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Task 1: 
 
File 1 (.tbl) 
This table summarises the characteristics, classification, and % distribution of repeat content in the 

query sequence (4 interspersed repeat classes and other repetitive or low-complexity elements). It 

also details the query sequence’s total length, GC content and masked bases. 

 

File 2 (.log) 
This is a status message from running RepeatMaster’s cross_match. Terms (words) are used to 

index repeats within the DNA sequence. Pruning refines the index to subset relevant terms.  

 

File 3 (.out) 
This file lists repetitive elements found in the query DNA: each row is a Smith-Waterman alignment 

to a repeat sequence. The columns provide various characteristics of each repeat match including 

their strand orientation (+/C), repeat class families, repeat positions and other sequence statistics. 

 

File 4 (.masked) 
This file returns the query with repeat and/or low complexity sequence nucleotides replaced by an 

‘X’ character. ‘X’ is used rather than ‘N’ to distinguish masked repeats from ambiguous bases (N). 

 

File 5 (.cat) 
This file details conserved regions and potential repetitive element alignments found between the 

query and the fungal repat genome library, including corresponding aligned sequences (scored with 

symbols) and various summary statistics. For each alignment, it provides the repeat status, REPAT 

clustering method (Grouper, Piler or Recon) and repeat class. 

 

What repeats are found?  
Repeats found belonged to four well-defined classes [1]. Out of the four classes, 3 LINEs and 2 

LTRs were identified in the 7.97% of the query sequence. There were 21 unclassified repeat classes 

which made up 35.13% of the sequence.  

 
 
 



Task 2: Homology Methods 
 
BLASTn: Determining the FASTA’s evolutionary relationships using the non-redundant nucleotide 

database (nr) [2].  
 

All E-value significant BLASTn alignments belonged to the Blumeria Graminis (B.graminis) species, 

evident from their distance tree (Figure 1A). There are 8 forma speciales (f.sp) of B.graminis 

(including tritici and hordei) [3]. Close matches were predominantly to tritici (Figure 1A), excluding 

one (closest) identity match to hordei (Figure 1B). This could be repeat-biased.  

 

BLASTn (re-run): Using the repeat-masked FASTA to avoid spurious or repeat-biased matches [4].  
 

After the first ~400 nucleotides, all alignments were from B.graminis tritici f.sp, evident from 

taxonomy (Figure 2A). The tritici alignment had a high query cover, spanning 90% of the sequence, 

with a 92% identity score (Figure 2B). This confirms the proposed possibility of a repeat-biased 

hordei alignment.  

 
BLASTx: Comparing the translated FASTA to the non-redundant protein sequence database within 

the Blumeria Genus. 
 
The B.graminis hordei f.spp results had a higher cumulative score than tritici but this was likely 

repeat-biased as there were far less hordei alignments (Figure 2A). Most high confidence proteins 

had overlapping sequences from both hordei and tritici f.sp but, whilst many hordei proteins had 

functional annotations, the equivalent proteins in tritici were mostly hypothetical (Figure 3B).  
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Figure 1: BLASTn results of the fungal_23 FASTA sequence against the entire nucleotide 
database. A. Distance Tree (adapted). There are many sequences which produce sequence 

alignments from the tritici f.sp of Blumeria Graminis but the sequences closest in relationship to the 

FASTA query belongs to the hordei f.sp (enclosed in a black box). B. The top identity BLASTn 
match from the Blumeria Graminis f.sp. hordei (adapted). This sequence corresponds to the 

closely related alignment in the previous image. Identity and alignment scores are very high and 

enclosed by the black box. 
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Figure 2: BLASTn of repeat-masked fungal_23 FASTA sequence against the entire 
nucleotide database. A. Taxonomy results from the output. BLAST has identified the 

sequence to be in the Blumeria Graminis species. However, unlike the search of the unmasked 

FASTA, there are no results for the hordei f.sp whereas there is one tritici alignment with very 

high score (enclosed in a black rectangle). Notably the rest of the hits are only aligned to the 

region at the start of the sequence which is highly conserved across related ascomycete fungi. 

