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Abstract

In all living organisms, genome replication is an indispensable activity in their life cycle. As compared to prokaryotes,
genome replication in eukaryotes is much more complex. In eukaryotes, the genome replication is accomplished by a
more specialized, multi-protein complex known as replisome. Therefore, for a complete understanding of the
replication process in eukaryotes, the structure-function relationship of their replisome complex is important. The
eukaryotic replisome complex is mainly composed of 3 replicative polymerases (pols), viz. a, € and 6. The initiation of
genome replication starts with the synthesis of primers by the a pol (a primase), which is followed by the synthesis of
leading- and lagging-strands by the next two replicative pols, viz. € and §, respectively. Among them, the pol € is an
essential enzyme that links the DNA replication machinery to S-phase checkpoint-control in eukaryotes. The active sites
of pol and proofreading (PR) domains of « and § were analyzed from yeasts, animal and plant sources and reported by
this author already [1, 2]. The third replicative enzyme, viz. the pol € is analyzed and reported here. Interestingly, the
yeast, animal and plant € pols possess almost identical pol, PR and carboxyl terminal domains (CTD) with the same
active site amino acids. Their catalytic cores use the same template-binding pair (-YG-), the catalytic amino acid (K), the
nucleotide selection amino acid (Q) and similar catalytic metal-binding motifs in the pol domain as reported for the
other replicative pols. However, they exhibit poor identities among themselves, e.g., the human pol € showed only
46.69% and 43.19% identities to the plant (Arabidopsis thaliana) and yeast (Saccharomyces cerevisiae) pol € sequences,
respectively. Furthermore, these eukaryotic € pols use the same active site amino acids in the PR exonuclease domain,
and belong to the DEDD(Y)-superfamily of PR exonucleases. Moreover, similar to the other two replicative enzymes, the
€ pols also use similar regulatory Zn2+-binding motifs (ZBMs) in their CTD. In addition, it harbours a unique ZBM in their
pol domain. Interestingly, the two invariant motifs, viz -SLYPS- and -YGDTD- which are the characteristic motifs found
in the other replicative a and & pols and B-family of DNA pols, are not found in € pols. Many specialized, conserved
sequence motifs are also identified in the € pols and discussed.

Keywords: Eukaryotic genome replication; DNA polymerase §; DNA polymerase &; DNA polymerase € active sites;
Proofreading exonuclease active sites; Saccharomyces cerevisiae; Arabidopsis thaliana; Homo sapiens

1. Introduction

In all living organisms, DNA pols play a central role in DNA replication to ensure faithful transmission of genetic
information from one generation to another. Therefore, to accomplish this important task in their lifecycle, organisms
have evolved and possess a high-fidelity genome replication machinery to preserve and maintain the blueprint of life.
The replication machinery possesses several types of DNA pols and repair mechanisms to ensure the duplication of an
exact copy of the original genome. To date, five different DNA pols have been characterized in Escherichia coli, eight in S.
cerevisiae, and as many as 16 in humans [3]. However, only three of these DNA pols, viz. a, € and § are involved in the
duplication of the nuclear genome in all eukaryotes [4]. Even though more than a dozen different DNA pols have also
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been reported to perform various replicative and repair functions in plant cells, yet the detailed properties of them are
still very limited. Whereas the a pol (the primase) is involved in the synthesis of the DNA primers to initiate the DNA
duplication process, the other two replicative pols, viz. § and g, use these DNA primers and replicate the whole genome
and make an exact copy of the original genome. All three replicative pols belong to B-family pols which are not only
involved in replication, but also in repair any error that may occur during the replication process [5]. The B-family DNA
pols are reported to function in both prokaryotes and eukaryotes, e.g., pol II, pol B, pol «, pol ¢, pol §, pol {. They are
bifunctional enzymes, i.e., in addition to polymerization, they also exhibit 3’5’ PR exonuclease (PR exo) repair function
[6]. Even though the replicative pols have an efficient PR function, mutation(s) that rarely escape the replication and
repair processes generate the most important new genetic variants in plants and animals. The structural and functional
aspects of the replicative pols, viz. a and §, from yeasts, higher fungi and animals have been extensively analyzed and
reported by this author [1, 2]. In this article, the third replicative pol € from yeasts, higher fungi, plants and animals is
analyzed and reported.

The DNA replication process is highly conserved in all domains of life [7]. Though genome replication in eukaryotes is
known to be incredibly more complex, but it is successfully accomplished by a highly sophisticated and coordinated
series of molecular events. The replication process, apart from the essential roles played by the three replicative pols,
also depends on the participation of other enzymes and regulatory proteins like, primases, cell-cycle kinases, replicative
helicases, single-strand binding proteins (SSBs), additional repair enzymes, ligases, etc. Given the importance of
accurate DNA replication, proper functioning of all these enzymes and the accessory proteins is critical to maintain the
genome integrity.

The first step in genome replication in both prokaryotes and eukaryotes is the initiation. This is accomplished by a
multi-structural enzyme and protein complex known as a primosome. The primosome essentially consists of an origin-
of-replication initiator protein, a replicative helicase, a helicase loader, SSBs, a primase, a topoisomerase, etc. [8]. After
successful initiation of replication, the replication process is taken over by a next multi-protein complex known as the
replisome, which extends the replication process and completes it. In both prokaryotes and eukaryotes, the initiation
step is performed by the enzyme, RNA primase, which synthesizes the required RNA primer (short segment of SS-RNA
typically of 10-20 nucleotides) to initiate the replication process. However, for eukaryotic replications, in addition to
the RNA primer, an additional primer, viz. a DNA primer is also required for further extension, which is provided by the
enzyme, DNA pol a. The DNA pol a extends the RNA primers by synthesizing short stretches of DNA, which is used by
the pol € and pol & for further extension of the DNA synthesis in a processive manner and complete the replication
process. During replication, the leading-strand is synthesized by pol € (pol2), and the lagging-strand is synthesized by
pol & (pol3). During replication the leading-strand is synthesized continuously, whereas the lagging-strand is
synthesized discontinuously, in fragments of ~200 nucleotides long, known as the Okazaki fragments (OFs), named
after the discoverer. All these OFs are connected together in the next step to form a complete complementary strand by
a DNA ligase [9].

1.1. Eukaryotic € DNA Polymerases

From the above discussions, it is clear that the bulk of the DNA synthesis in eukaryotes is performed by only two of the
three replicative polymerases, viz. pols € and 8. DNA pol € (also known as Pol2 in yeasts and plants and PolE in humans)
completes the leading- and lagging-strand syntheses, respectively. Pol € was first isolated and characterized from yeast
cells as early as 1970 as a nuclear polymerase [10]. It was initially considered to be a form of pol 6 that was processive
in the absence of proliferating cell nuclear antigen (PCNA) and replication factor C (RFC) [11] (The function of RFC is to
load PCNA, the processivity factor of the eukaryotic DNA polymerases § and g, onto primed DNA templates). Later, it
was found that pol € is an independent replicative enzyme in all eukaryotes. Nowadays, its catalytic subunit is isolated
and characterized and its gene is cloned and sequenced from several eukaryotes [11 and references therein]. This
enzyme, along with the other two eukaryotic replicative (pols a and §), are grouped under the B-family polymerases
[12]. A great deal of information is available now on the structure and functions of the DNA pols € from a large number
of eukaryotes like yeasts, higher fungi, plants and animals. The plant enzyme from A. thaliana has been characterized in
sufficient detail and used for further analysis and comparison.

1.1.1. Subunit structure

Interestingly, all the pol € enzymes from eukaryotes are composed of 4 subunits exhibiting similar subunit structures.
Figures 1A, B and C show the subunit structures of the € pols from yeasts, plants and animals. For example, the yeast
enzyme’s 4 subunits are named as, Pol2, Dpb2, Dpb3 and Dpb4 (with the molecular masses of 256, 79, 23 and 22 kDa,
respectively) and the plant enzyme also follows more or less the same nomenclature as the yeast enzyme as, Pol2A,
Dpb2, Dpb3 and Dpb4 (with the molecular masses of 249, 60, 23 and 24 kDa, respectively), but the human enzyme
subunits are named as, PolE1-PolE4 (with the molecular masses of 262, 60, 17 and 12 kDa, respectively). The 4 subunits
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are assembled with a stoichiometry of 1:1:1:1. Thus, the DNA pol ¢ is a heterotetrameric enzyme, made up of the main
catalytic subunit (Pol2/Pol2A/PolE1) which assumes a biloped structure, where the NTD and CTD lopes are connected
by a linker region and the non-catalytic subunit (Dpb2/PolE2). The Dpb2/PolE2 subunit mediates the
homodimerization of the enzyme to its active form and therefore, is essential for the enzyme activity and cell viability.
Genetic and biochemical studies indicate that the putative zinc-finger regions in the catalytic subunit
(Pol2/Pol2A/PolE1) are important for its interactions with the Dpb2/PolE2 essential subunit. The other two smaller
subunits (Dpb3/PolE3 and Dpb4/PolE4) are found to be nonessential for the catalytic activity of the enzyme, but are
found to play important regulatory roles [11]. For example, each of the smaller subunits, viz. PolE3 and PolE4 possess
H2A/H2B type histone folds and form a tight PolE3-PolE4 dimer. The dimer interacts with the larger catalytic subunit
of the enzyme. (For example, PolE3 interacts with subunits PolE1 and PolE4; and the PolE4 interacts with subunits
PolE1 and PolE3 and with the subunit of chromatin remodelling complex, (CHRAC), a multi-protein assembly that
regulate gene expression and chromatin structure. Though the non-catalytic subunits are highly conserved from yeasts
to humans, they largely differ in their sizes in humans [11 and references therein].

Among the plant € pols (Pol2), the pol € from A. thaliana has been the most studied one. The pol € complex in A. thaliana
has been shown to play diverse regulatory roles. For example, it is implicated in DNA replication, DNA repair (nucleotide
and base excision repairs), DNA recombination and also in epigenetic gene-silencing activities [11]. Unlike the yeast and
human enzymes, the Arabidopsis enzyme possesses two isoenzymes, viz. Pol2A and Pol2B. The Pol2A gene is ~16 kb
long (49 exons) and encodes a protein of 2,161 amino acids (pI/Mw: 6.19/2,48,897), whereas the ~13 kb long PolZ2B
gene with same number of exons (49 exons) encodes a protein of 2,138 amino acids which shows 78.5% identity to
Pol2A [13]. Importantly, both the isozymes contain all the motifs that are necessary for a functional Pol2 catalytic
subunit. However, the expression of Pol2B has been detected mostly under adverse environmental conditions and loss
of function of PolZB has resulted in no visible phenotype, suggesting that the Pol2A forms the main enzyme [13].
Furthermore, the knockout mutants of the (Pol2A) are found to be lethal, suggesting its importance [14, 12]. The non-
enzymatic CTD plays a crucial role and it not only mediates the interaction of the main catalytic subunit with the other
three smaller regulatory subunits, but also links the replication machinery to the S-phase checkpoint [15, 16]. However,
its overall subunit composition and various domains of its catalytic subunit’s structure are mostly understood from the
data available from yeast and human enzymes.

Yaasts (5. rerevisiag] Flants (A Thaliana) Animals (Homo sapigns)

Adapted from [11, 12].

The pol € subunit p17 has been identified as an integral subunit of the chromatin-remodelling factor, CHRAC (Chromatin Accessibility Complex).
CHRAC is an ISWI (Imitation Switch), i.e., a chromatin remodelling nuclear-ATPase containing complex that regulates chromatin accessibility and
nucleosome spacing. In CHRAC, the p17 forms a dimer with p12 subunit that can interact with histones as well as DNA [17].

Figures 1A, B and C. Subunit structures of the eukaryotic DNA pol € (S. cerevisiae, A. thaliana and Homo sapiens)
(the numbers in brackets indicate molecular masses of the subunits in kDa)

1.1.2. Domain organization of the pol ¢ catalytic subunit

The domain organization of the pol €'s (pol2) catalytic subunit from the yeast, S. cerevisiae, has been extensively studied
and characterized. It contains two pol modules, one in the N-terminal domain (NTD) and the other in the CTD. The NTD
pol € module possesses both the pol and PR exonuclease activities, whereas the CTD mediates the crucial interactions
between the three smaller regulatory subunits with the catalytic subunit and also links the replication machinery to the
S-phase checkpoint [11]. The pol € exhibits the highest processivity as compared to the other two replicative pols, viz.
pols a, and 6. This high processivity was found to be increased even further by the nonessential subunits, Dpb3 and
Dpb4, through their interactions with the replication clamp, the PCNA. Furthermore, the genetic and biochemical studies
indicate that the putative ZFMs in the main catalytic subunit of the enzyme are important for their interactions with the
other subunits and for the catalytic efficiency of the enzyme [18].
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The main catalytic subunit of the yeast pol € holoenzyme is dissected into different functional domains as, NTD (31-
281), PR exonuclease domain (282-527) and the palm (528-950), fingers (769-833), and thumb (951-1186)
subdomains of the pol domain (that are organized into a toroid) [19], and a linker domain which connects the pol to the
CTD. Figures 24, 2B and 2C show the various domains and the interactions of the subunits with the CTD of the pols €
from different eukaryotic sources.

A
Exo Palm & Fingers «»Thumb #5rea ctdb BB
1 281 527 1187 1308 Dpb3 Dpb4 2222
S. cerevisiae
B
Exo Palm & Fingers «»Thumb 5%
1 238 502 1143 1283 Dpb3 |Dpb4 2161
A. thaliana
C
S Palm & Fingers «»Thumb #57es CTD 3
1 266 512 1174 1317 PolE3 |PolE4 2286
H. sapiens

ZBM, Zinc-binding motif; A & B are CysA and CysB, respectively

Figures 2A, B and C. Tentative domain organization the main catalytic subunit of the € pols from eukaryotes (S.
cerevisiae, A. thaliana and Homo sapiens) and their interacting accessory subunits

2. Materials and Methods

The protein sequence data of e DNA pols from yeasts, higher fungi, plants and animals were obtained from PUBMED and
SWISS-PROT databases. The advanced version of Clustal Omega was used for protein sequence analysis. Along with the
conserved motifs identified by the bioinformatics analysis, and the data already available from biochemical, SDM,
cryogenic-Electron Microscopy (cryo-EM) and X-ray crystallographic analyses on the € pols are used to confirm the
possible amino acids at the active sites of the pol, PR exonuclease domains and regulatory motifs.

3. Results and Discussion

3.1. MSA analysis of DNA polymerase € from various plant sources

The DNA pol € was analyzed from yeasts, higher fungi, plants and animal sources. The structural and functional aspects
of this enzyme from yeasts and higher fungal sources were already reported by this author [8]. Fig. 3 shows the MSA of
pol € from various plant sources (only the required regions for the discussions are shown). The model plant, A. thaliana’s
sequence is used as the standard and highlighted. All the major domains (NTD, PR Exo, Pol, Linker and CTD) are
indicated with arrow marks. Large numbers of highly conserved small and large peptides are found from NTD to CTD.
It is interesting to note that the highly conserved active site amino acids are usually embedded within these conserved
peptides (highlighted). The NTD is conserved in all, but aligned with some gaps. It harbours 3 conserved -DxD- type
metal-binding motifs and 3 polybasic peptides (highlighted) and some are implicated as nuclear localization signal
(NLS). The NTD is followed by the PR exonuclease and pol domains. The proposed PR exonuclease active site amino
acids are highly conserved in all the enzymes (highlighted) and it belongs to the DEDD-superfamily of exonucleases and
uses an invariant Y as proton acceptor during catalysis. This is in complete agreement with the other DNA-dependent
DNA pols (DdDps) from prokaryotes and eukaryotes [1, 6]. An invariant motif, -SYLPQGS- (highlighted in yellow) is
found within the PR exo region in the plant € pols as found in yeasts, higher fungi and animals [8]. This sequence is
somewhat similar to the characteristic ~-SLYPS- motif found in the other two eukaryotic replicative DNA pols, a and 8.
In both the cases, this motif is implicated in dNTP-binding. In the former, it is found within the proposed PR exo region,
whereas in the latter two pols, it is located in the pol region itself. The PR exo domain is followed by the pol domain and
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is also highly conserved in all. The proposed template-binding and catalytic pairs, and metal-binding sites are
highlighted in yellow and green, respectively. The template-binding pair (-YG-), catalytic amino acid (K) and the
nucleotide selection amino acid (Q) are in close agreement with other DdDps and DdRps [6]. Unlike other two eukaryotic
replicative pols, the pol € domain contains a ZBM (highlighted) within. The pol domain is followed by a linker region
which connects the pol domain to the CTD. Interestingly, a second putative pol active site amino acids are identified in
the CTD and highlighted in yellow. The CTD contains the two typical, highly conserved ZBMs and one of them (CysB) is
known to bind the 4Fe-4S cluster (highlighted in orange). It is interesting to note that these 2 ZBMs are found invariably
in all three replicative pols at their CTDs. In addition to the Cs which make these ZBMs, there are invariant Cs found
throughout the sequence (data not shown) which may be involved in disulphide bond formation. The CTD also contains
a -DxD- type metal-binding motif within the CysA. It is interesting to note that the NTD, pol and linker regions contain
conserved polybasic peptides within them (highlighted) and are implicated as NLSs. (A NLS is a short amino acid
sequence that tags proteins for transport into the nucleus of a cell. NLSs are made up of positively charged amino acids,
such as Ks and Rs, that are exposed on the protein's surface, with a consensus sequence of -KK/RxK/R- e. g., -PKKKRKV-
is the first discovered NLS from the SV40 large antigen. Interestingly, the deletion of an NLS usually disrupts the nuclear
import process. In the same way, fusing a non-nuclear protein to an NLS often results in the protein being imported into
the nucleus). A large number of invariant Ws are found throughout the sequence.

CLUSTAL O (1.2.4) MSA of the € DNA polymerases from various plant sources

tr|ACASDIDOI3 |A0ASDIDOI3 BRACM - SRRSNTQEVVETAEDELESKLGEG 36
tx |ROA3PSYCFY |R0AIPSYCFY BRACM - SRRSNTQRVVETAE DELESRLGEG 36
sp | F4HW04 | DEOE]l ARATH MSGDNRRRDRRD- TRWSKRPRVVNTAE DELESKLGEG 36 NLS
tr |DTKIOE |DTRIOE_ARALL - TRWSKKPEVVNTAE DELESKLGEG 36
tr |RORYQOFIPS |RORYQOFIPS SROSI SGRS SKRQKLIRNAEEELDFRFGED 37
tr|A0ATITCO34 |A0ATITCO34_TRIWF LTRS SKRQRQI FSAEEELESKLGID 37
tr |ROR2COVYJIE |AOA2COVYTE MANES FGRS SKRQKLIRNSEEELDLEFGED 37
tr |R0A2COVYGO | AOA2CIVYGO MANES FGRS SKRQKLIRNSEEELDLEFGED 37
tr|ROA2NIFYTE |ROAZNIFITE_FAGSY - PRSFRRQKLIRTAEEELESKLGED 36
tr |ROATN2EMEG | RORTN2EME 6 _QUELC - PRS SKRQKLIRTAGEELESKFGED 36
tr|ROATIBRHES |A0ATISRHBS SPIIN DRREVSEQKLRFSKEDALEARLGED 37
tr|AOA6IYQIGL |ROREI9QIGL ELAGY ——————-——————————— - 5 SRNPSKQKLRLNAEEVLERKLGED 35
tr |ROASBSJBUZ | AOASBEJBU2_PHODC SSRNPSKQKLRLNAEEVLERKLGED 35
tr |AOASBSJBC2 |AUASBEJBC2 PHODC 5 SRNPSKQKLRLNAEEVLERKLGED 35
tr | ROABIEWFCS |AOASIEWFCS HORVV MSGGDGRRRRP SAGGGEGGGGGGGEGGESWEGRRSG SSAAREQRIR LGAEELLEGRLGFA 60
tr|RO0R452YARE |AO0R452YARE AEGTS —————mmmmm oo oo 0
tr |ROA3B5SXKC3 |AOA3B5XXC3 WHEAT MSGGDGRRRRP SAGGGEY ———— - GGVGGSWGGRRSGSSAAREQRTRLGAEELLEGRLGFR 55
tr|AOA3LEEI43 |AOA3LEEI43 MAIZE - --MSGRRGPAATGGGRG—-—~GGGGGGENN--RRSG SARAREQRLRLGAEELLESRLGFA 52
tr |ROA1DEHBZ0 |AORLDEHSZ0 MAIZE - --MSGRRGPAATGGGRG—-—GGGGGGENN-- RRSG SARAREQRLRLGAEELLESRLGFA 52
tr|R0AB35B357 |A0A835B357 9POAL ---MSGRRRPAAGGG--——--—- -~ GGGGNW--RRGGSSAARKEQRLRLGAEELLESRLGFA 46
tr |ROAS35EHQO |AORS35EHQ0_YPOAL - --MSGRRRPAAGGGGG-—-—-GGGGGGENN--RRGE SSARREQRLRLGAEELLESRLGFA 51
tr|A0A253GPCO |A0A253GPCO_UPOAL - --MSGRRRPAAGGGGG-—-—~GGGEGGGEENN--RRSG SARAREQRLRLGAEELLESRLGFA 51
tr|ROA368PLE2 |AOA368PLE2 SETIT - --MSGRRRPAAGGG GGG GGEGGEEGGENW-- RRSG SAAAREQRLRLGAEELLESRLGFA 55
tx |ROASDSDOIZ| AOASDSDOI3_BRACHM LFSEGEiEGWLLTtASSS:m Gxayscwwg’ﬁ;onsrjmm mrnmmﬂ 56
tr |ROA3PSYCFS|AOA3PSYCFS_BRACHM LFSEGETRLEWLLTFASSS GK]YSCVDLYFVTCDGFYERTRYKEHEY FYARTK 56
p | F4HW04|DPOEL_ARATH LFSEGETRLEWLLTES SSSWEDRDT GKV YSCVDLYFVTCDGEES FKTKYKFREY FYAATKD L
tx IDTKIO6IDTKIOE_ARALL LFSEGETRLEWLLT] b cx) FRTKYRHHEY FYARTKI) L
tx | ROASQOFIPS | AOASQOFIPS_SROSI LFSQGDKRLEWLLT] P oRY FRSKYRE[HEY FYARTKG 57
tr|ROATITCO34|ROATITCO34_TRIWF LFSEGDKRLEWLLT] NK FKSKCRE|HEY FYAATKE] 57
tr |ROA2COVYJE | AOAZCIVYTE _MANES LETEGDKRLEWLLT] PRy FKSKEKE[HEY FYARTKL) 57
tr |RORZCOVYGO| AORZCOVYGO_MANES LFTEGD GWLLT] il FESEFKE[HPEY FYAATED) s7
tr |AORZNSFI9 76| RORZNIFST6_FAGSY IFSEGE GWLLT] y=legl FEAKHKE[HPY FYAATE) =11
tr |AOATNZKMEE | ROATNZEMES QUELD LFSEGD GWLLT] rQHY FESEYKE[HPY FYAATEE] =11
tr |AOATISKHBE | ROATISKHBS _SPIIN LFTEGE GWLLT] b MRS KCEYKE|JPY FYAATEE] 97
tr |ROREISQIGL| ROREISQIGL_ELAGV LFTEGE GWLLT] NE FEVEYRE[HPY FYAATEE] S5
tr |AOASBEJBUZ | AOASBEJEBUZ_PHODC LFTEGE GWLLT] NE FEVEYRE|HEY FYARRKE] 11
tx |ROASBEJBCZ | ROASEEIECZ_PHODC LETEGEKRLEWLLT] NK FKVEYREHCY FYALAKE] 55
tx |ROASIGWECE | RORSIEWECS _HORVY PYTQGDERLEWLLT] e FKVKYREHCY FYALTKE] 120
tr |ROA452YARE | AOA4E2YARE_AEGTS PYTQGDRRLEWLLT] b 2K FRVEYRE[HEY FYAATKE] 80
tx |ROASBEKKCE | AOA3BSKKCS_WHEAT PYTQGDRRLEWLLT] = KVKYRE|[HEY FYAATKE] 115
tr|ROR3LEEI42| ROA3LEEI43 MAIZE PYTDGERRLEWLLT] b CK] FRAKYKE[HEY FYARTKL) 112
tr|AORLDEHSZ0| AOALDEHSZ0_MAIZE PYTDGERRLEWLLT] b CK] FRVEYKE[HEY FYARTKL) 112
tr|AOAS3EB357|ROAS35B357_SPOAL PYTDAERRLEWLLT] e FRVEYKE[HEY FYARTKL) 106
tr |AORS3EEHQO| AOASIEEHQO_SPOAL DYTDRE GWLLT] Mo FEVEYKE[HEY FYAATEL) 111
tr |AOR253GPCO| AORZS3GPCO_SPOAL DYTDCE GWLLT] M CE FEVEYKE[HPY FYACTEL] 111
tr |AOR3E6SPLE2| AOA3EEPLEZ_SETIT DYTDCE GWLLT] M CE FEVEYKE[HPY FYAATEL) 115
R A - PRE )
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tr |ROASDSDOI3 |ROASDSDOI3 BRACM MLEVEAERRRYERQ‘CM:MLSGL— 154
tr |RORA3PSYCFS |AOA3PSYCFS BRACM FMELEVEAYLRRRYERQ ENHLSGL— 154
5o | F4HWO4 | DPCEL ARATH 154 NLS
tr |D7KIOE |D7KIOE ARALL 154
tr |AOASQOFIPS |RORSQOFIPS SROSI 155
tr |ROR7I7CO34 |AOATITCO34 TRIWE 155
tr |ROR2COVYJE |A0AZCSVYJE MANES FMEMDVEAYLRRRYESQIZ 155
tr |ROR2CSVYGO |ROR2CSVYGO MANES FMEMDVEAYLRRRYESQIZ 155
tr |LOR2NSFS76 |RORZNSF976 FAGSY EMEVDVES YLRRRYESQIZ 156
tr |ROATNZKMEE | AOATNZEMEE QUELO KTEVDVEAYLRRRYESQI] 154
tr |ROAT7ISKHES |ROA7ISKHBS SPIIN NMERDVEGYLRRRYEGQI] 155
tr |ROREISQIGL |[ROREISQIGL ELAGY FMELEVEAYLRRRYEGEIZ 153
tr |AOASBSJBUZ |ROASBEJBUZ2_ FHODC FMGLEVEAYLRRRYEGEIS 153
tr |ROASBSJBC2 |ROASBEJBC2_ FPHODC FMGLEVEAYLRRRYEGEIS 153
tr |RORSIEWFCS |AOASTEWFCS HORVYV ETELEVEAYLRRRYEGEI] 178
tr | AOR452YARE |ROR452YARE AFGTS ETELEVEAYLRRRYEGEIJ 118
tr | LOA3BSXXC3 |ROA3BSXXC3 WHEAT ETELEVEAYLRRRYEGEI] 173
tr |ROR3LEEI43 |AOA3SLEEI43 MAIZE EMELEVEAYIRRRYEGEIS 170
tr |A0R21DEHOZ0 |A0ALDEHSZ0 MAIZE EMELEVEAYIRRRYEGEIY 170
tr |BORAB35E357 |RORAS35B357 SPCAL KMELEVEAYIRRRYEGEIS 164
tr |LORS3SEHQO |RORS35EHQO SPORL FMELEVEAYIRRRYEGEIY 169
tr |ROR2S3GPCO |AOA2S3GPCO_9PCRL FMELEVEAYIRRRYEGEIY 169
tr |A0R368PLE2 |A0R368PLE2 SETIT RMELEVEAYIRRRYEGEI‘ 173
- \k \k\k\k * H

N PR Exo
tr|ACASDSDOI3|AOASDSDOI3_BRACM EQRLCDCLDSLYDLREYDVPY HVREA GQWYNVSISSTDVTLEKRTDILQR AEa 241
tr|AOA3PSYCF9|AOA3PSYCFS BRACM EQRLQDCLDSLHDLREYDVPYHVREA GQWYNVSISSTDVTLEKRI|DILQR | AE 241
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tr |ROATJITCO34|AOATITCO34_TRIWF HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVE KIGKDLE: 240
tr |ROAZCSVYJE|AOAZCHVYTE_MANES HECILNS§ve P VMRKCARWYSMEMAGVV TYT GAKII QNARLLVEKIGKDLE: 241
tr |AOAZCSVYGO|AOAZCHVYCO_MANES HECILNSHYC K VMRKCARWYSMEMAGVV TYTGAKII QNARLLVEKIGKDLE. 240
tr | LOAZNSF97 6| AORCNSFST 6_FAGSY HECILNSHYCVMRKCARWYSMEMAGVV TYTGAKII QNARMLVE KIGKDLE: 224
tr |ROATNZKME € | AOATNZKME 6_QUELO HKCILNSHYCFVMRKCARWYSMEMAGVV TYTGAKIIQNARVLVEKIGKDLE: 239
tr |ROATISKHBE |AOATISKHBE SDIIN HKCILNSHYCVMRKCARWYSMEMAGVV TYTGAKIIQNARLLVEKIGRDLE. 240
tr |ROAGISQIGL|AOAGISQIG]l ELAGV HHCILNSHYGFVMRKGARWYSMEMAGVV TYTGAKII QNARLLVEKIGRPLE. 838
tr |AOASBEJBUZ | AOASES JBUZ_PHODC HKCILNSHYGFVMRKGARWYSMEMAGVV TYTGAKIIQNARLLVEKIGRPLE. 838
tr |AOASBEJBCZ |AQASES JBCZ_PHODC HKCELNS Y G VMRKGARWYSHMEMAGVV TYT GAKII QNARLLVEKIGRPLE. s38
tr |AORASIEWFCE |AOASIEWFCS HORVY HECILNS§Y G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVDKIGRDPLE: 263
tr |AOR4SZYARE |AOA4EZYARE AEGTS HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVDKIGRDPLE: 203
tr |AOAZBEXXCE | AOA3BEXXC I WHEAT HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVDKIGRDLE: 258
tr |AOA3LEEI4 2 |AOASLEEI43_MAIZE HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVEKIGRDLE: 236
tr |ROALDEHSZ0|AOALDEHEZ0_MAIZE HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVEKIGRDLE: 236
tr |ROAS3EB357|AOAS3EE35T_SDOAL HECILNS§Y G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVE KIGRDLE: 249
tr |ROAS3EEHQO | AOAS3EEHQO_SDOAL HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVEKIGRDLE: =254
tr |ROAZS3GPCO|AOAZS3GPCO_SDOAL HECILNS§v G VMRKCARWYSMEMAGVV TYT GAKII QNARLLVEKIGRDLE: =254
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RESIELLQONASSTESIDRNVDYQGWLE 1282
RESIELLQONASSTESIDRNVDYQGWLE 1281
1272
1276
QEDGAHGKHQPLLSPMENLISTDSIDRNVDYQGWLDA 1291
QONA--TLCRPLMSLSQNGTCGESVDRNIDYQAWLE 1275
QONA--TLCRPLLSEFNQNDICSEIVDRNVNYQAWLE 1275
QONA--TLCRPLLSEFNQNDICSEIVDRNVNYQAWLE 1275
QQOKSVIRSNEP—-—-—-—-LRDDSADERVDRSTDYQGWLEA 1295
QOKSVIRSNEP— —LRDDSADEIVDRSTDYQGWLEA 1235
QQKSVIRSNEP— —LRDDSADEIVDRSTDYQGWLEA 1290
QONCMTGLNVPCTSQIQONAASYETVDKGTDYQGWLDA 1270
QONCMTGLNVPCTSQIQNAASYETVDKGTDYQGWLDA 1270
QRNSKTGLNAPLSSQMPNAAVDETIDRSSDYQGWLDA 1283
ORNSKTGLNAPLSSQMPNVAVDETIDRSSDYQGWLDA 1288
QONSVTGLNVPLSSQIQONVAADETTDRSTDYQGWLDA 1288
QONSITGLNVPLSSQIENAAADESIDRSTDYQGWLDA 1292
L k. ixnxx
Linker «<— 4 —p» CTD
——EIKKKVTQVRRGVGS 1352
—EIKKKVTQVRRGVGS 1352
—EINQKVGQGRGGVGS 1299
——EINQKVGQGRGGVGS 1318
RGSDGAFEHLGSLGTEKE-—---AQRKTGVGS 1343
HRADGASEVMEGMISKRG—-—-—--DQAKTGVGS 1317
NRANGASEPLGSLINNKK----AQHRTGVGS 1324
—AQHRTGVGS 1323
HRGNGVSDLLGGVTNGKD—----TQGRSGVGS 1314
RRGKGVLEVLGDVTNHKD----TQGRSGVSS 1318
SQFVAMAGNHESMTSNKH—----NIAKNGAVS| FFRRQELLLVHNHWQ— 1333
QQSAGAAKLPASMFNYRRG-—-——-QDRNGVSS| FFRRQELALVQSHWQ— 1317
QQSAGAAKLPASMENYRHN----QDRSGVSS| FFRRQELALVQSHWQ— 1317
QOSAGAAKLPASMENYRHN--—--QDRSGVSS| FFRRQELALVQSHWQ— 1317
EGPSNN—-—-—-—-—--LESARNGSQLHGNGRNRST| FFOKQELSLFRSHWQ 1335
EGPSNN---—-—--LEFSARNVSQLHGNSRNRST| FFOKOQELSLFRSHWQ— 1275
EGPSNN-—--—-—--LESARNDSQLHGNGRNRST FFQKQELSLFRSHWQ —————————————— 1330
————————— LPGWVLPPLLTILTLCSRP 1295
———-LLSARHANQLPVNSRNRST| FFOQKQELALFRSHWQACV--FCYLLCSVA 1321
——LLSSRNANQLPGNSRNRST| FFOKOQELALFRSHWQ— 1323
——LLSSRNVNQLPDNSRNRST| FFOQKQELALFRSHWQ 1328
——LLSSRNVSQLPGNSRNRAT| FFOQKQELALFRSHWQ 1328
DGPTNA--—-——-LLSSRNVNQLPGNSRNRST| FFQKQELALFRSHWQ- 1332

