melanogaster serpin5, FBgn0038299 (Dm38299) and A.gambiae serpin9. Homology 

modeling of the 3D alignment of α-1- antitrypsin and cn6243 depicts conservation of elements of 

secondary structure including residues at the reactive center loop. Comparative modeling is 

important in establishing evolutionary relationships as it enables the detection of sequence 

similarity between the target and the template. The 3D structure of proteins from the same family 

is more conserved than the amino acid sequences. Presence of most of the elements of secondary 

structure including the reactive center loop, show that indeed cn6243 may be a complete 

representative of the cognate gene. Thus, this serpin presents an excellent candidate for 

biochemical and genetic experiments in an effort to understand its exact role. 

 

G.morsitans cn1692 forms an orthologous group with D.melanogaster serpin27A and A.gambiae 

serpin2. D.melanogaster serpin27A and A.gambiae serpin2 have been implicated in regulation of 

the melanization cascade (Michel et al., 2005) by facilitating the site-specific localization of the 

ensuing melanotic response during the insect’s immune response. The target specificity of 

cn1692 is probably the same as that of D.melanogaster serpin27A as they both possess identical 

scissile bond residues (see Figure 13).  

 

A search of the serpin domain in cn3298 revealed that this domain is represented by two 

fragments (see Figure 7). Domain-(ii) exhibits extensive coiling thus it is predicted to be a 

transmembrane portion. A BLAST search against Drosophila melanogaster proteins on 

ENSEMBL identified FBgn0031973 as the best hit. Interestingly, cn3298 gives the highest 

percent identity against its corresponding insect serpin queries whereas the percentage coverage 

is poor (see Table 3). Thus, a high percent identity is not always an indicator of sufficient 

sequence coverage due to divergence across a gene with localized conserved regions. The 

fragmentation of cn3298 domain into two portions may account for poor amino acids overlap in 

the alignment. The amino acid sequences flanking the reactive center loop of cn3298 and 

selected serpins (see Figure 13) are conserved, indicating that it may indeed be an inhibitory 

serpin. The congruence of the phylogenetic tree reconstruction is perturbed by cn3298 to some 

degree, a fact that could be attributed to poor amino acid overlap in the alignments.  
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4.1.2 Reactive center loops 

The sequence and conformation of the RCL largely determines the selectivity of inhibition, thus 

sequence alignments of the serpin C terminus comprising the RCL are particularly revealing (see 

Figure 13). The RCL has received much attention during the study of serpin mechanism of action 

for the reason that it holds the critical amino acids considered to control much but not all of the 

inhibitory specificity of the serpins. In this study, we were able to establish a high degree of 

conservation in the amino acid environment flanking the reactive center loop, indicating that 

these serpins may indeed be inhibitory. In addition, we were able to determine the position of the 

scissile bond (P'1 P1). The scissile bond residues are identical for cn1692 and its orthologue 

D.melanogaster serpin27A. Therefore, cn1692 may have a regulatory role in G. morsitans 

defense responses, similar to D.melanogaster serpin27A because of common target specificity. 

We could not establish the P1 residue of the scissile bond for the cn6243. Albeit the high degree 

of conservation in the region spanning the RCL the scissile bonds of cn2217 and cn3298 are not 

identical, a strong indication that they may not have the same target specificity. However, this 

cannot be used to rule out the possibility that these contigs are indeed inhibitory serpins. In 

addition, this observation can be attributed to the evolutionary process of these genes that may 

have been accompanied by mutations that led to changes in the amino acid composition. The 

high degree of conservation of the RCL is an indicator of evolutionary conservation of serpin 

genes that participate in the signal transduction pathways. Genes in the signal transduction 

pathways have remained highly conserved throughout the different insect orders (Tanaka et al., 

2008). Conserved gene evolution of insect signal transduction repertoires reflects the essential 

requirement of these genes for common immune mechanisms against infectious microorganisms. 
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4.1.3 Sequence variation in Tsal EST data 

Tissue distribution of ESTs shows that Tsal transcripts are not only expressed in the salivary 

gland but in other tissues, for example, the fat body and midgut (Table 5). While Li and 

colleagues (2001) had established that Tsal1 expression is limited to adult and larval stages, the 

results of the assembly show that Tsal1 assembles with three transcripts that originated from the 

pupae. The assembly of Tsal1 with the highest number of transcripts with a varied tissue 

distribution indicates the possibility of multiple isoforms for Tsal that may not have been 

characterized. 