The Botrytis species has been enclosed in a square box because it is a closely related species 

relevant to the next section. B. Graphic depicting the high score tritici genome assembly 
alignment to the masked query sequence. The length of the sequence has been reduced to 

~7500 nucleotides (from ~13,800) since BLASTn deletes the X characters out of the masked 

query. There is a highly significant nucleotide match to the tritici f.sp genome assembly of the 

Blumeria Graminis species that spans 90% of the sequence with 92% identity.  
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Figure 3: BLASTx results. A. This image shows the general taxonomy of all the hits 
(adapted). The search was restricted to the Blumeria Genus. Since this genus is monospecific, all 

hits are from Blumeria Graminis. Scores corresponding to various f.sp of this species can be seen. 

All scores are very high but, although most hits are for the tritici f.sp, the highest scores are 

achieved by alignment to the hordei f.sp (highlighted in yellow).  B. This image shows the 
distribution of the top 132 BLAST hits on 100 subject sequences (adapted). Four key protein 

alignments were identified and annotated of which 3 had high confidence alignment scores in red 

(moderate confidence scores are pink). Where annotations were available, these were added 

below the alignment graphic and connected to the corresponding alignment(s) using a black arrow. 

The open reading frames (ORFs) were also included for each alignment.  

 



Task 3: Ab initio Methods & Task 4: Ab initio Gene Prediction – fgenesh 
 

AUGUSTUS  
 

Augustus’s ab initio model has ~100 species-specific training sets but for closely related species 

‘usually only one version is necessary’ [5]. Using the fungal phylogenetic tree (Figure 4A), the 

Botrytis Cineria species is the taxonomically closest available training set to B.graminis. The 

algorithm identified 7 total transcripts from 32 exons and 4 unique genes (Figure 4B) [3].  

 

FGENESH  
 

FGENESH uses pre-trained model gene-finding parameters (506 in total) [6]. Model parameters 

were available for B.Graminis which predicted 13 protein-coding exons (Figure 5A, highlighted), 

corresponding to 5 predicted gene transcripts (Figure 5B). 

 

Comparison 
 

The main differences were between predicted gene open reading frames (ORFs) (Table 1) and 

transcript-to-gene counts (Augustus found 4 genes with 7 transcripts whereas FgenesH found 5 

genes with 5 transcripts).  

 

Augustus generating more transcripts for less genes suggests greater predictive uncertainty. This 

arises due to its lack of B.Graminis parameters for its generalised Hidden Markov Model (HMM), 

which was re-trained for the query sequence using Botrytis Cineria parameters. 

 

FgenesH also uses a HMM but with a much larger database of pre-trained models (506) including 

the B.graminis species, which provides a better reference genome and facilitates a more refined 

feature output for the fungal_23 query FASTA.  
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Figure 4: AUGUSTUS results. A. Fungal phylogenetic tree used to guide the training set 
chosen for the AUGUSTUS search. Blumeria Graminis (highlighted) is not an available 

training set on AUGUSTUS. Using the phylogenetic tree, the Botrytis Cineria species is the 

most closely related species available on Augustus (enclosed in a black box). B. The graphical 
browsable results from Augustus (adapted). Augustus has identified 4 different protein 

coding sequences with 7 transcripts from 32 exons. Three of the four genes have two transcripts 

(t1 and t2). Each gene has been annotated with exon counts per transcript and their open 

reading frame (ORF). 

 



 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

 

 

 

 

 

 

 

 

Figure 5: Graphical output results of FgenesH (adapted): ‘CD’ annotations describe exon 

predictions from FgenesH: the CDSf is the first exon of the gene sequence (with the start 

codon), CDSi is an internal exon and CDSl is the last coding exon (with the stop codon). CDSo 

is used for genes with only one coding region (CDS with start and stop codon). The coding 

sequences of 5 predicted genes have been organised into a table with their corresponding 

FgenesH graphics. Exon counts for each gene identified are included in one column, totalling 

13 protein-coding exons. The coding strand is also provided, where + refers to the forward 

strand and – the reverse strand.  

 

 

 



Task 5: Protein-based annotations 
 
Ab initio gene predictors generate conceptual translations of putative proteins within genomic 

sequences without experimental evidence (Figures 4 and 5) [5][6]. BLASTx can suggest 

experimentally characterised proteins and predicted protein annotations inferred from known and 

hypothetical proteins within its non-redundant protein sequence database (Figure 3) [2].  

 

Table 1 compares open reading frames (ORFs) between ab initio and BLASTx predicted proteins 

encoded by the fungal_23 FASTA. BLAST annotations were suggested for ab initio ORFs using 

BLASTp (see Appendix); this facilitated grouping of ab initio and BLASTx sequences. Similar ORFs 

were highlighted.  