*
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tr|AOA8D9DOI3|AOA8DIDOI3 BRACM
tr | AOA3PS5YCFO|AOA3P5YCF9 BRACM
sp | F4HWO4 | DPOE1_ARATH

tr|D7KIO06|D7KIO6 ARALL

tr|AOA9QOFIPS5|AOA9QOFIPS 9ROSI
tr|AOA7J7C034|AOA7JI7CO34 TRIWE
tr|AOA2COVYJI6|AOA2COVYIT6 MANES
tr|AOA2COVYGO | AOA2COVYGO_MANES
tr | AOA2NOF976 | AOA2NIF976 FAGSY
tr | AOA7TN2KMEG6 | AOATN2KME6_QUELO
tr|AOA7ISKHBS|AOA7ISKHBS SPIIN
tr | AOA6I9QIGL |AOA6I9QIGLl_ ELAGV
tr|AOA8B8JBU2 | AOA8B8JBU2 PHODC
tr|AOA8B8JIBC2|AOA8B8JIBC2 PHODC
tr|AOA8I6WECS|AOA8I6WFCS HORVV
tr|AOA452YARG | AOA452YARG6_AEGTS
tr|AOA3B5XXC3|AOA3B5XXC3_ WHEAT
tr|AOA3L6EI43|AOA3L6EI43 MAIZE
tr|AOA1D6HS8Z0 |AOALID6H8Z0 MAIZE
tr|AOA835B357 |AOA835B357 9POAL
tr | AOA835EHQO |AOA835EHQO_9POAL
tr|AOA2S3GPCO|AOA2S3GPCO_9POAL
tr|AOA368PL62|AOA368PL62_ SETIT

LDl GRDPALLTEKEWJCIDSJCEKIYDRE ENSLLOMVRQRERMYHMQD © CNOVK
LDLGRDPALLTEKEW(C] DSQCEKIYDRE ENSLLOMVRQRERMYHMQD < CNOQVK

LDICRDPALLTEKEWSCADTQCGKIYDREQMESSLLEMVROQRERMYHMQODVVCIRCNQVK

CRDPALLTEKEWSC LK IYDREQMESSLLEMVRQRERMYHMOD]]
CRDTALL-SQEWHC LOPYDREVMENSLLQIVRORERLYHLQD]
CRDSALL-AHEWHC LOPYDREVMENALLQIVRORERLYHLOD]
CRDTALL-AQEWHC LOPYDREVMENSLLQIVRORERLYHLOD]
CRDTALL-AQEWHC EOPYDREVMENSLLQIVRORERLYHLOD]
CRDSVLL-AQEWHC EOPYDREVMENALLQIVRORERLYHLOQD]
CRDTALL-AQEWHC LOPYDREVMENALLQIVRORERLYHLQD]
SRDSALL-EQEWHC LOPYDRGOMESALLQIVRORERLYHLQD]
CRDSALS-DNEWHC FOSYNREQMENSLLQIVROREKLYHLQD]
CRDSALS-DSEWHC EOSYNREQMENSLLOMVROREKLYHLQD]]
CRDSALS-DSEWHC EOSYNREQMENSLLOMVROREKLYHLOQD]
CRDSTLQ-GHEWHC LOPYHREHMENALLQIVRORERLYHLOD]
CRDSTLQ-GHEWHC EOPYHREHMENALLQIVRORERLYHLOD]
CRDSTLQ-GHEWHC LOPYHREHMENALLQIVRORERLYHLOQD]
CRDSALQ-GQEWHC FOPYHREQMENALLQVVRORERLYHLQD]
CRDSALQ-GQEWHC FOPYHREQMENALLQVVRORERLYHLQD]]
CRDSTLQ-GQEWHC FOPYHREQVENALLQVVRORERLYHLQD]]
CRDSTLQ-GQEWHC FOPYHREQLENALLQVVRORERLYHLQD]]
CRDSTLO-GQEWHC LOPYHREQMENALLQVVRORERLYHLOD]]
CRDSTLQO-GQEWHC EOPYHREQMENALLQVVRORERLYHLQD]

- [ Lok ek skks s kkkkk s kk s Ak

|

| BRI IR I TNl
T

tr|AOASD9DOI3 |AOA8DIDOI3 BRACM |Lj§tMgEgEALLLTDLRREGtEEIFADFSKIVIDjGKFDLStAKAﬂCESLﬂgAVGNSDIF 1866
tr | AOA3P5YCF9 |AOA3P5YCF9 BRACM LHK M ALLLTDLRREGRHL IFADFSKIVIDGKFDLSRAKAYCPSLIYrAVGNSDIF 1866
sp | FAHWO4 | DPOE1_ARATH LHKVMQKVFALLLTDLRRLGAIIIYADFSKVIIDTVKFDLSAAKAYCESLLSTVRNSDIF 1847 CTD-Pol
tr | D7KIO6|D7KI06 ARALL LHxPMOKVFALLLTDLRREGHIf 1 YADFSKVT IDYVKFDLShAKAYCES LIS TVGNRLYS 1865
tr|AOA9QOFIPS5|AOAIQOFIP5 9ROSI LHKVMOKVIFALLLAELRKLGH| T FANFAKVI I DTGKENLSRAQAYCNS LK TLOSREME 1907
tr | AOA7J7C034 |AOA7J7C0O34_TRIWF LHKVMOKVFALLLAELRKEGRKEN I FANFSKVIIDYGKSDIARAKAYCPSLVKALOTRELFE 1866
tr|AOA2COVYJI6 | AOA2CIVYI6 MANES LHKMOKVIFALLLAEFRKEGRHI T FANFSKVI IDTGKLSLSpAKAYCPS LYK TLOSRELF 1874
tr | AOA2COVYGO | AOA2CIVYGO MANES LHKVMOKVIFALLLAEFRKLGN| T FANFSKVI IDYGKLSLSRhAKAYCPS LK TLOSRELF 1873
tr | AOA2N9F976 | AOA2NIF976 FAGSY LHKPMOKVFALLLAEFRKEGRTI T FANFSKVI I DYGKFDLShAKAYCPS LUK TL.ONRDLF 1864
tr|AOATN2KME6 | AOA7TN2KME6 QUELO LHKVMOKVFALLLAEFRKLGRA T FANFSKVI IDTGKFDLSRAKAYCPS LUK TLOKRDLE 1867
tr | AOA7ISKHBS | AOA7I8KHBS SPIIN LHKEMKKVFALLLSELRKE G VEANFFK I TVDIGKTDL PRARAYCPCLIKALOARDL L 1874
tr | AOA6I9QIGL |AOA6I9QIG] ELAGV LHKVMKKLFALLLAEFRKEGNI I FANFSKIVIDTGKIDLSPARAYCPCLIK TLOTRDLE 1864
tr|AOASB8JBU2 | AOABB8JBU2 PHODC LHKVMKKLFALLLAEFRKLGH T FANFSKIVIDTGK I DLSRARAYCPCLIYK TLOTRDLE 1864
tr| AOASBB8JBC2 | AOABB8JBC2_ PHODC LHKVMKKLFALLLAEFRKELGHL I PANFSKIVIDYGKIDLSPARAYCPCLIK TLOTRDLE 1867
tr|AOASI6WFCS | AOABI6WFCS HORVV LHNM LLLAEFRKLGANWIFANFSKIIIDTGKVDLPEARAYCPSLIUKTLOTRDLE 1879
tr|AOA4S52YARG6 | AOA452YARG AEGTS LHNVMKKVFALFLAEFRKLGANN I FANFSKI I1DTGKVDLPEARAYCPS LK TLOTRDLE 1819
tr|AOA3B5XXC3|AOA3B5XXC3 WHEAT LHNM LLLAEFRKLGANVIFANFSKIIIDTGKVDLPEARAYCPSLUKTLOTRDLE 1874
tr |AOA3L6EIA3|AOA3L6ETI43 _MAIZE LHNPMKKVFALLLAELRKEGRN T FANFSKI T IDYGKVDLSBAHAYCPSLIRTLOTRDLE 1870
tr|AOAL1D6HB8Z0|AOALD6H8Z0 MAIZE LHNM LLLAELRKLGRNV T FANFSKT T ID]GKVDLSEAHAYCPSLURTLOTRDLF 1887
tr|AOA835B357 | AOA835B357 9POAL LHNVMKKVFALLLAEFRKEL.GAN I FANFSKT I IDTGKVDLABAQAYCNS LK TLOTRDLE 1865
tr | AOA835EHQO | AOA835EHQO_9POAL LHNPMKKVFALLLAEFRKEGANV I FANFSKT T ID]GKVDLABAOAYCPSLUKTLOTRDLF 1872
tr|AOA2S3GPCO|AOA2S3GPCO_9POAL LHNM LLLAEFRKLGANVIFANFSKITIIDTGKVDLABAHAYCPSLIUKTLOTRDLE 1872
tr|AOA368PL62|AOA368PL62 SETIT LHNPMKKVFALLLAEFRKL.GANV I FANFSKI I TDTGKVDLABAHAYCPSLIKTLOTRDLE 1876
* [t P Pt A I I I M I e R
—p CysA
tr | AOABDYDOI3 |AOA8DIDOI3 BRACM ——————————————— VMKRNLLKY INVKEFAAEAEFLDPGPSFILPNV. cphavHD 2066
tr | AOA3P5YCF9|AOA3P5YCF9 BRACM - ILFLKLCFAVMKRNLLKY INVKEFAAEAEFLDPGPSFILPNV. cbavHD) 2080
sp | F4HWO4 | DPOE1 ARATH -— VMRKSLLKYIKVKECAAEAEFLDPGPSFILPNVACSNCDAYRD 2046
tr|D7KIO6|D7KIO6 ARALL SNLISGNLVLETMFTNRVMRKSLLKYIKVKECAAEAEFLDPGPSFILPNVACEYchaYHD 2126
tr | AOA9QOFIPS5|AOA9QOFIP5 9ROSI -- VMRRNLLKFVRVREFAREAEFRDPCPSFTLPNV clpcHD) 2145
tr|AOA7J7C034|AO0A7JI7CO34 TRIWF -- VMRKNLLKYVRVREFAPEAEFHDPCPSFILPNV clpcHD) 2091
tr | AOA2COVYJ6 |AOA2CIOVYJIT6 MANES -- VMRKNLLKYVRVREFAPEAEFHNPCPSFVLPNV clDcHD) 2111
tr|AOA2COVYGO | AOA2CIVYGO MANES - VMRKNLLKYVRVREFAPEAEFHNPCPSFVLPNV clpcHD) 2110
tr|AOA2N9F976|AOA2NIFI76 FAGSY - VMRKNLLKFVRVREFAPEAEFHDPCPSFILPNV cNpcHE 2054
tr|AOATN2KMEG6 | AOATN2KME6 QUELO - VMRKNLLKFVRVREFAPEAEFHDPCPSFNLSNV cNDcHE 2094
tr|AOA7I8KHBS | AOA7I8KHB8 SPIIN - RMRKNLLKLVRVKEFAPEAQFRDPFPSFTLPNV clpcHD) 2103
tr | AOA6I9QIGL |AOA6I9QIGl ELAGV - ~RMRKNLLKLVHVKEFAPEAQFNDPSPSFILPNVICEYCNDCHD) 2097
tr|AOA8B8JBU2 | AOABB8JBU2 PHODC - ~RMRKNLLKLVHVKEFAPEAQFHDPSPSFILPNV clpcHD) 2097
tr|AOA8B8JBC2 | AOA8B8JBC2 PHODC - ~RMRKNLLKLVHVKEFAPEAQFHDPSPSFILPNV clpcHD 2100
tr|AOABI6WFCS|AOA8I6WFC8 HORVV - RMRKNLLKLVRVKEFAPEAQFQDPCAAFILPNV clpcHD) 2108
tr|AOA452YARG |AOA452YARG AEGTS - RMRKNLLKLVRVKEFAPEAQFQDPCASFILPNV clpcHD) 2048
tr | AOA3B5XXC3|AOA3B5XXC3 WHEAT - RMRKNLLKLVRVKEFAPEAQFQDPYASFILPNVICEYCNDCHD) 2103
tr |AOA3L6EIA43 |AOA3L6EI43 MAIZE - RMRKNLLKLVRVKEFAPEAQFQDPCASFTLPNVICEYcNDCHD) 2094
tr |AOA1D6H8Z0 |AOAID6HBZO MAIZE - RMRKNLLKLVRVKEFAPEAQFQDPCASFTLPNVICEYcNDCHD) 2111
tr |AOA835B357 | AOA835B357 9POAL - RMRKNLLKLVRVKEFAPEAQFQDPCASFTLPNVICEYcNDCHD) 2093
tr | AOA835EHQO | AOA835EHQO0_ 9POAL - ~RMRKNLLKLVRVKEFAPEAQFQDPCASFTLPNVICEYYCNDCHD) 2098
tr | AOA2S3GPCO|AOA2S3GPCO_9POAL -- RMRKNLLKLVRVKEFAPEAQFQDPCASFTLPNV clpcHD) 2098
tr | AOA368PL62 |AOA368PL62 SETIT  ————————————————u RMRKNLLKLVRVKEFAPEAQFQEPCASFTLPNV clpcHD) 2102
Kis L kkk s kik ok kkak sk ik % oxx |k |5l A
CysA €—— — ZBM-4Fe-4S

2126
2140
2106
2186
2204
2150
2170
2169
2113
2153
2162
2156
2156
2159
2167
2107
2162
2153
2170
2152
2157
2157
216l

tr|AOA8DODOI3 |AOA8DIDOI3 BRACM
tr|AOA3PS5YCFO |AOA3P5YCF9 BRACM
sp | F4HWO4 | DPOE1 ARATH

tr\D7KIOG\D7KIO67ARALL

tr | AOA9QOFIP5|AOA9QOFIPS5_9ROSI
tr |AOA7J7C034|AOA7JI7CO034 TRIWF
tr|AOAZ2COVYJ6 |AOA2COVYJI6 MANES
tr\AOA2C9VYGO|AOA2C9VYG07MANES
tr | AOA2NOF976 | AOA2NOF976 FAGSY
tr | AOA7N2KMEG6 | AOA7N2KME6_QUELO
tr|AOA7IBKHBS |AOA7ISKHB8 SPIIN
tr|AOA6I9QIGL |AOA6I9QIGL ELAGV
tr | AOA8B8JBU2 | AOASB8JBU2_PHODC
tr|AOA8BB8JBC2 | AOA8B8JBC2_ PHODC
tr | AOABI6WEFCS |AOA8I6WFC8 HORVV
tr\AOA452YAR6|AOA452YAR67AEGTS
tr | AOA3B5XXC3 |AOA3B5XXC3_ WHEAT
tr |AOA3L6EIA43|AOA3LE6EI43 MAIZE
tr | AOA1DEHB8ZO |AOALD6H8Z0 MAIZE
tr | AOA835B357 | AOA835B357_9POAL
tr | AOA835EHQO | AOA8B35EHQO_9POAL
tr|AOA2S3GPCO |AOA2S3GPCO_9POAL
tr|AOA368PL62|AOA368PL62 SETIT

<4— [4Fe-4S]

AAHLTEQCHCISGSFRCKESGSEFLKRMEIFLDIAKRQKFKLLEECTSWILD
AAHLTEQCHCEGSFRCKESGSEFLKRMEIFLDIAKRQKFKLLEECTSWILD
AAHLTEQCECSGSFRCKESGSEFSKRMEIFMDIAKRQKFRLLEEYISWITIY
AAHLTE

* ks o: o * s ko x * Sk Lk L x Lk x * ko

PTGSWQTNT
PTGSWQTNT
GPSY-———~-

GSFRCKESGSEFSKRMEIFLDIAKRQKFRLLEEYISWILYGPSY—————

IH--——
IH-——————
LO-——=--~
LR-——————

©

AAHLAEQC GSYRCKEDVSEFRGKMOQVFLNIATROQKFOQLLOECTSWILEVQ—-——————
AAHLTEQC GSFRCKEDVSEFQRKMQIFLNVATHQKFELLRECTSWILEVQ-——————
AAHLAEQC GSYRCKEDLSEFRSKMQOQIFLNVATHOQKFKLLOQECTSWILE

AAHLAEQC GSYRCKEDLSEFRSKMQOIFLNVATHOQKFKLLOQECTSWILE

AAHLAEQC GPFKCKEDLTEFRSKMQIFLNIATHQKFQLLOESTSWILE

AAHLAEQC GPFKCKEDLTEFRSKMQIFLKIATHOKFQLLOQECTSWILE

ADHLAEQC GSFGCEESSADFLRRMOVFLKVALGOQKFLLLRDCVSWILEGP-——————
AAHLAEQC GLFRCKEDSFEFLRKMOQVFLNIAANQKFQLLDDCTSWILEVR—-———
AAHLAEQC GSFRCKEDSFEFLRKMOVFLKIAANHKFQLLHDCTSWILEVR-——————
AAHLAEQC GSFRCKEDSFEFLRKMOVFLKIAANHKFQLLHDCTSWILEVR-——————
AAHVSE(JC GSFRCKEEAPQFLGKMRVFLNVAVSQKFELLODCVRWILE

AAHVSE(JC GSFRCKEEAPQFLGKMRVFLNVAVSQKFELLODCVRWILEVR-——————
AAHVSEQC GSFRCKEEAPQFLGKMRVFLNVAVSQKFELLODCVRWILEVR—-———
AAHLSEQC GSFRCKEEPSYFLSKMRVFLKVAVSQKFPLLODCVOQWILEAR-——————
AAHLSEQC GSFRCKEEPSYFLSKMRVFLKVAVSQKFPLLODCVOWILEAR-——————
AAHLSE(JC GAFRCKEESSYFLSKMRVFLNVAVSQKFQLLODCVEWILEVR-——————
AAHLSEQC GAFRCKEESSHFLSKMRVFLNVAASQKFQLLODCVEWILEVR-——————
AAHLSDJQC GSFRCKEESSYFLSKMQVFRDVAVSQKFQLLODCVEWILEVR—-———
AAHLSEQC GSFRCKEESSYFLSKMRVFLNVAVNQKFQLLODCVEWILEVR-——————

* *x

2186
2200
2161
2241
2257
2203
2223
2222
2166
2206
2215
2209
2209
2212
2218
2160
2215
2206
2223
2205
2210
2210
2214
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/End of the plant pol € sequences

tr\AOA8D9DOI3\AOA8D9DOI3_BRACM GRHHS 2191
tr |AOA3P5YCF9|AOA3P5YCF9 BRACM GRHHS 2205
sp\F4HWO4IDPOE17ARATH ————— 2161
tr|D7KI06|D7KI06 ARALL ~ —--—= 2241
tr|AOA9QOFIPS5|AOA9QOFIPS 9ROSI ~  —---- 2257
tr|AOA7J7C034 |AOATJI7CO34 TRIWF ~  —----—- 2203
tr|A0A2COVYJT6|AOA2COVYT6 MANES —  —----—- 2223
tr |AOA2COVYGO|AOA2COVYGO MANES ~—  —----- 2222
tr|AOA2N9F976|AOA2NIF976 FAGSY ~  —---- 2166
tr\AOA7N2KME6\AOA7N2KME6_QUELO 77777 2206
tr|AOA7IBKHB8 |AOATISKHB8 SPIIN —----- 2215
tr|AOA6I9QIGL |AOA6I9QIG] ELAGV ~  —----- 2209
tr |AOABB8JBU2|AOA8B8JBU2 PHODC ~  —----- 2209
tr|AOA8BBJBC2 |AOASB8JBC2 PHODC ~  —---- 2212
tr\AOA816WFC8\AOA8I6WFC8_HORVV 77777 2218
tr|AOA452YARG|AOA452YAR6 AEGTS ~  —--—- 2160
tr\AOABBBXXC3\AOA3B5XXC3_WHEAT ————— 2215
tr|AOA3L6EI43|AOA3L6EIA3 MAIZE ~  —----—- 2206
tr|AOA1D6H8Z0|AOAID6H8Z0 MAIZE ~  ----- 2223
tr|AOA835B357|A0A835B357 9POAL ~  —---—- 2205
tr|AOA835EHQO |AOA8B35EHQ0 9POAL ~  —----—- 2210
tr|AOA2S3GPCO|AOA2S3GPCO_9POAL  —---- 2210
tr|AOA368PL62|AOA368PL62 SETIT —----- 2214

NLS, Nuclear Localization Signal

IAOABDIDO0I3_BRACM, Brassica campestris
FAHWO04|DPOEL1_ARATH, Arabidopsis thaliana
IAOA9QOFIP5_9ROSI, Turnerasubulata
IAOA2COVYJ6_MANES, Manihot esculenta
IAOA2NIFI76_FAGSY, Fagus sylvatica
IAOAT7ISKHB8_SPIIN, Spirodela intermedia
IAOABB8JBC2_PHODC, Phoenix dactylifera
IAOA8IEWFC8_HORVV, Hordeum vulgare
IAOA3B5XXC3_WHEAT, Triticum aestivum
IAOALD6H8Z0_MAIZE, Zea mays

AO0A3P5YCF9_BRACM, Brassica campestris
D7KI06_ARALL, Arabidopsis lyrata subsp. lyrata
AO0AT7J7C034_TRIWF, Tripterygium wilfordii
AO0A2CIVYGO_MANES, Manihot esculenta
AOA7TN2KMEG_QUELO, Quercus lobata
AOA6I9QIG1_ELAGV, Elaeisguineensis var. tenera
A0A8B8JBU2_PHODC, Phoenix dactylifera
AO0A452YARG_AEGTS, Aegilops tauschii subsp. strangulata
AOA3L6EI43_MAIZE, Zea mays

A0A835B357_9POAL, Digitaria exilis

IAOAB35EHQO_9POAL, Digitaria exilis
IAOA368PL62_SETIT, Setariaitalica

A0A2S3GPCO_9POAL, Panicum hallii

Figure 3 MSA of the catalytic subunit of the DNA pol € (Pol2A) from various plant sources

Figure 4 shows the MSA of the DNA pol € from various animal sources (only the required regions for the discussions are
shown here). The human sequence is used as the standard and highlighted. The PR exo and pol regions in the human
sequence are highlighted in red and green, respectively, and the PR active site amino acids are highlighted in light blue
and the pol active site amino acids are highlighted in yellow. The typical, completely conserved -DEDD- superfamily of
PR exonuclease active site amino acids are found with an invariant Y as proton acceptor in the NTD and is in close
agreement with the other RdRps/DdDps [8]. The proposed template-binding pair (-YG-), catalytic amino acid (K) and
the dNTP selection amino acid (Q) are found in the pol domain and are in close agreement as reported in other DdDps
and DdRps [8,16] and also with the plant enzymes (Fig.3). Unlike other two eukaryotic replicative pols, the pol ¢
harbours a unique ZBM within the pol domain, similar to the pol € from the plant sources (highlighted). A dNTP selecting
-SYLPVGS- motif is found within the first PR exo region as found in plant enzymes, -SYLPQGS-. However, a second PR
exonuclease active site and a putative pol catalytic core are also identified in the CTD (highlighted). Similar to the -
SYLPXXS- at the NTD, a -SYLEPGS- motif (highlighted in yellow) is found within the second PR exo region in the CTD.
Alarge NTD deletion analysis has implicated a possible second pol region in the CTD, e.g., a large N-terminal deletion
(A176-1134 amino acids) of the yeast pol € gene (which deletes both the pol and PR exo domains), but retains the C-
terminal region intact, showed that the yeast was viable, but grew slowly, suggesting a possible second pol active site
in the CTD as discussed elsewhere [20]. The CTD contains the two regular ZBMs and one of them (CysB) binds the 4Fe-
4S cluster (highlighted in orange) as found in all the three eukaryotic replicative pols. The putative NLSs are highlighted.
Many conserved Ws are observed in the CTD, suggesting their possible involvement in interactions with the other
subunits.

CLUSTAL O (1.2.4) MSA of e DNA pols from various animal sources
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NTD €—