 

Homology searches against NCBI non-redundant protein database identified Anopheles gambiae 

and Culex quinquefasciatus endonucleases as the next most significant hits albeit low percentage 

identity. This is consistent with the study performed by Calvo and Ribeiro (2006) on the 

sialotranscriptome of Culex quinquefasciatus whereby Tsal1 and Tsal2 exhibit similarities with 

an abundant cluster of sequences coding for secreted proteins with endonuclease activity. Sixty 

nine percent of the contigs generated by PHRAP assembly of putative Tsal ESTs are predicted to 

be nucleases more specifically endonucleases, by SMART. PFAM denotes them to be either 

DNA or RNA endonucleases. However, contigs in which less than five ESTs assembled 

(excluding contig 7) are predicted to encode other conserved domains, for example, 

Dihydropiridine and Shikimate quinate dehydrogenase (see table 6). The underlying sequences in 

these contigs do not share a high level of similarity with the rest of the ESTs in the cluster thus 

their assembly as singletons and possible possession of variant conserved domains. 

 

We observe a high degree of variation in the contigs. The high degree of variation coupled with 

low quality scores for contig twelve’s single base pair mismatches hampered the identification of 

specific SNPs. Accurate identification of Tsal SNPs requires resequencing of salivary gland 

ESTs to obtain accurate base calls. In addition, Tsa1l, Tsal2a and Tsal2b do not assemble as one 

contig indicating that their underlying sequences of potential alternative splice variants do not 

have a high degree of similarity. Variation in the Tsal cluster is concordant with Lanzaro and 

colleagues (1999) who have proposed that salivary gland proteins of blood-sucking dipterans 

may have unusual degree of polymorphism because the insect may benefit from antigenic 

 

 

 

 



62 

 

variation of its salivary proteins. Our findings could be used in advancing the understanding of 

tsetse salivary gland protein evolution. 

 

In their study, Ghosh and Mukopadhyay (1998) demonstrate that natural or host anti-sandfly 

salivary gland antigen immunization reduces sand fly’s blood feeding efficiency and increases 

mortality in the post bloodmeal vector population. They attribute this to the fact that anti-sandfly 

saliva immune sera probably bind with the respective antigen-presenting sites of the sandfly 

salivary gland components causing the sandfly death. A similar study on tsetse flies by Caljon et 

al., (2006) demonstrates that, immunization with recombinant Tsal1 (rTsal1) does not lead to 

increased tsetse mortality. The implication of this is that perhaps the Tsal protein does not 

possess antigen binding sites. 

 

The majority (69%) of all conceptually translated putative Tsal ORFs are predicted to encode the 

nuclease domain thus it is our interest to discover the role of nucleases in organisms specifically 

in dipterans. In Drosophila melanogaster, DNase II deficiency has been shown to impair innate 

immunity function by reducing total haemocyte numbers (Seong et al., 2006). In humans, DNase 

II was shown to have a role in immunity protection where genetic information may be 

transferred from apoptotic cells to living cells after being phagocytosed, a potential threat to the 

genome (Bergsmedh et al., 2006). We propose that Tsal may have an immune role (indeed there 

are transcripts from the fat body which is the major immune response organ) in the tsetse fly and 

that probably its deposition causes degradation of the apoptotic cells of the human host cell to 

prevent integration of host DNA into the tsetse fly.  This may be an acquired function in the 

evolutionary process of the tsetse fly to protect itself and it may be linked with the vector 

competence of the tsetse flies. Apoptosis is usually accompanied by chromosomal DNA 

degradation and is important for homeostasis of metazoans (Liu et al., 2008). The existence of 

multiple isoforms may be a mechanism to deal with a wide array of hosts for the tsetse fly. 
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4.2 Conclusion and direction for future work 

With members of the serpin superfamily present over all major taxonomic groups, structural 

diversification of serpins has occurred to fulfill their roles in myriad of biological processes. 