 

Putative Gene Model 
 
FgenesH predicted 13 protein coding exons corresponding to 5 proteins which were mapped onto 

4 BLASTx protein annotations (Table 1). Multiple overlapping ORFs between FgenesH predictions 

and BLASTx alignments supported the previous conclusion that FgenesH is the more accurate ab 

initio prediction program for the query FASTA sequence.  

 

Protein 1 was hypothetical but had a strong consensus ORF between BLASTx and FgenesH, unlike 

protein(s) 2 which was excluded from further study. Proteins 3 and 4 both had robust consensus 

ORFs across software; however, whilst Protein 4 was only annotated for the B.graminis hordei f.sp, 

Protein 3 was annotated for both hordei and tritici (Table 1).  

 

Using BLASTx annotations and FgenesH genomic structure predictions, a putative gene model for 

B.graminis was hypothesised (Table 2). Given the repeat-masked BLASTn results (Figure 2B), this 

model used feature annotations from the B.graminis f.sp.tritici genome. All three features 

incorporated had highly significant E-Values (~0) and >90% sequence identity to the query FASTA 

(Figure 6).  

 

The three features incorporated in the model had been sequenced and uploaded to the BLAST 

database by a recent paper that attempted to draft the B.graminis f.sp.tritici genome [7]. Although 

Protein 3 could be inferred as glutamate decarboxylase from the hordei DH14 annotation with an 

equivalent ORF (Table 1), Protein 1 and 3 were both functionally hypothetical for this genome. On 

the other hand, Protein 4 had a robust functional annotation as a Heat Shock Protein 70 (Hsp70) 

family member. Hsp70 proteins are ubiquitous, highly conserved ATP-dependent protein folding 

chaperones (~70-kDa) which are essential for life in virtually all living organisms [8].  



BLAST annotation(s) – see Figure 3B BLASTx FgenesH  Augustus 

Protein 1: hypothetical protein 

BGT96224_2407 [Blumeria graminis f. sp. 

tritici 96224 

 

378-758 378-860 378-1446 

Protein(s) 2: Avra10-like protein [Blumeria 

hordei DH14] and Bgt-20487 [Blumeria 

graminis f. sp. tritici] 

5216-5470 

and 4874-

5080 

2223-2429  

3839-4039  

5747-5995  

Protein 3: Glutamate decarboxylase 

[Blumeria hordei DH14] or Hypothetical 

protein BGT96224_457 [Blumeria graminis 

f. sp. tritici 96224] 

7329-8456  7326-8456 7326-9050 

Protein 4: Heat shock protein Hsp88 

[Blumeria hordei DH14] or Heat shock 

protein 70 (HSP70) family protein, partial 

[Blumeria graminis f. sp. tritici 96224] 

10759-12663 

or 10759-

12591 

10613-12985 10,540-13,627 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Table to compare open reading frames of proteins predicted by ab initio software 
or retrieved by BLASTx from its non-redundant database. Since the software produced a 

different number of proteins, this table groups the proteins into four groups using BLASTx 

annotations. These annotations can be viewed in Figure 3B where a graphic of the BLASTx output 

was manually annotated: proteins 1,3 and 4 were all high score alignments whereas Protein 2 is 

a group of proteins with ambiguous alignments and annotations. Significant E-value BLASTx 

alignments from both hordei and tritici f.sp of B.graminis are provided as annotations, separated 

by ‘or’ when they both correspond to similar alignments. For each protein annotation, similar open 

reading frames between BLASTx, FgenesH and Augustus are highlighted. They are highlighted in 

yellow for Protein 1, pink for Protein 2 and green for Protein 3. Proteins with consensus, highlighted 

ORFs were used to build a putative gene model in the next step (Table 2).  

 

 

 

 

 

 



Protein (BLASTx) Coding region 

(BLASTx) 

Exons 

(FgenesH) 

Strand Inside repeat? 

