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Abstract 
Wheat, a popular crop globally, faces losses due to biotic stresses. One of the main diseases produced by 

Bipolaris sorokiniana is black point, root rot, crown rot, and spot blotch. These diseases can reduce 

wheat yields and are caused by soil- or seed-borne inoculum. This study aimed to identify and 

characterize the Cyanide Hydratase protein synthesized by Bipolaris sorokiniana, responsible for causing 

infectious diseases in wheat. Using BLAST and Clustal Omega programs, the study found over 85% 

similarity between the 11 cyanide hydratase proteins of Bipolaris sorokiniana and other organisms. The 

study suggests further analysis and validation to understand all virulence factors responsible for wheat 

disease, enabling effective control and management. 
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Introduction 

In 2020, world production of wheat is 781 million metric tons (FAOSTAT, 2022) [1]. China 

was the world's greatest producer of wheat with more than 137 million metric tonnes 

produced. With a production volume of more than 134 million metric tonnes, the European 

Union came in second. Wheat is the main cereal crop in the world. Wheat production is 

influenced by high yielding varieties, chemicals, fertilizers, mechanization, and energy inputs. 

The Consultative Group on International Agricultural Research (CGIAR) referred to wheat as 

the century's miracle crop, citing factors such as increased demand, lower prices, convenience, 

easy growth, availability of new varieties, and higher yields. 

The second largest crop after maize is wheat, and in the years 2020–21, India produced 107.6 

million tonnes, second only to China's 134.3 million tonnes (WDI, 2022) [2]. A mainstay in the 

north is wheat. State producers of wheat in India include Uttar Pradesh, Punjab, Madhya 

Pradesh, Haryana, and Rajasthan. In 2020–21, 35.50 million tonnes of wheat were produced in 

Uttar Pradesh from 9.85 million hectares of wheat land (Directorate of Economics & Statistics, 

2022) [3]. Wheat is grown in Uttar Pradesh's western, eastern, and central areas. India's primary 

food and energy source is wheat. The second-largest producer of wheat in the world is India. 

From 6.60 to 107.6 million tonnes, wheat output has increased since independence (WDI, 

2022) [2]. Despite having the greatest acreage (35.1%), Uttar Pradesh has the lowest 

productivity (2.7 tonnes/ha). As a result, it accounts for 35.03 percent of the country's total 

production. The west of the UP (3.29 million hectares), the east (5.24 million ha), and the 

centre (0.68 million ha) all cultivate wheat. New pathogenic races of wheat leaf rusts, stripe 

rust, and stem rust have been introduced into wheat growing areas worldwide(Roelfs, 1989)[4]. 

Biotic stress in agriculture refers to the impact of living organisms on a plant's body, such as 

fungi, bacteria, viruses, nematodes, insects, arachnids, and weeds. It differs from abiotic 

stresses, which include natural factors like sunlight, wind, temperature, heat, salinity, and 

drought. The types of biotic stresses depend on the climate and the species' resistance to stress. 

Researchers face challenges in controlling biotic stresses in experimental contexts, as plants 

lack an adaptive immune system. Stem rust (black rust), leaf rust (brown rust), and stripe rust 

(yellow rust), all caused by the rust pathogens Puccinia graminis f.sp. Tritici (Pgt), Puccinia 

triticina (Pt), and Puccinia striiformis f. sp. tritici (Pst), respectively, continue to endanger 

worldwide wheat production on a year-round basis (McIntosh et al., 1995; Dean et al., 

2012; Hafeez et al., 2021; Mapuranga et al., 2022) [5, 6, 7, 8]. This number includes 20 'soil 

pathogens' relating to ME12, including foot rot fungi and nematode (Damla et al. 2010) [9]. 
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B. sorokiniana (Sacc.) Shoemaker, (syn. Helminthosporium 

sativum Pammel, King & Bakke, H. sorokiniana Sace in 

Sorokin, and Drechslera sorokiniana (Sacc.) Subramanian & 

Jain, causes diseases on a number of cereals, including wheat 

(Tunali et al., 2008; Devi et al., 2018; Gultyaeva et al., 2018; 

Gupta et al., 2018; Jamil et al., 2018; Singh et al., 2019: 

Villa- Rodriguez et al., 2019; Li et al., 2020) [10, 11, 12, 13, 14, 15, 

16, 17]. C. sativus was not reported in nature, except in Zambia 

(Raemaekers, 1991) [18]. However, sexual reproduction of C. 

sativus has been rarely reported (Sultana et al., 2018) [19]. 

The genus Bipolaris has brown conidiophores, mostly simple, 

producing conidia through the apical pore. The conidia are 

brown, several-celled (Phragmospore), elliptical, straight, or 

curved, germinating by one germ tube at each end (Navathe et 

al., 2020) [20]. B. sorokiniana has olive-brown, ovate conidia, 

with tapered ends and a prominent basal scar. The conidia are 

15 to 28 X 40 to 120 um and have 3 to 10 septa (Wiese, 1987) 
[21]. 

B. sorokiniana attacks different cereals, including wheat, and 

causes common root rot, spot blotch, and black point diseases. 

Root rot is one of the most widespread diseases of wheat and 

it occurs in all areas where wheat is grown. Canada lost 

approx. B. sorokiniana attacks several host plants from 

different genera and families (Wiese) 1987: Farr et al, 1989) 
[21, 23]. The major plant hosts (listed by the genera name) that 

attacked by B. sorokiniana are. Arthraxon. Avena, Bouteloun, 

Bromus Buchloe. Calamagrostis. Calamovilfa. Cenchrus, 

Chloris, Cynodon, Dactylix, Dendrobium, Dichanthelium, 

Digitaria, Echinochloa, Elymus, Agrohordeum. Agropyron, 

Agrostis. Ammophila. Andropogon etc. (Farr et al., 1989) [23]. 

B. sorokiniana do not have host specialization (forma 

speciales). However, isolates have been found to differ in 

their aggressiveness on wheat and barley (Al-Sadi, 2016) [22]. 

Common root rot and crown rot of wheat are important 

diseases in most wheat-growing countries, including China, 

Australia, Middle East, and Europe. They are characterized by 

the development of necrotic lesions on the roots, Subcrown, 

and crown. The lesions are dark brown to black in color. The 

disease is caused by B. sorokiniana (Tunali et al., 2008; Xu et 

al., 2018 Yue et al., 2018) [10, 24, 25], which is also associated 

with other fungi including Fusarium pseudograminearum. F. 

culmorum, Microdochium nivale, Pythium spp., and 

Rhizoctonia cerealis Yield and quality of wheat could be 

reduced by common root rot and crown rot. Common root rot 

was reported to result in yield losses of 6% to 24% 

(Wildermuth et al., 1992) [26]. Yield reduction due to crown 

rot has been estimated to range from 0 to 89% in New South 

Wales, Australia (Klein et al., 1991) [27]. In Queensland 

(Australia), crown rot caused up to 26% yield loss in some 

fields, with an overall reduction b=y 5% for the whole state 

(Burgess et al., 1981) [28], while a reduction by up to 35% was 

reported in the Pacific Northwest, North America. 

In-silico experiments are computer-based experiments 

performed on computer chips, using methods like databases, 

quantitative structure-activity relationships, pharmacophores, 

homology models, machine learning, data mining, and 

network analysis tools. These simulations are used to predict 

compound reactions with proteins or pathogens, and are 

commonly used for drug candidate screening using 

computational bioinformatics tools and servers. 

Nowadays, In-silico methodologies have become a crucial 

part of the drug discovery process. This is mostly because 

they can impact the entire drug development trajectory. 