—»PR Exo

tr | AOAGQ2WWNS | AOAGQ2WWNS_ESOLU KIHVAHWYNVRYRGSAYPPEITLRSDLVER | PDPVVLAFDIEI TKLPLKFPDAETDOIMMI 291
tr | AOA673YLH4 |AOA673YLH4_SALTR KIHVAHWYNVRYRGSAYPPEIILRSDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 297
tr | AOR4AWSMAK2 | AOA4WSMAK2_9TELE KIHVAHWYNVRYRGSAYPPEIILRSDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 297
tr | AOAGP6MIO8 | AOAGPEMI 98 CARAU KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 296
tr | AOA498LK69 | AOA498LK69_LABRO KIHVAHWYNVRYRGSAYSPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMIL 295
tr | AOA3Q2YTIS |AOA3Q2YTIS HIPCM KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE TKLPLKEPDAETDOIMML 296
tr|MAAO42 |MAA042_ XIPMA KIHVAHWYNVRYRGSAFPPEIVRRDDLVER | PDPVVLAYDIE TKLPLKEPDAETDOIMMI 297
tr | AOA6P8SZEO | AOAGP8SZEO_GYMAC KIHVAHWYNVRYRGSAYHPEIIRRDDLVER | PDPVVLAYDIE[ TKLPLKEPDAESDQIMMI 295
tr | AOA3Q2PG22 | AOA3Q2PG22_FUNHE KIHVAHWYNVRYRGSSFPPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKEPDAETDOIMMIT 297
tr | AOA6A4SMP2 | AOAGA4SMP2__SCOMX KIHVAHWYNVRYRGSTYPPEIVQRDDLVER | PDPVVMAHDIE[ TKLPLKEPDAETDQIMMI 297
tr | AOA673CZR7 |AOA673CZR7_9TELE KIHVAHWYNVRYRGSAFPPEIIRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDQIMMI 297
tr | AOA671YAK3 |AOAG671YAK3_SPAAU KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAESDQIMM 297
tr | AOAG6P7J20Q5|A0AGP7J2Q5_ 9TELE KIHVAHWYNVRFRGSAYPPEIVRRDDLVER | PDPVVLAFDIE[ TKLPLKFPDAETDOIMMI 297
tr | AOA7N8YNG0O | AOA7NS8YNG60O_9TELE KIHVAHWYNVRYRGSTYPPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 305
tr | AOA3P8N896 | AOA3PS8N896_ASTCA KIHVAHWYNVRNRGSAYPPEIVRRDDLVER | PDPVVLAYDIE TKLPLKFPDAETDOIMMI 296
tr | AOA3B4GLIO9|AOA3B4GLI9 9CICH KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIEI TKLPLKFPDAETDOIMMI 296
tr | AOAGASF6EM3 | AOAGASF6M3_PERFL KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE[ TKLPLKEPDAESDQIMMIL 297
tr | AOA3QLFLK4 | AOA3QLFLK4_9TELE KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE TKLPLKFPDAETDOIMML 297
tr | AOAAWE6GIK4A | AOAAW6GOKA_LATCA KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIE[I TKLPLKFPDAESDQIMML 297
tr | AOA3BAYTJS5|AOA3B4AYTJIS5 SERLL KIHVAHWYNVRYRGSAYPPEIVRRDDLVER | PDPVVLAYDIEN TKLPLKEFPDAETDOIMML 297
tr | AOA665X3K2 | AOA665X3K2_ECHNA KIHVAHWYNVRYRSSAYPPEIIRRDDLVER|PDPVVLAFDIE[ TKLPLKEPDAETDOIMMI 297
tr | AOA7JI7RQ84 |AOA7JI7RQ84_RHIFE KIHVAHWYNVRYRGNAFPVEVTRRDDLVER | PDPVVLAFDIE[ TKLPLKEPDAETDQIMMI 269
tr | AOA6P6DOR3 | AOAGP6DOR3_PTEVA KIHVAHWYNVRFRGNAFPVELTRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDQIMMI 288
tr | AOA7J8H4F1 | AOA7J8H4F1_ROUAE KIHVAHWYNVRFRGNAFPVELTRRDDLVER | PDPVVLAFDIE[ TKLPLKFPDAETDOIMMI 302
tr | AOA5F4D2S5| AOA5F4D2S5 CANLFE KIHVAHWYNIRYRGSAFPVEITRRDDLVER | PDPVVLAYDIE[ TKLPLKEPDAETDOIMML 331
sp | Q07864 | DPOEL_HUMAN KIHVAHWYNVRYRGNAFPVEITRRDDLVER Exol
tr|AOA2I35S482|A0A2I35482_ PANTR KIHVAHWYNVRYRGNAFPVEITRRDDLVER | PDPVVLAYDIEI TKLPLKFPDAETDOIMML 296
tr | AOA2K6CIS5S8 | AOA2ZK6CIS58_MACNE KIHVAHWYNVRYRGNAFPVEITRRDDLVER | PDPVVLAYDIEN TKLPLKFPDAETDOIMML 296
tr | AOA834DIT3 |AOA834DIT3_9CHIR KIHVAHWYNVRHRGSALPVEITRRDDLVER | PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 296
tr|F6Z2911|F62911_ HORSE KIHVAHWYNVRYRGNAFPVEIARRDDLVER | PDPVVLAYDIEI TKLPLKEFPDAETDOIMMT 296
tr | AOASG2RB90 | AOASG2RBO0_PIG KIHVAHWYNVRYRGNAFPVEIARRDDLVER | PDPVVLAYDIE[ TKLPLKEPDAETDQIMMT 269
tr | AOA670JP16 | A0OA670JP16_PODMU KIHVAHWYNVRYRGSSFPPEITRRDDLVER | PDPVVLAFDIE[ TKLPLKEFPDAETDQIMMI 294
tr | AOA852LC41|AOA852LC41_UROIN KIHVAHWYNVRCRGSTFPAEITRRDDLVER | PDPVVLAFDIE[ TKLPLKFPDAETDOIMMI 312
tr | F6ZFB6 | F6ZFB6_ORNAN —mmmmm e PPVVLAFPIET[KLPLKEFPDAETDQIMMI] 171
tr | AOA6PSLNS3 | AOAG6PSLNS3 PHACI KIHVAHWYNVRYRGSSLPIEITRRDDLVER| PDPVVLAYDIE[ TKLPLKFPDAETDOIMMI 297
tr | AOA4X2K1KS8 | AOA4X2K1KS8_VOMUR KIHVAHWYNVRYRGSSLPVEITRRDDLVER| PDPVVLAYDIENTKLPLKEPDAETDOIMML 281
N s A e
tr | AOAGQ2WWNS | AOAGQ2WWNS_ESOLU E[l FVTYNGDEFDWPEVETRAAHHGLNMYKE IGFOKDNOGEYKAISOAIHMDE FRWVKRDE Y 411
tr | AOA673YLH4 | AOA673YLH4_ SALTR E[l FVTYNGDE[FDNPEVETRAAHHGLNMY RE IGFOKDNQGE YRAIS OA THMDA FRWVKRDE Y 417
tr | AOA4AWSMAK2 | AOAAWSMAK2_9TELE E[l FVTYNGDE[FDWPEFVETRAAHHGLNMY R OATIHMDAFRWVKRDEY 417
tr | AOA6PEMIO8 | AOAGP6MIO8_CARAU N[LFVTYNGDEFDWPEVE[TRAAQLGLSMYREIGFOKDNOGE YKASOATHMDE LRWVKRDE Y 416
tr | AOA498LK69|AOA498LK69_LABRO NI FVTYNGDEFDWNPEFVERRAAQLGLNMHRE IGFOKDNOGE YKAIS OATHMDE LRWVKRDE Y 415
tr | AOA3Q2YTIS5 |AOA3Q2YTIS_ HIPCM N[ IVTYNGDEEDWPFVE[TRASVHGLSMHREIGFQOKDSQGE YKSISOA THMDE FRWVKRDE Y 416
tr |MAAO42 |MAA042_XIPMA N[LFVTYNGDEFDWNPEFVETRAALHGLSMHREIGFOKDNOGE YKS[SOAIHMDE LRWVKRDE Y 417
tr | AOAGP8SZEO | AOA6P8SZEO_GYMAC NI FVTYNGDE[FDWNPEVETRAALHGLDMYKE IGFOKDNQGE YKS[TOA THMDE Y RWVKRDE Y 415
tr | AOA3Q2PG22 | AOA3Q2PG22_FUNHE NI FVTYNGDEFDWPFVERRAAVHGLNMHKE IGFOKDNOGE YKS[S OAIHMDE LRWVKRDE Y 417
tr | AOAGA4SMP2 | AOAGA4SMP2__SCOMX N[LFVTYNGDEFDWPF IE[TRASLHGLSMHREIGFOKDNOGE YKS[SOATIHMDE LRWVKRDEY 417
tr | AOA673CZR7 |AOAG673CZR7_9TELE N[ FVTYNGDEFDWNPFVEMRAATHGLSMHRE IGFOKDNQGEYKS[S OQALHMDE LRWVKRDE Y 417
tr | AOA671YAK3 |AOAG671YAK3_SPAAU N[LFVTYNGDE[FDWNPEVETRAALHGLSMYREIGFOKDNOGE YKS[SOAIHMDE Y RWVKRDE Y 417
tr | AOAG6P7J2Q5|A0A6P7J205_ 9TELE NEFVTYNGDEFDWPEFIE[TRASLHGLSMHREIGFOKDSQGEYKS[SOATIHMDL LRWVKRDEY 417
tr | AOA7NS8YNGO | AOA7N8YNG6O_9TELE N[LFVTYNGDEFDWNPEVETRAALHGLSMHREIGFOKDSQOGE YKSSOAIHMDE LRWVKRDE Y 425
tr | AOA3PS8N896 | AOA3P8N896_ASTCA N[IFVTYNGDEFDWPFE IEVRAALHGLSMHREIGFOKDNOGE YKASOATHMDE LRWVKRDE Y 416
tr | AOA3BAGLIO |AOA3B4GLI9_9CICH NEFVTYNGDEFDWPFIEVRAALHGLSMHREIGFOKDNQGEYKA|SOATIHMDE LRWVKRDEY 416
tr | AOA6ASF6M3 | AOAGASF6M3_PERFL NI FVTYNGDE[FDWPEVETRAALHGLNMHRE IGFOKDNQGE YKSIS OA THMDE LRWVKRDE Y 417
tr | AOA3QLFLK4 | AOA3QLlFLK4_9TELE N[LFVTYNGDE[FDWNPEVETRAALHGLSMHRE IGFOKDSQGE YKS[SOATIHMDE LRWVKRDEY 417
tr | AOARAWE6GOK4A | AOAAW6GOK4_LATCA NEFVTYNGDEFDWPEVERRAALHGLNMHREIGFOKDSQGE YKS[SOATHMDL LRWVKRDEY 417
tr | AOA3BAYTJIS | AOA3BAYTJIS_SERLL N[LFVTYNGDEFDWNPEFVETRAALHGLSMHREIGFOKDSOGEYKSSOAIHMDE LRWVKRDE Y 417
tr | AOA665X3K2 | AOAG665X3K2_ECHNA N[IFVTYNGDEFDWPEVE[TRAALHGLSMHRE IGFOKDSQGE YKS|S QA THMDE LRWVKRDE Y 417
tr | A0OA7JI7RQ84 | AOA7I7RO84_RHIFE TEMVTYNGDE[EDNWPFVERRAAAHGLSMY AlPOCIHMDELRWVKRDEY 389
tr | AOA6PEDOR3 | AOAG6P6DOR3_PTEVA TEMVTYNGDE[EDNPEFVEARAAAHGLSMYQEIGEFQOKDSOGEYKAPOC IHMDE L RWVKRD Y 408
tr | AOA7J8HA4F1 | AOA7JI8HAF1_ROUAE TEMVTYNGDEEDWPFVERRAAAHGLSMYQEIGFOKDSQGE YKAPOC IHMD LRWVKRDE Y 422
tr | AOASF4D2S5 | AOASF4D2S5 CANLE TILMVTYNGDE[EDWPEVEARAAVHGLSMYOf OCIHMDELRWVKRDEY 451
Exol
‘tr | AOA2I3S482 | AOA2I3S482_ PANTR TEMVTYNGDEFDWPFVERRAAVHGLSMOJEIGFOKDSOGEYKAPOC IHMDELRWVKRDE Y 416
tr | AOAZK6CISS8 | AOA2ZKE6CIS58 MACNE TEMVTYNGDE[EDNPEFVERARAAVHGLSMOOE I GFOKDSQGEYKAPOC THMDE L RWVKRDE Y 416
tr | AOAS34DIT3 |AOA834DIT3_9CHIR TEMVTYNGDE[FDWPFVEARAAAHGLSMYQJEIGFOKDSQGEYKAPQOC IHMDELRWVKRDE Y 416
tr | F62911|F62911_ HORSE TEMVTYNGDEEDNPEFVERRAAVHGLSMYOEIGFOKDNQGEYKAPOC IHMDIELRWVKRDE Y 416
tr | AOASG2RBO0 | AOASG2RB90_PIG TEMVTYNGDEFDWPFVERARAAVHGLSMYJE IGFOKDSQGEYKS|SOC IHMDELRWVKRDE Y 389
tr | AOA670JP16|AO0A670JP16_PODMU TIEMVTYNGDE[FDIVPFVE[TRAAAHGMNMOOE IGFOKDSQGEYKAPSCIHMDIELRWVKRDE Y 414
tr | AOA852LC41 | AOA852LC41_UROIN N[ IVTYNGDEFDWNPEVERRAAAHGINMYOJEIGFOKDSQOGE YKAISOC IHMDE LRWVKRDE Y 432
tr | F6ZFB6 | F6ZFB6_ORNAN TEMVTYNGDEEDNPFVEARAAVHGLNMY OE I GFOKDNQGE YKAS OC THMDELRWVKRDE Y 291
tr | AOA6PSLNS3 | AOAG6PS5LNS3_PHACT TEMVTYNGDE[EDNWPFVERARAAVHGLSMHOEIGFOKDSQGEYKSISOC IHMDI LRWVKRDE Y 417
tr | AOA4AX2K1KS8 | AOA4AX2K1KS8_VOMUR TEMVTYNGDE[EDWPFVEARAAVHGLSMHQE I GFOKDSQOGE YKS|SOC IHMDE LRWVKRDE Y 401
R ) vapen [NV vl B ) R Aemar
tr | AOAG6Q2WWNS | AOAGQ2WWNS_ESOLU LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQO-TLATYSVEHAVATYYLYMKYVH 470
tr | AOA673YLH4 |AOA673YLH4_SALTR LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEESQ-TLATYSVEDAVATYYLYMKYVH 476
tr | AOA4WSMAK2 | AOA4WSMAK2 _9TELE LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEESQ-TLATYSVEDAVATYYLYMKYVH 476
tr | AOA6P6MIO8 | AOAG6P6MIO8_CARAU LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATY|SVEDAVATYYLYMKYVH 475
tr | AOA498LK69 |AOA498LK69_LABRO LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATY|SVEDNAVATYYLYMKYVH 474
tr | AOA3Q2YTIS |AOA3Q2YTIS5_HIPCM LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATYSVEDNAVATYYLYMKYVH 475
tr |MAAO42 |M4AA042_XIPMA LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TELATYSVEDNAVATYYLYMKYVH 476
tr | AOA6P8SZEO |AOA6P8SZEO_GYMAC LPMGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPO-TLATYSV$DAVATYYLYMKYVH 474
tr | AOA3Q2PG22 | AOA3Q2PG22_FUNHE LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPO-TLATYSVSDAVATYYLYMKYVH 476
tr | AOA6A4SMP2 | AOAG6A4ASMP2_SCOMX LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQO-TLATYSVEDAVATY YMYMKYVH 476
tr | AOA673CZR7 |AOA673CZR7_9TELE LPVGSHNLKAAAKAKLSYDPVELDPEEMCRMATEEPQ-TLATYSVEDAVATYYLYMKYVH 476
tr | AOA671YAK3 |AOA671YAK3_SPAAU LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATY|SVEDNAVATYYLYMKYVH 476
tr | AOA6P7J20Q5|AO0A6P7J205_ 9TELE LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEFQ-TLATYSV$NAVATYYLYMKYVH 476
tr | AOA7N8YNG60O | AOA7N8YN60O_9TELE LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TELATY[SV$DAVATYYLYMKYVH 484
tr | AOA3P8N896 | AOA3P8N896_ASTCA LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPO-TLATYSVSDAVATYYLYMKYVH 475
tr | AOA3B4AGLIO |AOA3BAGLI9_ 9CICH LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPO-TLATYSVEDNAVATYYLYMKYVH 475
tr | AOA6ASF6M3 | AOA6ASF6M3_PERFL LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPO-TLATYSVSDAVATYYLYMKYVH 476
tr | AOA3QLFLK4 | AOA3QLFLK4_9TELE LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPO-TLATYSVSDAVATYYLYMKYVH 476
tr | AOAAW6GOK4 | AOAAW6GIOKA_LATCA LPVGSHNLKAAAKAKLSYDPVELDPEEMCRMATEEPO-TLATYSVEDNAVATYYLYMKYVH 476
tr | AOA3B4YTJS |AOA3B4YTJIS5 SERLL LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATY|SVEDNAVATYYLYMKYVH 476
tr | AOA665X3K2 | A0A665X3K2_ECHNA LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TLATYSVEDNAVATYYLYMKYVH 476
tr | AOA7JI7RQ84 | AOA7J7RQ84_RHIFE LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQ-TLATYSVDNAVATYYLYMKYVH 448
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQO-TLATYSVEDAVATYYLYMKYVH 467
tr | AOA7J8HAF1 |AOA7J8HAF1_ROUAE LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPO-TLATYSVSDAVATYYLYMKYVH 481
tr | AOASFA4D2S5 | AOASF4D2S5 CANLE LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQO-TLATYSVEDAVATYYLYMKYVH 510
Exol
tr | AOA2I3S482|AO0A2I35482_ PANTR LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQ-TLATYSVEDAVATYYLYMKYVH 475
tr | AOA2K6CISS | AOA2ZK6CIS58_MACNE LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPO-TLATYSVEDAVATYYLYMKYVH 475
tr | AOAS834DIT3|AOA834DIT3_9CHIR LPVGSHNLKAAAKAKLGYDPVELDPEDMCOMATEQPO-TELATY[SVEDAVATYYLYMKYVH 475
tr|F6Z911|F62911_HORSE LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQ-TLATYSVEDNAVATYYLYMKYVH 475
tr | AOASG2RB90 | AOASG2RB90_PIG LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEQPQ-TLATYSVEHNAVATYYLYMKYVH 448
tr | A0OA670JP16|AOA670JP16_PODMU LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPQ-TELATYSVEDAVATY YMYMKYVH 473
tr | AOA852LC41 | AOA852LC41_UROIN LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEEPOVTLATYSVEDAVATY YMYMKYVH 492
tr | F6ZFB6 | F6ZFB6_ORNAN LPVGSHNLKAAAKAKLGYDPVELDPEEMCRMATEQPO-TLATYSVSDAVATY YMYMKYVH 350
tr | AOA6PS5LNS3 | AOA6P5LNS3_PHACI LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEEPQ-TLATYSVEDAVATY YMYMKYVH 476
tr | AOA4X2K1KS8 | AOA4X2K1KS8_VOMUR LPVGSHNLKAAAKAKLGYDPVELDPEDMCRMATEEPQ-TLATYSVEHAVATY YMYMKYVH 460
i e IR T 7 Ty (1 e
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{tr | AOA6Q2WWNS | AOAG6Q2WWNS_ESOLU
tr | AOA673YLH4 |AOA673YLH4_SALTR
tr | AOAAWSMAK2 | AOA4AW5MAK2_9TELE
tr | AOA6P6MIO8 | AOAG6P6MI 98 _CARAU
tr | AOA498LK69 | A0OA498LK69_ LABRO
tr | AOA3Q2YTIS5|AOA3Q2YTIS HIPCM
‘tr |M4A042 |M4A042 XIPMA

tr | AOA6P8SZEO | AOA6P8SZEO_GYMAC
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE
tr | AOAG6A4SMP2 | AOAG6A4SMP2_SCOMX
tr | AOA673CZR7|AOAE673CZR7_9TELE
tr | AOA671YAK3 |AOA671YAK3_SPAAU
tr | AOA6P7J205|A0AE6P7J205_ 9TELE
tr | AOA7NS8YNG60O | AOA7NS8YNG60O_O9TELE
tr | AOA3P8NS896 | AOA3ZPSN896_ASTCA
tr | AOA3B4GLIO|AOA3B4GLI9_9CICH
tr | AOAGASF6M3 | AOAGASF6M3_PERFL
tr | AOA3Q1FLK4 | AOA3QLlFLK4_9TELE
tr | AOAAW6GOK4 | AOAAW6GOK4_ LATCA
tr | AOA3B4YTJIS5 | AOA3B4YTJIS_SERLL
tr | AOA665X3K2 | AOA665X3K2_ECHNA
tr | AOA7J7RQ84 | AOA7J7RQ84_RHIFE
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA
tr | AOA7J8H4F1 | AOA7J8HAF1_ROUAE
tr | AOASF4D2S5 | AOASF4D2S5_ CANLE
sp| 007864 | DPOE1_HUMAN

tr | AOA2I35482|A0A2I35482_ PANTR
tr | AOA2K6CIS58 | AOA2K6CISS_MACNE
tr | AOA834DIT3|AOA834DIT3_9CHIR
tr | F62911|F6Z2911_HORSE

tr | AOASG2RB90 | AOASG2RBO0_PIG
tr | AOA670JP16|AOA670JP16_PODMU
tr | AOAS52LC41 |AOA852LC41_UROIN
tr | F6ZFB6 | F6ZFB6__ORNAN

tr | AOA6PSLNS3 | AOA6P5LNS3_PHACT
tr | AOA4X2KI1KS8 | AOA4X2K1K8_VOMUR
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JRYVISRKPEGSPVTERWAIPLATIFQAEPSVTKHFLRKWLKMPSLHDEDIIRSTLDWSYY T
QRYVISRKPEGSPVTER-ATPLATIFQAEPSVKKHFLRKWLKMPSLHDLDITRTILDWSYYT
QRYVISRKPEGAPVTER-ATPLATIFQAEPSVKKHFLRKWLKMPSTHDEDITRSTLDWNYY T
QRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDLDIIRSILDWSYY I
JRYVISRKPEGSPVTER-AIPLATIFQAEPSVKKHFLRKWLKMPSLHDLDIRSTILDWSYYT
QRYVISRKPEGSPVTERLATPLATFQAEPSVKKHFLRKWLKMPSLHDLDITRSTLDWSYYT
QRYVISRKPEGSPVTER-SIPLAIFQAEPSVKKHFLRKWLKLPSLHDLDIITRTTILDWNYY T
JRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDLDIRSILDWSYYT
QRYVISRKPEGSPVTER-ATPLATIFQAESSVKKHFLRKWLKMPSLHDLDITRSTLDWSYYT
QRYVISRKPEGSPVTER-ATPLATIFQAEPSVKKHFLRKWLKMPSLHDMDITRSTLDWSYY T
JRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDMDIIRSTILDWSYYT
JRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDLDIRSILDWSYYT
JRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDLDIRSTILDWSYY T
JRYVISRKPEGSPVTER-AIPLAIFQAEPSVKKHFLRKWLKMPSLHDLDIRSILDWSYYT
QRYVISRKPEGSPVTER-ATPLATIFQAEPSVKKHFLRKWLKMPSLHDLDITRSTLDWSYY T
QRYVISRKPEGSPVTER-ATPLATFQAEPSVKKHFLRKWLKMPSLHDMDITRSTLDWSYY T

JRYIISRKPEGSPVTER-AIPLAIFQAEPSVRRHFLRKWLKSSSLODEDIRTILDWDYY T
JRYIISRKPEGSPVTER-AIPLAIFQAEPTVRRHFLRKWLKSSSLODEDIRTILDWDYYT
QRYITISRKPEGSPVTER-ATPLATFQAEPTVKRHFLRKWLKSSSLODEDITRTTILDWDYY T
QRYIISRKPEGSPVTER-AIPLAIFQAEPMVRKHFLRKWLKSSSLODED[IRTILDWEYY T

QRYITISRKPEGSPVTER-ATPLATIFQADPTVRKHFLRKWLKSSSLODEDTRATLDWDYYT
CLILDWDYYT
JRYIISRKPEGSPVTER-AIPLATIFQAEPTVRRHFLRKWLKSSSLODEDIRTILDWDYY T
JRYIISRKPEGSPVTER-AIPLAIFQAEPTVRKHFLRKWLKSSSLOQEFDIRTILDWDYYT
JRYIISRKPEGSPVTER-AIPLATIFQAEPTVRKHFLRKWLKSSSLODEDI RTILDWDYY T
JREFIISKKPEGSPVTER-AIPLAIFQAELSVRRHYLRKWLKSPSLODEDIRTILDWDYYT
QREFITISKKPEGSPVTER-ATPLATFQAEPSVRKHYLRKWLKSPSLODENITRATLDWDYYT
QREFIISRKPEGSPVTER-AVPLAIFQAEPTVRKHFLRKWLKSPSLODEDIIRTILDWDYY T
JREFIISRKPEGSPVTER-AIPLATIFQAEPTVRKHFLRKWLKSSSLODEDIRTILDWDYY T
QREFITSRKPEGSPVTER-ATPLAIFQAEPTVRKHFLRKWLKSSSLODEDIT RTTILDWDYY T
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Poluymeoraso -

IQKIITIPAALQQVKNPVPRVRHPDWLHKKLLH

——» CTD

‘KNDIYKQKKI SELFTSEGKRQ

‘tr | AOA6Q2WWNS | AOAGQ2WWNS_ESOLU ERLGSA 1189
tr |AOA673YLH4 |AOA673YLH4 SALTR ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA4WSMAK2 | AOAAWSMAK2 9TELE ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA6P6MIO8 | AOAGPEMI 98 _CARAU ERLGSAIQKIITIPAALOOVKNPVPRVRHPDWLHKKLLE| KNDIYKQKKISELFTSEGKRQ 1194
tr|AOA498LK69 | A0OA498LK69 LABRO ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1170
tr | AOA3Q2YTIS5 |AOA3Q2YTIS HIPCM ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDVYKQKKISEIFTSEGKRQ 1195
‘tr |M4A042 |MAA042_ XIPMA ERLGSAIQKIITIPAALQQVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA6P8SZEO | AOAG6P8SZEO_GYMAC ERLSSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDVFKQKKISELFTSEGKRQ 1193
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA6A4SMP2 | AOA6A4SMP2_SCOMX ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLE| KNDIYKQKKISELFTSEGKRQ 1173
tr|AOA673CZR7 |AOA673CZR7_9TELE ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1196
tr|AOA671YAK3 |AOA671YAK3_SPAAU ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKKQ 1195
‘tr | AOA6P7J2Q5 | AOA6P7J2Q5 9TELE ERLGSAIQKIITIPAALQQVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA7NS8YNG60O | AOA7NS8YN60O O9TELE ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1203
tr | AOA3P8N896 | AOA3P8N896_ ASTCA ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLE| KNDIYKQKKISELFTSEGKRQ 1194
‘tr | AOA3B4GLIO|AOA3B4AGLI9_ 9CICH ERLGSAIQKIITIPAALQQVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1194
tr | AOA6ASF6M3 | AOAG6ASF6M3_PERFL ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr|AOA3QLFLK4 | AOA3Q1FLK4_9TELE ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOAAW6GOK4 | AOAAW6GOK4 LATCA ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFTSEGKRQ 1195
tr|AOA3B4YTJIS5 | AOA3B4YTJIS5 SERLL ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLE| KNDIYKQKKISELFTSEGKRQ 1195
tr | AOA665X3K2 | AOAG665X3K2_ECHNA ERLGSAIQKIITIPAALQOQOVKNPVPRVRHPDWLHKKLLY| KNDIYKQKKISELFTSEGKRQ 1195
tr |AOA7J7RQ84 | AOA7JI7RQ84 RHIFE ERLGSAVOKIITIPAALQQOVRNPVPRVKHPEWLHRKLLH| KNDIYKQKKISELFILEGKRQ 1167
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFVLEGRRQ 1186
‘tr | AOA7J8HAF1|AOA7J8HAF1 ROUAE ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH| KNDIYKQKKISELFVLEGRRQ 1200
‘tr | AOASF4D2S5 | AOASF4D2S5 CANLE ERLGSAIQKIITIPAALQQVKNPVPRVKHPDWLHKKLLHE| KNDVCKQKKISELFVLEGRRQ 1229
KNDVYKQKKISELFTLEGRRQ 1194
tr |AOA2I35482 | AOA2I35482 PANTR ERLGSAIQKIITIPAALQOVKNPVPRVKHPDWLHKKLLH | KNDVYKQKKISELFTLEGRRQ 1194
tr | AOA2K6CIS8 | AOA2K6CIS58 MACNE ERLGSAIQKIITIPAALQQOVKNPVPRVKHPDWLHKKLLH | KNDVYKQKKISELFTLEGRRQ 1171
tr |AOA834DIT3|AOA834DIT3_9CHIR ERLGSAIQKIITIPAALQOVKNPVPRVKHPDWLHKKLLH | KNDIYKQKKISELFVPEGKRQ 1194
tr|F6Z911|F62911 HORSE ERLGSAIQKIITIPAALOQVKNPVPRVKHPDWLHKKLLE | KNDIYKQKKISELFILEGKRQ 1194
tr | AOASG2RB90 | AOASG2RB90_PIG ERLGSAIQKIITIPAALQOVKNPVPRVKHPDWLHKKLLH | KNDVYKQKKISELFVLEGKRQ 1167
tr|AOA670JP16|A0OA670JP16_PODMU ERLGSTIQKIITIPAALQOVKNPVPRVRHPDWLHKKLLH | KNDMYKQKKISELFTSEGKRQ 1192
‘tr | AOA852LC41|AOA852LC41_UROIN ERLGSTIQKIITIPAALQQVKNPVPRVRHPDWLHKKLLH | KNDVYKQKKINELEFTLQGKKQ 1211
tr | F6ZFB6 | F6ZFB6_ORNAN ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLLH | KNDVYKQKKISELFVSEGKRQ 1069
tr | AOA6P5LNS3 | AOA6PS5LNS3_ PHACT ERLGSAIQKIITIPAALQOVKNPVPRVRHPDWLHKKLMH | KHDIYKQKKISELFIHEGKRQ 1195
tr | AOA4X2K1KS8 | AOA4X2K1KS_ VOMUR ERLGSAIQKIITIPAALQQOVKNPVPRVRHPDWLHKKLMH | KHDIYKQKKISELFIHEGKRQ 1179
Sk k| Ks oz kK Rk Kk Kk Kk Kk k kK kK kk g kK s kk kg kk s A | xaky kkkokx _kpk  pokro
‘tr | AOA6Q2WWNS | AOAGQ2WWNS_ESOLU WREILGPPPPTGETQEERLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1305
tr | AOA673YLH4 | AOA673YLH4_SALTR WREILGPPPPSGETQEARLIVWLRYHKKKWELQ ODGEVOAMGGGVIRD 1312
tr | AOAAWSMAK2 | AOA4AWSMAK2 _9TELE WREILGPPPPTGETQEARLVWLRYHKKKWELQ LDGEVQAMGGGVIRD 1310
tr | AOA6P6MIO8 | AOA6PEMI 98 CARAU WREILGPPPTIGANREELLVWLRYHKKKWELQ VDGESQPTGGGVIRG 1309
tr | AOA498LK69|AOA498LK69 LABRO WREILGPPPAMGATREEILVWLRYHKKKWELQ IDGESQPTGGGVIRD 1285
tr | AOA3Q2YTIS|AOA3Q2YTIS5 HIPCM WREVLGPPPPMGKTKEEHLVWLRY HKKKWELOQI LDGEAQPVSGGVIRD 1310
tr|MA4AO42 |MAAO42 XIPMA WREILGPPPPTGKTREERLVWLRYHKKKWELQ LDGEPQPVGGGVIRG 1309
tr | AOA6P8SZEO | AOAEP8SZEO_GYMAC WREILGAPPAVGNSREEILVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1308
tr | AOA3Q2PG22 | AOA3Q2PG22_FUNHE WREILGPPPPMGKTREERLVWLRYHKKKWELQ LDGEPQPVGGGVIRG 1310
tr | AOA6A4SMP2 | AOA6A4SMP2_SCOMX WREILGPPPPMGKTREERLIVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1288
tr | AOA673CZR7|AOA673CZR7_9TELE WREILGPPPPKGTTKEERLIVWLRYHKKKWELQ LDGEAHPSGGGVIRG 1311
tr | AOA671YAK3|AOA671YAK3 SPAAU WREILGPPPPSGKTREERLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1305
tr | AOA6P7J2Q5|A0A6P7I2Q05 9TELE WREILGPPPPKGTTKEERLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1309
tr | AOA7NB8YNG60O | AOA7NS8YN60 9TELE WREILGPPPPMGTTREERLIVWLRYHKKKWELQ LDGEAQPVSGGVIRD 1318
tr | AOA3PS8N896| AOA3P8N896 ASTCA WREILGPPPPTGKTREERQVWLRYHKKKWELQ LDGEAQPVGGGVIRG 1309
tr | AOA3B4GLI9|AOA3B4GLI9_ 9CICH WREILGPPPPTGKTREERQVWLRYHKKKWOLO LDGEAQPVGGGVIRG 1309
tr | AOA6ASFEM3 | AOA6ASF6M3_PERFL WREILGPPPPMGKTREERLIVWLRYHKKKWELQ LDGEAQPVGGGVIRG 1310
tr | AOA3Q1FLK4 | AOA3Q1FLK4_9TELE WREILGPPPPTGKTREELLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1307
tr | AOA4W6GOK4 | AOAAWEGOKA_LATCA WREILGPPPPMGKTREERLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1310
tr|AOA3E4YTJ5\AOA3B4YTJ575ERLL WREILGPPPPMGKTREERLNVWLRYHKKKWELQ LDGEAQPVGGGVIRG 1310
tr | AOAG665X3K2 | AOA665X3K2_ECHNA WREILGPPPPMGTTREERLVWLRYHKKKWELQ LDGEAQPVGGGVIRD 1310
tr | AOA7JI7RQ84 | AOA7JI7TRQ84 RHIFE WQEVLGRPPALGTTOQEEWLVWLREFHKKKWOLO. EGAEGAPQPGA—IR— 1281
tr | AOA6P6DOR3 | AOAG6P6DOR3_PTEVA WOEVLGRPPALGTTQEEWLVWLREFHKKKWOLO. DTAEGAPQPGA-VR— 1300
tr | A0A7J8H4F1 | AOA7JI8HAF1_ ROUAE WQEVLGRPPALGTTQEEWLVWLREFHKKKWOLQ. DTAKGAPHPGA-VR-— 1314
tr | AOASF4D2S5 | AOASF4D2S5_ CANLF WOEILGPPPALGTTQEEWLWLRFHKKKWOLO. EVAEGEPLPGA—-TIR— 1343
sp Q07864 | DPOE1_HUMAN WOEILGQPPALGTSQEEWLVWLRFHKKKWOLOARQRLARRKRORLESAEGVLRPGA~ IR~ 1308 NLS
tr|AOA2I3S482\AOAZI3S4827PANTR WOEILGPPPALGTTQEEWLNWLRFHKKKWOLOARORTI.. ESAEGVLRPGA-IR— 1308
tr | AOAZK6CI58 | AOA2K6CIS58 MACNE WOEILGPPPALGTTOEEWLVWLRFHKKKWOLORRORL. ESAEGVLRPGA—IR— 1285
tr | AOA834DIT3|AOA834DIT3_9CHIR WOEILGPPPALGTTOQEEWLVWLRFHKKKWOLORRORL. E-AEGMLQPGA—-MR— 1307
tr|F62911|F62911 HORSE WQEILGPPPALGTTOEEWLVWLREFHKKKWOLOERORL. EVAEGAPRPGA—IR— 1308
tr | AOASG2RB90 | AOASG2RB90_PIG WQEILGPPPALGTTOEEWLVWLRFHKKKWOLORRORL. EVAEGVPRPGA—IR— 1281
tr | AOA670JP16|AOA670JP16 PODMU WREILGPPPPSGTTKEERLVWLC YHKKKWEVORRORQE] ADGESVLGGGL-IR— 1304
tr | AOA852LC41|AOA852LC41_UROIN WREILGPPPPLGTTKEQRLVWLRYHORKWELORQORRE] EDGGMD—-TGT—-GR— 1325
tr | F6ZFB6 | F6ZFB6_ORNAN WREILGPPPPLGTTKEERLVWLRFHKKKWELORRORQ QAGEAAAGGGV-IR— 1183
tr | AOAGPS5LNS3 | AOA6P5LNS3_PHACT WREILGPPPSLGTTKEEWLVWLTFHKKKWELORRORQF] ETRKGVLGSGV—-VR— 1309
tr | AOA4X2K1K8 | AOA4X2K1K8_ VOMUR WREILGPPPSLGTTKEEWLVWLT FHKKKWELORROROQE] ETREGVLGSGV-IR— 1293
AT PO . * -
[tr | AOA6Q2WWNS8 | AOA6Q2WWNS8_ ESOLU NQKVPKQE-EGASYKKVNRLLPRSNIVYEHLYQYSVPEDMY HINEINADLSAFDIHGVY| 1424
tr | AOA673YLH4 | AOA673YLHA_SALTR NOKVPKQE-EGATYRKVNRLLPRSNIVYYLYOYSVPEDMY}HHINE INADLSAHDIEG 1431
[tr | AOAAWSMAK2 | AOAAWSMAK2 9TELE NQOQKVPKQE-EGATYKKVNRLLPRSNIVYYLYQYSVPEDMY HINEINADLSAFDIHGVY| 1429
tr | AOA6GPEMIO8 | AOAGEGPE6MIO8_CARAU NOKVPKQE-EGANCKKVNRILPRSGVVYYLYQYAVPEDMY! HINEINADLSAPDIEGVY] 1427
tr | AOA498LK69 | AOA498LK69 LABRO NQKVPKQE-EAANCKKVNRILPRSGVVYYLYQYAVPEDMY HINEINADLSAFDIHGVY| 1403
tr\AOABQZYTI5IAOA3Q2YT15:HIPCM NQKVPKQE-EGPTYKKVNRMLPRSNMVYYLYEYCVPEDMY HINEINADLSAFDIHGVY| 1428
tr|MAAO42 |MAAOA2_XIPMA NOKVPKQDEGGVAYRKVNRMLPRSNIVYYLYEYSVPEDMY$NHINEINADLSAHDIHGVY| 1428
[tr | AOA6P8SZEO | AOA6P8SZEO_GYMAC NQKVPKQE-EGATYKKVNRMLPRSNIVYEHLYEYSVPEDMYLHHINEINADLSAFDIHGVY| 1427
tr | AOA3Q2PG22 | AOA3Q2PG22_FUNHE NOQRVPKODEAGAAYRKVNRMLPRSNIVYYLYEYSVPEDMY! HINEINADLSAPDIEGVY] 1429
tr\AOA6A4SMP2IAOA6A4SMP2_SCOMX NQOQKVPKQE-EGATYRKVNRMLPRSNMVGYLYEYCVPEDMY HINEINADLSAPDIHEGVY] 1406
tr | AOA673CZR7 |AOA673CZR7_9TELE NQKVPKQE-EGLTYKKVNRMLPRSNMVYYLYEYSVPEDMY HINEINADLSAPDIHG 1429
tr\AOA671YAK3|AOA671YAK37$PAAU NQOKVPKQE-EGATYKKVNRMLPRSNMVYYLYEYCVPEDMY HINEINADLSAPDIHEGVY] 1423
tr\AOA6P7J2Q5|AOA6P7J2Q5:9TELE NQKVPKQE-EGAAYKKVNRMLPRSNMVYYLYEYCVPEDMY HINEINADLSAPDIHGVY] 1427
‘tr | AOA7N8YNGO | AOATNS8YNG60_ 9TELE NOKVPKOE-EGATYKKVNRMLPRSNMVYYLYEYCVPEDMY(HHINEINADLSAFDIHGVY] 1436
[tr | AOA3SP8N896 | AOA3P8B8N896_ASTCA NQKVPKQE-EGATYKKVNRMLPRSNMVYYLYEYSVPEDMY HINEINADLSAPDIHGVY] 1427
tr | AOA3B4GLI9 | AOA3BA4GLI9_9CICH NOKVPKQE-EGATYKKVNRMLPRSNMVYYLYEYSVPEDMY(HHINEINADLSAHDIEGVY| 1427
tr\AOA6A5F6M3IAOABASFGMB:PERFL NQKVPKQE-EGATYKKVNRMLPRSNIVYYLYEYCVPEDMY! HINEINADLSAFDIHGVY| 1428
[tr | AOA3Q1FLK4 | AOA3Q1FLK4_STELE NQKVPKQE-EGPTYKKVNRMLPRSNMVYYLYEYCVPEDMY HINEINADLSAPDIHGVY] 1425
‘tr | AOAAW6GOKA | AOAAWE6GOKA _LATCA NOKVPKOE-EGATYKKVNRMLPRSNIVYYLYEYCVPEDMY(HHINEINADLSAHDIHGVY| 1428
tr\AOA3B4YTJ5|AOA3B4YTJ5:SERLL NQKVPKQE-EGATYKKVNRMLPRSNIVYYLYEYCVPEDMY HINEINADLSAFDIHGVY| 1428
tr | AOA665X3K2 | AOA665X3K2_ECHNA NOKVPKQE-EGATYKKVNRLLPRSNIVYYLYEYCVPEDMY(HHINEINADLSAHDIEGVY| 1428
tr\AOA7J7RQ84IAOA7J7RQ84:RHIFE NQRVPKAE-EGPSSRKVNRVLPRSHTVYNLYEYSVPEDMY! HINEISTELSAFDIHGVY| 1400
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA NORVPKAE-EGPSYRKVNRVLPRSNMVYNLYEYSVPEDMY(EHHINEINTELSAHDIHGVY| 1419
tr\AOA7J8H4F1|AOA7J8H4F1:ROUAE NQRVPKAE-EGPSYRKVNRVLPRSNMVYNLYEYSVPEDMY HINEINTELSAFDIHGVY| 1433
tr | AOASF4D2S5| AOASF4D2S5 CANLE NOOQVAKAE-EGPSYRKVSRVLPRSNMVYNLYEYSVPEDMYQEHINEINTELSAHDIEGVY| 1462
sp | Q07864 | DPOE1_HUMAN NQRVAKAE-EGASYRKVNRVLPRSNMVYNLYEYSVPEDMYQEHINEINAELSAPDIEGVY)| 1427 Exo 2
tr|AOA2I3S482|A0A2I35S482 PANTR NORVAKAE-EGASYRKVNRVLPRSNVVYNLYEYSVPEDMY$HHINE INAELSAHDIEHGVY| 1427
tr\AOA2K6CI58IAOAZKGCISB:MACNE NQRVAKAE-EGTSYRKVNRVLPRSNVVYNLYEYSVPEDMYQEHHINEINAELSAFDIHGVY| 1404
[tr | AOA834DIT3 |AOA834DIT3_9CHIR NQRVPKAE-EGPAYRKVNRALPRSNMVYNLYEYSVPEDMYQEHHINEINTELSAFDIHGVY| l426
tr|F6Z911|F62911_ HORSE NORVAKAE-EGPSYRKVNRVLPRSNMVYNLYEYSVPEDMY(HHINEINTELSAHDIEGVY| 1427
tr | AOASG2RB90 | AOAS5G2RB90_PIG NQRVAKVE-ESPSYRKVNRVLPRSNMVYNLYEYSVPEDMYQHHINEINTELAAFDIHGVY| 1400
tr | AOA670JP16|AOA670TP16_PODMU NORVPKPE-ESTAYRKVNRILPRSNLVYNLYEYSVPEEMY(HHINEINASLSAHDIEGVY| 1423
tr\ADABSZLC41IAOA852LC41:UROIN NQRVPKPE-EGAAYRKVNRILPRSNLVYNLYEYSVPEDMYQHHINEINADLSAFDIHGVY| 1444
tr|F6ZFB6 | F6ZFB6_ORNAN NORVAKAE-EGATFRKVNRILPRSNVVYHLYEYSVPEDMY(EHINEINADLSAHDIHGVY| 1302
tr | AOAG6P5LNS3 | AOA6P5LNS3 PHACT NQRVPKEE-DGPSFHKVNRVLPRSNMVYNLYEYSVPEDMYQEHHINEINADLSAFDIHGVY| 1428
tr\AOA4X2K1K8|AOA4X2K1K8:VOMUR NQRVPKEE-DGPSFRKVNRVLPRSNVVYNLYEYSVPEDMYQEHHINEINADLSAPFDIHG 1412
ek % i L Lk Lk kokok o k [kk gk kokok gk | |xkokkk 2 ok z ok ok ke x