Thus, several studies have focused on serpin evolution in all the taxonomic groups. In this study, 

we focused on a comparative genomics approach to identify putative serpins orthologues from 

unpublished data of the Glossina morsitans transcriptome. By use of data mining and 

phylogenetic reconstruction, we have gained insight into possible biological functions of putative 

serpins. However, all these data remains to be confirmed by genetic and biochemical 

experiments, a process that will be successfully carried out once we have a reference genome. 

 

Ideally, one would want to look at how the immune repertoires of the parasites and Glossina 

morsitans have coevolved to establish whether the evolutionary process has facilitated vector 

refractoriness. For example, mapping of the contigs onto chromosomes and subsequent 

identification of gene architectures to provide an insight into the intron-exon organization as well 

as relative positions of the gene regulatory machinery. This data provides an impetus into 

structural and functional studies of this family of proteins with a specific focus on the putative 

paralogues. Paralogues are very important in studying the evolutionary process because they 

derive from gene family expansions and gene losses, or cases of exceptionally high sequence 

divergence where they acquire other functions. In the event that these paralogues have evolved to 

perform different functions then multiple regulatory elements present in the promoter region will 

need to be dissected.   

 

Studies on the evolutionary patterns of the immune repertoire of Drosophila melanogaster and 

disease vector mosquitoes has established that signal modulation uses a vast reservoir of serine 

proteases and their inhibitors. Most of these genes have evolved species-specific functions with 

gene duplication and expansions among certain genes. Complete Glossina morsitans serpin 

sequences would provide insights in the context of a wider array of members of insect serpins in 

terms of their evolutionary patterns. In addition complete gene architectures will help identify 

whether these serpins harbor signal peptides either at the N or C terminus to give insight into 

cellular localization of the proteins. 
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Identification of the exact function of Tsal, for example, by RNAi will be particularly 

informative because it is unique to Glossina thus it may offer some insight into the exclusive 

pathway of Glossina evolution. Probably, Tsal genes may have diversified to gain other 

functions that may not be present in other haematophagous insects. This may be an evolutionary 

process that helps Glossina morsitans carve its niche.  
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APPENDICES 

APPENDIX I: Outline of PHRED and PHRAP 

Conversion of chromatograms to computer readable form by PHRED 

Conversion of DNA sequencer trace files to computer readable form is the first step of any 

assembly process; this was done by the program PHRED (Ewing and green, 1998). PHRED 

reads the DNA sequencer trace data and examines the peaks around each base to assign a quality 

score. The scores provide a measure of sequence quality and are calculated using the logarithmic 

function obtained from Ewing and Green (1998). 

 

  q=10 *log 10 (P) 

Where; 

q = quality score 

p = probability that a particular base was an error 

 

Each base call is therefore logarithmically linked to error probability. Quality scores range from 

4 to 60 with higher values corresponding to better sequence quality. For example, a quality score 

of 30 represents 1/1000 chances of being incorrect while a score of 20 represents 1/100 chances 

of being incorrect. PHRED scores can therefore be used to extract portions of high quality in any 

given sequence or the entire sequence depending with the biological question being answered 

during downstream EST analysis. 

 

Due to the inherent nature of errors that are associated with any EST sequencing project bases 

within the middle segment of a given EST sequence typically contain the high quality bases 

while the extreme ends normally contain vector contaminants and repeats. PHRED then writes 

the base calls in FASTA, PHD (text files that consist of base call and quality information, used 

during contig editing) or SCF (Standard Chromatogram File) formats. The quality scores are 

written to FASTA or PHD files (Ewing and Green, 1998; Ewing et al., 1998). 
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Summary of the steps in a PHRAP assembly 

1. PHRAP reads the sequence from the input file as well as the corresponding quality file. 

 

2. PHRAP identifies and trims homopolymeric regions (those that consist almost entirely a single 

base). These regions are most likely due to poor data quality and may give rise to false matches. 