Identifying and discovering new potential drugs with a 

significant reduction to cost and time (Brogi et al., 2020) [29] 

 

Materials and Methods 

Retrieval of protein FASTA sequence of Bipolaris 

sorokiniana from NCBI 

The National Center for Biotechnology Information (NCBI) 

develops and maintains molecular and bibliographic databases 

as a part of the National Library of Medicine (NLM). Protein 

sequence of protein (Cyanide hydratase) in Bipolaris 

sorokiniana was searched through NCBI 

(http://www.ncbi.nlm.gov/) [30]. 

 

Identification and structural characterization of Cyanide 

hydratase protein in Bipolaris sorokiniana from Uni. Prot. 

KB: The European Bioinformatics Institute (EMBL-EBI), the 

Swiss Institute of Bioinformatics (SIB), and the Protein 

Information Resource (PIR) have joined forces to create Uni 

Prot. https://www.uniprot.org/[31]. More than 100 employees 

are employed by the three institutes to do a variety of duties, 

including database management, software development, and 

support.  

 

Similarity search of Cyanide hydratase protein in 

Bipolaris sorokiniana using BLAST tool 

The term "query" refers to a nucleotide or protein sequence, 

while "subject" refers to nucleotide or protein sequences 

found in a database. BLAST, which stands for Basic Local 

Alignment Search Tool, is a group of programmes used to 

create alignments between these two types of sequences. 

https://blast.ncbi.nlm.nih.gov/ [32] 

 

Phylogenetic analysis of Cyanide hydratase protein in 

Bipolaris sorokiniana 

The Clustal omega provides the tool for multiple sequence 

alignment to show the phylogenetic relationship between the 

sequences. https://www.ebi.ac.uk/Tools/msa/clustalo/ [33] 

 

Results and Discussion 

Retrieval of protein FASTA sequence of Bipolaris 

sorokiniana from NCBI. 

Total 35723 proteins were appeared in query search from 

which only pathogenic proteins were screened out for more 

specificity. The record was downloaded, and the protein 

sequence was stored in FASTA format in text file. This 

FASTA format was further used for similarity searching and 

domain analysis. 
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Fig 1: All the proteins of Bipolaris sorokiniana were searched 

 

 
 

Fig 2: The proteins were further screened to identify the pathogenic proteins. 

 
Table 1: Identification of cyanide hydratase protein from UniProtKB 

 

Entry Reviewed Entry Name Protein names Gene Names Organism 

G8DNT1 unreviewed 
G8DNT1_C

OCSA 

Alpha-aminoadipate reductase (EC 

1.2.1.31) (EC 1.2.1.95) (L-aminoadipate-

semialdehyde dehydrogenase) 

AAR 
Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

A0A8H6DWL0 unreviewed 

A0A8H6D

WL0_COCS

A 

Cyanide hydratase (CHT) (EC 4.2.1.66) 

(Cyanide-degrading nitrilase) (Formamide 

hydrolyase) 

GGP41_00395

3 

Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

A0A6J4DI67 unreviewed 
A0A6J4DI6

7_COCSA 
Translation elongation factor 1-alpha TEF1 

Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

A0A6J4DIE8 unreviewed 
A0A6J4DIE

8_COCSA 
Translation elongation factor 1-alpha TEF1 

Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

A0A6J4DIW0 unreviewed 

A0A6J4DI

W0_COCS

A 

Translation elongation factor 1-alpha TEF1 
Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

G8DNS9 unreviewed 
G8DNS9_C

OCSA 
Nonribosomal peptide synthetase 6 NPS6 

Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 

G8DNT0 unreviewed 
G8DNT0_C

OCSA 
Polyketide synthase 

PKS1 

GGP41_00867

6 

Cochliobolus sativus (Common root rot and 

spot blotch fungus) (Bipolaris sorokiniana) 
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Fig 3: Identification and structural characterization of Cyanide hydratase protein from UniProtKB 

 

 
 

Fig 4: Taxonomic classification expression and Interaction of cyanide hydratase protein 

 

FASTA sequence of Cyanide hydratase protein Bipolaris 

sorokiniana through UniProt 

The FASTA sequence or accession no of cyanide hydratase 

protein was entered in search box of blastp and click on run 

BLAST. The sequences that produced significant alignment 

were appeared. 

 >tr|A0A8H6DWL0|A0A8H6DWL0_COCSA Cyanide 

hydratase OS-Cochliobolus sativus OX=45130 

GN=GGP41_003953 PE=2 SV=1 

MPLTKYKAAAVTSEPCWFDLEAGVQKTINFINEAGQA

GCK 

LVAFPEVWIPGYPYWMWKVNYQQSLPLLKKYRENSLP

IDSEEFRRIRRAARDNQIYVSLGFSEIDHATLYLTQTLID

PMGEVINHRRKIKPTHVEKLVYGDGAGDTFKSVTQTE

LGRLGQLNCWENMNPFLKALNVSEGEQIHIAAWPVYP

GKETLKYPDPATNVSDPASDLVTPAYAIETGTWTLAPF

QRLSVEGLKKN 

TPEGVEPETDPTTYNGHARIYKPDGTLVSKPDPDFDGL

LFVDVDLNECHLTKALADFSGHYMRPDLIRLLVDTRR

KELITEADPQGGISTYSTRDRLGLNTPLDGGVKKQKVV

AAEAESTNSSAL 
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Fig 5: BLAST result page of Cyanide hydratase protein 

 

Similarity search of Cyanide hydratase protein 

 
Table 2: BLAST search of all Cyanide hydratase proteins in different organisms 

 

Description Scientific Name 
Max 

score 

Total 

score 

Query 

cover 

E 

value 

Percent 

Identity 

Amino 

acid length 
Accession no. 

hypothetical protein GGP41_003953 Bipolaris sorokiniana 723 723 100% 0 100 365 KAF5851146.I 

hypothetical protein COCCADRAFf_7345 

[Bipolaris zeicola 26-R- 13] 

Bipolaris 

zeicola 26-R- 13 
709 709 100% 0 97.81 366 XP_0077 15048.1 

hypothetical protein COCMIDRAFf _37591 

[Bipolaris oryzae ATCC 44560] 

Bipolaris oryzae ATCC 

44560 
703 703 100% 0 96.72 366 XP_007688885. 1 

hypothetical protein COCC4DRAFf _29076 

[ Bipolaris maydis ATCC 48331] 

Bipolaris maydis ATCC 

48331 
692 692 96% 0 98.31 366 XP_014072527.1 

uncharacterized protein SETTUl)RAFf _ 16 5747 

[ Exserohilum turcicum Et28A] 

Exserohilum turcicum 

Et28A 
682 682 100% 0 92.88 365 XP_008030580.1 

cyanide hydratase [Stemphylium lycopersici] Stemphylium lycopersici 680 680 100% 0 91.23 365 KNG51232.1 

hypothetical protein B5807 00072 Epicoccum nigrum 667 667 97% 0 92.44 375 OSS54602.l 

hypothetical protein G6514_001829 [Epicoccum 

nigrum] 
Epicoccum nigrum 666 666 97% 0 92.44 375 KAG9197345.l 

hypothetical protein E8El2_011015 [Didymella 

heteroderae] 
Didymella heteroderae 664 664 98% 0 91.09 368 KAF3044472. L 

Cyanide hydratase [Macroventuria anomochaeta] 
Macroventuria 

anomochaeta 
663 663 100% 0 89.92 368 XP_033555310.1 

uncharacterized protein EK005_004924 

[Ascochy ta rabiei] 
Ascochyta rabiei 662 662 96% 0 92.88 367 XP_038799119. 1 

 

Result of Similarity search using BLAST tool 

The BLAST results showed the scores between every query 

and subject, gaps and identities which are the basis of 

similarity search in BLAST tool. 
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Fig 6: The alignment result of Cyanide hydratase protein of Bipolaris sorokiniana with proteins of other organisms 

 

Multiple Sequence Alignment using Clustal Omega 

Multiple sequence alignment was done using Clustal omega 

by matching the FASTA sequence of cyanide hydratase 

protein with multiple sequences to show phylogenetic 

similarity among the sequences. 