560



World Journal of Advanced Research and Reviews, 2025, 26(03), 545-578

tr | AOAGQ2WWNS | AOAGQ2WWNSE_ESOLU ETQVPLLFRALVQLGCVCMVN VVRALGGHEAEAYPLEHLEMRSLAQESYLEPG RHT] 1484
tr | AOA673YLH4 |AOA673YLH4_SALTR ETQVPLLFRALVQLGCMCMVN LVRDLGGHEAETYPLEHLEMRSLAQESYLEPG. RHT] 1491
tr | AOAAWSMAK?2 | AOA4AWS5MAK2 9TELE ETOQVPLLFRALVQLGCMCMVN! LVRDLGGHEAETYPLEHLEMRSLAQESYLEPG RHT] 1489
tr | AOAGP6MIO8 |AOAGPEMIO8 CARAU ETQVPLLFRALVQLGCMCMVN: VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG RHT] 1487
tr | AOA498LK69 | AOA498LK69_ LABRO ETQVPLLFRALVQLGCMCMVN VVRDLAGHEADTFPLDHLEMRSLAQESYLEPG. RHT] 1463
tr | AOA3Q2YTIS5 |AOA3Q2YTIS5 HIPCM ETOQVPLLFRALVQLGCVCMVN VGRDMAGHEADTFPLENLDMRSLAQESYLEPG RHI 1488
tr IMAA042 | M4A042_ XIPMA ETQVPLLFRALVQLGCVCMVN IVRDLAGHETDSFPLEHLDMRSLAQESYLEPG RHM 1488
tr | AOA6P8SZEO | AOAG6P8SZEO_GYMAC ETQVPLLFRALVQLGCVCMVN VVRDMAGHEADTFPLENLEMRSLAQESYLEPG RHI 1487
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE ETOVPLLFRALVQLGCVCMIN AARDLAGHESDSYPLAHLEMRSLAQESYLEPGHVRHM 1489
tr | AOA6A4SMP2 | AOA6A4SMP2_ SCOMX ETQVPLLFRALVKLGCVCMVN VVRDLAGHEADSFPLEHLEMRSLAQESYLEPG, RH] 1466
tr | AOA673CZR7 |AOA673CZR7_9TELE ETQVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLDHLEMRSLAQESYLEPG. RHI 1489
tr | AOA671YAK3 |AOA671YAK3_SPAAU ETQVPLLFRALVRLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG RHM 1483
tr | AOA6P7J2Q5|AOA6P7J2Q5 9TELE ETQVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG RHT] 1487
tr | AOATN8YNGO | AOATNB8YNG6O_9TELE ETQVPLLFRALVQLGCVCMVN: AVRDLAGHEADTFPLDQLEMRSLAQESYLEPG RHM 1496
tr | AOA3P8N896 | AOA3PBN896_ASTCA ETQVPLLFRALVQLGCVCMVN VVRDMAGHEADTFPLEHLEMRSLAQESYLEPG RHI 1487
tr | AOA3B4GLI9 | AOA3B4GLI9 9CICH ETOVPLLFRALVQLGCVCMVN VVRDMAGHEADTFELEHLEMRSLAQESYLEPG, RHI 1487
tr | AOA6ASF6M3 | AOA6ASF6M3_ PERFL ETQVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG, RHI 1488
tr | AOA3QI1FLK4 | AOA3QLIFLK4_ 9TELE ETQVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPGSIRH 1485
tr | AOA4AWE6GOK4 | AOAAWE6GOK4 LATCA ETOVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPGYVRHM 1488
tr | AOA3B4YTJIS |AOA3B4YTJIS5 SERLL ETQVPLLFRALVQLGCVCMVN VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG, RHI 1488
tr | AOA665X3K2 | AOA665X3K2_ ECHNA ETQVPLLFRALVQLGCVCMVN! VVRDLAGHEADTFPLEHLEMRSLAQESYLEPG, RHI 1488
tr | AOA7JI7RQ84 | AOA7JI7RQ84_RHIFE ETQVPLLFRALVQLGCVCVVS LRRHLSGWETDAF[LEHLEMRSLAQESYLEPGHIRHTI 1460
tr | AOA6P6DOR3 |AOAG6P6DOR3_PTEVA ETQVPLLFRALVQLGCVCVVN LARHLSGWETETFALEHLEMRSLAQESYLEPGHIRHT 1479
tr | AOA7J8HAF1 |AOA7JI8HA4F1l ROUAE ETQVPLLFRALVQLGCVCVVN LARHLSGWETETFRALEHLEMRSLAQESYLEPGYIRHI 1493
tr | AOAS5F4D2S5 | AOAS5F4D2S5 CANLF ETQVPLLFRALVQLGCVCVVN LVRHLSGWEAETFRLEHLEMRSLAQESYLEPGSTIRHIY 1522
sp Q07864 | DPOE1_HUMAN ETOVPLLFRALVHLGCVCVVNKQLVRHLSGWEAETFALEHLEMRSLAQFSYLEPGSIRHT 1487
tr | AOA2I3S482 | A0A2I3S482_ PANTR ETQVPLLFRALVHLGCVCVVN LVRHLSGWEAETFALEHLEMRSLAQESYLEPGSIRHI] 1487
tr | AOA2K6CIS58 | AOA2KE6CIS58_ MACNE ETQVPLLFRALVHLGCVCVVS LVRHLSGWEAETFALEHLEMRSLAQESYLEPGSTIRHTI]| 1464
tr | AOA834DIT3 |AOA834DIT3_9CHIR ETQVPLLFRALVHLGCVCVVS LVRHLSGWEAETFELEHLEMRSLAQESYLEPGYIRHM 1486
tr | F62911|F62911 HORSE ETQVPLLFRALVQLGCVCVVN LVRQLSGHEAETF[LEHLEMRSLAQESYLEPGSIRHI]| 1487
tr | AOASG2RB90 | AOAS5G2RB90_PIG ETQVPLLFRALVQLGCVCVVN! LVRHLSGWEAETFALEHLEMRSLAQENYLEPGSTIRHI| 1460
tr | AOA670JP16 | AOA670JP16_PODMU ETQIPLLLRALIRLGCVCMVN LVRHLTGHEAETFNLEHLEMRSLAQESYLEPGSYIRHI 1483
tr | AOA852LC41 |AOA852LC41_UROIN ETQVPLLLRALIQLGCVCMVS LVRHLAGHEAEAFPIEHLEMRSLAQESYLEPGHIRHI 1504
tr | FEZFB6 | F6ZFB6_ORNAN ETQVPLLQRALVQLGCVCMVS LAKHLMGHEAETFELEHLEMRSLAQESYLEPGYIRHI 1362
tr | AOAGPS5LNS3 |AOAGPS5LNS3_PHACT ETOVPLLLRALIQLGCVCVVS LVQHLTGHEAETFALEY[LEMRSLAQESYLEPGHYIRHI 1488
tr | AOA4X2K1K8 | AOA4X2K1K8_ VOMUR ETOVPLLLRALIQLGCVCMVN LVQHLTGHEAETFPLEY[LEMRSLAQE|SYLEPGHIRHT] 1472
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tr | AOAGQ2WWNS | AOAGQ2WWNSE_ ESOLU YLYHHTQGHKALFGLFIPSORKAA DITVRSNOMPNSTLYGAERTALLEKTSEELLP 1544
tr | AOA673YLH4 | AOA673YLHA4_ SALTR YLYHHSQGHKALEFGLEIPSOR. DITVRSNOMPNINTLYGAERTALLEKTSEELLP 1551
tr | AOA4WSMAK2 | AOA4WSMAK2 9TELE YLYHHSQGHKALFGLFIPSQORKAY DITVRSNOMPNISTLYGAERIALLEKTSEELLP 1549
tr | AOA6P6EMIO8 | AOAG6P6MI S8 CARAU YLYHHSQGHKALFGLFIPSORKAY DITVRSNOMPNI{SSLYGAERTALLEKTTEELLP 1547
tr | AOA498LK69 | AOA498LK69_LABRO YLYHHSQGHKALEGLEIPSQRKAY DITVRSNOMPNISSLYGAERTALLEKTTEDLLP 1523
tr | AOA3Q2YTIS | AOA3Q2YTIS HIPCM YLYHHSQGHKALFGLEIPSOR. DITVRSNOMPNI{SNVYSAERTALLEKTTEDLLP 1548
tr |M4A042 | M4A4A042 XIPMA YLYHHSQGPKALFGLEIPSOR. DITVRSNOMPNI{SNVYTAERTALLEKTSEELLP 1548
tr | AOA6PB8SZEO | AOAGP8SZEO_GYMAC YLYHHSQGHKALFGLEIPSOR! DITVRTNOMPNYTNLY TAERTIALLEKTSEELLP 1547
tr | AOA3Q2PG22 | AOA3Q2PG22 FUNHE YLYHHSQGYPKALEGLEIPSQOR. DITVRSNOMPNYSNLY TAERIALLEKTSEELLP 1549
tr | AOA6A4SMP2 | AOAG6A4SMP2_SCOMX YLYHHSQGHKALFGLFIPSQORKAY DITVRSNOMPNINNLY TAERTALLEKTTEDLLP 1526
tr | AOA673CZR7 | AOA673CZR7_9TELE YLYHHSQGHKALFGLFIPSORKAY DITVRSNOMPNSNVYTAERTALLEKTTEELLP 1549
tr | AOA671YAK3 |AOAG671YAK3_SPAAU YLYHHSQGHKALEFGLEIPSORKAS DITVRSNOMPNIYSNLY TAERTALLEKTTEELLP 1543
tr | AOA6P7J2Q5 | AOA6P7J20Q05 9TELE YLYHHSQGHKALFGLFIPSQORKAY DITVRSNOMPNISNLY TAERTALLEKTTEDLLP 1547
tr | AOA7NB8YNG60 | AOATN8B8YNG60_ 9TELE YLYHHSQGHKALFGLFIPSQORKAY DITVRSNOMPNYSNLY TTERTALLEKTTEELLP 1556
tr | AOA3BP8N896 | AOA3SP8B8N896_ASTCA YLYHHSQGHKALFGLFIPSQORKAS DIT'VRSNOMPNISNLYTAERTALLEKTTEELLP 1547
tr | AOA3B4GLIO | AOA3B4GLI9 9CICH YLYHHSQGHKALFGLFIPSORKAY DITVRSNOMPNSNLY TAERTALLEKTTEELLP 1547
tr | AOA6ASF6M3 | AOA6GASF6M3_ PERFL YLYHHSQGHKALFGLFIPSORKAY DITVRSNOMPNLTNLY TAERTALLEKTTEELLP 1548
tr | AOA3Q1FLK4 | AOA3Q1FLK4_ 9TELE YLYHHCQGHKALEGLEIPSOR. DITVRSNOMPNYSNLY TAERTALLEKTTEELLP 1545
tr | AOAAW6GIOK4 | AOAAWE6GOK4_LATCA YLYHHSQGHKALFGLFIPSORKAS DIF'VRSNOMPNYSNLYTTERTALLEKTTEELLP 1548
tr | AOA3B4YTJIS | AOA3B4YTJIS SERLL YLYHHRQGHKALFGLEFIPSORKAY DITVRSNOMPNSNLY TAERTALLEKTTEELLP 1548
tr | AOA665X3K2 | AOA665X3K2 ECHNA YLYHHSQGHKALFGLYIPSQORKAY DITVRSNOMPNSNLY TAERTALLERTTEELLP 1548
tr | AOA7JI7RQO84 | AOA7JI7RQO84 RHIFE YLYHRTQGHKALFGIFVPSQORRAY DII'VRSNOMPNHYSALY TAEHGLLLDKVGPELLP 1520
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA YLYHHTQGHKALFGIFVPSORRAT DITVRSNOMPS{SALYSAEHSLLLERVGPELLP 1539
tr | AOA7JI8HA4F1 | AOA7JI8HAF1_ROUAE YLYHHTQGHKALFGIFVPSORRAT DITVRSNOMPST{GALYSAEHSLLLERVGPELLP 1553
tr | AOASF4D2S5 | AOASF4D2S5 CANLE YLYHHAQGHKALFGLEFVPSORRAY DITVRSNOMPSI{SALYSAEHSLLMEKVGPELLP 1582
sp 1007864 | DPOE1 HUMAN YLYHHAQAHKALFGIFIPSQRRASVEVLDTVRSNOMPSLGALYSAEHGLLLEKVGPELLP 1547
tr | AOA2T3S482 | AOA2TI3S482 PANTR YLYHHAQAHKALFGIFIPSOR [VEVEDITVRSNOMPSI|GALYSAEHSLLLEKVGPELLP 1547
tr | AOA2ZK6CIS58 | AOAZK6CIS58_MACNE YLYHHAQGHKALFGIFIPSOR: [VEVEDITVRSNOMPNIYGALY SAEHGLLLEKVGPELLP 1524
tr | AOA834DIT3 |AOA834DIT3_9CHIR YLYHHTQGHKALFGIEFVPSOR [VEVLDITVRSNOMPSI{SALYSAEHSLLLEKVGPELLP 1546
tr | 62911 |F62911_ HORSE YLYHHAQGHKALEFGIEFVPSQORI [VEVLDITVRSNOMPSHSATLYSAEHSLLLEKVGPELLP 1547
tr | AOASG2RB90 | AOASG2RB90_PIG YLYHHMOGHEKALFGIFVPSQOR! (VEVIEDITVRSNOMPSISALYSAEHSLLLEKVGPELLP 1520
tr | AOA670JP16|AO0A670JP16__PODMU YLYHKSQGNKALFGLFIPSOR! VEVILDIITVRSNOMPN NMYSAEHSAMVAKVGEELLP 1543
tr | AOAB852L.C41 | AOAB52LC41 UROIN YLYHSSQG$KALLGLEIPSOR! [VEVLDKVRSNOMPNYTSLESAERSALLAKAGEELLP 1564
tr | F6ZFB6 | F6Z2FB6_ORNAN YLYHHSQG$KALEFGLEIPSOR. [VEVLDITVRSNOMPNINSMY SSEHSLLLGKVGPDLLP 1422
tr | AOA6P5LNS3 | AOA6P5LNS3  PHACT FLYHHSQG4$KALFGLFIPSQOR VEVLDITVRSNOMPNI{NSMY SSEHRLLLEKVGPELLP 1548
tr | AOAAX2K1KS8 | AOA4X2K1K8 VOMUR FLYHHSQG$KALFGLEIPSOR [VEVLDITVRSNOMPNINSMY SSEHRLLLEKVGPELLP 1532
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tr | AOAGQ2WWNS | AOAGQ2WWNS_ESOLU VVPVHVVDEISYNVLDWORHGARRMIRHYLNIDECLJOAFDMARYYHLPVGNLHLDVSIFE 1664
tr | AOA673YLH4 |AOA673YLH4_SALTR VVPVHMVDEISYNVLDWORHGARRMVRHYLNIDECL$OAFDMARYYHLPVGNLHHDVSTE 1671
tr | AOAAWSMAK2 | AOA4AWSMAKZ_9TELE VVPVHVVDEISYNVLDWORHGARRMVRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSIFE 1669
tr | AOA6PE6MIO8 | AOAGP6MIO8_CARAU VVPVHVIDEISYNVLDWOQRHGARRMIKHYLNIDECL$QAFDMARYYHLPVGNLHQDISIFE le67
tr | AOA498LK69 | AOA498LK69_ LABRO VVPVHVIDEISYNVILDWORHGARRMIKHYLNIDECL$OAFDMARY YHLPVGNLHODISIFE 1643
tr | AOA3Q2YTIS5 |AOA3Q2YTIS HIPCM VMPVHVIDEISYSVLDWORHGARRMIRHYLNIODEY LJOAFDMARYYHLPVGNLHODVSIFE 1668
tr |IM4AO42 | M4A042_ XIPMA VVPVHVVDEINYNVILDWORHGARRMIRHYILNIDECL$OAFDMARYYHLPVGNLHODVSIFE 1668
tr | AOA6P8SZEO | AOA6P8SZEO_ GYMAC VVPVHVVDEISYNVLDWORHGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSTIE 1667
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE VVPVHVVDEISYNVLDWORLGARRMVRHYLNIYDECL$OAFDMARYYHLPVGNLEHODVSIFE 1669
tr | AOA6A4SMP2 | AOAGA4SMP2__SCOMX VVPVHVVDEISYNVLDWORHGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSTIE l646
tr | AOA673CZR7 |AOA673CZR7_9TELE VVPVHVVDEISYNVILDWORHGARRMIRHYLNIDECL$OAFDMARY YHLPVGNLHQDVSIF 1669
tr | AOA671YAK3 |AOA671YAK3 SPAAU VVPVHVIDEINYNVILDWORHGARRMIRHYLNIDECL$OAFDMARY YHLPVGNLHQODVSIFE 1663
tr | AOA6P7J2Q5 | AOA6P7J2Q5 9TELE VVPVHVVDEISYNVLDWORHGARRLIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSIFE 1667
tr | AOA7TN8YNG60 | AOATN8YN60_ 9TELE VVPVHVVDEISYNVLDWORHGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHHDVSTIFE 1676
tr | AOA3P8N896 | AOASP8N896_ASTCA VVPVHVVDEISYNVLDWORLGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSIFE 1667
tr | AOA3B4GLIO|AOA3B4GLI9 9CICH VVPVHVVDEISYNVILDWORLGARRMIRHYELNIDECL$OAFDMARY YHLPVGNLHQDVSIFE 1667
tr | AOAGASF6M3 | AOAGASF6M3_PERFL VVPVHVVDEISYNVLDWORHGARRMIRHYILNIDECL$OAFDMARYFHLPVGNLHODVSIFE 1668
tr | AOA3Q1FLK4 | AOA3QI1FLK4 9TELE VVPVHVVDEISYNVLDWORHGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSIFE 1665
tr | AOAAWEGOK4 | AOAAWE6GIOK4A_LATCA VVPVHVVDEISYNVLDWORHGARRMIRHYINYDECL$OAFDMARYYHLPVGNLHODVSIE 1668
tr | AOA3BAYTJIS5 |AOA3B4YTJIS SERLL VVPVHVADEISYNVLDWORHGARRMIRHYLNIYDECL$OAFDMARYYHLPVGNLHODVSTIFE 1668
tr | AOA665X3K2 | AOA665X3K2_ECHNA VVPVHVVDEISYNVLDWORHGARRMVRHYLNIYDECL$OAFDMARYYHLPVGNLHQODVSTIE 1668
tr | AOA7JI7RQ84 | AOA7JI7RQ84_RHIFE LVPIRVADHISYSVLDWORHGARHMLRHYLNIYDI'CLFOAFEMSRYFHVPVGNLHEDISTE 1640
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA LVPIRVANKISYGVLDWORHGARHMIRHYELNIDIICLFOAFEMSRYFHIPIGNLHEDISTE 1659
tr | AOA7JI8HAF1 | AOA7JI8HAF1 ROUAE LVPVRVANKISYGVLDWORHGARHMIRHYLNIDI'CL$OAFEMSRYFHVPIGNLHEDISTE 1673
tr | AOASF4D2S5 | AOAS5F4D2S5 CANLFE LVPVHVADKISYGVLDWORLGARRMIRHY[LNIDI'SL$OAFEMSRYFHIPIGNLHEDISTE 1702
sp | Q07864 | DPOE1_ HUMAN LVPICVADKINYGVLDWQRHGARRMIRHYLNLDTCLSQAFEMSRYFHIPIGNLPEDISTEF 1667 Exo 2
tr | AOA2T35482 | AOA2I35482_PANTR LVPICVADKINYGVLDWORHGARRMIRHYLNIYDI'CLFOAFEMSRYFHIPIGNLHEDISTE 1667
tr | AOA2K6CIS58 | AOA2K6CIS8_MACNE QVPICVADKINYGVLDWOQRHGARRMIRHYLNIYDI'CL$OAFEMSRYFHIPIGNLHEDISTE le44
tr | AOA834DIT3|AOA834DIT3_ 9CHIR LVPVRVADKISYGVLDWORHGARRMIRHYLNIYDI'CL$OAFEMSRYFHIPIGNLHEDISTE 1666
tr | F6Z911|F6Z2911_ HORSE LVPVRMVDKVSYGVILDWORHGAQRMIRHYLNIDI'CL$OQAFEMSRYFHIPIGNLHEDISTE le67
tr | AOASG2RB90 | AOAS5G2RBO0_PIG LVPIHVADKISYGVLDWORHGARRMIRHYLNIDI'CL$OAFEMSRYFHIPVGNLHEDISTE 1640
tr | AOA670JP16 | AOA670JP16_PODMU LVPVQVADDVNYSIILDWORHAARHMIRHYLSYDI'CL$OAFEMSRYYHIPIGNLHDDISTE 1663
tr | AOA852L.C41 |AOA852LC41_UROIN LVPIRLLDDVSYSVLDWORHAARRMIRHY[LSYDECL$OAFEMSRYYHIPVGNLEDDISTE 1684
tr | F6ZFB6 | F6ZFB6__ORNAN LVPICVADEINYGVLDWORHGARRMIRHYLNIYDI'CLFOAFEMSRYFHIPIGNLHDDISTE 1542
tr | AOAGP5LNS3 |AOA6PS5LNS3__PHACT LVPVCVTDDISYGALDWORHAARRMIRHYLNIDI'CL$OQAFEMSRYFHIPVGNLHEDISTE le68
tr | AOA4X2K1KS8 | AOA4X2K1K8_VOMUR LVPVCVTDDISYGALDWORHAARRMIRHYENYDI'CLFOAFEMSRYFHIPVGNLHEDISTE 1652
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tr\AOA6Q2WWN8\AOAGQZWWNBiESOLU SDLFLARHL HNHLLWLSPTARPDLGGKEAD: RLVMEADDRGSME INAQG STVYC 1724
tr | AOA673YLH4 |AOA673YLH4 SALTR IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMEADDRGSME INAQG] STVICY 1731
tr\AOA4W5MAK2\AOA4W5MAK279TELE |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMEADDRGSMEINAQG STVC 1729
tr\AOA6P6M198\AOA6P6MI987CARAU |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDERGSMEINSHG] sSTVICY 1727
tr | AOA498LK69 | AOA498LK69 LABRO IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDERGSMEINSHG] STVICY 1703
tr\AOA3Q2YT15\AOA3Q2YT157HIPCM |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRGSVEINAQG] sSTVC 1728
tr | MAA042 | MAA0O42 XIPMA IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMENDEKGSVEINSQG] STACY 1728
tr\AOABPSSZEO\AOA6P8SZE07GYMAC |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRGSVEINAQG STYC 1727
tr | AOA3Q2PG22 | AOA3Q2PG22 FUNHE IGSDLFLARHLRKHNHLLWLSPTVRPDLGGKEAD RLVMENDERGSVEINSQG] STACY 1729
tr\AOA6A4SMP2\AOA6A4SMP27SCOMX |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESEDRGSVEINAQG sSTVICY 1706
tr | AOA673CZR7 |AOA673CZR7_STELE IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRCSVEINAQG STVCY 1729
tr\AOA67lYAK3\AOA671YAK37SPAAU |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMENDERGSVEMNASG] STVCY 1723
tr | AOA6P7J2Q5|A0A6PT7J20Q05_ STELE IGSDLFLARHLRKHNHLLWESPTARPDLGGKEAD RLVMESDDRGSVEINAQG] STHC 1727
tr\AOA7N8YN60\AOA7N8YN6079TELE IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRGSVEINAQG STVCY 1736
tr | AOA3P8NB896 | AOA3P8N896_ ASTCA IGSDLFLARHLRKHNHLLWLSPTSRPDLGGKEAD RLVMENDDRGSVEINAQG] STACY 1727
tr | AOA3SB4AGLI9 | AOA3B4GLI9 SCICH IGSDLFLARHLRKHNHLLWLSPTSRPDLGGKEADDISRLVMENDDRGSVE INAQG STAHC 1727
tr\AOA6A5F6M3\AOA6A5F6M37PERFL |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRGSVEINAQG sSTVICY 1728
tr | AOA3BQLlFLK4 | AOA3Q1FLK4_ STELE IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDERGSME INAQG] STYC 1725
tr\AOA4W6GQK4\AOA4W6G9K47LATCA |IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRGSVEINAQG STVCY 1728
tr | AOA3B4YTJS5 | AOA3B4YTJIS5 SERLL IGSDLFLARHLRKHNHLLWLSPTARPDLGGKEAD RLVMESDDRSSVEINAQG STVCY 1728
tr\AOA665X3K2\AOA665X3K27ECHNA IGSDLFLARHLRKHNHLLWLSPISRPDLGGKEADDISRLVMESDDRSTVEINSQGJ STVC 1728
tr | AOA7J7RQ84 | AOA7JI7RQO84_RHIFE IGSDLFFARHLOICHNHLLWLSPTPRPDLGGKEAD RLVMEFDDQATVEINSPG STVICY 1700
tr\AOA6P6DOR3\AOA6P6DOR37PTEVA |IGSDLFFARHLORHNHLLWLSPTSRPDLGGKEAD RLVMEFEDQATVEINSS( STVYIC 1719
tr | AOA7J8H4F1 |AOA7JI8HAF1_ ROUAE IGSDLFFARHLORHNHLLWLSPTSRPDLGGKEAD RLVMEFEDQATVEINSSG] STVCY 1733
tr\AOA5F4D2S5\AOA5F4D2557CANLF IGSDLFFARHLORHSHLLWLSPTSRPDLGGKEAD RLVMEFDDQASVEINCPG STVICY 1762
sp| Q07864 | DPOE1_HUMAN GSDLFFARHLQRHNHLLWLSPTARPDLGGKEADDNCLVMEFDDQATVEINSSGCYSTVCV 1727
tr\AOA2I3S482\AOA2I3S4827PANTR IGSDLFFARHL HNHLLWLSPTARPDLGGKEAD YLVMEFDDQATVEINSSG] STVCY 1727
tr | AOA2K6CIS58 | AOA2K6CI58_ MACNE IGSDLFFARHL HNHLLWLSPTARPDLGGKEAD CLVMEFDDQATVEINSSG STVCY 1704
tr | AOA834DIT3|AOA834DIT3_ 9CHIR IGSDLFFARHL HNHLLWLSPTCRPDLGGKEAD RLVMEFEDQATMEINSSG] STVICY 1726
tr\F6Z911\F6Z9117HORSE IGSDLFFARHL HNHLLWLSPTSRPDLGGKEAD RLIMEFEDQATVEINSS( STVCY 1727
tr | AOASG2RB90 | AOAS5G2RB90_PIG IGSDLFFARHL HNHLLWLSPTSRPDLGGKEAD. RLVMEFDDQAPVEINSSG STYC 1700
tr\AOA67OJP16\AOA67OJP167PODMU IGTDLFEFSRHL HNHLLWLSPTSRPDLGGKEAD RLVMEFDERVSVEINNP( STVCY 1723
tr | AOA852LC41 |AOA852LC41_ UROIN IGSDLFEFSRHL. HNHLLWLSPTARPDLGGKEAD RLVMEFDERASVEINNPG] STVICL 1744
tr\F6ZFB6\F6ZFB670RNAN IGSDLFEFSRHL. HNHLLWESPTSRPDLGGKEAD RLVMEFDDKASVEINNSG STVICL 1602
tr | AOA6P5LNS3 |AOA6P5LNS3_PHACT IGSDLFFSRHL. HNHLLWEFSPTSRPDLGGKEAD RLVMEFDDQASVEINNPG] STVICL 1728
tr\AOA4X2K1K8\AOA4X2K1K87VOMUR IGSDLFFSRHL HNHLLWEFSPTSRPDLGGKEAD RLVMEFDDQASVEINNPG] STVCT 1712
IS N i I At Dt
ZBM-CTD-Pol
tr\AOA6Q2WWN8|AOA6Q2WWN87ESOLU ICENITEFSRILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP$FLLYDPALHRTLHSMMK 1844
tr\AOA673YLH4|AOA673YLH47$ALTR ICEN[TF-RILKSMVVGWVREITRYHNVYADNQVMHEYRWLRSP LLYDPALHRYTLHNMMK 1850
tr | AOAAWSMAK2 | AOA4AWS5MAK2 STELE CENITF-RILKSMVVGWVREITRYHNVYADNQVMHEYRWLRSP LLYDPALHRTLHNMMK 1848
tr | AOA6PEMIO8 | AOA6PEMI 98 CARAU CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRTLLNMMK 1846
tr\AOA498LK69IAOA498LK697LABRO ICENTF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP$FLLYDPALHRTLLNMMK 1822
tr\ADA3Q2YTI5|AOA3Q2YTI57HIPCM CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLHSP$$LLYDPALHRTLHNMMK 1847
tr\M4AO42\M4AO427XIPMA CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP$PLLYDPALHRTLHNMMK 1847
tr\AOAGPBSZEOIAOAGPBSZEoiGYMAC CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRYTLHNMMK 1846
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSPTHLLYDPALHRTLHNMMK 1848
tr | AOA6A4SMP2 | AOA6A4SMP2_ SCOMX CENITF-RILKSMVVGWVREITQFHNVYADNQVMHEYRWLRSP LLYDPALHRTLHNMMK 1825
tr | AOA673CZR7 |AOA673CZR7_S9TELE CENITF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRTLHNMMK 1848
tr | AOA671YAK3 |AOA671YAK3 SPAAU CEN[TFSRILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRTLHNMMK 1843
tr | AOA6P7J2Q5|A0A6P7J2Q5 STELE ICENTF-RILKSMVVGWVREITQYHNVYADNQVMHEFYRWLRSP LLYDPALHRTLHNMMK 1846
tr | AOA7NB8YNG6O | AOA7TN8B8YNG6O_ STELE ICENTF-RILKSMVVGWVREITQYHNVYADNQVMHFYRWLRSP LLYDPALHRTLHNMMK 1855
tr\AOA3P8N896|AOA3P8N8967ASTCA CEN[TFSRILKSMVVGWVREITQYHNVYADNQVMHFYRWLRSP$FLLYDPALHRTLHNMMK 1847
tr\AOA3B4GLI9|AOA3B4GLI979CICH CENTFSRILKSMVVGWVREITQYHNVYADNQVMHEFYRWLRSP$FLLYDPALHRTLHNMMK 1847
tr | AOA6ASF6M3 | AOA6ASF6M3_ PERFL CEN[TF-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRTLHNMMK 1847
tr | AOA3QLlFLK4 |AOA3Q1lFLK4_ STELE CENI'F-RILKSMVVGWVREITQYHNVYADNQVMHEYRWLRSP LLYDPALHRYTLHNMMK 1844
tr | AOAAWEGOK4 | AOA4AWE6GOK4_ LATCA ICEN[TF-RILKSMVVGWVREITQYHNVYADNQVMHFYRWLRSP LLYDPALHRTLHNMMK 1847
tr | AOA3B4YTJIS5 |AOA3B4YTJIS5_ SERLL ICENTF-RILKSMVVGWVREITQYHNVYADNQVMHFYRWLRSP LLYDPALHRTLHNMMK 1847
tr\AOA665X3K2|AOA665X3K27ECHNA ICENITF-RILKSMVVGWVREITQYHNVYADNQVMHFYRWLRSP LLYDPALHRTLHNMMK 1847
tr\AOA7J7RQ84|AOA7J7RQ847RHIFE ICESTF-RILKSMVVGWVKEITQYGNVYADNQVVHFYRWLRSP LLHDPALHRTLHGWMK 1819
tr\AOA6P6DOR3|AOA6P6DOR37PTEVA CEFS[TF-RVLKSMVVGWVKEITQYRNVYADNOQVMHEFYRWLRSPAFLLHDPALHRTLHSMMK 1838
tr\AOA7J8H4Fl|AOA7J8H4F17ROUAE ICFSIF-RVLKSMVVGWVKEITQYRNVYADNQVMHFYRWLRSPAFLLHDPALHRTLHGMMK 1852
tr\AOA5F4D2SS|AOA5F4D2557CANLF CFSITF-RILKSMVVGWVKEITQYRNIYADNQVMHEFYRWLRSP$FLLHDPVLHRYTLHNMMEK 1881
SpIQO7864\DPOE17HUMAN CSNTF-RILKSMVVGWVKEITQYHNIYADNQVMHEFYRWLRSPSSLLHDPALHRTLHNMMK 1846
tr\AOAZIBS482IAOAZIBS4827PANTR CEN[TF-RILKSMVVGWVKEITQYHNIYADNQVMHEFYRWLRSP$FLLHDPALHRYTLHNMMEK 1846
tr\AOA2K6CIS8IAOA2K6C1587MACNE ICEN[TF-RILKSMVVGWVKEITQYHNIYADNQVMHEFYRWLRSP$FLLHDPALHRYTLHNMMEK 1823
tr\ADA834DIT3IAOA834DIT379CHIR ICFSPF-RILKSMVVGWVREITQYRNVYADNQVMHEYRWLRSP$ P LLHDPALHRTLHNMMK 1845
tr\F6ZSll\F6Z9117HORSE CPFSIFF-RILKSMVVGWVREITQYRNIYADNQVVHFYRWLRSP$PFLLHDPALHRTLHNMMK 1846
tr\AOA5G2RB90|AOA5G2RB907PIG CEFSITF-RILKSMVVGWVKEITQYRNVYADNQVMHEFYRWLRSP$FLLHDPALHRYTLHGMMEK 1819
tr\AOA67OJP16IAOA67OJP167PODMU ICEN[TF-RVLKSVVVGWVKEITQYHNVYADNQVIHFYRWLRSPTHLLYDPALHRNLHSMMK 1842
tr\AOASSZLC4l|AOA852LC417UROIN ICEN[TF-RILKSMVVSWVKEITQYHNVYADNQVIHFYRWLRSP$FLLYDPALHRYTLHNMMEK 1863
tr\FEZFEG\F6ZFB67ORNAN ICEN[TF-RILKSMVVGWVKEIMQYHNVYADNQVMHEFYRWLRSP$FLLYDPALHRYTLHNMMK 1721
tr\AOA6P5LNSBIAOA6P5LN837PHACI ICENTF-RILKSMVVGWVKEITQYHNVYADNQVMHEYRWLRSP$PLLYDPALHRTLLSMMK 1847
tr\AOA4X2KlK8IAOA4X2K1K87VOMUR CENITEF-RILKSMVVGWVKEITQYHNVYADNQVMHEYRWLRSP$FLLYDPALHRTLLSMMK 1831
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tr | AOAGQ2WWNS8 | AOAGQ2WWNE8 ESOLU KVFLOLVAEFKRLGSTVVYGNFNRILIJ KKRRIDDAIGYVEYITNJIHSREIFHSLSIS 1904
Lr\AOA673YLH4\AOA673YLH473ALTR KVFLOLVAEFKRLGSTVVYGNFNRILIJ KKRRIDDAIGYVEYITNJIHSREIFHSLSIS 1910
tr | AOA4AWSMAK2 | AOA4AWSMAK2_9TELE KVFLOLVAEFKRLGSTVVYGNFNRILI{ KKRRIDDAIGYVEYITN$IHSREIFHSLSIS 1908
tr\AOASPGMIQS\AOA6P6M1987CARAU KIFLOLVAEFKRLGSSVIYGNFNRLITIJ KKRRIDDATAYVEYITNPIHSKEIFHSLSIT 1906
tr\AOA498LK69\AOA498LK697LABRO KIFLOLVAEFKRLGSSVIYGNFNRLII{ KKRRIDDATAYVEYITNJIHSKEIFHSLSIT 1882
tr\AOABQZYTI5\AOA3Q2YTI57HIPCM KVFLOLIAEFKRLGSTVVYGNFEFNRIITIJ KKRRIDDAIGYVEYITNJIHSREIFHSLSIS 1907
tr |IM4A4A042 | MAA042_ XTIPMA - KVFLHAKTYLKV-G—————— YFCFLIS+-—--VFKOWKSLSICFSS$PIHSREIFHSLSIS 1895
tr | AOAG6P8SZEO | AOAGP8SZEO GYMAC KVFLOQLVSEFKRLGSTVVYGNFNRIMIJ KKRRIDDAISYVEYITNSIHSREIFHSLSIS 1906
Cr\AOASQZPGZZ\AOA3Q2PG22:FUNHE KVFLOLVAEFKRLGSTVVYGNFNRITIHICTKKRRIDDATAYVDYITNPIHSKEIFHSLSIS 1908
tr | AOAGA4SMP2 | AOA6A4SMP2_SCOMX KVFLOLVAEFKRLGSTVVYGNFNRIII{ KKRRIDDAIGYVEYITS$IHTKEIFHSLSLS 1885
tr\AOA673CZR7\AOA673CZR779TELE KVFLOLTAEFKRLGSTVVYGNFNRITITI{ KKRRIDNAIGYIEYITNJIHSREIFHSLSIS 1908
tr\AOA671YAK3\AOA671YAK37SPAAU KVFLOLISEFKRLGSTVVYGNEFNRIII{ KKRRIDDAIGYVEYITNJIHSREIFHSLSIS 1903
tr\AOA6P7J2Q5\AOA6P7J2Q579TELE KVFLOLTAEFKRLGSTVVYGNFNRITIT} KKRRIDDAIGYVEYITKPIHTREIFHSLSIS 1906
tr\AOA7N8YNGO\AOA7N8YN6079TELE KVFLOLVAEFKRLGSTVVYGNFNRITIIJ KKRRTDDAIGYMDYITNPIHSKEIFHSVSIS 1915
tr\AOA3P8N896\AOA3P8N8967ASTCA KVFLOLVAEFKRLGSTVVYGNFNRIII{ KKRRIDDAIGYVEYITN$IHSKEIFHSLSIS 1907
tr\AOA3B4GL19\AOA3E4GL1979CICH KVFLOLVAEFKRLGSTVVYGNFNRIIT} KKRRIDDAIGYVEYITNJIHSKEIFHSLSIS 1907
tr\AOA6A5F6M3\AOA6A5F6M37PERFL KVFLOLVSEFKRLGSTVVYGNEFNRIMICCTKKRRIDDAIGYVEYITKPIHSREIFHSLSIS 1907
tr\AOABQlFLK4\AOA3Q1FLK479TELE KVFLOLVAEFKRLGSTVVYGNFEFNRIITIJ KKRRIDDAIGYVEYITNJIHSREIFHSLSIS 1904
Cr\AOA4W6G9K4\AOA4W6G9K47LATCA KVFLOLVAEFKRLGSTVVYGNFNRMII{ KKRRIDDAIGYVEYITNJIHSREIFHSLSMS 1907
tr\AOA3B4YTJ5\AOA3R4YTJ57SFRTL KVFLOQLVAEFKRLGSTVVYGNFNRIILT KKRRIDNAIGYVEYITN$JIHSREIFHSLSLS 1907
Cr\AOA665X3K2\AOA665X3K2:ECHNA KVFLOLVAEFKRLGSTVVYGNFNRI T CTKKRRTDDAIGYIEYITKPIHSREMFHSLSLS 1907
tr | AOA7JI7RQ84 |AOA7JI7RQ84_RHIFE KLFLOLIAEFKRLGSSVVYANFNRIVIICTRKRRVEDALAYVEYITSPIHSKEIFHSLTIS 1879
tr | AOA6P6DOR3 |AOA6P6D0OR3 PTEVA KLFLOLTAKFKRLGSSVVYANFNRVVIICTKKORVEDAVAYVEYITSPIHSKEIFHSLTIS 1898
tr\AOA7J8H4Fl\AOA7J8H4F17ROUAE KLFLOLIAEFKRLGSSVVYANFNRVVI} KKRRVEDATIAYAEYITS$IHSKEIFHSLTIS 1912
tr\AOA5F4D2$5\AOA5F4D2557CANLF KLFLOLIAEFKRLGSSVVYANFEFNRI I I} KKRRIEDATAYMEYITS$PIHSKEIFHSLTIS 1941
sp | Q07864 | DPOE1_HUMAN KLFLOLIAEFKRLGSSVIYANFNRIILCTKKRRVEDAIAYVEYITSSIHSKETFHSLTIS 1906
tr | AOA2I3S482 | A0A2I35S482 PANTR KLFLOLIAEFKRLGSSVIYANFNRIIL CTKKRRVEDAIAYVEYITSPIHSKEIFHSLTIS 1906
tr\AOA2K6C158\AOA2K6CI587MACNE KLFLOLITEFKRLGSSVVYANFEFNRIITIJ KKRRVEDATAYVEYITSPIHAKEIFHSLTIS 1883
tr\AOA834DIT3\AOA834DIT379CHIR KLFLOLTAEFKRLGSSVVYANFNRITI} KKRRIEDALAYVEYITTPIHSKEIFHSLTIS 1905
tr | F6Z911 | F62911 HORSE - KLFLOLIAEFKRLGSSVVYANFNRTIIIJ KKRRIDDATIAYVDYITNJIHSKEIFHSLTIS 1906
Cr\AOASGZRBQO\AOX5G2RB9O PIG KLFLOLTAEFKRLGSSVVYANFNRI T CTKKRRVEDALAYVEYITNIHSKEIFHSLTIS 1879
tr\AOA67OJP16\AOA67OJPT67PODMU KLFLOLVAEFKRLGSSVVYANFNRITIHCTKKRRIEDALAYVEYITNSIHSREIFHSLTIS 1902
Lr\AOABSZLC4l\AOA852LC417UROIN KLFLOLVAEFKRLGSSVVYANFNRITITICTRKRRIEDALSYMHYITIS$PIHSKEIFHSLTIS 1923
tr | FEZFB6 | F6ZFB6__ORNAN KLFLOLVAEFKRLGSSVIYANFNRIII{ KKRRIEDALAYVDYITN$IHSKEIFHSLTIS 1781
tr\AOASPSLNSBIAO£6P5LNS3 PHACT KLFLOLVAEFKRLGSSVIYANFNRITIIJ KKRRIEDAITYIDYITNPIHSKEIFHSLTIS 1907
tr\AOA4X2K1K8\AOA4X2K1K8:VOMUR KLFLOLVAEFKRLGSSVIYANFNRITIHCTKKRRIEDATAYIDYITNSIHSKEIFHSLTIS 1891
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‘tr | AOAGQ2WWNS | AOAGQ2WWNS_ESOLU FTAQK--KK--GTGDEEGSEDEDEA-—-—-DG 1957