 

3. PHRAP identifies all potentially overlapping pairs of sequences. Two sequences must have at 

least one “word” (whose default is set at 14 bases) and a minimum alignment score (default is set 

at 30). 

 

4. PHRAP computes adjusted quality scores for each base in each overlapping read taking into 

consideration read orientation and sequencing chemistry. In addition PHRAP calculates log- 

likelihood ratio (LLR) scores. LLR scores compare the hypothesis that the reads truly overlap to 

the hypothesis that they are from 95% similar repeats. A pairwise match tends to have a positive 

LLR score if the two reads overlap, whereas it tends to have a negative LLR score if the two 

reads are from different repeats. Possible problem clones like chimeric and deletion reads are 

also identified and withheld from the assembly. 

  

5. PHRAP merges reads into contigs (consensus) starting with pairwise overlaps with the highest 

LLR scores. The consensus sequence is “pieced” together from individual sequence reads with 

the highest adjusted quality score at any base. 
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APPENDIX II: List of Perl scripts 

Perl script for creating quality scores for three Tsal cDNAs downloaded from GENBANK. 

#!/usr/bin/perl 

use warnings  ; 

use strict ; 

 

# Takes a fasta file, determines the length of the sequence 

# and creates bogus phred quality scores for each sequence 

# The default phred score is 15 

# Usage: perl <scriptname> fastafile1 fastafile2.... 

 

foreach my $file(@ARGV){ 

  my $qual_out = $file.".qual" ; 

  open(FASTA_IN, $file) ; 

  open(QUAL_OUT, ">>$qual_out") ; 

  $/ = "\n>" ;        # This line will make the 'while' loop below 

deal 

                # with a complete FASTA entry at a time 

  while(my $sequence = <FASTA_IN>){ 

    $sequence =~ s/\>//g ;        # remove all ">" characters 

    my @array = split(/\n/, $sequence) ;         

    my $head = shift(@array) ; 

    my $sequence_string = join("", @array) ; 

    print QUAL_OUT phred_score_producer($head, 

length($sequence_string)), "\n" ; 

  } 

  close(FASTA_IN) ; 

  close(QUAL_OUT) ; 

} 

 

# SUBROUTINES 

sub phred_score_producer{ 

  my ($header, $sequence_length) = @_ ; 
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  my $fasta_entry = ">$header" ; 

  for( my $index = 0 ; $index < $sequence_length ; $index++ ){ 

    if(($index/20) == int($index/20)){        # this makes sure my 

lines 

                                        # are 20 characters long 

      $fasta_entry .= "\n30" ; 

    }else{ $fasta_entry .= " 30" ; 

    } 

  } 

  return($fasta_entry) ; 

} 
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Perl script for extracting read names from a “.ace” file output 

#! /usr/bin/perl 

 

$/="\nCO";# stop at a line that ends with CO 

my $file = shift @ARGV;# initialises our file as an array 

open(FH $file); 

 

while (<>) { 

 next if ($_=~/^AS/);#match stdin with anything that starts with 

AS 

 my @lines = split("\n", $_);#create an array that will contain 

the lines 

 my $contigname = shift @lines;#read the first element of the 

lines array and store it in $contigname 

 $contigname =~/^\s+(\S+)/;#in the store for contig name pick up 

the second item (S+) after the first space s+ 

 my $contig = $1; #take the pattern in the first set of brackets 

which is also equal to $1 and put it into my new variable called 

$contig. 

 foreach my $line(@lines) { 

  if ($line =~/^AF\s+(\S+)/) { 

   my $readname = $1; 

   print "$contig\t$readname\n"; 

  } 

 } 

} 

 
 

 

 

 

 



82 

 

 

Perl script for extracting single base pair mismatches from a “.GDE” file. 