 

 
 

Fig 7: Multiple sequence alignment of Cyanide hydratase protein in Bipolaris sorokiniana using clustal omega 

 

Phylogenetic analysis of Cyanide hydratase protein in 

Bipolaris sorokiniana using Clustal W 

The phylogenetic tree was obtained by using Clustal omega 

tool in which the sequences of Cyanide hydratase protein of 

different organisms was uploaded in FASTA format and then 

submitted to search the multiple sequence alignment. After 

that the result page shows the various options, among them 

the option of phylogenetic tree was chosen to obtain the 

cladogram. The phylogenetic tree showing the similarity 

between multiple sequences of similar Cyanide hydratase 

https://www.thepharmajournal.com/


 
 

~ 287 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
proteins among different organisms. The branches shown in 

this tree is showing the phylogenetic similarity between the 

sequences. The short branch length is showing high 

phylogenetic similarity whereas longer branch length is 

showing less similarity. 

 

 
 

Fig 8: Phylogenetic tree of Cyanide hydratase protein in Bipolaris 

sorokiniana 

 

Conclusion 

Bipolaris sorokiniana is a serious pathogen that can cause 

significant yield losses and attack most wheat organs. 

Management strategies should focus on limiting the presence 

of the fungus in aerial parts of plants and the B. sorokiniana 

inoculum present in soil. The search for biocontrol agents 

should include antagonistic strains that complement cultural 

and chemical practices. A study using computational pipelines 

and analytical software screened 24 pathogenic proteins in B. 

sorokiniana, revealing that they contain only alpha helixes in 

folded manner and convert cyanide into formamide, a 

virulence factor. The BLAST program showed over 85% 

similarity between 11 cyanide hydratase proteins of B. 

sorokiniana and other organisms. The study should be further 

analyzed and validated to understand all virulence factors 

responsible for wheat disease, enabling effective control and 

management. 
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Annexure 

 
Table 1: FASTA sequence of 24 pathogenic proteins related of Bipolaris sorokiniana 

 

S. 

No. 

Accesion 

No. 
Protein name 

Amino acid 

length 
FASTA Sequence 

1. 
QIS9292

9.1 

CcqM [Bipolaris 

sorokiniana] 
901 

MGKLHCAIAALVLGAPVAISTSVHARLPTHAIVQRAVNDTPVASGILPGSYIVEFANDS

ETPESFYASLAAIGVQVEPRKDLSFRFFNGVSFQLKNLTSSPSSDSRDGDLMHQLKGLP

QVENIWPIRITAHSREKSVAVPAQPQRVKRQAESQDTFSTHVMTQVDKLHAEGVTGK

GFLIAIVDSGVDYTHPALGGCFGPGCLVEVGYDFTGDNYTPGTNEPKPDDDPMDDCV

GHGTHVAGTIAAQLKGNTYGFTGSAPGVRLGAYRMWGCTATSIDEIEVLAFARAVED

GANIISYSNGDASGWAQDVRAVIISRIVDSGIPVVVSAGNSGGLGIFYGSTPATGFSATG

TGAVSNTKFPTFLERGSYKTSANATANSTREFGFLRGVPEFAAGATLPLWSAANADDA

CKPLPDDTPDLSQRIVLLEFKDPRATQCYPQDQGANIAAKGGRFMAYYERTNLTMRD

DPYLYADGIEGVIRVPSYAAEDWLSLISQGATVSVTIPSNGSQTHLEELENNEDGGYVS

DTLTSWGPTWELSMNPEVVAPGENILSTFPTAMGSYRVMTGTSMSAPLVAGVYALLG

EVYGKLEPKRLRRLLMHTSKPLAWYHDKTIDPDILAPVPQQGAGLVQAWSAARTTLEI

NIDSITLNDTEHFVGTHTFSVINTGTADEVLELSHRKAVTISTIDPKNFLFSPGLISNSIVN

AWATVSFSSNRITVPAGQSVNVTVDITPPGGVNATLLPVYSGFIAIGKQLNLPYLGVVG

SMRSVTVLSSRAAYLAQGYGEAPANASYTIPRPDPQNPPWTDRGDIYNMPNVYMYPS

VGSRLLRVDVLQGNKTLGPLAGFPLTYIPRGEVRAYFNGLMADGRVLEEGTYRMRVM

ALHIFGNEDNEGDWDTVETSSFTFKYTA 

2. 
QIS9292

9.1 

CcqM [Bipolaris 

sorokiniana] 
161 

MGKLHCAIAALVLGAPVAISTSVHARLPTHAIVQRAVNDTPVASGILPGSYIVEFANDS

ETPESFYASLAAIGVQVEPRKDLSFRFFNGVSFQLKNLTSSPSSDSRDGDLMHQLKGLP

QVENIWPIRITAHSREKSVAVPAQPQRVKRQAESQDTFSTHVMTQVDKLHAEGVTGK

GFLIAIVDSGVDYTHPALGGCFGPGCLVEVGYDFTGDNYTPGTNEPKPDDDPMDDCV

GHGTHVAGTIAAQLKGNTYGFTGSAPGVRLGAYRMWGCTATSIDEIEVLAFARAVED

GANIISYSNGDASGWAQDVRAVIISRIVDSGIPVVVSAGNSGGLGIFYGSTPATGFSATG

TGAVSNTKFPTFLERGSYKTSANATANSTREFGFLRGVPEFAAGATLPLWSAANADDA

CKPLPDDTPDLSQRIVLLEFKDPRATQCYPQDQGANIAAKGGRFMAYYERTNLTMRD

DPYLYADGIEGVIRVPSYAAEDWLSLISQGATVSVTIPSNGSQTHLEELENNEDGGYVS

DTLTSWGPTWELSMNPEVVAPGENILSTFPTAMGSYRVMTGTSMSAPLVAGVYALLG

EVYGKLEPKRLRRLLMHTSKPLAWYHDKTIDPDILAPVPQQGAGLVQAWSAARTTLEI

NIDSITLNDTEHFVGTHTFSVINTGTADEVLELSHRKAVTISTIDPKNFLFSPGLISNSIVN

AWATVSFSSNRITVPAGQSVNVTVDITPPGGVNATLLPVYSGFIAIGKQLNLPYLGVVG

SMRSVTVLSSRAAYLAQGYGEAPANASYTIPRPDPQNPPWTDRGDIYNMPNVYMYPS

VGSRLLRVDVLQGNKTLGPLAGFPLTYIPRGEVRAYFNGLMADGRVLEEGTYRMRVM

ALHIFGNEDNEGDWDTVETSSFTFKYTA 

3. 
QIS9292

7.1 

Ccqk [Bipolaris 

sorokiniana] 
732 

MLELYGFEYDLLEKHPDVAPKLGAGVGITPNGARILDQIGVWDSMCEYASPVNSGVA

LSPKGQTVIFNPHMGEWLEKLFGYKIHFLSRHDCLRILFDKIKQKSNIHLQKEVTRISVG

QPGERARVETKDGSIYTADLVIGADGVRSGVRSELWRHADTEKPGYIPKQDKTGIVSL

YTAVIGISHDPGLPRGGNARAYNHLRSYFFSEGMERSGEFYWWLCVKNEEPIKGIVPK

LSSDTKQALLDKYADDNIGHGLTLGGLYKKSTYSTIIPLQEFVLEKCFYKNILLIGDAFR

KLHPVAGQGANSAVEESAMVADMLWKLRANDALHDTLRVNQALTEFQKERFVRTTA

LREDANLVQRMESFDNPVMKFMALHVIPRLPFVVAFLPQLAVSFTPARCMEHLPPPKA

GMCPFSPDMQAKPNPRSPLATISWIGFLILAACFPLSAHRLLPASSSSLLEFSQVFQLYIC

MMAVSISGLWVVESYKASLLVSPMSSSLPWILASNYWGWEKTLPVYLCFHVISSQHA

VHYYTPQFMTDLGAAKALLPCLAMVYSIPSILTALGSTDKSLFDWWPVAQYTFPVLVY

VSSRILRGIKAVPQGVEVVFSSIDVPYQRRFFTAIAVVSSVVHVILIWGHGAALFNEGIIS

https://www.thepharmajournal.com/


 
 