Protein 1: Hypothetical 

protein BGT96224_2407 

[Blumeria graminis f. sp. tritici 

96224 

378-758 1 Forward No 

Protein 3: Hypothetical 

protein BGT96224_457 

[Blumeria graminis f. sp. tritici 

96224] 

7329-8456 3 Reverse No 

Protein 4: Heat shock protein 

70 (HSP70) family protein, 

partial [Blumeria graminis f. 

sp. tritici 96224] 

10759-12591 5 Forward No 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

Table 2: BLASTx Putative Gene Model for FASTA query sequence (Blumeria graminis f. sp. 
tritici species). Proteins 1, 3 and 4 from Table 1 were used to build a putative gene model for the 

FASTA query sequence due to their high-scoring BLASTx alignments (see Figure 3B). Protein 

annotations corresponding to the tritici f.sp of B.graminis were retrieved from BLASTx results in 

table 1 (verified for sequences with BLASTp in the appendix). FgenesH genomic structure 

information was retrieved from figure 5B for each feature. This information included open reading 

frames (ORFs), exon counts and the coding strand orientation. Each open reading frame was 

checked against RepeatMaster results to confirm that it was not in a repeat sequence.   
 

 

 

Figure 6: BLASTx scores and annotations of Table 1 proteins selected to build the putative 
gene model. Highlighting (colour) corresponds to the same highlighted protein annotation in Table 

1 and Table 2. The output has been labelled for protein annotations, organism, E-value and identity. 

The E-value scores for highlighted annotations are very low and identity scores are very high, 

validating the strength of these alignments to the FASTA query sequence. 
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Appendix 
 

Augustus Genes: 

 

Gene g1: hypothetical protein BGT96224_2407 [Blumeria graminis f. sp. tritici 96224] 
• t1:AVMQIFVKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDGRTLADY

NIQKESTLHLVLRLRGGAKKRKKKVYTTPKKIKHKRKKTKLAVLKYYKVDGDGKIERLRREC

PSTDCGAGVFMAAMQDRQYCGRCHLTYIFDDAANLKIDHVNQMDYVRMFEETTCSVSPE

LIDYL 

• t2:MQIFVKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDGRTLADYNIQ

KESTLHLVLRLRGGAKKRKKKVYTTPKKIKHKRKKTKLAVLKYYKVDGDGKIERLRRECPS

TDCGAGVFMAAMQDRQYCGRCHLTYIFDDAANLKIDHVNQMDYVRMFEETTCSVSPELID

YL 

Gene g2: Unknown sequence 

• t1:MWSRSQNITPGEVAIRWCQSYAGSLGQKAAGVLARAVYMASAPHSPLFIARARREVKA

KYEASVAL 

Gene g3: Glutamate decarboxylase (Blumeria hordei DH14) 
• t1:MESNHYASGEPQGQPDHASELEDLLHAVQALIIPFVRSADESVACKSMTGSVPVAPGA

SVRTSLVESLSPDVLRETMNFNLPLTGQGKVGLLRAIEQVLHYSVNTGDQGFMDKLYAGT

SPVHVFKVSPALSVIEKLTAKALAVQFGFDGPDSGGISTQSGSASNATSIVIARNCLYPSTK

KEGNASLKLVIFTSTDGHYSLEKAAQVCGLGSDNVCLVPSDSDGRMIPEELDRLVQIVKAE

GRTPFYVNATAGTTVLGSYDPVEAISLVCKKHHLWLHVDASWGGPVIFSRRLKYKMSGSH

LADSLAINPHKMMGVPVTCSFLLTPDLRRFHSANSIAADYLFHTESTRSEVWDLAELTIQCG

RRADSLKLALSWIYYGTEGFEQQIEYAFSVAAYMAAQIESNPHFHLVSENPPPCLQVCFYY

TGSAGPSTSKNLNEQMTSCLAERLVPRGFMVDYAPGKWGSFLRVVVNRETRIATVDSLLK

MIEEIGSTIVIK 

• t2:MESNHYASGEPQGQPDHASELEDLLHAVQALIIPFVRSADESVACKSMTGSVPVAPGA

SVRTSLVESLSPDVLRETMNFNLPLTGQGKVGLLRAIEQVLHYSVNTGDQGFMDKLYAGT

SPVGVVSELVLAILNTNVHVFKVSPALSVIEKLTAKALAVQFGFDGPDSGGISTQSGSASNA

TSIVIARNCLYPSTKKEGNASLKLVIFTSTDGHYSLEKAAQVCGLGSDNVCLVPSDSDGRMI

PEELDRLVQIVKAEGRTPFYVNATAGTTVLGSYDPVEAISLVCKKHHLWLHVDASWGGPVI

FSRRLKYKMSGSHLADSLAINPHKMMGVPVTCSFLLTPDLRRFHSANSIAADYLFHTESTR

SEVWDLAELTIQCGRRADSLKLALSWIYYGTEGFEQQIEYAFSVAAYMAAQIESNPHFHLV

SENPPPCLQVCFYYTGSAGPSTSKNLNEQMTSCLAERLVPRGFMVDYAPGKWGSFLRVV

VNRETRIATVDSLLKMIEEIGSTIVIK 

 