#! /usr/bin/perl 

# 

# background: test.pl reads in an ace file and generates a list of 

contigIDs vs ESTnames. eg., Contig1 Est1 est2 est3 

# --output file= Ace_ESTnames 

# 

# acefile converted to GDE format using AMOS. However the estnames 

have a number and brackets at the end (ESTname(447)) 

# --output file =tsal.fasta.gde 

# 

# stripped off the number at the end of the name and saved the 

sequences into a new file using ConvertGdeName.pl 

# /ConvertGdeName.pl tsal.fasta.gde3   ----output was 

tsal.fasta.gde3.new 

# 

# Use bioperl index script to index the output of ConvertGdeName.pl - 

index_file called GDESEQ 

# usage: ~/cvs_src/bioperl-live/scripts/index/bp_index.PLS  -dir . 

GDESEQ ./tsal.fasta.gde3.new  

# 

# SNP_count.pl 

# reads in output from test.pl and store the information in a hash 

table. 

# 

# found bug - est can go beyond contiglength 

use strict; 

use Bio::SeqIO; 

use Bio::Seq; 

use Bio::Index::Fasta; 

 

my $estnames = shift; 

my %hash; 
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my $in = Bio::Index::Fasta->new(-

filename=>"/home/sarah/tsal/SNP_results/TSALSEQ"); 

#my $out = Bio::SeqIO->new(-file=>">$f.test", -format=>"Fasta");  

 

open(F, $estnames); 

while (<F>) { 

 chomp; 

 my @i = split(/\s+/); 

 my $contig = shift @i; 

 @{$hash{$contig}} = @i; 

} 

close(F); 

 

foreach my $contig(keys %hash) { 

 #print "$contig\n"; 

 my $contig_seq = $in->fetch($contig); 

 #print $contig_seq->id."\n"; 

 

 my $contiglen = length($contig_seq->seq); 

 my @est_comp; 

 foreach my $est(@{$hash{$contig}}) { 

  my $est_seq = $in->fetch($est); 

  my ($start_string, $end_string); 

  if ($est_seq->desc =~/\<(.*)\>$/) { 

   my $str = $1; 

   #print "$str\n"; 

   # start and stop are pos where EST aligns with other 

ESTs 

   # these are positions relative to the consensus 

   my ($start, $stop) = split(/\s+/, $str); 

   #print "start = $start stop=$stop\n"; 

   if ($start > 1) { 

    my $start_string_len = ($start - 1); 

    #print "$start_string_len\n"; 

 

 

 

 



84 

 

    $start_string = ""; 

    foreach my $j(1..$start_string_len) { 

     $start_string .="N"; 

    } 

   } else { 

    $start_string = ""; 

   } 

 

   #deal with the end_string 

   if ($stop < $contiglen) { 

    my $end_string_len = ($contiglen - $stop); 

    $end_string = ""; 

    foreach my $j(1..$end_string_len) { 

     $end_string .="N"; 

    } 

   } else { 

    $end_string=""; 

   } 

  } 

  #print "$est .$start_string.\n"; 

  #print "$est .$end_string\n"; 

  my $new_est = $start_string.$est_seq->seq().$end_string; 

  #print "$est .$new_est.\n"; 

   

  my @new_estseq = split("", "\U$new_est"); 

  push @est_comp, [@new_estseq]; 

 } 

 my ($j, $i, %temphash); 

 for ($j=0; $j< $contiglen; $j++) { 

 %temphash=(); 

for ($i=0; $i<= $#est_comp; $i++) { 

 #print $dna[$i][$j]."\n"; 

 #$temphash{$est_comp[$i][$j]}++ if ($est_comp[$i][$j] ne "N"); 

 $temphash{$est_comp[$i][$j]}++; 
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   #print "$i:$j .$est_comp[$i][$j]. - "; 

      } 

      if (scalar(keys %temphash) ==1) { 

       #conserved pos 

       print "pos-idx-$j"; 

   my ($n) = keys %temphash; 

   print " $n ***\n"; 

      } else { 

       print "pos-idx-$j"; 

         foreach my $base(keys %temphash) { 

          print " $base\[$temphash{$base}\]"; 

         } 

         print "\n"; 

      } 

 } 

}  

 

 

 

 