~ 289 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
LLSSPLARAIASLTSLTVAWCMYMTWELQRISATEVPLAMTWAVILMKTVLLGPAASL

AGITCWSKIELEKATSVQPLVQEIKEKSYA 

4. 
QIS9292

6.1 

CcqJ [Bipolaris 

sorokiniana] 
246 

MPSWAITGASRGIGSADVGNQVFALIRRQPSAELSKLDSERENLHIIKADVTDAQSLSE

AAAKVGELTENKLDVFISNACHPGLDLRFYPTSAFLGKEKELKNEIDAPMSVNLIGAIS

SINCFLPLIRNGELKKIIYITSPTGDAEFTRKCGVTVTIGYTATKAAMNLVMSKYAAELK

GEGIKTLALSPGWVDTDGSTQFPAHLSIDDSVNANHKPHAMYSSGYGPDARGLRNGA

TDVSEGEPGSH 

5. 
QIS9292

8.1 

CcqL [Bipolaris 

sorokiniana] 
440 

MFFLALLRISDAAQFKSDTSWIVVNPACFYFPDRDSTRFTNTWKCDQQAKYPYKEFHQ

IWHYAEMLAKSFYTTIMADLGQTTLNVLDNGDLLQYFTANLADFNKLFSDPRFETILR

DVAKKPYTAASASQWDLEITPSVYPPHIFVRSLDLRALAALYFKF 

6. 
QIS9292

4.1 

CcqH [Bipolaris 

sorokiniana] 
1109 

MATETRSQDGCWSCRLRKKKCDERRPICTECMCLGLDCHGFGTRPAWMDRGARQKA

QAAKMKEKLAQLTKSRRHKQVRTQNDWVAKQPPNSHTERSTIRIDAPDASSGMLMD

HEPSSPTQTFGDTSQDEFARSRLAEALEEEDQNTIVSDALASSDDSGSQRIFDDMTFLSG

YPVTLAPSRNANFQTSLEGMDFLSEQNFDLPELESILTGSLHMAQGTAGLGVADDLCE

AYLSPPESQISTAYPSYGTSAFILPIGDMEDATLLAYCIEKVFNWQFPFCSTLLSGFSQGY

FLWLMSKSRPLYLASLALSSSHKSRQKAVEESCSKLRYEDHAGRYNVATEEFHRNLRT

PKVADDISMLACTVLLISSSLLQGGKVDWTSHLRTGTSLIAPWIAQAQHDTNSASPKSL

EESSRDFFIISIIRVDILSAINQDSAPGLSHNYKEWFTSTRQQFSLEAVCGCSNWIFEVLLD

VYLLRDWKKKTRAEGLLSLWELTSKANTIQVDLEKKMTSNMILLRKSKENVEQQQQQ

DKDRPLQSGAQGQYDICVVNHTFACAVSVLLEVIVSGAYPRLPEVKQKAGRALDALA

DIKDDARLLEVLGWPLFVVGCVVEEERHGFFRQLLSCQLRNSVTLCGLLDVLEECWKS

RASGELGYTWCRNCCKSNRVCERGIRLNFIDIQTSTPHTGLIDLPPGTQLKFHDESRAIA

SGYAVGPQKDKNIETSHTEPTLQTGLPQTGLPKYGAIPPMEMTSCAEQAALVPAQCSSL

PSLRVITNHDEGLLMEIFLSKVAPWMDCLVASKPFTNITPFYALSQPALYSMVMACGE

RYLMPTEESLYYEKACQGLELEIAKPNADYLLCVTISALLHAYETMSDGANKNKGDSD

RTRALIGEAGLSGGNSSLFGACFWAYKLNSVLDSLVRNSRLTCDAERMDMALNAVQS

TGTNNGILYCEEDLWAYRMVSVCAKVAALHTEVAQGIYGDSMDRLRQDREQYKGW

CDEWASNVPRSMMPLCYIPPPDEDSKSETTTHFPQVLFVGSSATVARLLYHVSCLLLVR

IGVAERSAEAQEAQCRQIRHAMDICGIASQGEDKYGTLFLDEKAYELFFSLFFCFSWIET

R 

7. 
QIS9292

3.1 

CcqG [Bipolaris 

sorokiniana] 
306 

MAPKVDTNNHDLVRGVWRLFRLHTIEGLSTVSIGWLALFFYAMQQDLPFALVRRAFL

GIFATYQITHCVFCLWNDICDRDFDAKVARTRDRPLPSGQVTLTEAVIVFIIGLAAAVA

LTYKILGSDVTAIMVPIWGLSTIYPLCKRVIWAPQVVLGLTMAMCVLPPWMAVRPHSG

DAGLLPASLFGAIFCWLVYIDLIYASQDRPDDKKAGVKSLAIFLGDYLKAGLTVLGVA

QIVCFVVAAAEAQAGVFVWIFGIAVWSASVPWSIISLDLRDRKSGGRIFLMNAILGIYM

AAVSGINVASPAIWS 

8. 
QIS9292

2.1 

CcqF [Bipolaris 

sorokiniana] 
1944 

MDIAAQHVFLFGDQADAPLPMIRRVAEKARHSKNLQSFLQSAIDNVQLEVSRLTPAER

DTIGPFHSLQGLTNALKEKSDRHGIAQMVSVFIARIGELILHAENDPALLDSSTPLLSLGI

CGGLLPAAAVAVATNIHELIEVASYLARVNCRVAVAISRRSLGIESGTGSWAFSVLGKD

IVAQLPDILKQFHREQSIPRHRRAWIAVSTPTWATVFGPPSVLRRLRETSAPLRKSDTSE

LPAFGAVHAAHLAAPEFDDLVDESPLLTRPLKTGYRLLSGSRYAPYDASTLKDLLPQI

MLDIFQNETDPSRVFEVAGSYLRKGASPSLYMLGATSYLVLLRRSLHTQGFKVDLKTN

PPSLQTAELRGGSGSVAVVGMSGQFPGAASVDEMWDVLMRREELHRKIPTERFNADD

YLDETGRGLNAITTAYGCFLGSPGLFDHKMFNVSPREAMQMDPGQRLLMHGVYTALE

DAGLVTGGTASADNRRISTYIGDGSDDWRELQQQHGVDKYILQGTQRSFTPGRLNHHF

KWEGATFLVDSACGSTASAVGLAYRALINRDCDTAVAGGANIIATPFWQSALSKGGFL

STTGGCKTFRSDADGYCRGEGVGVVVLKRLEDALAENDNIISVIRGYARNHSADTVSI

TRPHVPAQERAYQAVLHSSGLEPDDISYVEMHGTGTTAGDSAELESIVNVLAQKSTRA

TPLVVGAIKANLGHSEAASGISSLIKASFMFRKGVVPPQVGIPEKMGVFDCLDRGSVLIP

GEPVSFTRQSVGKTRTMIVNNFDAAFLTENNQTNLADLSYTTTARRMHHSLRSAYTGD

SIQEIINGLNRDLGTNNRGDDKTGEPRLAFAFTGNGAHYAGMGADLFKLWQPFRKTIT

SLEKSCMSHGFPRFAHVISDPATAMENISTAQVHLSMIALEIALVDVWKLLGISPDLVM

GHSIGEYAALYAAGVLSSTDAMYLVGTRAMLLQDNLEEGAHGMLSISGTQQNIANIVS

DESVMVDCEIACHNSPGMVVLGGPRQRLAEIEEQLLSASKCKCKLLNVPYAMHSSQL

DSILPGIREAARGVCFGTPKIKVISTLTGTEQQHFDGNYLARQTREAVKFTQAISHCVSQ

GLVDSTTLWLEIGPAPVCLGLVRSNTSVASHRAMTSMTKEEGGWKSVSSALACLYVA

GKTVGWREYHSDFIDSLSLISLPSYSFDTRNFWMPFTAGSKHEDVQLISSCLHHLVKQE

DDGKEQSATFTAMVSQPSLLRMIQGHKLSGITVCPAGVFAEMALTAARYVHTGGSMK

TQFPLFSVLDLQIDHPIKPQPDSQPVIQVNVSKPRQSGDFAVSIMDQAKPSLITSKCCVR

ERDEQDFDMTRQQRLGVMLPKISKLMQDAAVGLANRFQGKLFYRLFANLMDYAGQY

EGVQEAIVNNDFTEALATIRLPKGQDASESCTLSPYWIDALTHLAGFLLNGNPMSSGDD

VYIGTHMERMEIVAKDFSPDIVYQSYAYIEHTEGSDDYRGHVYILNGDGIVGFLEGARF

RKMPRTMLHRILGKVEPAATTTSSRSITAEPPVNGTSGNNGTNGINGHHKTIESVLVER

LMEETGMDESELQPSTFFAEIGVDSLMCLSILADIKAETGVELNASFLLEYPTLGDAQR

QLRTMEGKRKRERADSATANGTGAVVLNGQNGLSTTKRECNVVLMQAQGHTSSSPP

LFLMADGAGSAAAYMHLPKLLDVVDGVYAVESPWVRDPAEFTCSFEEAAALYLAAV

RSKQPRGPYLLGGWSGGGVFAYEVARRLLNAGERVLGLVVIDIPAPSLQLPSSGVVAE

PTMEIIDMIGMLSGIERNFANKAESPEAARLKHHMLGTVTCFSRLVPIPMQPHVRPEHT

FVIWATKDVLPKAAFDELPPGLDAWFYPKPRDMGPNGWDALIGDAVEYCQVQGDHF

SIMTAPEVLELGQVIQASLEKCKV 
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9. 
QIS9292