Gene g4: heat shock protein Hsp88 [Blumeria hordei DH14] 



• t1:MSVIGVDFGTAGTVIAVARNRGVDVITNEVSNRSTPSLVGFGPKSRYLGESAKTQEISNL

KNTVASLKRLAGRCLNDPDIQIEQNFISAPLVDINGQVGAEVTYLNRKERFTSTQLISMFLSK

IKATASAELKLPVSDLVMSVPAWFTDAQRRSLMDAAEIAGLKLLRLMNDTTAAALGYGITKL

DLPTAEENPRRVAFIDIGHSNYTCSIVEFRKGELTVKSTAYDRHFGGRDFDRALVEHLATEF

KESYKIDIKSNAKAMVRVNAAAEKLKKILSANQQAPLNIESLMDDIDVATMVTREGLEKLVE

PLLNRVHVPLEQALADAKLKVEDIDVIELVGGCTRVPALKERIQKFFNKTLSFTLNQDEAIAR

GCAFSCAILSPVFRVRDFSIHDIVNYPIEFTWEKSPDIPDEDTSLTVFNQGNLMPSTKILTFY

RKEPFNLEAKYATPEKLPGKTKPWIGNFSVKGVKADAKDDFMICKLKARLNLHGILNVDQG

YYVEEVEVEEPIPEDPEKEPEVSFELNPFHVRSSSEERAVKRVRTGQPVLTSTKAMDIEDK

PKTRKVKSQVRKGDLPISSATSGLDDSSKSASAEQEAAMIMEDKLVSDTEEKNELEAYIYE

MRNKLDDQYSEFASEEEKLKLNERLTTTEDWLYDEGEDATKATYIAKMDEIRMLAGPITQR

HFDKVEEERAAAQAISDAEAAKKRELAEAAKAAALAQEAAMSKDEVMAEADSSKNSEGLE

PELLKRTKNGGYAGDNEKQWSNFKLLGRYPVYVMILRTQKKYDLIVHSDDTIYQSYSSMS

VTEPYSSLTLDHGGESILCIPEAYPAPHTEMAAGIKSASDVTTKGDID 

• t2:MSVIGVDFGTAGTVIAVARNRGVDVITNEVSNRSTPSLVGFGPKSRYLGESAKTQEISNL

KNTVASLKRLAGRCLNDPDIQIEQNFISAPLVDINGQVGAEVTYLNRKERFTSTQLISMFLSK

IKATASAELKLPVSDLVMSVPAWFTDAQRRSLMDAAEIAGLKLLRLMNDTTAAALGYGITKL

DLPTAEENPRRVAFIDIGHSNYTCSIVEFRKGELTVKSTAYDRHFGGRDFDRALVEHLATEF

KESYKIDIKSNAKAMVRVNAAAEKLKKILSANQQAPLNIESLMDDIDVATMVTREGLEKLVE

PLLNRVHVPLEQALADAKLKVEDIDVIELVGGCTRVPALKERIQKFFNKTLSFTLNQDEAIAR

GCAFSCAILSPVFRVRDFSIHDIVNYPIEFTWEKSPDIPDEDTSLTVFNQGNLMPSTKILTFY

RKEPFNLEAKYATPEKLPGKTKPWIGNFSVKGVKADAKDDFMICKLKARLNLHGILNVDQG

YYVEEVEVEEPIPEDPEKEPEVSFELNPFHVRSSSEERAVKRVRTGQPVLTSTKAMDIEDK

PKTRKVKSQVRKGDLPISSATSGLDDSSKSASAEQEAAMIMEDKLVSDTEEKNELEAYIYE

MRNKLDDQYSEFASEEEKLKLNERLTTTEDWLYDEGEDATKATYIAKMDEIRMLAGPITQR

HFDKVEEERAAAQAISDAEAAKKRELAEAAKAAALAQEAAMSKDEVMAEADSSKNSEGLE

PELLKRTKNGGYAGDNEKQWSNFKLLGRYPVYVMILRTQKKYDLIVHSDDTIYQSYSSVSD

RRYTHDLSDVSDRALLITNS 

 