tr | A0OA673YLH4 |AOA673YLH4_ SALTR VPSSSAKY--EDGEEEGSEDEEEA--—-DE 1965

tr | AOAAWSMAK2 | AOA4AWSMAK2 9TELE FVPSSS—————— DGDEEGSEDEEEA———D— 1958

tr | AOA6PEMIO8 | AOAGP6MI 98 CARAU LDGNEKKKKKNVEE-EDGSEEEE——DDEEN 1963

tr | AOA498LK69 | AOA498LK69_LABRO FHANEKKKNKDGEE-EDGSEDED-—EDEVN 1939

‘tr | AOA3Q2YTIS5 | AOA3Q2YTIS5 HIPCM FVVQT——————————————— DEDEEEDEAN 1952

‘tr |M42A042 |MAA042_ XIPMA EGAKQKKRKQGEEDEEGSEDEDE-———-DD 1951

tr | AOAGP8SZEO | AOAG6P8SZEO_GYMAC EFDGAKQKKKSRGEGDEEGSEDEEE—-——DP 1962

tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE PKKRK————— OGEEDEEGSE———-DEDEAD 1959

tr | AOA6A4SMP2 | AOA6A4SMP2_SCOMX FEGGKRKKSRRGEGDEDGSEDE ————DEAN 1941

tr | AOA673CZR7|AOA673CZR7_9TELE FRKK———-TQQOQEGAEDGSEDEEEDEEDAR 1964

‘tr |AOA671YAK3 | AOA671YAKS3_SPAAU F——AKQKKNKRGEGEEEGSEDEDEEE-——-A 1953

tr | AOA6P7J205|A0AGP7J2Q5_ 9TELE FEGAKRKKNRQEEEDEDGSEDEDED--—-N 1962

tr | AOAT7NS8YNGO | AOA7NS8YN60O_ 9TELE EGAKQKKNRQGEGHEEGSDDEDE - -DEAD 1973

‘tr | AOA3P8NS896 | AOA3P8N896 ASTCA FEKKTR- —QEEGDEDGSE-—-——-DEDEEN 1958

tr | AOA3BAGLIO|AOA3B4GLI9 9CICH PKKTR— —~QEEGDEDGSE———-DEDEEN 1958

tr | AOA6GASF6M3 | AOAGASF6M3 PERFL FEGAQOKKKSRGEGDEEGSDDEDE——DEAV 1965

tr | AOA3Q1FLK4 | AOA3QLlFLK4_9TELE EFDGAKQKKNRQGEGDEDGSEDED———-—-EED 1960

tr | AOA4W6GOK4 | AOAAWE6GOK4_LATCA GAKQRKNKRE--GDEDGSED--EDEDEAG 1963

tr | AOA3B4AYTJIS5 | AOA3B4YTJI5 SERLL FEGTKKKKNRQOGDGDEDGSEDEDE—-DEAD 1965

tr | AOA665X3K2 | A0OA665X3K2 ECHNA FERPKKKKNGQGEDDQDGSEDEDEDEDEAD 1967

tr | AOA7JI7RQ84 | AOA7J7RQ84_RHIFE RDSPKEGSTQGDE— 1928

tr | AOA6P6DOR3 | AOA6PG6DOR3_PTEVA DSONEGKEQDDED— 1947

tr | AOA7J8H4F1|AOA7JI8HA4F1_ROUAE DPONEGKEQDDED— 1959

‘tr | AOASF4D2S5 | AOASF4D2S5_ CANLF ODSQKGGRVEEEE — 1992

sp Q07864 | DPOEL1_HUMAN FSRCWEFLLWMDPSNYGGIKGKVSSRIHCGLODSQKAGGAEDEQ--—-ENEDD--EEER-— 1959 CTD-Po

tr | AOA2I35482|A0A2I35482 PANTR FSRCWEFLLWMDPSNYGGIK GlODSOKAGGAEDEQ-~—ENEDD--EEER-— 1959

tr | AOA2K6CIS58 | AOA2ZKG6CI58_ MACNE FSRCWEFLLWMD[PSNYGGIK! GLODSQOKVQGAEDEQ-—-—ENEDN-—-EEER-— 1936

‘tr | AOA834DIT3|AOA834DIT3_9CHIR FSRCWEFLLWMDPSNFGGIK GPODSPKGGRAEEEE---EEEEE--EEEPEG 1960

tr | F672911|F62911_HORSE FSRCWEFLLWMDPCNYGGIKG GPPDSQKVGRVEGEE---EE--E--EEEPEE 1959

tr | AOASG2RB90 | AOASG2RB90_PIG FSRCWELLLWMDPSNYGGIKG GPODSPKEGRVEEEE---AE--E--EE--EE 1930

tr | AOA670JP16|A0A670JP16_PODMU FSRCWEFLLWMDPANYGGIKG GEVRKPAKKAEGEE—— -————-—-EEE-EE 1950

tr | AOA852LC41 | AOA852LC41_UROIN FSRCWEFLLWMDPANYGGIK! GEEDTSKRQEVEEEE--—-DSEEE-—-EE———— 1974

tr | F6ZFB6 | F6ZFB6_ORNAN FSRCWEFLLWMDPSNYGG IK! GERDTKKRQKAEEEE-—-—GSDDE-—EEE-E— 1834

tr | AOA6PS5LNS3 | AOAG6PSLNS3_PHACT FSRCWEFLLWMDPANYGGIK GEQSTOKEQKAEEEQ--—ESEEE-—EEE-EE 1961

‘tr | AOA4X2K1K8 | AOA4X2K1K8_VOMUR FSRCWEFLLWMDPANYGGIK GEVSSKQK—--AEEEQ--—-ES————— EEE-EE 1940
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{tr | AOA6Q2WWNS | AOAGQ2WWNS_ESOLU LVDVGEFSEDAQFRDPCNSYILPEVICHHCNEFCHDLI —-DPSVAQDGSVLPOW 2186
tr | AOA673YLH4 |AOA673YLH4_ SALTR LVDVGEFSEEAQFRDPCNSYILPEVICHPCNFCHDL —DPSVAQDGSVLPOW 2193
‘tr | AOA4WSMAK2 | AOAAWSMAK2_9TELE LVDVGEFSEDAQFRDPCNSYILPEVICHHCNFCHDLI —-DPSVAQDGSVLPQW 2186
tr | AOA6P6MIO8 | AOAGPEMI 98 CARAU LVDVGEFSEDAQFRDPCKSY ILPEVICHPCNFCHDLI —DPAVSQODGSVLPOW 2192
‘tr | AOA498LK69 | AOA498LK6E69_LABRO LVDVGEFSEDAQFHDPCKSYVLPEVICHHCNFCHDL —~DPAVSQDGSVLPQW 2168
{tr | AOA3Q2YTIS5|AOA3Q2YTIS_ HIPCM LVDVGEFSEEATFRDPCNSYILPEVICHNCNFCHDLY —-DPSVVQODGAALPOW 2181
‘tr |M4AA042 |MAAO42_ XIPMA LVDVGEFSEEAQFRDPCNSYILPEVICHHCNEFCHDLL —DPTVAQDGSVLPOW 2180
tr | AOA6P8SZEO | AOAGP8SZEO_GYMAC LVDVGEFSMOAQFSDPCNSY ILPEVICHPCNFCHDLI —~DPSVAQDGSVLPQW 2191
tr | AOA3Q2PG22 |AOA3Q2PG22 FUNHE  —————————— ] -++t+--4--4 - 2016
‘tr | AOA6A4SMP2 | AOAGA4SMP2__SCOMX LVDVGEFSENAQFODPCNSYILPEVICHHCNEFCHDL —DPSVAQDGSVLPOW 2170
tr | AOA673CZR7 |AOA673CZR7_9TELE LVDVGEFSEEAQFRDPCNSYILPEVICHHCNFCHDLI —DPSMAQDGSVLPOW 2193
‘tr | AOA671YAK3 |AOA671YAK3 _SPAAU LVDVGEFSDDAQFRDPCNSYILPEVICHHCNFCHDL —~DPSVAQDGSVLPQW 2182
tr | AOA6P7J205 | AOAGP7J2Q05_ 9TELE LVDVGEFSEDAQFRDPCNSYILPEVICHHCNFCHDLI —~DPSMAQDGSVLPOW 2191
tr | AOATN8YNGO | AOA7NB8YNG60O 9TELE LVDVGEFSEDAQFRDPCNSY ILPEVIICHHCNEFCHDLL —DPSVAQDGSVLPOW 2202
tr | AOA3P8N896 | AOA3ZP8N896_ASTCA  ———————————————————————— ] -F1-F--1-- 2036
tr | AOA3B4GLIO |AOA3BAGLI9 9CICH  ———————————— ] -Ht-+--4-—- 2015
‘tr | AOA6ASF6M3 | AOAGASFE6M3_PERFL LVDVGEFSGEAQFCDPCNSYILPEVICHHCNEFCHDL 2194
tr | AOA3Q1FLK4 | AOA3Q1FLK4_9TELE - - -1--1 2010
tr | AOAAW6GOKA | AOAAWEGOKA_LATCA LVDVGEFSDDAQFRDPCNSYILPEVIICHHCNEFCHDLHYLSALLNSNSSNIDGSVLPOW 2195
‘tr | AOA3B4YTJIS | AOA3B4AYTJIS SERLL LVDVGEFSEDAQFRDPCNSYILPEVIICHPCNFCHDLHLCK-—-DPSVAQDGSVLPOW 2194
tr | AOA665X3K2 | AOAG665X3K2_ECHNA LVDVGEFSEDAQFRDPCNSYILPEVICHHCNEFCHDLHLCK-—-DPSVAQDGSVLPOW 2196
tr | AOA7JI7RQ84 | AOA7I7TRQ84 RHIFE LVDVGEFSAEAQFRDPCRSYVLPEVIICHYCHFCHDLHLCK-—-DPFVSQDGAMPPRW 2157
tr | AOA6PEDOR3 | AOA6P6DOR3_PTEVA LVDVGEFSEEAQFRDPCRSYVLPEVICR4CNFCYDLYLCR———-DPSVSQDGAVLPOW 2184
‘tr | AOA7J8HAF1 | AOA7I8HAF1 ROUAE LVDVGEFSEEAQFRDPCRSYVLPEVIICRYCNFCYDLIYLCR-—-DPSVSQDGAVLPOW 2188
‘tr | AOASF4D2S5 | AOASF4D2S5_ CANLF LVDVGEFSEEAQFRDPCRSYVLPEVICRYCNFCHDLILCK- - -EFAFSQDGAVLPOW 2174
sp1Q07864 | DPOEL1_HUMAN LVDVGEFSEEAQFRDPCRSYVLPEVICRSCNEFCRDLDLCK——-DSSFSEDGAVLPOWLCS 2188
‘tr | AOA2I3S482 | AOA2I3S482_PANTR LVDVGEFSEEAQFRDPCRSYVLPEVICRYCNFCHDLHLCK---DssFsEDGAVLPOWI|CE 2188
tr | AOA2K6CIS58 | AOA2ZK6CI 58 _MACNE LVDVGEFSEEAQFRDPCRSYVLPEVIICRYCNFCHDLILCK---DSSFSEDGAVLPOWI|C 2165
tr | AOA834DIT3 |AOA834DIT3_9CHIR LVDVGEFSEEAQFRDPCHSYVLPEVIICHY4CNFCHDLILCK-—-EPSFSQDGAMLPOWI|CE 2189
tr | F62911|F6%2911_HORSE LVDVGEFSEEAQFQODPCRSYVLPEVICH$CNFCHDLHLCK---DPSFSQDGAVLPQWI|C 2188
{tr | AOASG2RB90 | AOASG2RB90_PIG LVDVGEFSEEAQFRDPCRSYVLPEVIICRYCNFCHDLHLCK-—-EPSFSQDGAVLPOWI|C 2159
‘tr | AOA670JP16 |AOA670JP16_PODMU LIEVGEFSEEAQFRDPCRSYVIPEMIICRNCNFCHDLILCK-—-DPALSQDGSVLPTWACE 2179
‘tr | AOA852LC41 | AOA852LC41_UROIN LAEVGEFSDEAQFRDPCRSYVLPEVIICRNCNFCHDLHLCK-—--DPALSQDGSVLPGWJC 2202
tr | F6ZFB6 | F6ZFB6_ORNAN LVDVGEFSEEAQFRDPCRSYVLPEVIICRYCNFCHDLHLCK-—-DPSVSQDGSVLPOWI|C 2061
tr | AOA6PSLNS3 | AOAGPS5LNS3_PHACT LVDVGEFSEEARFRDPCRSYVLPEVIICRYCNFCHDLILCK-—-DPFLSQDVSVLPOWI|CEH 2190
tr | AOA4X2K1KS8 | AOA4X2K1K8 VOMUR LVDVGEFSEEAQFRDPCRSFVLPEVIICRNCNFCHDLHLCK-—-DPFLSQDVSILPOWI|CE 2169
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‘tr | AOAGQ2WWNS | AOAGQ2WWNS_ESOLU NChAOYETES IEMALVEALOKKLMS Y TLODLACS HEKGVKEANMP L Y] GDFELTFPT 2246
tr | A0OA673YLH4 |AOA673YLHA4_SALTR NCPTOYETESIEMALVEALOKKLMSYTLODLACRHCKGVKEANMPLYC| GDFELTFPT 2253
tr | AOAAWSMAK2 | AOAAWSMAK2 9TELE NCPTOYETESIEMALVEALOKKLMSYTLODLACRHCKGVKEANMPLYC| GDFELTFPT 2246
‘tr | AOA6P6MIO8 | AOAG6PGMI 98 _CARAU CPhAQYDTESTIEMALVEALQKKLMSYTLODLECEHCKGVKEANMPLYC GDENLSFTT 2252
tr | AOA498LK69 | AOA498LK69_ LABRO NCPpAQYDTES IEMALVEALQKKLMSYTLODLA—f-4—f—————————- -H+t+---—-—-—--—- 2199
‘tr | AOA3Q2YTIS |AOA3Q2YTIS HIPCM CPAQYETESIEMALVEALQKKLMSYTLQDL HCKGVKEANMPLYC| GDFELTFPA 2241
tr |M4A042 |M4AA042_XIPMA NCPMOYETESIETALVDALOKKLMSY TLODL HCKGVKEANMPLYC| GNEDLTFSA 2240
tr | AOA6P8SZEO | AOAG6P8SZEO_GYMAC ChTOYDTESIEMALVEALQKKMMSYTLODL HCKGVKEANMPLYC| GDFILTFSA 2251
tr | AOA3Q2PG22 | AOA3Q2PG22_ FUNHE -+ ] 14— - - - 2016
‘tr | AOA6A4SMP2 | AOA6A4SMP2__SCOMX CPAQYETESIEMALVEALQKKLMSYTLODL 44— — - - 2201
{tr | AOA673C2ZR7 |A0OA673CZR7_9TELE NCPAQYETESIEMALVEALQKKLMSYTLQDL HCKGVKEANMPLYC| GDEDLTFSA 2253
‘tr | AOA671YAK3 |AOA671YAK3 SPAAU NCPAQYETESIEMALVEALOKKLMSYTLODL HCKGVKEANMPLYC| GDFELTFPA 2242
tr | AOA6P7J2Q5 | A0AG6P7J2Q5_ 9TELE ChAPYETDSIEMSLVEALQKKLMSYTLODLACNHCKGVKEANMPLYC GDFELTFSA 2251
tr | AOATNS8YNGO | AOATNS8YNGO OTELE NCPAQYETES IEMALVEALQKKLMSYTLQDL HCKGVKEANMPLYC| GNEDLTFSA 2262
‘tr | AOA3P8N896 | AOA3PS8NS896_ASTCA =S - ] =t ---——-—- -Ht+---—-—-—---- 2036
‘tr | AOA3BAGLIO|AOA3B4GLI9 9CICH 1- 4 -H+t+---—--—-—--- 2015
‘tr | AOA6ASF6M3 | AOA6ASF6M3_PERFL NC cry @ GDEFDLTFPA 2254
tr | AOA3Q1FLK4 | AOA3Q1FLK4_9TELE 1- - - - - 2010
tr | AOA4AW6GOK4 | AOA4AWE6GIK4_LATCA CPhAQYETETIEMALVEALQKKLMSYTLODLYC[THCKGVKEANMPLYC) GDFDLSFSA 2255
‘tr | AOA3B4YTJS |AOA3B4YTJIS SERLL NCPAQYETESVEMALVEALOKKLMSY TLODLYCIIrHCKGVKEANMPLYC GDEDLTFSA 2254
tr | AOA665X3K2 | AOA665X3K2_ ECHNA NCPAQYETESVEMALVEALOKKLMSY TLODLYCNHCKGVKEANMPLYC| GDFDLTFSA 2256
‘tr | AOA7J7RQ84 | AOA7JI7RQ84_RHIFE ChVAYDSSVIEMALVAALQKKLMAFTLODLYCLHCRGVKE THMPTYC| GGFSLTIHT 2217
tr | AOA6PE6DOR3 | AOA6PE6DOR3_PTEVA NCpAAYDSSVIEAALVEALOKKLMAFTLODLACKHCEGVKETHMSVYC GNEFALTIRT 2244
tr | AOA7J8H4F1 |AOA7JI8H4F1_ROUAE ChAAYDSSVIEAALVEALOKKLMAFTLODLACLHCRGVKETHMPVYC GSFALTIHT 2248
tr | AOASFA4D2S5 | AOAS5F4D2S5 CANLE NCPVAYDTSVIEMALVEALOKKLMAFTLODLICILHCRGVKE TNMPVYC GGFTLTIHT 2234
sp Q07864 | DPOE1_HUMAN NCQAPYDSSAIEMTLVEVLOKKLMAFTLODLVCLKCRGVKETSMPVYCSCAGDFALTIHT 2248
tr | AOA2I35482|A0A2I35482_ PANTR NepAPYDSSAIEMTLVEVLOKKLMAFTLODLYCILHCRGVKET sMPVYYCHCpRGDFALTIHT 2248
tr | AOA2K6CIS8 | AOA2ZK6CIS8 MACNE NCpAPYDSSVIEMTLVEVLOKKLMAFTLODLYCILHCRGVKETSMLVYCHCRGDETLTVHT 2225
tr | AOA834DIT3 |AOA834DIT3_9CHIR ChVAYDSSVIEMALVEALOKKLMAFTLODLJCLHCRGVKETNMAVYCHCRGDFALTTIHT 2249
tr |F6%2911|F62911_ HORSE NCPIAYDSSVIEMALVEALOKKLMAFTLODLICILHCRGVKETNMPVYCHCAGGETLTIHT 2248
tr | AOASG2RB90 | AOASG2RB90_PIG ChVAYDSSVIEMALVEALOKKLMAFTLODLYCNHCRGVKETNMAVYCHCRGGFALTIHT 2219
tr | AOA670JP16|AOA670IP16 PODMU NCpAQYDSDAIEMALVEALOKKLMAFTLODLYCILHCKGIKDTHMPVYCHCRGDEDLLLPT 2239
tr | AOA852T.C41 | AOA852TL.C41_UROIN ChAQYDSGATIEAALLEALOKKLMAFVLODLYCRHCHGVKDTHMPVYCHCRGDFALTISS 2262
tr | F6ZFB6 | F6ZFB6_ORNAN NCpAAYDTDHIEMALVEVLOKKLMAFSLODLYCILHCKGVKEANMP IYYCHCAGDESLTIPT 2121
‘tr | AOA6PSLNS3 | AOA6PSLNS3_PHACT NCPAAYDSGHIEMALVEALOKKLMAFTLODLJCILHCKGVKEANMP IYCHCRGDFALTIOT 2250
tr | AOA4X2K1KS | AOA4X2K1KS8_VOMUR NCPAAYDSGHIEMALVEALOQKKLMAFTLODLICILHCKGVKEANMPVYCHCAGDFALTIOQOT 2229
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tr | AOA6Q2WWNS | AOA6Q2WIWNS ESOLU
tr|AOA673YLH4 |AOA673YLH4 SALTR
tr | AOA4WSMAK?2 | AOA4WSMAK2 9TELE
tr |AOA6P6MIO8 |AOA6PEMIO8 CARAU
tr|AOA4981K69 |AOA498LK69 LABRO
tr|AOA302YTIS|AOA3Q2YTIS HIPCM
tr|M4A042 |M4R042 XIPMA