1.1 

CcqE [Bipolaris 

sorokiniana] 
3173 

MAIKRSGSSPSPIAIVGIGLRLPGGCHDTKSYWDLLVNQKDARRSIPPERFNIDGFHGKA

QGASNLSMRHGYFLDEPVDRFDAAFFSMSQAEVARVDPQQRLLLEVMHEALENAGE

VNWRGSDIAVYAGSFGQDWLQMQARDMQEGNVYDITGMDDFVFANRVSYEFDLHG

PSMTVKAGCSSSLIALHLACEALNQGDCSGALVGASNLLLSPEYFLALDNLGALSPDGS

SRAFDANANGYARADAVNAIYVKRLDDALRDGNPVRAIIRSTAVNADGKTVGLTNPS

TDAQASLIRRAYEKAGISNPEATPMVECHGTGTATGDPLEVAAVVQTFGHQQQTYIGS

VKPNIGHGEGAAGLSSLIKSVLSLERHTIPPNIKFQTPNPKIPFTEANLVVPTKAVPWPQ

GRDPRISIDSFGLGGANAHVIIEADPSARRPNGVAHINGNTGPVSSQRLLVFSAHTETSL

KTMLGKYEAFIKSESFQLTDLAYTLGARRHHHKFRSFCVTDGSPLQPAATVRRPENSR

LLFIFTGQGAQWSGMGRELIGDFPSFRKDIQQMDKCLAECQFPPPWRMEDKISNAEDV

NAAEYAQPLCTAIQIALVNLLRSWNVHADGVVGHSSGEIAAAYTAGALTMEDAILVA

FYRGVTSSQQTKPAMAAVGLGRDEVNGLLTSGATIACENSRSSVTISGDLSAIEKTLDR

VRQYRAEVLARKLKVDKAYHSGKYPSAVWSKLISTIKSPHDDSLPIPFFSSVTGKETRD

ASLLGANYWKSNMENPVLFLSAVESALESTQDFGMALELGPHSALSGPFRQICKDRNK

IVTYDSCLTRASDSTKSLLSAVGRLFCQGVKVDFAAMNPGATTMSSLPPYPWTHDTSY

WHESRISREIRTRAHPEHELLGARVIGGNDLEPTWRKMLSLKEVPWLSDHVVAGDVVF

PAAGYITMATEAMRQLSSYPGSFTIRALSIGSAMPLNNGKPTEIMTRLQPLRLTDNQDS

AWFDFSVMSYDGTRWSRHCSGEIRIAHALDSSAAGLNLSAPECKREVATAKWYQAAK

SVGLEYGPSFQGLQDVFYDLSRGCTSATLQSTEQYYGLFHPTTIDQLLQCCILGSVKGH

ERLLNRTALPVYIEEMSIGAGDYLNNLHCDAYTLFSGHDTLSAHGHIGVRGGVLALKA

KGIQFRLLDMHTSTAEDPLKELHLLEWRPDIDLTSLDQIVRQDHDLSSCLELVERLNILC

VLESTRILKHLDSSHHHFQRFKAWNEEYIDKLQRNGSRVVKDVNQILEMKPEKRAGAI

TALTEEAILTPARDIALAIVRIFNDVEGIFTGAVEPLAVLLKDNLLMEIYNFFNMLEYRD

FFRLLGHKNRGTLRVVEIGAGTGGFTSTILPALMDSTGDCLFSTYTYTDISSGFFKAAKE

RFGEYSGIEYTVLDISKDPASQGLELGSYDLVVAANVLHATPDLVQTMKNCRSLLRTG

GRLFMLELCSEAKWVNYIMGTLPGWWLGEADGRPNEPYIQGEQWKVILQRAGFRSTT

AIMDQKPYQLDNIIVASADDDVATPSKALNLLVRDSNQPSAIANTFLLEFRQAGYDVTL

CSLREQPISPVDTVSLLDIDGPRSFFEDLDEKGLRGIIRFITNNRGQQMLWLTGPAQVST

ENPHHAMVLGLARTLRLELGSHFATIELDIDAGPALFGTVVKVFDQIQRQSKVDVADC

EFALVNGTVQVPRFLTRTADQVVPIPDDQVFRKLHMGKPGILASLQWQEGLRDSSLGE

GEVEINVRSSAVTHQDVLFASGAVHGKQDLGFECAGIVSRTSTSGTDLQVGDRVLCWS

SGSLATHARVNSTCCIKLPDSLSFNDAVTMPTAYASMIRGLLDNSSLAAGETVLIHSAS

SPMGLAGIQIARMQGAEIFVTAKTEAEKEFLVNEQDIQTSHVFSSLDNSFVAGIMQATN

ARGVDVVVNLLSGDLLHESWKCVAAGGNMIELSGRDITGHGKLDMTIFGGNRGFYGI

NIPALITQKPSLAPRLLKATMDLYTGGSIKPISPIKGCTPSNIKQAFQQLHADSDQIGSVV

LEFPDDPQSLIVAESCSDEIQFRKDRSYVLIGGLGGLGRSAAVWLAERGAGCIIFLSRSA

SAGAESRSLVQELNVLGCETQIATGSVTDATAVDRLVANAAKPIAGVLHLALVLKDEA

LLDMAFDSWRAATEAKVQGTWNLHRALEGQPLEFFVLASSIYGIQGNPNQANYAAAS

TFLDAFVQFRQKLGLPASVIDLGVMADVGYVSERPAILESLKRAGAQLLCENDFLRSL

QLGIRASSAPAPLLPTDLISGYVNRAQFVVGIGQHPPDARGLGLKRAKDSHQGLGKRA

TTQDSTGEGSGDKLRQFLEGAKRDPSSLNDEMGATQFLAAQVWTENKMGQQKASWE

ASTNGKVSLDTTEDQKTDYSKWRLNDEQGRQSWRYLESDEEAAKWPQTTAEKHFLG

AECLKGLLIFGDNSSLDLGLGLADLGVDSLVAIELQSWWIQSFATHITILELTKSASIVA

LAVSERSTMFLDIMSVADDPYNLQDLPDVPKAQTPLQAAQGAVSYFSQLQMPSGQWA

SECTGPHFILPCVILAGYVTGTHLPAGYAVEIRRYLLASQRVADGGWGWHAEAHSSSA

IATALNYVVLRLLGANRDDPRLVKARELLHTFGGATHVPGIGKFWLCVLGVMKWEC

VNPFLPELWLSSDSDPAAPSKWYLHTRTNFTSMSYVWSKQWSYDGDAVTEQLKDELY

TQPYDTIDFAGHRSSLAAVDNNYPKWWLVNLMNWVTVTVYLPYLRKPTTAYSGERK

VWDLIMAEDKNTEYIGLSPISKAGNLIASYIEEGPQGSSVRAHRRTMTQYFWMTKDGM

ACNLSDGIQVWDTSLAVQALCAAGAGADPKFHSTLVRAHAFLEDHQLLDDVPDQDK

CYRWPRKGGWPFSTRYQGYMISECTGEGLRSVMQLQEMSHLDLAQPIPEQRLHDAVD