 

FgenesH Genes: 

 

Gene 1: hypothetical protein BGT96224_2407 [Blumeria graminis f. sp. tritici 96224] 
• MQIFVKTLTGKTITLEVESSDTIDNVKTKIQDKEGIPPDQQRLIFAGKQLEDGRTLADYNIQK

ESTLHLVLRLRGGAKKRKKKVYTTPKKIKHKRKKTKLAVLKYYKVDGDGKIERLRRECPST

DVSPLSVVSHILILISAVPVFSWLLCRTVNIVDDAI 

Gene 2: N/a 



• MSFAHVAFRLYIVPPESLIVEHIGLLSNPDHVF 

Gene 3: Sucrose transporter (Blumeria hordei DH14) 
• MGQLVRKSRTGYLLGLPAKTNSSPSSGAGVIAQYALHIWDSQEESHPNRSRKQPQACLHL

TTSRQCLSYHPHLSHQPSFDHASSRLNN 

Gene 4: hypothetical protein BGT96224_457 [Blumeria graminis f. sp. tritici 96224] 
• MESNHYASGEPQGQPDHASELEDLLHAVQALIIPFVRSADESVACKSMTGSVPVAPGASV

RTSLVESLSPDVLRETMNFNLPLTGQGKVGLLRAIEQVLHYSVNTGDQGFMDKLYAGTSP

VHVFKVSPALSVIEKLTAKALAVQFGFDGPDSGGISTQSGSASNATSIVIARNCLYPSTKKE

GNASLKLVIFTSTDGHYSLEKAAQVCGLGSDNVCLVPSDSDGRMIPEELDRLVQIVKAEGR

TPFYVNATAGTTVLGSYDPVEAISLVCKKHHLWLHVDASWGGPVIFSRRLKYKMSGSHLA

DSLAINPHKMMGVPVTCSFLLTPDLRRFHSANSIAADYLFHTESTRSEVWDLAELTIQCGR

RADSLKLALSWIYYGTEGFEQQIEYAFSVAAYMAAQIESNPHFHLVSENPPPCLQVCFYYT

GSAGPSTSKNLNEQMTSCLAERLVPRGFMVDYAPGKWGSFLRVVVNRETRIATVDSLLK

MIEEIGSTIVIK 

Gene 5: heat shock protein 70 (HSP70) family protein, partial [Blumeria graminis f. sp. tritici 
96224] 

• MSVIGVDFGTAGTVIAVARNRGVDVITNEVSNRSTPSLVGFGPKSRYLGESAKTQEISNLK

NTVASLKRLAGRCLNDPDIQIEQNFISAPLVDINGQVGAEVTYLNRKERFTSTQLISMFLSKI

KATASAELKLPVSDLVMSVPAWFTDAQRRSLMDAAEIAGLKLLRLMNDTTAAALGYGITKL

DLPTAEENPRRVAFIDIGHSNYTCSIVEFRKGELTVKSTAYDRHFGGRDFDRALVEHLATEF

KESYKIDIKSNAKAMVRVNAAAEKLKKILSANQQAPLNIESLMDDIDVATMVTREGLEKLVE

PLLNRVHVPLEQALADAKLKVEDIDVIELVGGCTRVPALKERIQKFFNKTLSFTLNQDEAIAR

GCAFSCAILSPVFRVRDFSIHDIVNYPIEFTWEKSPDIPDEDTSLTVFNQGNLMPSTKILTFY

RKEPFNLEAKYATPEKLPGKTKPWIGNFSVKGVKADAKDDFMICKLKARLNLHGILNVDQG

YYVEEVEVEEPIPEDPEKEPEVSFELNPFHVRSSSEERAVKRVRTGQPVLTSTKAMDIEDK

PKTRKVKSQVRKGDLPISSATSGLDDSSKSASAEQEAAMIMEDKLVSDTEEKNELEAYIYE

MRNKLDDQYSEFASEEEKLKLNERLTTTEDWLYDEGEDATKATYIAKMDEIRMLAGPITQR

HFDKVEEERAAAQAISDAEAAKKRELAEAAKAAALAQEAAMSKDEVMAEADSSKNSEGFE

ADSK 

 