tr | AOA6P8SZEO |AOA6P8SZED GYMAC
tr|AOA302PG22 |AOA3Q2PG22 FUNHE
tr|AOA6A4SMP2 | AOA6A4SMP2_SCOMX
tr|A0A673CZR7 |AOA673CZR7_9TELE
tr|A0A671YAK3 |AOA671YAK3 SPAAU
tr|A0A6P7J2Q5 | A0A6P7JI2Q5 9TELE
tr |AOATN8YNGO | AOATNBYN60 9TELE
tr|AOA3P8NB96 | AOA3PSNB96 ASTCA
tr |AOA3B4GLIO|AOA3B4GLI9 9CICH
tr | AOAG6ASF6EM3 | AOA6ASF6M3 PERFL
tr|AOA3Q1FLK4 |AOA3Q1FLK4 9TELE
tr |AOA4W6GIK4 | AOA4W6GIKA LATCA
tr|AOA3B4YTJS |AOA3B4YTJIS SERLL
tr |AOA665X3K2 | A0A665X3K2 ECHNA
tr|AOA7J7RQ84 |AOA7TITRQ84 RHIFE
tr |AOA6P6DOR3 | AOA6P6DOR3 PTEVA
tr|AOA7J8H4F1 |AOA7JI8HAF1 ROUAE
tr|AOASF4D2S5 |AOASF4D2S5 CANLE
sp Q07864 | DPOE1_HUMAN
tr|AOA2I35482|A0A2I3S482 PANTR
tr|AOA2K6CTS8 | AOA2K6CIS58 MACNE
tr|A0A834DIT3|AOA834DIT3 9CHIR
tr|F62911|F62911 HORSE

tr | AOASG2RB9I0 |AOASG2RBI0_PIG
tr|A0A670JP16|A0A670JP16 PODMU
tr|A0A8521.C41|AOAB52L.C41 UROIN
tr|F6ZFB6|F6ZFB6 ORNAN
tr|AOA6PSTNS3|AOA6PSLNS3 PHACT
tr | AOA4X2K1K8 | AOA4X2K1K8 VOMUR

IEnd of £ pol sequences from animal sources

AAHYNMNFLEETIDWLLVMSPQISQAARH- 2288
AAHYNMNFLEETIDWLLVMSPQINQSR--- 2293
AAHYNMNFLEETIDWLLVMSPQISQSR--- 2286
AAHYNMNFLLETIDWVLSMNA-———----—— 2286
AAHYNMNFLLETIDWVLSMNA-———————- 2232
ASHYNMSFLKETIDWLMVMSPQISQSAS—- 2282
ASHYNMRFLGETIDWLLEMSPQIGQSRH-- 2281
ASHYSMSYLGETIDWLLVMSPQISQSAL-- 2292
—————————————————————————————— 2016
ASHYNMSFLEETIDWLLVMSPHVGQSIH-- 2236
ASHYNMSFLEETIEWLRGMSPQINQSTHKI 2296
ASHYSMSFLEETIDWLVVMSPHINQSAR-- 2283
ASHYNMTFLEETIDWLLLMSPQISQSAR-- 2292
ASHYNMRFLEETIDWLLVMSPQISQSAH-- 2303
—————————————————————————————— 2036
—————————————————————————————— 2015
ASHYKMSFLDETLDWLLVMSPQISQNAH-- 2295
—————————————————————————————— 2010
ASHYSMSFLEETIDWLLVMSPQISQSAR-- 2296
ASHYNMSFLEETIDWLLAMSPQISQSAH-- 2295
ASHYNMSFLEETIDLLLAMSPQISQTAH-- 2297
AQHYGMSYLMETLEWLLEKNPQLGH—-———- 2255
AQHCGMSYLMETLEWLLQRNPQLGH----- 2282
AQHCGMSYLMETLEWLLQKNPQLGQ—-———- 2286
AQHYGMSYLTETLEWLLQKNPQLGH----- 2319
AQHYGMSYLLETLEWLLQKNPQLGH—-———— 2286
AQHYSMSYLLETLEWLLQKNPQLGR----- 2286
AQHYGMSYLLETLEWLLQKNPQRGR————- 2263
AQHYGMSYLMETLEWLLQKNPQLSH-—-—-- 2287
AQHYGMSYLMESLEWLLQKNPQLGH-———- 2286
AQHYGMSYLTETLEWLLQQNPQLGH-———- 2257
ARHYNMDYLLENIKWLLQMNPQLLL----- 2277
ARHYSMAHLLETIEWLLSTNPQLRP————- 2300
AQHYAMSYLLETIEWLLQMNPRLPR-——-- 2159
ARHYGMTYLTEMIEWLLQOMNPQLAN---—- 2288
ARHYGMTYLTEMIEWLLQMNPQLAN----- 2267

IAOA6Q2WWNS8_ESOLU, Esox lucius
IAAAWS5MAK2_9TELE, Hucho hucho
IAOA498LK69_LABRO, Labeo rohita
M4A042_XIPMA, Xiphophorus maculates
IAOA3Q2PG22_FUNHE, Fundulus heteroclitus
IAOA673CZR7_9TELE, Sphaeramia orbicularis
IAOA6P7J2Q5_9TELE, Parambassis ranga
IAOA3P8N896_ASTCA, Astatotilapia calliptera
IAOA6ASF6M3_PERFL, Perca fluviatilis
IAOAAWBGIK4A_LATCA, Lates calcarifer
IAOA665X3K2_ECHNA, Echeneis naucrates
IAOA6P6DOR3_PTEVA, Pteropus vampyrus
IAOAS5F4D2S5_CANLF, Canis lupus familiaris
IAOA213S482_PANTR, Pan troglodytes
IAOA834DIT3_9CHIR, Phyllostomus discolor
IAOA5G2RB90_PIG, Sus scrofa
IAOA852L.C41_UROIN, Urocolius indicus
IAOA6P5LNS3_PHACI, Phascolarctos cinereus

AOA673YLH4_SALTR, Salmo trutta

AOA6P6MI98 CARAU, Carassius auratus
AOA3Q2YTI5_HIPCM, Hippocampus comes
AOA6P8SZEO_GYMAC, Gymnodraco acuticeps
AOABA4SMP2_SCOMX, Scophthalmus maximus
AOA671YAK3_SPAAU, Sparus aurata
AOA7N8B8YNG60_9TELE, Mastacembelus armatus
AOA3B4GLI9_9CICH, Pundamilia nyererei
AOA3Q1FLK4_9TELE, Acanthochromis polyacanthus
AOA3B4YTJ5_SERLL, Seriola lalandi dorsalis
AOA7J7RQ84_RHIFE, Rhinolophus ferrumequinum
AOA7J8H4F1_ROUAE, Rousettus aegyptiacus
Q07864|DPOE1_HUMAN, Homo sapiens
AOA2K6CI58_MACNE, Macaca nemestrina
F6Z911 HORSE, Equus caballus
AOA670JP16_PODMU, Podarcis muralis
F6ZFB6_ORNAN, Ornithorhynchus anatinus
AOA4X2K1K8 VOMUR, Vombatus ursinus

Figure 4 MSA of e DNA polymerases from various animal sources

3.2. ‘Mix and Match’ MSA analysis of the DNA pols € from yeasts, higher fungi, plants and animals

Figure 5 shows the ‘Mix and Match’ MSA of the € pols from all the four eukaryotic sources, viz. yeasts, higher fungi, plants
and animals (only the required regions for the discussions are shown). S. cerevisiae, Aspergillus niger, A. thaliana and
human sequences are used as the standards and highlighted. All the major domains (NTD, PR Exo, Pol, Linker and CTD)
are indicated tentatively with arrow marks. The NTDs show many gaps in the alignment, but with a small number of
conserved peptides. Strikingly, a highly conserved dodecapeptide is found in this region. The NTD is followed by a highly
conserved PR exo domain. The proposed PR exonuclease active site amino acids are completely conserved in all
(highlighted) and it belongs to the DEDD-superfamily with an invariant Y as a proton acceptor. The presence of a typical
-DEDD-superfamily exonuclease active site in all € pols is in close agreement with the other DdDps [8]. An invariant,
characteristic motif -SYLPQ/VGS- (highlighted in yellow) is found within the PR exo domain in the € pols of all
eukaryotes. This sequence is somewhat similar to the characteristic -SLYPS- motif reported in the other two replicative
pols, a and 6 [2] and, in general, in all the B-family pols. In all these pols, viz. &, 6 and a, this motif is implicated in dNTP-
binding.
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The PR exo domain is followed by the pol domain and is also highly conserved in all. Interestingly, the template-binding
pair (-YG-), catalytic amino acid (K) and dNTP selection amino acid (Q) are completely conserved in all (highlighted in
yellow) and are in close agreement with other DdDps and DdRps [6, 21]. The € pol’s active site amino acids are found
within highly conserved large peptides. The pol domain also contains the completely conserved-DxD- type catalytic
Mg?2*site and is in close agreement with other DNA pols. A unique ZBM that is conserved within the pol domain in all €
pols (highlighted) is suggested to play a role in linking redox status of cells to replication. The pol domain is followed by
a linker region which connects the pol to the CTD. The linker region contains a highly conserved NLS-like motif in all
pols € (highlighted). The linker region is not conserved much. The CTD possesses two invariant ZBMs and one of them
binds to the 4Fe-4S cluster (highlighted in orange) and a -DxD- type metal-binding motif is found within the first ZBM.
The second pol and PR exo active sites do not align in all. Interestingly, the catalytic amino acid K, pairs with -C- as -KC-
in plant and animal enzymes, but with -V- as-KV- in yeasts and higher fungal enzymes.

CLUSTAL O (1.2.4) ‘Mix and Match’ MSA of all the four eukaryotic € DNA pols (from yeasts, higher fungi, plants and

animals)

tr | AOASPS5YCF9|AOA3P5YCF9 BRACM

tr |D7KIO06|D7KIO6 ARALL
tr | AOABI6WFCS8|AOA8IGWFC8_ HORVV
tr | AOA452YARG | AOA452YAR6_AEGTS
tr | AOA3B5XXC3|AOA3B5XXC3_WHEAT
tr | AOALD6H8Z0|AOALD6H8Z0 MAIZE
tr | AOA835B357|AOA835B357_ 9POAL
tr | AOA2S3GPCO|AOA2S3GPCO_9POAL
tr | AOA368PL62|AOA368PL62 SETIT
tr | AOA7I8KHBS |AOA7ISKHB8 SPIIN
tr |AOA6I9QIGL |AOA6I9QIGL ELAGV
tr | AOASB8JBC2|AOA8B8JBC2 PHODC
tr | AOA9QOFIPS5|AOA9QOFIP5 9ROSI
tr | AOA2CIOVYJ6|AOA2CIVYJI6 MANES
tr |AOA7J7C034 |AOA7J7C034_TRIWF
tr | AOA2N9F976|AOA2NIF976 FAGSY
tr | AOA7N2KMEG | AOA7N2KME6_QUELO
tr | AOA4WSMAK2 | AOA4WSMAK2 9TELE
tr | AOABCT7Q9V4 | AOABCT7QIV4_ONCMY
tr |AOA6P7J2Q5|A0A6P7J2Q05 9TELE
tr | AOAG6P8SZEO|AOA6P8SZEO_GYMAC
tr|AOA8J0QX44 |AOA8J0QX44 XENTR
tr|AOA4X2K1K8 |AOA4X2K1K8 VOMUR
tr|AOASF4D2S5|AOASF4D2S5 CANLF
tr|AOA7JI7RQ84 |AOA7J7RQ84 RHIFE
tr|AOA6P6DOR3 |AOAG6PE6DOR3 PTEVA
tr | AOA2K6CIS58|AOA2K6CI58 MACNE
tr | F6QAQL | F6QAQL MACMU

tr | G3RQP2 | G3RQP2 GORGO
sp|Q07864 | DPOE1_HUMAN

tr |AOA2I35482|A0A2I3S482 PANTR
tr|F62911|F62911 HORSE

tr | AOA5G2RB90 | AOASG2RB90_PIG
tr |AOA420PL83|AOA420PL83 FUSOX
tr|AOALV6PGE7 | AOALVEPGE7 PENDC
tr|AOAO0GANUS2 | AOAOG4ANUS2 PENCA
tr|AOALV6TETS |AOALVETETS 9EURO
tr|AOAL67WJI50 |AOAL67WIS0 PENCH
tr|AOA3A2Z9P9 |AOA3A2Z9P9 9EURO
tr|AOA401LOU3 |AOA401L0U3 ASPAW
tr|AOA317VHO6 |AOA317VHI6 ASPEC
tr |AOA117E1M7|AOAL117EIM7 ASPNG
tr|AOALDS8PTDO |AOALIDS8PTDO CANAL
tr|C5M3R9|C5M3R9 CANTT
sp|Q6FNY7 | DPOE_CANGA
sp|P21951 | DPOE_YEAST

tr | AOA7HOHLUL | AOA7HOHLUL_9SACH
sp|Q6CUS7 | DPOE_KLULA
sp|Q752B8 | DPOE_ASHGO

AVDKDVRSGQWY

AIDNDVRSGQWY

MLSSALAGGSV--SAA--DEDGMSKKTSDQMDNT
MLSSALAGGSV--SAA--DEDGLSKKTSDQMDNT
MLSSALSGGTV--ASA--DEDSISKSISDQLDNI
MLSSALSGGNV--NTA--EEDGPSKRISDQLDNT
MLSSALTGNNM--GA---EEEGPSKKISDQMENT
MLSSALMGGSV--TT---DEEGSSKKIADQLDNV
MLSSVLQGGSV--VI---DEEEASKKVTDQLDNT
MLSSVLQGGSV--IL---DEEEASKKTADQLDNT
MLSSVLQGGGA--II---DEEETSKKIADQLDNTI
LLSSVLQRGGV--IT---DEEETSKKIADQLDNI
LLSSVLQRGGV--IT---DEEETSKKIADQLDNI
LLSSVLOQRGGV--IT---DEEETSKKIADQLDNI
LLSSVLQRGGV--IT---DEEETSKKIADQLDNIVDMREYDVPYHIRLSIDLKIHVAHWY
LLSSVLQRGGV--IT---DEEETSKKIADQLDNIVDMREYDVPYHIR[L.SIDLKIHVAHWY
MLSSVLQGGSV--II---DEEETSKKMADQLDNIVDMREYDVPYHIR[L.SIDLKIHVAHWY
MLSSVLQGGSV--VM---DEEETSKKIADQLDNIVDMREYDVPYHIR[LSIDLKIHVAHWY
———-NGDFDLFDDSRD--DDRNMNTALSDASDFTI IREYDVPYHVRVMIDLDIRAGKWY
MSSATASFDLFDDEITI--NEQRPN-GNTQASDFIIDIREYDVPYHVRVCIDKDIRVGKWY
MTSATAGIDLFDDEII--NEQRPN-GNLQASDFT IREYDVPYHVRNVCIDKDIRIGKWY
MTSATAGIDLFDDEII--NEQRPN-GNLQASDFT IREYDVPYHVRNVCIDKDIRIGKWY
MTSATAGIDLFDDEITI--NEQRPN-GNLQASDFT IREYDVPYHVRNVCIDKDIRIGKWY
ISSANAGFDLFDDELI--NESRTN-NSMNASDET IREYDVPYHVRNVAIDKDIRIGKWY
ISSANAGFDLFDDELI--NESRSN-ATMNASDFIIDIREYDVPYHVRVSIDKDIRIGKWY

ISSANAGFDLFDDELI--NESRSN-ATMNASDFIIDIREYDVPYHVRVSIDK----GKWY
ISSANAGFDLFDDELI--NESRSN-ATMNASDFIIDIREYDVPYHVRVSIDKDIRIGKWY
KEI-—-=-——=——=———————————— ETIMDPSVYTI IREYDVPYHVRNVSIDRNVRVGKWY
KDV-===—mmmm - ——————— DSSSDPSTYI IREYDVPYHVRVSIDKQLRVGKWY
SNISNGNGMLSSNVNR--FASSSVQDKKDAKQYIEDIREYDVPYHVRVSIDKDIRVGKWY
AAN-—=——————————————-———- GSEKVDAKHLIEDIREYDVPYHVRVSIDKDIRVGKWY

--GNSFRDAKSLIEEVREYDVPYHVR}/S IDKNIRVGKWY

SIDKNIRVGKWY

CIBKEIRVGKWY
L x

Lxx

257
263
258
265
205
255
182
179
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tr | AOA3PSYCF9 |AOA3PS5YCF9 BRACM

NTD €—
NVSTISSTD—VTLEKRTDILOR | AEVRVEAHDIHTTKLELKFPDAEYDOIMMTSYMVDGOG

276

£r|D7KIO06|D7KIO6_ARALL

tr | AOASIGWFCS | AOASI6WFCS_HORVV
tr | AOA452YARG | AOR452YARG_AEGTS
£r | AOA3B5XXC3 |AOA3B5XXC3_ WHEAT
tr |AOA1D6HB8Z0 | AOALID6H8Z0_MAIZE
tr | AOA835B357 | AOA835B357_9POAL
tr | AOA2S3GPCO |AOA2S3GPCO_9POAL
tr|AOA368PL62 |AOA368PL62 SETIT
tr|AOA7TISKHBS | AOA7ISKHBS_SPIIN
tr |AOA6I9QIGL | AOAGI9QIGL_ELAGV
tr|AOA8BSJBC2 | AOASB8JBC2_PHODC
tr | AOA9QOFIP5|AOA9QOFIPS_9ROST
tr | AOA2COVYJ6 | AOA2CIOVYJT6_MANES
tr|AOA7J7C034 |AOATI7CO34_TRIWF
tr | AOA2NOF976 | AOA2NIF976_FAGSY
tr | AOATN2KME6 | AOA7TN2KME6_QUELO
tr| AOA4WSMAK2 | AOA4WSMAK2 9TELE
tr|AOA8BC7Q9V4 | AOASC7QIV4_ ONCMY
tr|AOA6P7J205|AOAGP7J2Q05_ 9TELE
tr | AOA6P8SZEO | AOAGP8SZEO_GYMAC
x| A0A8J00X44 |AOA8JI00X44 XENTR
tr | AOA4X2K1KS8 | AOA4X2K1KS_VOMUR
tr | AOASF4D2S5 | AOASF4D2S5_CANLF
£r|AOA7JI7RQ84 |AOA7I7RQ84_RHIFE
tr | AOA6PGDOR3 | AOAGP6DOR3_PTEVA
tr | AOA2K6CI58 | AOA2K6CIS8_MACNE
£r | F60AQL | F6QAQL MACMU

tr | G3ROP2 | G3RQP2_GORGO

sp | Q07864 | DPOE1_HUMAN

tr |AOA2I35482|A0A2I35482_ PANTR
tr | F62911|F62911_ HORSE

tr | AOASG2RB90 | AOA5G2RBI0_PIG
tr | AOA420PL83 |AOA420PL83_FUSOX
tr | AOAIVGPGE7 | AOALV6PGE7_PENDC
| AOAOG4NUS2 | AOAOGANUS2_PENCA
tr |AOALV6TETS | AOALV6TETS_9EURO
tr | AOA167WJIS50|AO0A167WIS50_PENCH
tr|AOA3A2Z9P9 |AOA3A2Z9P9_9EURO
tr |AOA401L0OU3 |AOA401LOU3_ASPAW
tr | AOA317VHO96 | AOA317VHI6_ASPEC
tr|AO0A117E1M7 |AOAL17EIMT7_ASPNG
tr | AOAIDSPTDO | AOALIDS8PTDO_CANAL
tr|C5M3R9 | C5M3R9_CANTT

sp | Q6FNY7 | DPOE_CANGA
sp|P21951 | DPOE_YEAST

tr |AOA7HOHLUL | AOA7THOHLUL_9SACH
sp | Q6CUS7 | DPOE_KLULA
sp|Q752B8 | DPOE_ASHGO

NVSISSTD—VILEKRTDLLOR | AEVRV{AH
NVGVSGSD—VLLOQRREDLLOR | AEVHV{AH
NVGVSGSD—VLLQRREDLLOR | AEVHV{AH
NVGVSGSD—VLLOQRREDLLOR | AEVHV{AH
NVNVSGSD—VLLQRREDLLOR | AEVHV{AH
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sp | Q6CUS7 | DPOE_KLULA CPRRLKWAWRGEFFPAKMDEYGMVKRALONELFPNKNPKSKKQFLTFEELSYSDQVSHIK 653
sp|Q752B8 | DPOE_ASHGO CPRRLKWTWRGEFLPAKMDE YAMVKRALMNEVF PNKYKNTTKKLLTFDELSYSEQVSHIK 650
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ERLKKYCQKAYRRVLDKPSTEILEAGIE RENHEYVDT