CLLNLQNDTGGFGVYEKRTGSPKLAWLEMGEFVGKTMVTYDFVECTAAVSALLSFSK

LYPDYRAADIEATTVQGLSFIKKSQRPDGGWHGAWGVSFTYAGMFALETLALAGETY

TTSEASRRGCDFLVNKQKADGGWGEYLSLQREEYVQHQESQVVQTAWVCMALMHA

GYPEMEPVKRGLKLIMTRQQSKGQWYQEALEGGVGDG 

10. 
QIS9292

0.1 

CcqD [Bipolaris 

sorokiniana] 
359 

MVFESTPEANDTACVPLDGIEITKWDTGELITRTAANPVGKQNAVHHGDMQLALLAR

AQELSNVEIRLGARVVDVDIEATVAFLSDGQRVAGDLIIAADGVKSTLKAKVCPPEAV

VPLPTGEAAYRFTLSRDLLESDPRLQELVQRSWATRWDGPSRHVVAYPVQNHRLLNV

VLIHPDNGDAEESWTSVTDKQNVLTDYQGWDPTLLKLVALAPPEVPNFRMFIYPPAPV

WVKGSTILLGDACHAMLPYLGQGVAQAVEDATAIATVLSLIENRQQLPLALRAYESSR

KERVDQIQAATYRAREQLHLRDGDAQAARDLERKAASNTGQNSDVVKMQHSYWTW

DAAGVAEKTLAALIVA 

 

11. 
QIS9291

9.1 

CcqC [Bipolaris 

sorokiniana] 
755 

MGDFEKSHDFKVVIVGGSVAGLVLAHSLHKAGIDYIVLEGRDHIDPQVGASIGLFSNGS

RILDQLGVFKSILECTEPLKWYDMLTGQGDLVRCDDSLQLIEARTGYPVTFLERRQVL

QKLHQLAPEQSKILTSKKVISVRTLPDGVEVHCGDGSIFTGDIVAGADGVHSQIRREMW

RHAKSDGALKHLKNDEKAMFADYRCLYGMSSPVPGLRETSIYRSFNKNWSFLVVVGK

DERCFWFVFEKLSRTYRLPNLPRYTESDQAEFVKPFMKRHVSQGVTFDALWHRKTAA

TLAALEEAQYQHWTYGRFVCLGDSIHKMTPNIGQGGNWAIESAAALTNKLYAMMRT

TQRPSFVEVCDTLSDYEQSRQVRTKEVCTMAGFATRLEAFDKFWHKLMALYVVPRAG
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DMLVDVHCQSVAGAHMLDFLPPPELSLRQDTIFQAVEFDRRGLHVAWRVLGATPLLA

FCFAARHTLEPTGSVLVANQDAKAVQVAMLSHMGDFFPLQVIALIESARRGNSMGIAA

LWPLFVLAGYWGSTAYAFPVYFFLQYILSPPSRYAAADNRLVPTHYARSAVAATVMG

YFLLVAYGAASQQKYAVYAHWYLLPTFMAVLHPLFASFLTNTTFTDRVQNPRADMK

YLLVSYTMSGIFTAITHVYSWALSPWGLTNILSILTRLRQGTLLLEEIGPEKSIQRHHVL

MLGSGLFWTLLHLWDLKSTGRLKAGWLKVVGALVSMLVMFGPGTALVLGWAWRE

AVLARKTAPH 

 

12. 
QIS9291

8.1 

CcqB [Bipolaris 

sorokiniana] 
198 

MSKIALITGSTRTPRVGTDVAGWVHEVIKSRPEDKLEVEPLSIADFNLPIFDEPVMPAM

VPAMKQFTKDHSKKWSEAIASFQGYIFVIPEYNGSMSGATKNAIDYLYNEWPGKPVA

VISYGSHGGERANKHLSESLELVMKMKVAPTKVQLAFAPGTDVFAAINDGVLGEDTK

KAWTEAGAKDQILKAFGEVKEILVQ 

13. 
QIS9291

7.1 

CcqA [Bipolaris 

sorokiniana] 
520 

MLDISLIKSLQHPGARLAINFILTIAAITLIRRIGSRCLAKYRLRALPLVNGYGLFESDKRS

KENFFFNA 

QSLLNAGYAKSPRAFRVQTDNSQVVVLAPECVSEIRNDNRFNFTQLLADDFLGHIPAFT

NFSPHNGLNDM 

AKEVLTKKLNPSLGLVTKDVSTEATLAFRNHWTDDTEWHSINMKGTILEIVAQLSSRV

FLGPELCRNPAW 

LRITVDYTTNLFFGVEALKKWHSFLRPIVWRFVPEVRKVRQQIEEAIRLIQPVVDKRTA

ESGSSAASLNK 

VKYTDAVQWANELAGGRPYHPALLQLGFSLAAIHTTTDQLCQTLYDLCAYPEYIEPLR

KELVTVLKESGM 

TKAGLYKLKLMDSFMKESQRLKPGASLLMRRLVMEDVTLSNGVFLPRGIQIGFPLRSH

FDPKAYPEPDVF 

DGYRFVKMAGDPEKEMLRHFVSTSPEHLAFGFGKHSCPGRFFAAIEVKIALCHILLKYD

FKLAEGTTPTV 

MKMGWALIADPMAQFIIKRRESIDESILIT 

14. 
KAF584

7262.1 

hypothetical 

protein 

GGP41_003539 

[Bipolaris 

sorokiniana] 

261 

MPVELRKRKAAAPAPAPPAKKKAPAKAKKADGEKTVVEKVQDAVVEKAEAVKKAV

VSKTNGASTAKSSAPKVGDTIDLASFGGEIETNDGTKTSLAKLVEESKAGVVLFTYPKA

STPGCTTQVCLFRDSYTPLTATGLSIYGLSSDSPKANTTFKTKQKLPYSLLCDPAQTLIS

AIGFKKAPRGTTRGVFVVDKQGKVLAAEPGGPAATVEVVKKLVGDAEKVPAKEEVE

AKEKEEDKKVAETADEVADSAAKVDAPAA 

15. 
BCG062

53.1 

Translation 

elongation factor 

1-alpha, partial 

[Bipolaris 

sorokiniana] 

 

8 
EAAELGKG 

 

16. 
BCG062

52.1 

Translation 

elongation factor 

1-alpha, partial 

[Bipolaris 

sorokiniana] 

10 
FEKEAAELGK 

 

17. 
BCG062

51.1 

translation 

elongation factor 

1-alpha, partial 

[Bipolaris 

sorokiniana] 