tr|AOA3P5YCFO |AOA3PS5YCF9 BRACM [RSFRDRRYEYKTLNKVWKGHL,| 796
tr|D7KI06|D7KI06_ARALL ERLKKYCQKAYKRVLDKPITEVREAGICMRENHEYVDTVIRSFRDRRYEYKTLNKVWKGHL, 751
tr | AOASIGWFCS | AOASI6WECS HORVV DRLKKYCQKAYKRVVDKPITEVREAGICMREN]FYVDTVRSFRDRRYEYKGLNKTWKGHL 775
tr|AOA452YARG |AOA452YARG6_AEGTS DRLKKYCQKAYKRVVDKPITEVREAGICMRENSFYVDTVRS FRDRRYEYKGLNKTWKGHL 715
tr | AOA3B5XXC3 | AOA3B5XXC3_WHEAT DRLKKYCQKGYKRVVDKPITEVREAGICMRENY]FYVDTVRSFRDRRYEYKGLNKTWKGHL 770
tr | AOA1DGH8Z0 | AOALID6HSZ0 MAIZE DRLKKYCQKAHKRVVDKPITEVREAGICMREN]FYVDTVRSFRDRRYEYKGLNKTWKGHL 748
tr|AOA835B357 | AOA835B357_9POAL DRLKKYCQOKAHKRVVDKPITEVREAGICMRENSFYVDTVRS FRDRRYEYKGLNKTWKGHL 761
tr|AOA2S3GPCO|AOA2S3GPCO_9POAL DRLKKYCQKAHKRVVDKPITEVREAGICMRENSFYVDTVRSFRDRRYEYKGLNKTWKGHL 766
tr |AOA368PL62 |AOA368PL62 SETIT DRLKKYCQKAHKRVVDKPITEVREAGICMRENYFYVDTVRSFRDRRYEYKGLNKTWKGHL 770
tr|AOA7ISKHBS | AOA7ISKHBS_SPIIN ERLKKYCQKAYKRVLDKPLTELREAWICMRENHFYVDTVRS FRDRRYE YKGLNKVWKGHL| 752
tr |AOA6I90IGL |AOAGI9QIGL ELAGV ERLRKYSQKAYKRVLDKPITELREAGIJCMRENHEFYVDTVRSFRDRRYEYKGLNKVWKGHL 750
tr|AOA8B8JBC2 |AOABBS8JIBC2_ PHODC ERLRKYCOKAYKRVLDKPITELREAGICMRENHFYVDTVRSFRDRRYEYKSLNKLWKGHL| 750
tr|AOA9QOFIPS5|AOA9QOFIP5_9ROST ERLKKYCQKAYKRVLDKPVTEVREAGIICMRENSFYVDTVRSFRDRRYE YKGLNKVWKGHL| 767
tr|AOA2COVYJI6 |AOA2CIVYT6_MANES ERLKKYCQKAYKRVLDKPVTELREAGICMRENHEYVDTVRSFRDRRYE YKGLNKVWKGHL 753
tr|AOA7J7C034 |AOAT7JI7C034_TRIWFEF ERLKKYCQKAYKRVLDKPVTELREGGICMRENHEYVDTVIRSFRDRRYEYKGLNKTWKGHL, 752
tr | AOA2NOF976 | AOA2NIF976_FAGSY ERLKKYCQKAYKRVIDKPVTELREAGIJCMRENHEFYVDTVRSFRDRRYEYKGLNKVWKGHL 736
tr|AOA7N2KMEG6 | AOATN2KME6_QUELO ERLKKYSQKAYKRVLDKPVTELREAGIJCMRENHFYVDTVRSFRDRRYEYKGLNKVWKGHL 751
tr | AOAAWSMAK2 | AOA4AWSMAK2 9TELE KRLGDYCRRAYKKVRQOTK-LEERVTTICOREN]FYVDTVRAFRDRRYEFKGLHKVWKKHL 780
tr | AOASC7Q9V4 | AOABCTQIV4_ONCMY KRLGDYCRRAYKKVRQTK-LEERVTTICORENYFYVDTVRAFRDRRYEFKGLHKVWKKHL 738
tr|AOAGP7J205|A0A6P7J205 9TELE KRLADYCKRAYKKIHITK-LEERVTTICORENSFYVDTVRAFRDRRYEFKGLHKVWKKHL 780
tr|AOAGP8SZEO | AOAGPSSZEO_GYMAC KRLADYCKRAYKKTHVTK-LEERTTT JCPRENSFYVDTVRAFRDRRYEFKGLHKVWKKHL| 778
tr|AOA8J0QX44 |AOA8I0QX44_ XENTR KRLADYCRKAYKKIHVTR-LEEKVTTIJCODRENJFYVDTVIRAFRDRRYEFKGLHKVWKKHL, 777
tr | AOA4X2K1KS | AOA4X2K1K8_ VOMUR KRLADYCRKAYKKIHITK-VEERLTTICOREN]FYVDTVRAFRDRRYEFKGLHKVWKKHL 764
tr | AOASF4D2S5 | AOA5F4D2S5 CANLE RRLSDYCRKAYKKIHVTR-VEERLTTICORENYFYVDTVRAFRDRRYEFKGLHKVWKKHL 814
tr|AOA7J7RQ84 |AOA7JI7RQ84_RHIFE RRLADYCRKAYKKIHVTK-VEERLTTIJCPRENSFYVDTVRAFRDRRYEFKGLHKVWKKHL| 752
tr|AOAGP6DOR3 | AOA6PG6DOR3_PTEVA RRLADYCRKAYKKIHVTK-VEERLTTJCORENSFYVDTVRAFRDRRYEFKGLHKVWKRHL| 771
tr|AOA2K6CI58 | AOA2K6CIS58_MACNE RRLADYCRKAYKKIHITK-VEERLTTIJCORENSFYVDTVRAFRDRRYEFKGLHKVWKKHL 779
tr| F6QAQL |F6QAQL1_MACMU RRLADYCRKAYKKIHITK-VEERLTTIJCODRENJFYVDTVIRAFRDRRYEFKGLHKVWKKHL, 781
tr| G3RQP2 | G3ROQP2_GORGO RRLADYCRKAYKKIHITK-VEERLTTICORENYFYVDTVRAFRDRRYEFKGLHKVWKKHL 758
sp| Q07864 | DPOE1_HUMAN RRLADYCRKAYKKIHITK-VEERLTTICORENSFYVDTVRAFRDRRYEFKGLHKVWKKKL 779
tr |AOA2I35482|A0A2I35482 PANTR RRLADYCRKAYKKIHITK-VEERLTTICOREN]FYVDTVRAFRDRRYEFKGLHKVWKKHL 779
tr |F6Z911|F62911 HORSE RRLADYCRKAYKKIHVTK-VEERLTTICORENYFYVDTVRAFRDRRYEFKGLHKVWKKHL 779
tr|AOASG2RBO0 | AOA5G2RBI0_PIG RRLADYCRKAYKKIHVTK-VEERLTTJCPRENSFYVDTVRAFRDRRYEFKGLHKVWKKHL| 752
tr|A0A420PL83|AOA420PL83_FUSOX KRLQLYSQKVYHKIHDST-TIVREAT JJCORENHFY INTVRDFRDRRY DYKGKAKVWKGHT 754
tr|AOALV6PGE7 | AOALV6PGE7_PENDC KRLODYSKKIYHKIHDSK-TMEREAI JCDRENHFYVDTVRS FRDRRY DFKGKQKVWKNHT| 789
tr|AOAO0G4NU82 | AOAOG4ANU82_PENCA KRLODYSKKIYHKIHDSK-TMEREAIJCORENHEYVDT DFRDRRYDFKGKQKSWKNHA| 789
tr | AOALVGTETS | AOALV6TETS 9EURO KRLODYSKKIYHKIHDSK-TMEREAI JCORENHFYVDTVRAFRDRRY DEKGKOKSWKNHA 789
tr|AOAL67WIS0|AOAL67WIS0_ PENCH KRLODYSKKIYHKIHDSK-TMEREAT JCORENHFYVDTVRAFRDRRY DFKGKOKSWKNHA| 789
tr|AOA3A2Z9P9|AOA3A2Z9P9_9EURO KRLQDYSKKIYHKIHDSK-TMTREAT JJCORENHFYVNTVRS FRDRRY DEKGKQKVWKNHT 789
tr|A0A401L0U3|AOA401LOU3_ASPAW KRLODYSKKIYHKIHDSK-TMVREAT JCORENHFYVDTV[RS FRDRRY DFKGKQKVWKGHT| 789
tr|AOA317VHI6 |AOA317VHI6_ASPEC KRLODYSKKIYHKIHDSK-TMVREAIIJCPRRENHEYVDT SFRDRRYDFKGKQKVWKGHT)| 785
tr|A0A117E1M7 |AOAL17EIM7_ASPNG KRLODYSKKIYHKIHDSK-TMVREAT ICORENPFYVDTVRSFRDRRY DFKGKQKVWKGKT 789
tr|AOALDS8PTDO |AOAID8PTDO_CANAL KRISDYSRKVYHRVKSSK-VVTREAIJCORENHEYVDT SFRDRRYEFKGLAKVWKGHV] 795
tr | C5M3R9|C5M3R9_CANTT KRISDYSRKVYHRVKASK-VVTREAI JCORENHEFYVNTVRS FRDRRYEFKGLAKVWKGHV 790
Sp | Q6FNY7 | DPOE_CANGA KRLTEYSKKVYHRIKVSE-IVEREAIVCPRENHFYVNTVKS FRDRRYEFKGLAKKWKGHM 795
sp|P21951 | DPOE_YEAST KRLTEYSRKVYHRVKVSE-IVEREAIVCORENPFYVDTVKSFRDRRYEFKGLAKTWKGNL 735
tr|AOA7HOHLUL | AOATHOHLUl_9SACH KRLTDYSRKVYHRVKVSE-VVERESIYCRRENHFYVDTVRS FRDORRYEFKGLAKTWKGHL) 785
sp | Q6CUS7 | DPOE_KLULA KRLTDYSRKVYHRVKVTE-TVEREAIVCRRENHFYVNTVRS FRDRRYEFKGLAKLWKGHL 712
sp | Q752B8 | DPOE_ASHGO KRLSEYSRKVYHRVKVTE-SVVRESIVCPRENHFYVNTVES FRDERYEFfcHART L. 709
*: %k Lz: ori: 1 PP [PV polees x %%
tr | AOASP5YCF9 |AOA3P5YCF9 BRACM SEAKASGNS-IKIQEAQDM YDSLOLA E-ILNS JYVMRKGARWY SMEMAG TYT 855
tr | D7KI06|D7KI06_ ARALL SEAKASGNS-IKIQEAQDM YDSTOELAHKECILNSE[YYVMRKGARWY SMEMAGVIVTY T 810
tr | AOABIE6WEFCS8 | AOABI6WFC8_HORVV SEAKASGNS-IKIQEAQDM LYDSTOELAHKEILNSE[YJYVMRKGARWY SMEMAGVIVTY T 834
tr | AOA452YARG | AOA452YARG6_AEGTS SEAKASGNS-IKIQEAQDM LYDSTOELAHKEILNSE[YJYVMRKGARWY SMEMAGVIVTY T 774
tr | AOA3BB5XXC3 | AOA3B5XXC3_ WHEAT SEAKASGNS-IKIQEAQDM LYDSTOLAHKEILNSE[YJYVMRKGARWY SMEMAGVIVTY T 829
tr | AOA1D6H8ZO0 | AOA1ID6H8Z0_ MATIZE AEAKASGNS-MKIQEAQDM LYDSI KECILNSE[YJYVMRKGARWYSMEMAGVVTYT 807
tr | AOAB835B357 | AOA835B357_9POAL AEAKASGNS-MKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 820
tr | AOA2S3GPCO | AOA2S3GPCO_9POAL AEAKASGNS-MKIQEAQDM LYDST KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 825
tr | AOA368PL62|AOA368PL62_ SETIT AEAKASGNS—-IKIQEAQDL LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 829
tr | AOA7I8KHB8 | AOA7I8KHB8 SPIIN EDAKNSGNS-MKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 811
tr | AOA6TI9QIGL |AOA6I9QIGL_ ELAGV AEAKSSGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 809
tr | AOABB8JBC2 | AOA8B8JBC2_ PHODC AEAKSSGNS-MKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 809
tr | AOA9QOFIPS|AOA9QOFIPS5_ 9ROST SEAKASGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 826
tr | AOA2COVYJ6 | AOA2COVYJI6_MANES SEAKASGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 812
tr | AOA7J7C034|AOA7J7C034_TRIWF AEAKASGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 811
tr | AOA2NOF976 | AOA2N9F976_ FAGSY SEAKASGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 795
tr | AOA7N2KMEG6 | AOA7N2KME6_QUELO SEAKASGNS—-IKIQEAQDM LYDSI KCILNSE[YJYVMRKGARWYSMEMAGVVTYT 810
tr | AOAAWS5MAK2 | AOA4AWSMAK2 9TELE SAAQESGDA-ALVKRCKNME[ILYDSITOLAHKEILNSEF|YJYVMRKGARWY SMEMAGIVCYT 839
tr | AOABC7Q9V4 |AOABCT7QOV4 ONCMY SAAQESGDA-ALVKRCKNME[ILYDSTOLAHKEILNSEFYJYVMRKGARWY SMEMAGIVCYT 797
tr | AOAGP7J2Q5|A0A6P7J2Q5 9TELE STAQDNGDA-AEVKRCKNMEILYESTOLAHKEILNSEF[YJYVMRKGARWY SMEMAGIVCYT 839
tr | AOA6P8SZEO | AOA6P8SZEO_GYMAC SAAQESGDA-AEVKRCKNMEILYDSTOLAHKEILNSEFYJYVMRKGARWY SMEMAGIVCFEFT 837
tr | AOABJOQX44 |AOABJI0OX44 XENTR SSACESGDA-AEIKRCKNMEILYESTOLAHKEILNSEFYJYVMRKGARWY SMEMAGIVCYT 836
tr | AOA4X2K1KS8 | AOA4X2K1K8_ VOMUR SAATEMGDA-AEVKRCRNMEILYDSTOLAHKEILNSE|YJYVMRKGARWY SMEMAGIVCFEFT 823
tr | AOASF4D2S5|AOASF4D2S5 CANLF SAAMEVGDA-AEVKRCKNMENVLYDSTOLAHKEI LNSEFlYJYVMRRGARWY SMEMAGIVCFEFT 873
tr | AOA7J7RQ84 | AOA7JI7RQ84 RHIFE CAAVEAGDA-AEVRRCRNMENLYESTOLAHKECILNSE[Y Y VMRKGARWY SMEMAGIVCET 811
tr | AOA6P6DOR3 |AOA6P6DOR3_PTEVA CAAVEAGDA-AEVRRCKNMENLYESTOLAHKEILNSE[Y Y VMRKGARWY SMEMAGIVCET 830
tr | AOA2K6CIS58 | AOA2K6CIS58_ MACNE SAAVEVGDA-AEVKRCKNMENVLYDSLOLAHKEILNSEF[Y Y VMRKGARWY SMEMAGINVCET 838
tr | F6QAQL | F6QAQL1 MACMU SAAVEVGDA-AEVKRCKNMENVLYDSLOLAHKEILNSE|Y Y VMRKGARWY SMEMAGINVCET 840
tr | G3RQP2 | GBRQP2 GORGO SAAVEVGDA-AEVKRCKNMENVLYDSLOLAHKE I LNS F|Y Y VMRKGARWY SMEMAGIVCET 817
sp|1Q07864 | DPOE1_HUMAN SAAVEVGDA-AEVKRCKNMEVLYDSLOLAHKCILNSFYGYVMRKGARWYSMEMAGIVCFET 838
tr | AOA2135482|A0A21I35482_ PANTR SAAVEVGDA-AEVKRCKNMENLYDSL KEILNS VMRKGARWYSMEMAGINVCET 838
tr | F62911|F62911 HORSE SAAVEVGDA-AEVKRCRNMENLYDSL KEILNS VMRKGARWYSMEMAGINVCET 838
tr | AOASG2RB90 | AOASG2RB90_PIG SAAVEAGDA-AEVKRCRNMENLYDSL KEILNS VMRKGARWYSMEMAGINVCET 811
tr | AOA420PL83|AOA420PL83_FUSOX SSLOSAGAAQSEVDAAKKMITLYDSTOLAHKVILNS VMRKGSRWYSLEMAGV[TCLT 814
tr | AOALVEPGE7 |AOA1IV6PGE7_PENDC DSLOASGASAAEIEEAKKMINVLEDSIOLAHKVILNS VMRKGSRWYSMEMAGV[TCLT 849
tr | AOAOGANU82 | AOAOG4ANU82_ PENCA DGLOSSGGSAAEIEEAKKMIILYDSIOLAHKVWILNS VMRKGSRWYSMEMAGV[TCLT 849
tr | AOALVETETS |AOALIVETETS_ 9EURO DSLOSSGGSAAEIDEAKKMITILEDSTOLAHKVILNS VMRKGSRWYSMEMAGV[TCLT 849
tr | AOAL67WJIS50 | AOAL167WIS50_ PENCH DGLOSSGGSAAEIDEAKKMITILEDSTOLAHKVILNS VMRKGSRWYSMEMAGV[TCLT 849
tr | AOA3BA2Z9P9 | AOA3A2Z9P9_ 9EURO DSLRSSGASAAEIEEANKMI[TLEDSL KVILNS VMRKGSRWYSMEMAGV|[TCLT 849
tr | AOA401LOU3|AOA401LOU3_ASPAW DALKSSGASAAEVEEAKKMINVLYDSTOLAHKVILNS VMRKGSRWYSMEMAGV[TCLT 849
tr | AOA317VHO96|AOA317VHI96_ ASPEC DALKSSGASAAEVEEAKKMINVLYDSTOLAHKVILNS VMRKGSRWYSMEMAGV[TCLT 845
tr |AOA117E1IM7 |AOA117E1M7_ASPNG DALKSSGASAAEVEEAKKMIVLYDSLOLAHKVILNSFYGYVMRKGSRWYSMEMAGVTCLT 849
tr | AOALDS8PTDO |AOA1ID8PTDO_CANAL GKIASNDTI-—-ARDEAKKM LYDS AHKVILNS VMRKGSRWY SMEMAG' CLT 853
tr | CS5M3R9|C5M3R9_CANTT GKIDASDTI- LYDS AHKVILNS VMRKGSRWY SMEMAG’ CLT 848
sp | Q6FNY7 | DPOE_CANGA SSIDRNDKH—- LYDS AHKVILNS VMRKGSRWYSMEMAGIITCLT 853
sp|P21951 | DPOE_YEAST SKIDPSDKH—-—-ARDEAKKMIVLYDSLOLAHKVILNSFYGYVMRKGSRWYSMEMAGITCLT 793
tr | AOA7HO9HLUL | AOA7HOHLULl 9SACH SSIPSADKH-—-ARDEAKKMINVLYDS AHKVILNS VMRKGSRWYSMEMAGI[TCLT 843
sp | Q6CUS7 | DPOE__KLULA SKIKPDDVH—--SKDEAKKMINVLYDS AHKVILNS VMRKGSRWYSMEMAGI[TCLT 770
sp | Q752B8 | DPOE__ASHGO SQIDPEDKV—-—-ARDEARKMINVLYDS AHKVILNS AMRKGSRWYSIEMAGI[TCST 767
K b
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tr | AOASPS5YCF9 |AOA3PS5YCF9 BRACM

tr | D7KIO06 | D7KI06_ ARALL

GAKIIONARJLIERIGRPLET

GAKITIONARJILIERIGKPLET

RLPGSFPENFTFKTIDM-K-KETISYPCVMLN

LPGSFPENFTFKTIDM-K-KLTISYPCVMLN

Sakk kk ks ok |akk ok skkkok sk

Kk kk e s s

T
tr | AOASIGWFCS | AOASTI6WFC8_HORVV GAKIIONAR]LVDKIGRPLE] T LPGSFPENFTFKTKAE-K-KLTISYPCVMLN 892
tr|AOA452YARG | AOA452YARG6_AEGTS GAKTIONARILVDKIGRPLE T LPGSFPENFTFKTKAE-K—KLTTSYPCVMLN 832
tr | AOA3BS5XXC3 | AOA3BSXXC3_WHEAT GAKIIONAR]LVDKIGRPLE] T LPGSFPENFTFKTKAE-K-KLTISYPCVMLN 887
‘tr | AOALDG6HBZO0 | AOALDGHBZ0_MAIZE GAKIIONAR]LVEKIGRPLE] T LPGSFPENFTFKTKAG-K-KLTISYPCVMLN 865
‘tr | AOA835B357 | AOAS35B357_9POAL GAKIIONAR]LVEKIGRPLE] T LPGSFPENFTFKTKAG-K-KLTISYPCVMLN 878
tr|AOA2S3GPCO|AOA2S3GPCO_9POAL GAKIIQONARJLVEKIGRPLE] T LPGSFPENFTFKTKAG-K—KLTISYPCVMLN 883
tr|AOA368PL62|AOA368PL62_SETIT GAKIIONARLLVEKIGRPLE] T LPCSFPENFTFKTKAG-K-KLTISYPCVMLN 887
tr | AOA7ISKHBS | AOA7ISKHBS_ SPIIN GAKIIONAR]LVEKIGRPLE] T LPGSFPENFTFKTKDGKR-KLTISYPCVMLN 870
tr | AOA6IO9QIGL |AOA6I9QIG] ELAGV GAKIIONARLLVEKIGRPLE] I LPGSFPENYSFRTKDPNR-KLTISYPCVMLN 868
tr|AOAS8B8JIBC2 | AOASB8JIBC2_PHODC GAKTIONARJLVEKIGRPLE T LPGSFPENYAFKTKDRNR—KLTTSYPCVMLN 868
tr | AOA9QOFIPS5 |AOA9QOFIPS5_9ROST GAKIIONAR]LVDKIGKPLE] T LPGSFPENFTFKTKDLKK-KLTISYPCVMLN 885
tr | AOA2COVYJI6 | AOA2COVYIT6_MANES GAKIIONAR]LVEKIGKPLE] T LPGSFPENFTFKTKDLKK-KLTISYPCVMLN 871
tr|AOA7J7C034|AOATI7CO34 TRIWE GAKIIONARLLVEKIGKPLE] T LPGSFPENFTFKSKDGKK—-KLTISYPCVMLN 870
tr | AOA2NOF976 | AOA2NIF976_FAGSY GAKT IONARNLVEKIGKPLE T LPGSFPENFTFKTKDSKK—-KLTISYPCVMLN 854
tr | AOA7N2KME6 | AOATN2KMEG6_QUELO GAKIIONARYLVEKIGKPLE] T LPGSFPENFTFKTKDLKK-KLTISYPCVMLN 869
tr | AOAAWSMAK2 | AOAAWSMAK2 OTELE GANIITOARHLVEQIGRPLE] T LPNTFPENFVVKTSNEKKPKVTISYPGAMLN 899
‘tr | AOABC7Q9V4 | AOABC7Q9V4_ONCMY GANIITOARHIVEQIGRPLE] T LPNTFPENFVVKTSNEKKPKVTISYPGAMLN 857
tr|AOA6P7J205|AOA6P7J205 9TELE GANTITOARRLIEQIGRPLEI T LPNTFPENFVVKTSNEKKPKVTISYPGAMLN 899
tr | AOAGP8SZEO | AOAGP8SZEO_GYMAC GANIITOARHLVEQIGRPLE] T LPNTFPENFVIKTNNEKKPKVTISYPGAMLN 897
tr | AOABJ0OX44 | AOABJIOOX44_XENTR GANIITOARELVEQIGRPLE] I LPNSFPENFVIKSTNAKKPKVTISYPGAMLN 896
tr | AOA4X2K1KS | AOA4X2K1K8_VOMUR GANIITOARHLIEQIGRPLEI] T LPNSFPENFVIKSTNAKKPKVTISYPGAMLN 883
tr|AOASF4D2S5|AOASF4D2S5_ CANLF GANTITOARRLIEQIGRPLEI T LPNSFPENFVIKTTSVKKPKVTISYPGAMLN 933
tr|AOA7J7RQ84 | AOA7JI7RQ84_RHIFE GASIITOARHLIEQIGRPLE] T LPNSFPENFVIKTSCMKKPKVTISYPGAMLN 871
tr | AOA6P6DOR3 | AOAGPEDOR3_PTEVA GASIITOARHLIEQIGRPLE] T LPNSFPENFVIKTTSVKKPKVTISYPGAMLN 890
tr|AOA2K6CI58 | AOA2K6CT58_MACNE GANIITOARRLIEQIGRPLEI] T LPNSFPENFVFKTTNAKKPKVTISYPGAMLN 898
tr|F60AQL | F6QAQL_MACMU GANIITOARHLIEQIGRPLE] T LPNSFPENFVFKTTNAKKPKVTISYPGAMLN 200
tr | G3ROP2 | G3ROP2_GORGO GANIITOARRLIEQIGRPLE] IWCl LPNSFPENFVFKTTNVKKPKVT ISYPGAMLN 877
sp Q07864 | DPOE1_HUMAN GANIITQARELIEQIGRPLELDTDGIWCVLPNSFPENFVEKTTNVKKPKVTISYPGAMLN 898
tr | AOA2T35482 | AOA2T35482_ PANTR GANIITOARHLIEQIGRPLE T LPNSFPENFVFKTTNVKKPKVTISYPGAMLN 898
tr|F62911|F62911 HORSE GANIITQARHLIEQIGRPLE T LPNSFPENFVVKTTSVKKPKVTISYPGAMLN 898
tr | AOASG2RB90 | AOASG2RB9O0_PIG GANIITOARHLIEQIGRPLE I LPNSFPENFVIKTTSVKKPKVTISYPGAMLN 871
tr | AOA420PL83 | AOA420PLE3_FUSOX GAHIIQMAR(QLVERLGRPLE T LPATFPENFSFKLKGGK--KLNISYPCVMLN 872
tr|AOA1IVE6PGE7 | AOA1V6PGE7 PENDC GAHIIQMARHLVERIGRPLE T LPGTFPENFSFTLKNGK—--KLGISYPCVMLN 907
tr | AOAOGANUS2 | AOAOGANUS2_PENCA GAHIIQMARHLVERIGRPLE T LPGGFPDNFSFTLKNGK-—-KLGISYPCVMLN 907
tr | AOALVETETS | AOALVETETS_9EURO GAHIIQMARHLVERIGRPLE T LPGGFPDNFSFTLKNGK--KLGISYPCVMLN 207
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tr|AOA452YARG |AOA452YARE _AEGTS LHNVMHKV[FALFLAEFRHLGRNVIFANFSKIIIDTGKVDLPSARAYCDSLLKTLQTRDLFE 1819
tr|AOA3B5XXC3|AOA3B5XXC3_ WHEAT LHNVMHKVFALLLAEFRHLGRNVIFANFSKIIIDTGKVDLPSARAYCDSLLKTLQTRDLE 1874
tr |AOA1DG6H8Z0 | AOALID6H8Z0_ MAIZE LHNVMHYKVFALLLAELRHLGANVIFANFSKIIIDTGKVDLSSAHAYCDSLLRTLQTRDLE 1887
tr |AOA835B357 |AOA835B357_9POAL LHNVMHKVFALLLAEFRHLGANVIFANFSKIIIDTGKVDLASAQAYCNSLLKTLQTRDLE 1865
tr | AOA2S3GPCO | AOA2S3GPCO_9POAL LHNVMYKVFALLLAEFRHLGANVIFANFSKIIIDTGKVDLASAHAYCDSLLKTLQTRDLE 1872
‘tr | AOA368PL62 |AOA368PL62_SETIT LHNVMHKVFALLLAEFRHLGANVIFANFSKIIIDTGKVDLASAHAYCDSLLKTLQTRDLE 1876
‘tr | AOA7I8KHBS | AOA7ISKHBS_SPIIN LHKLMHYKVFALLLSELRHLGAT IVFANFFKIIVDTGKTDLPAARAYCDCLLKALQARDLL 1874
tr |[AOAGI9QIGL |AOAGI9QIGl_ELAGV LHKVMHKYFALLLAEFRHLGATI IFANFSKIVIDTGKIDLSAARAYCDCLLKTLQTRDLE 1864
‘tr | AOASBB8JBC2 | AOASBB8JBC2_PHODC LHKVMHKYFALLLAEFRHLGATI IFANFSKIVIDTGKIDLSAARAYCDCLLKTLQTRDLE 1867
tr | AOA9QOFIPS5|AOA9QOFIP5 9ROSI LHKVMJKVFALLLAELRHLGAT I IFANFAKVIIDTGKFNLSAAQAYCNSLVKTLQSREME 1907
tr |AOA2COVYJ6 | AOA2CIVYJI6_MANES LHKVMJKVFALLLAEFRHLGATI IFANFSKVIIDTGKLSLSAAKAYCDSLLKTLQSRELF 1874
tr |AOA7J7C034 |AOAT7J7C034_ TRIWF LHKVMJKVFALLLAELRHLGRKVIFANFSKVIIDTGKSDIAAAKAYCDSLVKALQTRELFE 1866
‘tr | AOA2N9F976 | AOA2NIF976_FAGSY LHKVMJKVFALLLAEFRHLGAT I IFANFSKVIIDTGKFDLSAAKAYCDSLLKTLONRDLE 1864
‘tr | AOA7N2KME6 | AOATN2KME6_QUELO LHKVMJKVFALLLAEFRHLGATI IFANFSKVIIDTGKFDLSAAKAYCDSLLKTLQKRDLE 1867
tr|AOA4WSMAK2 | AOA4AWSMAK2 9TELE LHNMMHKVFLOLVAEFKRLGISTVVYGNFNRILLCTKKRRIDDAIGYVEYITNSIHSREIF 1902
tr |AOABC7Q9V4 |AOABCTQIVA ONCMY LHNMMHKV[FLOLVAEFKRLGSTVVYGNFNRILLCTKKRRIDDAIGYVEYITNSIHSREIF 1864
tr |AOA6P7J2Q5|A0A6P7J205 9TELE LHNMMHKV[FLOLIAEFKRLGSTVVYGNFNRI ILCTKKRRIDDAIGYVEYITKSIHTREIF 1900
tr | AOAGP8SZE( | AOA6P8SZEO_GYMAC LHNMMHKVFLOLVSEFKHLGISTVVYGNFNRIMLCTKKRRIDDAISYVEYITNSIHSREIF 1900
tr|AOA8J0QX44 |AOA8J0QX44 XENTR LHNMMYK{FLOLVAEFKHLGISSVVYANFNRI ILCTKKRRVEDAVAYVEYITQSIHSREIF 1898
tr|AOA4X2K1KS8 | AOA4X2K1K8_VOMUR LYSMMHYK{FLOLVAEFKHLGISSVIYANFNRI ILCTKKRRIEDAIAYIDYITNSIHSKEIF 1885
tr | AOASF4D2S5|AOA5F4D2S5 CANLF LHNMMYKFLOLIAEFKHLGISSVVYANFNRIILCTKKRRIEDAIAYMEYITSSIHSKEIF 1935
tr|AOA7J7RQ84 |A0A7JITRQ84 RHIFE LHGWMHK{FLOLIAEFKHLGISSVVYANFNRIVLCTRKRRVEDALAYVEYITSSIHSKEIF 1873
tr | AOA6P6DOR3 |AOA6P6DOR3_PTEVA LHSMMYK{FLOLIAKFKRLGISSVVYANFNRVVLCTKKQRVEDAVAYVEYITSSIHSKEIF 1892
tr | AOA2K6CIS58 |AOA2K6CIS58_MACNE LHNMMYK{FLOLITEFKHLGISSVVYANFNRIILCTKKRRVEDAIAYVEYITSSIHAKEIF 1877
tr|F6QAQL|F6QAQL MACMU LHNMMYK{FLOLITEFKRHLGISSVVYANFNRIILCTKKRRVEDAIAYVEYITSSIHAKEIF 1902
tr|G3RQP2|G3RQP2 GORGO LHNMMHKL{FLOLIAEFKRLGISSVIYANFNRI ILCTKKRRVEDAIAYVEYITSSIHSKEIF 1879
sp | Q07864 | DPOE1_HUMAN LHNMMKKLFLOLIAEFKRLGSSVIYANFNRIILCTKKRRVEDAIAYVEYITSSIHSKETF 1900
‘tr |AOA2I35482|AOA2I35482_PANTR KI|JFLOLIAEFKHLGSSVIYANFNRIILCTKKRRVEDAIAYVEYITSSIHSKEIF 1900
tr |F6Z911|F6Z911_ HORSE KFLOLIAEFKRLGISSVVYANFNRIILCTKKRRIDDAIAYVDYITNSIHSKEIF 1900
tr | AOASG2RB90 | AOA5SG2RBO0_PIG KFLOLIAEFKRLGISSVVYANFNRIILCTKKRRVEDALAYVEYITNSIHSKEIF 1873
‘tr | AOA420PL83 |AOA420PL83_FUSOX KAFOOLMADFRRVGISQVIFANANRLILQTTKAEVGNAYAYSEYIIKSIKSKPLF 1847
‘tr | AOALV6PGE7 | AOALV6PGE7_PENDC KS[FORLMAEFRRVGISNVIFASPTRLLLOQTTKTEVGNAYAYSQYVLKSIRANPQF 1885
tr | AOAOG4ANUS2 | AOAOGANUS2_PENCA KS[FORLMAEFRRVGISHVIFASPTRLLLOTTKTEVGNAYAYSQYVLKSIRANPSE 1884
‘tr | AOALVETETS | AOALV6TETS_9EURO KS[FORLMAEFRRVGISHVIFASSTRLLLOTTKTEVGNAYAYSQYVLKSIRANPSE 1884
‘tr |[AOA167WJIS0 | AOAL67WIS0_PENCH KS[FORLMAEFRRVGISHVVFASSTRLLLOQTTKTEVGNAYAYSQYVLKSIRANPSE 1884
‘tr | AOA3A2Z9P9 | AOA3A2Z9P9_9EURO KS[FORLMAEFRHVGISSVVFASSTRLLLOTTKSEVGNAYAYSQYVLKSIRANPSE 1887
tr |AOA401LOU3 |AOA401LOU3_ASPAW KS[FORLMAEFRRVGISNVIFASSTRLLLOTSKTEVGNAYAYSQYVLKSIRANPSE 1891
‘tr |AOA317VHO6 |AOA317VHO6_ASPEC KS[FORLMAEFRRVGSNVIFASSTRLLLOTSKTEVGNAYAYSQYVLKSIRANPSE 1887
tr |AOA117E1M7 | AOA117E1M7_ASPNG VRMLSRKSFQRLMAEFRRVGSNVIFASSTRLLLOTSKTEVGNAYAYSQYVLKSIRANPSF 1891
tr|AOA1DS8PTDO|AOALIDS8PTDO_CANAL VHNETYKALLOL I SEFKHMGROVI FANRNKMLIQTSKISVENSYAYGQY ILKAARSKPLE 1877
tr|C5M3R9|C5M3R9_CANTT VHNELTYKALLOL INEFKHMGAQV I FANRNRMLVQTTKVSVENSYAYGQY ILKAARSKPLF 1872
sp | Q6FNY7 | DPOE_CANGA ITHNLTHKS|LFQLMNEFNELGSFIVSADRNRLLIKTNKISPETCYAYSHYMIKS IRSNPME 1891
sp|P21951 | DPOE_YEAST VHNLTKKALLQLVNEFSALGSTIVYADRNQILIKTNKYSPENCYAYSQYMMKAVRTNPME 1835
tr |AOA7HOHLUL | AOATHOHLUL 9SACH THNETHKSLLOLMNEFQYLGSNVTYAGRNKI LVKTPKLTPETCYAYGQY IVKAVRKNLIF 1882
sp | Q6CUS7 | DPOE_KLULA THTLTYKAVLOLINEFKI|AGS ST, T FADRNKLLIKTQKRSVENSYAYGQYLMKATIRSKPMF 1798
sp | Q752B8 | DPOE_ASHGO VNM| TB FQLINEFR MG QVVFLDRNKILLKTSKNTIDNSYAYGQYLIKAIRTRPLF 1793
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tr | AOA3BP5YCF9O|AOA3P5YCF9 BRACM  —————— ILFLKLCFAVMKRNLLKYINVKEFAAEAEFLDPGPSFILPNV ci AY 2082