10 
EKEAAELGKG 

 

18. 
BCG062

50.1 

translation 

elongation factor 

1-alpha, partial 

[Bipolaris 

sorokiniana] 

10 
EKEAAELGKG 

 

19. 
XP_0077

02024.1 

uncharacterized 

protein 

COCSADRAFT_1

21709 [Bipolaris 

sorokiniana 

ND90Pr] 

261 

MPVELRKRKAAAPAPAPPAKKKAPAKAKKADGEKTVVEKVQDAVVEKAEAVKKAV

VSKTNGASTAKSSGAPKVGDTIDLASFGGEIETNDGTKTSLAKLVEESKAGVVLFTYPK

ASTPGCTTQVCLFRDSYTPLTATGLSIYGLSSDSPKANTTFKTKQKLPYSLLCDPAQTLI

SAIGFKKAPRGTTRGVFVVDKQGKVLAAEPGGPAATVEVVKKLVGDAEKVPAKEEVE

AKEKEEDKKVAETADEVADSAAKVDAPAAA 

20. 
EMD627

28.1 

hypothetical 

protein 

COCSADRAFT_1

21709 [Bipolaris 

sorokiniana 

ND90Pr] 

261 

MPVELRKRKAAAPAPAPPAKKKAPAKAKKADGEKTVVEKVQDAVVEKAEAVKKAV

VSKTNGASTAKSSGAPKVGDTIDLASFGGEIETNDGTKTSLAKLVEESKAGVVLFTYPK

ASTPGCTTQVCLFRDSYTPLTATGLSIYGLSSDSPKANTTFKTKQKLPYSLLCDPAQTLI

SAIGFKKAPRGTTRGVFVVDKQGKVLAAEPGGPAATVEVVKKLVGDAEKVPAKEEVE

AKEKEEDKKVAETADEVADSAAKVDAPAAA 

21. 
AER360

18.1 

phosphopantethein

yl transferase 

[Bipolaris 

sorokiniana] 

375 

MVDQDDNGAAGSSFTCWLLDTRSIWPGTKITDSEAAREALSLVSLEERENITRKYHIAD

ARMSLGSALLKRLFVHRMLGIPWKDIRFGRKRDPKHGKPIALLPPPQHGPAPLEFNISH

QAGLVALVGCKTDELDAEVGVDIVCVNERDEYRVIDKEGFDGWIDMYAEIYSQEELF

DLKYNVDSFPLLDGTMVTQEIIGRHDRCCARHKQLSITLPNGEKRVFDSELLIDAKLRR

FYTFWCYKEAYIKLDGEALLAQWIPRLEFKNVRAPRAGTPARCSTHGTWGERISDAEV
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WFTMKADGKGPAGVKGMKRDESKRLDDTRVEIQAFDEKFMIGVAAKERTDAVVDG

NRQKLPEVLTQFQALHLDEDIMSVARVA 

22. 
AER360

17.1 

alpha-

aminoadipate 

reductase 

[Bipolaris 

sorokiniana] 

1181 

MTMASLTKGSIPDPTADLHWSDFKGPIHEIFASNARKHPDRPCVVETATGKTPERKFTY

KHIFEATSVLAHHLVQSGVQRGEVVMIFAHRGVDLVVAIMAVLAAGATFSVLDPLYPP

DRQCIYLEVSQPRALVIIDKATREAGPLSDQVRDYIKDNLQLRTEVPALELKDDGTLVG

GTKDGKDILDEQQQLRTELPGVLVGPDSTPTLSFTSGSEGKPKGVKGRHFSLTHYFPW

MTEMFGLSENDKFTMLSGIAHDPIQRDIFTPLFLGAQLLVPSKEDIQHEKLAEWMRQY

GATVTHLTPAMGQILVGGASAVFPSLHHSFFVGDLLIKRDCRRLQNLAPNVRIVNMYG

TTETQRAVSYYELPSCSEAPDFLDTIGEVIPAGRGMSNVQLLVVNREDRNQICKPGESG

EIYVRAGGLAEEYLGLPDLTATKFINNWFVDQQKWIDEDKKQVESQGAPEPWREFYK

GPRDRLYRSGDLGHYSEDGNVHCTGRVDSQVKIRGFRIELGEIDSHLSAHPLVRENVTL

LKRDAYEEPTLVSYIVPEMKRWYDWLEERGAKESDSTSDTSMVTLLKRFKYLRDDVR

EHLKKKLPAYAVPSVIVPLVRFPLNPNGKIDRPALPFPDPADLAAAGARRPSQLGAALT

PTEKAMARIWAELLGDRGVTADSIGGSDSFFDLGGHSIIAQQLFFKIRQEWKDIDVPMT

TIFQYPTLRGLSANIDQAMDPIGLRLDTAEALEDDPDDEAYSADARDLANKLTEFNTRE

ELNPKEEVHTFLTGATGFLGAYILRDILSRPGKVTVLVRAQDIDAALGRVRQTCTAYGI

WEDGWESRLEPLVGDLEKENFGLEANTWNKLVDSVDVVIHNGALVHWVLPYSRLRG

PNVLSTMTALSMCAAGKAKKFGLVSSTSVLDTDYFVSLSEKSLAEGGTGVPEADDLEG

ARKGLGTGYGQSKWAAEYLTRQAGKKGLSGCVIRPGYVLGDPEYGTTNTDDFLVRM

LKGCIQLESRPDITNTINMVPVTHVARVVVASSFNPPVAPLGVAQVTSHPRITFNEFLGA

LEKFGYNVPLVPYAEWKQRMESYVADRSGTKEENALLPLYHFVTGDLPADTKAPELD

DKNAAEALKKDQEWTSEDWSQGGAVTEDTVSVYVSYLIELGFMPRPEKKGIKELVMS

RLTDAMREGMKLVGGRRGV 

23. 
AER360

16.1 

polyketide 

synthase [Bipolaris 

sorokiniana] 

2153 

MDVLIFGDQTADQYPLLRKACTWKNNATLTTFLDRISVVIREEVQKLPRTQRDQIPNFL

TTWDLVEAYYAKGLKIPEIESCMVTIAQLAHYIGYFAENPTELPNPSNTRVVGLCTGLL

AGSVVASARSLSELLPLATEAVRVAFRAGTCVGAAKEALEQSSTSKDSWSTIVTNISED

AAKDAIAAFHEEQKIPTLAQAYISAVSTMALTISGPPATTKRLLEKEAFKSSARVPIPVY

APYHASHLYSQADIDRILDKDAIRHLQQFRPVALVHSAATGKCQTATNTLELVRTALH

EMLVEPVRWDSLLSEVVSQVTSASNAQCSVSAFGVTSITNSLASALKNGGQSAITVRD

QSAWVPADHDSRGRTQNDKIAIVGMSGRFPGAANPEALWDLLERGLDVHREVPADRF

DAKAHCDPSGKGKNKSHTPYGCFIDEPGLFDPRFFNMSPREAAQTDPMGRLALTTAYE

ALEMSGYVPNRTPSTKLERIGTFYGQTSDDWREINASENIDTYFITGGVRAFAPGRINY

YFKFSGPSYSVDTACSSSLAAIQLACTSLWAGDCDTACAGGLNVLTNPDIFSGLSKGQF

LSKTGSCKTYDNDADGYCRGDGCGSVVLKRYEDAIADKDNILGCILGAATNHSAEAV

SITHPHAGAQEYLYNKVLSNAGVDAHDISYVEMHGTGTQAGDGIEMTSVTNAFAPRH

RQRTPEQTLHLGAIKANIGHGEAASGINSLVKVLMMMKKNAIPANVGIKGVMNKTFP

KDLAQRNVHIETTQVAWPRKGGEKRKIFLNNFSAAGGNTAVILEDGPLPEEPKGVDPR

TMHMVTVSARSIASLKKNINNLIDFVDENPSVTLPSLAYTTTARRIQHNYRVAFCVSDM

SKVKDGLRAQLKDTYSPLPMVPTKTAFTFTGQGSQYTGLGQKLYEDLETFKNDIDQLD

KLARLHSLPSILPLLTGADVATLSPVVVQLGMACIQVALARMWGAWGVRPIAVIGHSL

GEYAALHVAGVISASDMVFLVGRRAQILEEECTANTHGMLAVKGSVDAIKVALGDK

MTEIACMNGPEETVLCGTVDVVDSTNELLASKGFKSTKLNVPFAFHSAQVEPILEKFK

AAADSVTFNKPVVPVMSPLNGDIIVEAGIIGPDYLARHARETVNFWTALTNGQEQKLF

DAKTAWLEVGAHPVCSGMVKSSLGGSPVAAGSLRRNEDPWKTLSNTLTTMYLAGVY

IDFNEYHRLFNDAHQMYTLPTYAFDSKKYWLDYHNNWTLTKGEVLQAAPAVSAIEA

APVVEAPSKLSTTSCHKIVREDLHANSGTVVVQSDLSDPKLKATITGHQVNGTPLTPSS

LYADQAMTVADYLYQQLRPGTETPGLNVCSMEVTKTLIPQYPPPATGQHLQIEGNADL

ETSQVKITFRTVSADGSKILAEHAVGIVKYEDVNAWKEEWGRIQYMVQSQIDMLQQK

LATGAAHKVLRGMAYKLFKALVTYADNYRGMEEVILDGKQTEATASVQFQTTEADG

DFLCSPYWIDSLAHLSGFIVNASDHLDSENSVYISHGWGSIKIAGKLSPEKKYRSYVRM

QPAPGNISVGDVYIMDGAEIIGMVMGLKFQNIPRRALNIMMPPAGKAASAPAAKAVA

KPVPKALPTAAPVKTHAAVPKAVKAPKAVKVAAPAGVTSKVMNIVAQEIDVDMSEL

VDEAAFENLGVDSLLSLTISARFREELDMDIPSTLFTDCSTVGELKKHFSQFDGTTIVED

DSSVTSDEPSGAPTPFEAPAGQSDSTPASSAGSDDGHDDIKPSAATEGGASLARKLVAE

EMGVDVSEITDDLDLTDIGMDSLMSLTILGSMREATGRDLPADFLTVNVTIKDIETALG

MRPQPKAAKPATKASSKAPQLSEVNKKLASLPDVSNLPPASSVLLQGNPKTATKKFFL

VPDGSGSATSYISIPNISPSMAVYGLNCPFMKCPEKWTCVEGVSRLYLNEIKRRQPAGP

YLVGGWSAGGVMAYEVAQQLVNAGEKVESLVLIDAPCPVALDPLPARLHIFFDQIGLL

GTGKPGGTPSWLLPHFASAIQNLKDYDPTPMNPKIAPPVLAIWCTDGVCPNPEDPRPPP

GEGEDPAPMKWLLNNRTDFSDNGWAQLLPKENFQYAVMGGNHFTMMKGDHGVTLG

KLIQQGLKL 

24. 
AER360

15.1 

nonribosomal 

peptide synthetase 

6 [Bipolaris 

sorokiniana] 

1939 

MHLPNGRENTVRFSGVSEEPAAKKVQSSNGFNAQEHALQSENPTGAKHTNRNASKAN

DIHVHLPNGTDRDLDTVLIAWAILIQRYQRDVFQQFTWGRKEQENAATQCISVADIDW

ANQQTAASLRTKISSVKSNQFTLNETTLFNDGTNEEWTFQVLLNVQQDTLHATSTWQT

TTMSRHQAVSQLHFFASILEALFKDVDHPLSDFHNVSEDELDLWSWNTPLQPELRFCM

HEKVSERAALHPEKIAIDAWDGTLTYGQIEDYSDKLAKLLRLLDDSSNRIIPVLFEKRW

TSVAVLAIMKSGACFALLDPAQPEGRLRAVVQQVNAKLFLSSKAQSTLAARVAPAATI

IPISKSKFNKIFSPTAEQPSTTIPPVSPDQPLYIQFTSGSTGVPKGCILTHSQYTSGAIPRAA

AVGYYPHSRVLDFASYAFDVCIDSMLTLAHGATLCTPSDERRMNDMSGAMRDMRVT

FAGMTPSVARTLDVDILNNLESIALGGEGVSISDAMSWGQRRVVNAYGPSEATVGATI
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NDNVAAKPYITMGKRKGCALWLTDPENHNKLVPVGAVGELLIEGPIVGNGYLNNSKT

KEVFIEDPEFLLKGSKSYPGRHGRIYKTGDLVRFDPDGNGEPIFVGRQDQQVKLRGQRI

ELAEIEFNMQKLPPDTQLAAEVIKPSGGGEQTLVAFLVEQKKNGMRHLDGNVFGSFTN

KFQSALRDMTKQLFVDLPSYMIPCAYPLWKMPLLVSCKTDRKRLREIGASVTRQDLRR

FNSAVSEKKEVTTEMELKLQSLWAKLLGGDADFSANDNFSMGGDSLRAMRLVAAAR

DEGIVLSVPDIMLNPTLSAMAEKAKPVSAEETNEVHPFSMIGKDWDADAARQESRLCG

VDVANVEDVYPCTPLQEGLIALSAKFQDAYVAQRVATLPAKTAVRLKKAFDTAVEGS

PILRTRIVNVTRGLFQVVLKDGQLVREYGTDVSEYLRLDRNEPMDLGTALFRYGLVKE

PESDKINFVITMHHAVYDGWSMPLFDHVNRAFNGLHTERSTSFKHFIKHLISLDPADAQ

QYWKDCLEGTSPHQFPPLPQKGYTTQADSLLEHYVTVPSAHSKLTLATIIRGAWALVS

SLYMGHPDIVFGETLTGRSAPVPGIEQIEGPMITTVPIRVRLSLDRPIAEYLQKIHQTVKQ

IPHEHLGLQNIRRLSKDARVACDLRTGLVLHPKEDEDWGTVDMDNPATFLPANDAEG

AREALKFNTALMLVCTLEENGFLVMASFDSNCISKETMERVLAVLGRIVHAFLGNPES

KLGDVAVLDPAEARDAEAMRPRVMSDSALGMSPVDGPESMDAGLKELSPNEEKLRSI

LGRILGIKETDIRSSDSFFDLGGDSIVAMRLVSDARAQGLNLTVAQVFQSSSLSDLAASA

SNEREDKLAEILSRILGIAKTDIKSNDSFFELGGDSIGAMRLVSDARAQGLNITVAQVFQ

SKSLAELASSAGEETPSQPKVDVDAPFIALGKDANLHSPDRVGLYLENQEWEITNIYPT

RPLQQLAVEGTVDLPRYSLRYELIKFATPIDRQKLEQACQELVARNEVLRTVFVKDNE

LTLGVVLSSLKVPYTETAVPEGEDADTFIQAGIQQDIEAPKPYGSSFVAFNLFTHTNSAS

TLVFRISHAQYDEICLPILFEQLSTLYSGTTVPETVPFSKHVNHVVLDNIPKAIPYWKNL

LSGSEMTVLKPTIPLTHRGPADIYREFDISGRPANITIGSLPTAAWALVLSRRLNRTDVV

FGEVVSGRNVGAPNADRIFGPTWQYIPFRVAFSKSWSYLDLLRYVQDQHMTSAAYES

MGFSEIVQNCTDWDADKVQWFDTVVHQAPAWVEELPFGNGVEAKFQTLYPHGEPLR

EWKCQAFVKDGGRKLGIEIVTFEEWIGEAEGVLEEVGKALECLMEGRAGESVF 
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