tr |D7KIO6|D7KI06 ARALL ENclpayHDLD) 2128
tr | AOASI6WFCS8 | AOASI6WFC8 HORVV EY|cNDCHDLD) 2110
tr | AOA452YAR6 | AOA452YAR6 AEGTS EYcNDCHDLD) 2050
tr | AOA3B5XXC3 | AOA3B5XXC3 WHEAT EYcNDCHDLD| 2105
tr | AOA1D6H8Z0 | AOA1D6H8Z0_MAIZE FYCNDCHDLD| 2113
tr | AOA835B357 |AOA835B357_9POAL FYICNDCHDLD] 2095
tr | AOA2S3GPCO | AOA2S3GPCO_9POAL EYcNDCHDLD| 2100
tr | AOA368PL62 | AOA368PL62 SETIT EYcNDCHDLD) 2104
tr | AOA7ISKHBS |AOA7ISKHBS SPIIN EYciNDCHDLD| 2105
tr | AOA6I9QIGL |AOA6I9QIGL_ELAGV ~RMRKNLLKLVHVKEFAPEAQFNDPSPSFILPNVICEYCNDCHDLD) 2099
tr|AOA8B8JIBC2|AOA8B8JBC2_ PHODC ~RMRKNLLKLVHVKEFAPEAQFHDPSPSFILPNVICEYCNDCHDLD) 2102
tr | AOA9QOFIPS |AOA9QOFIP5 9ROSI ~ ——————————————— VMRRNLLKEVRVREFAREAEFRDPCPSFTLPNVICEYCNDCHDLE 2147
tr | AOA2COVYJ6 | AOA2COVYJ6 MANES VMRKNLLKYVRVREFAPEAEFHNPCPSFVLPNVICEYCNDCHDLD 2113
tr |AOA7J7C034 |AOA7J7C034 TRIWE VMRKNLLKYVRVREFAPEAEFHDPCPSFILPNVICEYCNDCHDLD 2093
tr | AOA2NOF976 | AOA2NOF976 FAGSY EYCNDCHELD| 2056
tr | AOATN2KMEG6 | AOATN2KME6 QUELO FYCNDCHELD 2096
tr | AOA4WSMAK2 | AOAAWSMAK2 9TELE HHCNFCHDLD| 2166
tr | AOABC7Q9V4 | AOABCT7Q9V4_ONCMY HHCNEFCHDLD| 2134
tr | AOA6P7J2Q5 | AOA6P7J20Q5 9TELE HHCNEFCHDLD| 2171
tr | AOA6P8SZEO | AOA6P8SZEO GYMAC HJcNECHDLD) 2171
tr|AOA8J0QX44 | AOA8J0QOX44 XENTR RYCNFCHDLD| 2168
tr|AOA4X2K1KS8|AOA4X2K1K8_VOMUR RNCNFCHDLD) 2149
‘tr | AOASF4D2SS5 | AOASF4D2S5 CANLF RYCNFCHDLD) 2154
‘tr | AOA7J7RQ84 | AOA7J7RQ84 RHIFE HYCHFCHDLD| 2137
tr | AOA6PEDOR3 | AOA6P6DOR3_PTEVA RYCNEFCIDLD| 2164
tr | AOA2K6CIS8 |AOA2K6CISS MACNE RYCNECHDLD| 2145
tr | F6QAQL | F6QAQL MACMU RYCNECHDLD| 2170
tr|G3RQP2 | G3RQP2 GORGO RYCNFCHDLD) 2147
sp Q07864 | DPOE1_HUMAN RSCNFCRDLD 2168
tr|AOA2I35482|A0A2I35482 PANTR RYcpNFcHDLD) 2168
tr|F62911|F62911 HORSE KLNRDLLRLVDVGEFSEEAQFQDPCRSYVLPEVICHYCNFCHDLD 2168
tr|AOASG2RB90 | AOASG2RBO0_PIG —~KLNRDLLRLVDVGEFSEEAQFRDPCRSYVLPEVIICRYCNFCHDLD) 2139
tr|AOA420PL83|AO0A420PLE83_FUSOX ~LLRKELLALFEVREFSKDGTFTNPSESLRLPQISICpCrMMADLD) 2065
tr | AOA1VEPGE7 |AOA1IV6PGE7_PENDC ~ ——————————————— LLRRELLALFEVREFSKEGRFENPSASLKLTELTICNACICL IHDLD) 2112
tr | AOAOG4ANUS2 | AOAOG4ANUS2 PENCA - LLRRELLALFEVREFSKEGRFENPSASLKLPEMS] ClcL.THDLD| 2110
tr | AOA1VETETS | AOALVETETS 9EURO - LLRRELLALFEVREFSKEGRFENPSASLKLPEMS] clcL1HDLD| 2110
tr | AOA167WJIS0 | AOA167WIS50 PENCH - LLRRELLALFEVREFSKEGRFENPSASLKLPEMS] clcL1HDLD| 2110
‘tr | AOA3A229P9 |AOA3A2Z9P9 9EURO - LLRRELLALFEVREFSKEGRFENPGESLKLPELTICNACICLIHDLD| 2111
tr|AOA401L0U3|AOA401LOU3_ASPAW - LLRRELLALFEVREFSKEGRFENPGASLKIPELTICEYCICLIHDLD) 2114
tr|AOA317VH96|AOA317VHO6 ASPEC -- LLRRELLALFEVREFSKEGRFENPGASLKIPELTCECICLIHDLD 2110
tr |AOA117E1M7 |AOAL117ELIM7_ASPNG - LLRRELLALFEVREFSKEGRFENPGASLKIPELTCGSCCLIRDLD 2114
tr | AOA1D8PTDO | AOA1DSPTDO_CANAL - ILKKELLLIFDVRDFSKDATFRDPCTSLKLPHVICPYCNHIHDID| 2108
tr|C5M3R9|C5M3R9_CANTT - ~LLRKELLQIFDIREFSKEAVENNPSSSLKLPQVIICPYCNHITDID 2104
sp | Q6FNY7 | DPOE_CANGA - —QLRKEVLKFLEIREFAKEAEFQNPSDSLVINGILCEYCI YVYDLD) 2114
sp|P21951 | DPOE_YEAST - —-TLRKELLKIFELREFAKVAEFKDPSLSLVVPDFLCEYCFFISDID 2058
‘tr | AOA7HOHLUL | AOA7HOHLUL 9SACH - OLRKELLKIFEVREFDKRAEFONPSATLPINGFICECJFCT IDID| 2108
sp | Q6CUS7 | DPOE_KLULA - ALRKELLKTFEIREFDRLAEFKDPSTSFVIPSFICEHCSYIYDID| 2022
sp|Q752B8 | DPOE_ASHGO - ALRKEALEVFEIREFDSSASFENPASSLIINNFMCENCRYFYDLD| 2017
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tr | AOA3SPS5YCF9 |AOA3PS5YCF9 BRACM

tr|D7KIO6|D7KIO6 ARALL

tr | AOAS8I6WECS |AOA8I6WECS8 HORVV
tr|AOA452YARG | AOA452YARE6 _AEGTS
tr|AOA3B5XXC3|AOA3B5XXC3_WHEAT
tr | AOA1D6H8Z0 |AOA1D6H8Z0 MAIZE
tr | AOA835B357 |AOA835B357_9POAL
tr | AOA2S3GPCO |AOA2S3GPCO_9POAL
tr|AOA368PL62|AOA368PL62 SETIT
tr|AOA7IBKHBS |AOA7ISKHBS SPIIN
tr|AOA6I9QIGL |AOA6I9QIGL ELAGV
tr|AOA8B8JBC2 |AOA8B8JBC2_ PHODC
tr|AOA9QOFIPS5|AOA9QOFIPS5 9ROST
tr|AOA2COVYJ6 | AOA2CIVYT6 MANES
tr|AOA7J7C034|AOA7I7C034_ TRIWF
tr|AOA2NOF976 | AOA2NOF976_ FAGSY
‘tr | AOA7N2KMEG6 | AOA7TN2KME6_QUELO
tr|AOA4WSMAK2 | AOA4WSMAK2 9TELE
tr|AOA8CT7QOV4 |AOA8BCT7Q9V4_ONCMY
tr|AOA6P7J20Q5|A0A6P7J205 9TELE
tr | AOA6P8SZEOD |AOA6P8SZEO_GYMAC
tr|AOA8J0QX44 | AOABJIOQX44 XENTR
tr|AOA4X2K1KS8 | AOA4X2K1K8 VOMUR
tr|AOASF4D2S5|AOAS5F4D2S5 CANLF
tr | AOA7J7RQ84 | AOA7J7RQ84_RHIFE
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA
‘tr | AOA2ZK6CIS8 | AOA2ZK6CIS58_ MACNE
tr | F6QAQL | F6EQAQL MACMU

tr | G3ROP2 | G3BRQP2 GORGO
sp1Q07864 | DPOE1_HUMAN
tr|AOA2I3S482|A0A2I3S482_ PANTR
tr|F62911|F62911 HORSE

tr | AOASG2RBO0 | AOASG2RB90_PIG
tr|AOA420PL83|AOA420PL83_FUSOX
tr | AOA1V6PGE7 | AOA1V6PGE7_PENDC
tr | AOAOGANUS2 | AOAOGANUS2_PENCA
‘tr | AOALV6TETS | AOALV6TETS_ 9EURO
tr | AOA167WJI50 | AOAL67WIS50_PENCH
‘tr | AOA3A2Z9P9 | AOA3A2Z9P9_9EURO
tr | A0A401L0U3 |AOA401LOU3_ASPAW
tr | AOA317VHOI6 | AOA317VH967ASPEC
tr |AOA117E1M7 |AOAL17E1M7_ASPNG
tr | AOA1DS8PTDO | AOA1D8PTDO_CANAL
tr | C5M3R9 | C5M3R9_CANTT

Sp | Q6FNY7 | DPOE_CANGA
sp|P21951 | DPOE_YEAST

‘tr | AOA7HOHLUL | AOA7THOHLUL_9SACH
sp1Q6CUS7 | DPOE_KLULA
sp1Q752B8 | DPOE_ASHGO
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IGRDPALLT—————————— EKEW.CIDS!E
ICRDPALLT—————————— EKEWHCIEDPJC
LCRDSTLQ——————————— GHEWRCRVPJC
LCRDSTLQ— GHEWRCRVPJC
LCRDSTLQ——————————— GHEWHRCRVPJC
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LCKDPSVAQDG—————— SVLPQWE|C — SN
LCKDPSVAQDG—————— SVLPQWE|C — SN
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LCKDPAINQDG—————— SVLPOQWVICI — TNC]
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tr | AOA3P5YCF9 |AOA3PS5YCF9 BRACM

tr |D7KIO6|D7KIO6 ARALL

tr | AOABI6WFCS8|AOABIGWEFCS_HORVV
tr|AOA452YARG | AOA452YARG6_AEGTS
tr|AOA3B5XXC3|AOA3B5XXC3_WHEAT
tr | AOA1D6HS8Z0 | AOALID6H8Z0O MAIZE
tr | AOA835B357 | AOA835B357_9POAL
tr | AOA2S3GPCO | AOA2S3GPCO_9POAL
‘tr | AOA368PL62|AOA368PL62_ SETIT
tr|AOA7ISKHBS |AOA7ISKHBS_SPIIN
tr|AOA6I9QIGL |AOA6I9QIGL ELAGV
tr | AOASB8JBC2 | AOASB8JBC2_PHODC
tr | AOA9QOFIP5|AOA9QOFIP5_ 9ROSI
tr | AOA2COVYJI6 | AOA2CIVYJT6_MANES
tr |AOA7J7C034 | AOA7JI7CO34_TRIWF
tr | AOA2NOF976 | AOA2NIF976_FAGSY
tr | AOA7N2KME6 | AOA7N2KMEG6_QUELO
tr | AOA4WSMAK2 | AOA4WSMAK2 _9TELE
tr | AOABCT7Q9V4 | AOABCTQIV4A_ONCMY
tr|AOA6P7J20Q5|AOA6P7J205 9TELE
tr|AOA6P8SZEO | AOA6P8SZEO_GYMAC
tr | AOA8J00QX44 | AOABJ00OX44_XENTR
tr | AOA4X2K1K8 | AOA4X2K1K8_VOMUR
tr | AOASF4D2S5|AO0A5F4D2S5_ CANLF
tr | AOA7J7RQ84 | AOA7JI7RQ84_RHIFE
tr | AOA6P6DOR3 | AOA6P6DOR3_PTEVA
tr|AOA2K6CIS58 | AOA2ZK6CI58_MACNE
tr|F60AQL | F6QAQL_MACMU

tr | G3ROP2 | GBROP2_GORGO

sp| Q07864 | DPOE1_HUMAN
tr|AOA2I35482|AOA2I35482_ PANTR
tr|F6Z911|F6Z911_ HORSE

tr | AOA5SG2RB90 | AOA5SG2RBY0_PIG
tr | AOA420PL83|A0A420PLE83_FUSOX
tr | AOA1IV6PGE7 | AOALV6PGE7_PENDC
tr|AOAOG4NU8S2 | AOAOGANUS2_PENCA
tr|AOALVGTETS |AOALVE6TETS 9EURO
tr | AOA167WJI50 | AOAL67WIS50_PENCH
tr | AOA3A2Z9P9 |AOA3A2Z9P9_9EURO
tr |AOA401LOU3|A0OA401LOU3_ASPAW
tr|AOA317VHO6|AOA317VHI6 ASPEC
tr |AOA117E1M7 |AOAL17E1M7_ASPNG
tr | AOA1DS8PTDO | AOALIDS8PTDO_CANAL
tr | CSM3R9 | C5M3R9_CANTT

sp | Q6FNY7 | DPOE_CANGA
sp|P21951 | DPOE_YEAST
tr|AOA7HOHLUL | AOATHOHLUL_9SACH
sp | Q6CUS7 | DPOE_KLULA
sp|Q752B8| DPOE_ASHGO

NOVKAAHLTEQ
ROQVKAAHVSEQ
ROVKAAHVSEQ]
ROVKAAHVSEQ

QVKAAHLSEQ]
ROQVKAAHLSEQ
RQVKAAHLSDQ
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NOVKAAHLAEQ
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RGVKETSMPVY]
GVKETNMPVY]|
GVKETNMAVY]|
FALRLNDEFMEH]
FGLKISEFMEH]
EFSLKISDFMEH]
FGLKVSDFMEH]
FGLKVSDFMEH]
ENLQVSEFMEH]
FTLKVSDFMEH]
FTLKVSDFMEH]
GTLKVSDFMEHCSCSGVWVETMDRK—
CNOTRONNMDLHCKCEGNWIETVDYH—
CNOIRGNYMDLHECKCEGSWIETMDSR—
CHTVKRDLMSTNECNCEGNWVCTTKPE —
CHKVKRDYMSAHCPCAGAWEGTLPRE—
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NQQOQQQQQQN0QAQ
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2207
2188
2128
2183
2191
2173
2178
2182
2183
2177
2180
2225
2191
2171
2134
2174
2247
2215
2252
2252
2249
2230
2266
2218
2245
2226
2251
2228
2249
2249
2249
2220
2143
2197
2196
2196
2196
2197
2201
2197
2201
2182
2178
2188
2132
2182
2096
2091
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//End of pol € sequences from all the four eukaryotes
tr | AOA3PS5YCF9|AOA3PS5YCF9 BRACM —— 2205
sp | F4AHWO4 | DPOE1_ARATH 2161
tr |D7KIO6|D7KIO6 ARALL 2241
tr | AOASI6WFCS8 | AOASBI6WFC8_HORVV 2224
tr | AOAAS2YARG | AOA452YARG6_AEGTS 2160
tr | AOA3B5XXC3 | AOA3B5XXC3_WHEAT 2215
tr | AOA1D6HS8ZO0 | AOALD6H8Z0_MAIZE 2223
tr | AOA835B357 |AOA835B357_9POAL 2205
tr | AOA2S3GPCO | AOA2S3GPCO_9POAL 2210
tr | AOA368PL62 | AOA368PL62_ SETIT 2214
tr | AOA7ISKHBS | AOA7ISKHBS_SPIIN 2215
tr | AOA6I9QIG1 |AOA6I9QIGL_ELAGV 2209
tr | AOASB8JBC2 | AOASBB8JIBC2_PHODC 2212
tr | AOASQOFIPS5|AOA9QOFIP5_ 9ROSI 2257
tr | AOA2COVYJ6 | AOA2CIOVYJT6_MANES
tr | AOA7J7C034|AOA7JI7C034 TRIWF
tr | AOA2NOF976 | AOA2NIF976_FAGSY
tr | AOA7TN2KME6 | AOA7N2KME6_QUELO
tr | AOA4WSMAK2 | AOAAWSMAK2 _9TELE

2223
2203
2166
2206
2286
2254
2292
2298
2286
2267
2319
2255
2282
2263
2288
2265
2286
2286
2286
2257
2175
2229
2228
2228
2228
2229
2233
2229
2PEE
2211
2207
2217
2162
2212
2125
2120

tr | AOABC7Q9V4 | AOABCT7QOV4_ONCMY
tr | AOA6P7J2Q5|A0A6P7J2Q5_ 9TELE
tr | AOA6PB8SZEO | AOA6P8SZEO_GYMAC
tr | AOAB8J0QX44 |AOABIO0QX44 XENTR
tr | AOA4X2K1K8 |AOA4X2K1K8_VOMUR

[ T I A A A A A O I I I R B |
[ 1o

tr | AOASF4D2S5 | AOASF4D2S5 CANLF
tr | AOA7J7RQ84 | AOA7J7RQ84 RHIFE
tr | AOA6P6DOR3 |AOA6PEDOR3_PTEVA
tr | AOA2K6CI58 | AOA2K6CTIS58_MACNE
tr|F6QAQL | F6QAQL MACMU

tr | G3ROQP2 | G3RQP2 GORGO

sp | Q07864 | DPOE1_HUMAN

tr | AOA2I35482|A0A2I35482_ PANTR
tr|F6Z911|F62911_ HORSE

tr | AOASG2RB90 | AOASG2RBO0_PIG
tr|AOA420PL83|AOA420PL83_FUSOX
tr | AOALV6PGE7 | AOALV6PGE7_PENDC
tr | AOAOGANUS2 | AOAOG4NU82_PENCA
tr | AOA1IVETETS | AOALVETETS_ 9EURO
tr|AOA167WIS0 | AOAL67WIS50_PENCH
tr | AOA3A2Z9P9 | AOA3A2Z9P9_9EURO
tr | AOA401LOU3 |AOA401LOU3_ASPAW
tr | AOA317VHO96|AOA317VHI6_ASPEC
tr | AOA117E1M7 |AOAL17E1M7_ASPNG
tr | AOA1DS8PTDO | AOA1IDS8PTDO_CANAL
tr|C5M3R9|C5M3R9_CANTT

sp |Q6FNY7 | DPOE_CANGA
sp|P21951 | DPOE_YEAST

tr | AOA7THOHLUL | AOA7HOHLUL_9SACH

sp | Q6CUS7 | DPOE_KLULA
sp|Q752B8 | DPOE_ASHGO

From PLANTS

IAOA3P5YCF9_BRACM, Brassica campestris
D7KI106_ARALL, Arabidopsis lyrata
AOA452Y AR6_AEGTS, Aegilops tauschii
AOA1D6H8Z0_MAIZE, Zea mays
IAOA2S3GPCO_9POAL, Panicum hallii
IAOA7IBKHBS8_SPIIN, Spirodela intermedia
IAOA8B8JBU2_PHODC, Phoenix dactylifera
AOA2C9VYJI6_MANES, Manihot esculenta
IAOA2N9F976_FAGSY, Fagus sylvatica

From ANIMALS

IAOABP7J2Q5 9TELE, Parambassis ranga
IAOA6P7J2Q5_9TELE, Hucho hucho
AOA8J0QX44_XENTR, Xenopus tropicalis
IAOA5F4D2S5_CANLF, Canis lupus familiaris
IAOAG6P6DOR3_PTEVA, Pteropus vampyrus
F6QAQ1 MACMU, Macaca mulatta
Q07864|DPOE1_HUMAN, Homo sapiens
F62911 _HORSE, Equus caballus

From YEASTS and HIGHER FUNGI
IAOA420PL83 _FUSOX, Fusarium oxysporum

IAOA401L0U3_ASPAW, Aspergillus awamori
IAOA117E1M7_ASPNG, Aspergillus niger
C5M3R9_CANTT, Candida tropicalis

IAOAO0G4NU82_PENCA, Penicillium camemberti
[AOA167WJ50_PENCH, Penicillium chrysogenum

FAHWO4|DPOE1_ARATH, Arabidopsis thaliana
AOA8I6BWFC8_HORVYV, Hordeum vulgare subsp. Vulgare
AOA3B5XXC3_WHEAT, Triticum aestivum
AO0A835B357_9POAL, Digitaria exilis
AOA368PL62_SETIT, Setaria italic
AOA6I9QIG1_ELAGV, Elaeis guineensis var. tenera
AOA9QOFIP5_9ROSI, Turnera subulata
AO0A7J7C034_TRIWEF, Tripterygium wilfordii
AOA7N2KME6_QUELO, Quercus lobata

AOABC7Q9V4_ONCMY, Oncorhynchus mykiss
AOABP8SZEO_GYMAC, Gymnodraco acuticeps
AO0A4X2K1K8 VOMUR, Vombatus ursinus
AO0A7J7RQ84_RHIFE, Rhinolophus ferrumequinum
AO0A2K6CI58 _MACNE, Macaca nemestrina
G3RQP2_GORGO Gorilla gorilla
AO0A2135482_PANTR, Pan troglodytes
AO0A5G2RB90_PIG, Sus scrofa

AOA1VEPGE7_PENDC, Penicillium decumbens
AOAL1VETET5_9EURO, Penicillium flavigenum
0A3A2Z9P9 9EURO, Aspergillus sclerotialis
AO0A317VH96_ASPEC, Aspergillus eucalypticola
AOA1DSPTDO_CANAL, Candida albicans
Q6FNY7|DPOE_CANGA, Candida glabrata

P21951|DPOE_YEAST, Saccharomyces cerevisiae
Q6CUS7|DPOE_KLULA, Kluyveromyces lactis

AOA7HIHLU1_9SACH, Torulaspora sp.
Q752B8|DPOE_ASHGO, Ashbya gossypii

Figure 5 Mix and Match MSA of all the four eukaryotic € DNA polymerase catalytic subunits

3.3. ZBMs and their role(s) in eukaryotic replicative polymerases

All the three eukaryotic replicative DNA pols (a, € and §) invariably possess the two completely conserved ZBMs at the
CTDs of their catalytic subunits, and are known as CysA and CysB, suggesting an important role(s) in eukaryotic genome
replication and regulation. In pol g, the CysA (-Cx2CxnCxz/4C-) site is the regular ZBM, where a Zn?* binds, but a [4Fe-
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4S]%* binds to the CysB (-Cx2Cx11CxC-) site. The [4Fe-4S]%* cluster is implicated in the redox signaling and regulation of
the replication process in eukaryotes. In fact, the CysB motif is presentin all the four yeast’s B-family DNA pols which
include the DNA mutagenesis enzyme pol ¢ [22]. Interestingly, the € pols contain an additional ZBM within the pol
domain which is also shown to bind an [4Fe-4S]%* cluster. Based on spectroscopic and other data, Jain et al. [23]
suggested that the three highly conserved C residues (C6%5, C668, C677 and C763) in yeast € pol’s pol domain are involved
in binding to [4Fe-4S] cluster (Fig. 3). This was based on their observation that the wild-type yeast pol €’s catalytic core
was yellowish-brown, but a mutant in which all the three residues (C¢65, C677 and C763) were mutated, the mutant enzyme
was colourless and its UV-Vis spectrum lacked the broad peak centered at 400 nm. Besides, they also found that this
triple mutant was deficient only in the DNA pol activity, but not in the PR exonuclease activity, suggesting a link between
the pol activity and the [4Fe-4S] cluster suggesting its possible involvement in the eukaryotic genome replication and
regulation. Thus, the additional ZBM found exclusively in the € pols suggests that € pols are more sensitive to oxidative
stress than the other two replicative pols [23]. Furthermore, Pinto et al. [24] have shown that the [4Fe-4S]2+ cluster of
yeast DNA polymerase ¢ is redox active and can undergo DNA-mediated signaling. A double cysteine-to-serine mutant
(Cé65-S and C¢68—S) of Pol2coreexo-, which lacked the [4Fe-4S] cluster, showed no redox signal upon oxidation as the
wildtype enzyme. Significantly, protein oxidation yielded a sharp decrease in polymerization, while rereduction
restored the activity almost to the level of the untreated enzyme.

It is interesting to note that pol & also possesses two ZBMs at its CTD, viz. CysA (-Cx2CnCx2C-) and CysB (-Cx2Cx9Cx4C-)
[2]. Similar SDM experiments on pol 6 by Netz et al. [22] have shown that the CysB motif was bound to [4Fe-4S] cluster
and involved in the formation of the pol active complexes. For example, the loss of [4Fe-4S] cluster binding by Cys-ligand
mutagenesis of pol §, destabilized the CTD and abolished interactions between the polD1 and polD2 subunits. They
found that the conversion of the C residues in the CysB site, viz. C1056, C1059, C1069, C1074 tg A residues abolished the [4Fe-
4S] binding [22]. Furthermore, a lethal double mutation C1059—S/C1074-S in CysB site of pol 6 disrupted its binding to
both polD1 and polD2. However, in marked contrast, a lethal double mutation in CysA site (C1912-S/C1027-S§) did not
alter the subunit composition of the purified pol 6 complex, and also did not affect the pol § interactions with the
subunits as evidenced from a yeast two hybrid analysis. However, the double mutation severely decreased PCNA-
dependent replication processivity, suggesting the utmost importance of this metal centre for polymerase function.
Thus, the CysA (PCNA-binding) and CysB (subunits interactions) motifs play distinct roles in the eukaryotic replicative
pols.

4. Active site analyses of the DNA polymerase €

The pol domain’s active site amino acids of the pol € from plant and animal sources is mostly arrived at from the data
available on the yeast enzyme. The active sites of the yeast enzyme were analyzed by SDM, deletion mutagenesis and
crystallographic studies [16, 19, 25, 26]. Pavlov et al. [16] found that in the yeast enzyme, the Y831—>A replacement by
SDM reduces replication fidelity and its participation in chromosomal replication suggesting its involvement in the pol
active site. Interestingly, the present study shows that the Y831 (highlighted in dark blue in Table 1) is in the proposed
and highly conserved template-binding -Y831G- pair of the yeast pol .

Kesti et al. [20] found that a yeast strain with an N-terminal deletion, which deletes the pol domain of the pol € (pol2)
gene, but retaining the C-terminal region intact, grew slowly and was viable. Their in-frame deletion experiment lacked
the sequence, encoding amino acids 176-1134 of the 2222-amino-acid pol € protein containing all of the conserved
motifs associated with the DNA pol and PR exonuclease functions. They found that such a large N-terminal deletion of
the yeast enzyme consisting of all the known pol and PR exonuclease domains was dispensable for DNA replication,
repair, and cell viability. Furthermore, such deletion of the PR and pol catalytic domains of pol € from the NTD was not
lethal and did not block chromosomal DNA replication [20]. Besides, they found that the C-terminal portion of the
enzyme was both necessary and sufficient for viability and hence, suggested that another polymerase could possibly
substitute for the polymerization function of pol € in their N-terminal deletion mutant. Interestingly, the present study
has shown that the presence of one more putative pol active site in the CTD (highlighted in yellow) could have possibly
compensated for the pol function in their N-terminal deletion mutants. In another deletion analysis, Ohya et al. [27]
found a pol € deletion mutant of yeast was temperature-sensitive, exhibited severe defects in chromosomal DNA
replication at the permissive temperature, and underwent premature senescence, suggesting the role of PR function in
such deletion mutants as the CTD does not possess a functional PR active site in the yeast pol € (Table 1).

The crystal structure of yeast DNA pol € catalytic subunit has been solved by Jain et al. [25]. The yeast enzyme adopts
the universal ‘right-hand’ DNA pol fold with an active site formed by a ‘palm’ (holding the catalytic residues for ANTP
addition), a ‘thumb’ (that binds the template-primer duplex) and ‘fingers’ (interacting with incoming nucleotides) and
an exonuclease domain. The enzyme’s palm subdomain was found to be larger and more elaborate than that is found in
pols a and 8. In the pol g, the pol and exo active sites are separated by ~41 A in a direction roughly perpendicular to the
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DNA axis. Pol €’s fidelity to a nascent Watson-Crick base-pairing was determined primarily by residues V825, N828, S829,
Y831and G832 from the fingers’ domain (all the five amino acids are in the proposed catalytic core of the enzyme) and by
Y645 from the palm domain. As discussed elsewhere, the Y831—>A replacement in pol € reduced replication fidelity and its
participation in chromosomal replication, but without eliminating an additional function that is essential for viability
[25]. It is interesting to note that the same invariant Y831G832 pair is proposed here as the template-binding pair by
sequence similarity and is in close agreement with other DdDps and DdRps. The pol active site is characterized by the
catalytic metal-binding residues, D¢40 and D877. Both (-HVD®40- and -DTD#877-) are found to be completely conserved in
the eukaryotic € pols. The PR exonucleases active site amino acids are further confirmed by SDM and X-ray
crystallographic data. When the D290 and E2°2 of the first triad in the PR exonuclease were mutated to A (highlighted in
dark blue in Table 1), the exonuclease activity was abolished, confirming their direct involvement in PR function [15].
The x-ray crystallographic data further confirmed that the PR exo domain was located on the opposite side of the DNA
of the thumb domain and contained the catalytic residues (D2%0, E292and D477 and D275, E277 (numberings are based on
the yeast and human enzymes, respectively) for PR activity [25]. A catalytic metal ion was found to be coordinated by
D290 (D275 in human enzyme) (Fig. 5A). These active site amino acids are in complete agreement with the present MSA
analysis (highlighted in light blue).

Table 1 shows a comparative account of the active site amino acids in the PR exonuclease and pol domains of the
eukaryotic DNA pol € from different sources from yeasts to humans. The PR exonuclease and pol active sites are almost
identical in all eukaryotes from lower (yeasts and higher fungi) to higher (plants and animals) except for a small
difference where the plant and animal enzymes use a —-KC- pair at the proton abstraction site and the yeast and higher
fungal enzymes use a —-KV- pair without altering the invariant K in all. The putative second pol active site amino acids
are also identified in the CTD. However, the second PR exonuclease active site in the CTD is not complete in all € pols
(Table 1).

Table 1 Proposed active site amino acids of PR exonuclease and pol domains of eukaryotic € pols

PR Exo-1 (NTD)

S. cerevisiae

FEE—FD—— YD

DIE—— 722

A. thaliana

_DIEX__ FD*'___y¥__p®_

Pol-1(NTD) -"°YDSLQ‘LAHK'VILNSFYTYV**- -"“YDSLQ ‘LAHK'CILNSFY®GYV™**

DIE"®—— 727

Homo sapiens
Iﬂlez??_las?Daas_Yitss Iase _D*®2.
SUYDSLALAHK'CILNSFY GYVE'e-

_D|E1424 1 D1516 Y16£_D_1543

PR Exo-2 (CTD)

Pol-2 (CTD) -""HNLTKK'ALLQLVNEFSAL"GS- -"™HKVMQK'VFALLLTDLRRL"”GA- -®2HNMMKK'LFLQLIAEFKRL"GS-

Adapted from Palanivelu [8]; Active site amino acids in dark blue are confirmed by SDM analysis;
Mutations in pol € PR exo active site region (highlighted in dark blue) lead to several types of cancers, e.g., D?75 leads to endometrial, breast,
glioblastoma, colorectal, lung cancers; F367 leads to endometrial, colon cancers; $*59 leads to colon, endometrial, glioblastoma, duodenal cancers.

The 3'-5’ PR exonucleolytic activity is intrinsic to the replicative DNA pols € and § and is essential for the faithful
replication of the genomic DNA. Figs. 6A, B and C show the proposed active site amino acids at the PR exonuclease active
sites of yeast, plant and human € pols, respectively, which is based on the crystallographic, SDM and MSA data.

A B C
Tyr® Tyr™ -
J" Ty
o ,::"'-'"“‘ o
i{n ) alv’lj
7 T~ ~
0 W ] ll-i &
Tasp OH Asp™  “asp OH  Asp™  “fasp OH  Asp™

Zn
iy Asp/

Figures 6A, B and C. Proposed amino acids at the PR exonuclease active sites of DNA pols € of S. cerevisiae (A), A
thaliana (B) and humans (C)

HMG u
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The proposed two-metal ion in the active site in the PR exonucleases is based on Beese and Steitz’s observation of
similar active site structure in the 3’5’ PR exonuclease active site in E. coli pol I [28] and is also further confirmed from
a large number DdRps [6].

5. Conclusions

Understanding the functions of the replicative pols, viz. a, € and §, which make the replisome compley, is a prerequisite
for understanding the mechanism of genome replication and maintenance of genome integrity in eukaryotes. The
present study unravels striking similarities of one of the main replicative pols € from lower to higher eukaryotes at the
molecular level. The MSA analysis has shown that the € pols in all eukaryotes contain the same template-binding pairs,
catalytic and nucleotide selection amino acids and also the same catalytic metal-binding motifs. Furthermore, the two
completely conserved ZBMs in the CTDs of all the three replicative pols suggest their essential roles in genome
replication and regulation. A unique [4Fe-4S]%* cluster-binding motif in the € pol domain is implicated in the redox
signaling and the regulation of the replication process in eukaryotes as this enzyme links the DNA replication machinery
to S-phase checkpoint-control in eukaryotes. Moreover, the PR exonuclease active site amino acids are identical in all
eukaryotic enzymes and belong to the DEDD(Y) superfamily of PR exonucleases. These findings establish that the pol,
PR exonuclease and CTD domains of the € pols and their roles in genome replication, maintenance of genome integrity
and regulation are highly conserved across all eukaryotes, from yeasts to higher animals. The highly conserved pol, PR
exonuclease and CTD domains strongly suggest a possible common evolutionary origin of the € pols in eukaryotes.
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