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The phytohormone auxin is crucial for plant growth and development. Transportation and distribution of
auxin throughout the plant is very important to maintain the auxin homeostasis. Auxin efflux carrier
genes play significant roles in auxin transport. In this study, we identified 12 auxin efflux carrier genes
from the Setaria italica genome, which are similar in number with that of monocotyledonous plant Oryza
sativa. Twelve (12) SiPIN genes are distributed in eight scaffolds. All the identified genes possess the
transmembrane auxin efflux carrier domain. Phylogenetic analysis shows that SiPIN genes are much
closer to Sorghum bicolor and O. sativa PIN genes of the grass family.
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INTRODUCTION

In the model plant Arabidopsis thaliana, auxin plays a
crucial role in regulating and coordinating plant growth
and is involved in many developmental processes,
including embryogenesis, meristem  maintenance,
organogenesis, lateral root initiation, vascular tissue
differentiation and tropisms. Specific auxin influx carriers
(AUX/LAX proteins) and efflux carriers (PIN and
PGP/MDR proteins) mediate a directional, active, cell-to-
cell auxin transport, creating auxin concentration maxima
in specific tissues or cells. PIN auxin efflux carriers play a
major role in mediating and regulating polar auxin
transport (PAT), creating the auxin gradients that provide
positional information for cells and tissues development
(Benkova et al., 2003; Michniewicz et al., 2007; Reinhardt
et al., 2000).

In A. thaliana, there are eight PIN genes (AtPIN1-
AtPINS8) coding for proteins that differ in the length of the
hydrophilic loop in the middle of their polypeptide chain
(Krecek et al., 2009a; Zazimalova et al., 2007). The long
PIN proteins of Arabidopsis viz., PIN1,PIN4 and PIN7
show plasma membrane localization and their polar
localization determines direction of auxin flux(Friml 2010).
The three PIN proteins PIN5, PIN6, and PIN8, have a
shorter central hydrophilic domain and both PIN5 and
PIN8, have been shown to localize in the endoplasmic
reticulum, suggesting a possible role in regulating
intracellular auxin homeostasis(Wabnik et al., 2010;
Wabnik et al., 2011). The classification of AtPIN6 is more
controversial since it has a partially reduced hydrophilic
loop with high sequence similarities at trans-membrane
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regions (Krecek et al., 2009a; Mravec et al., 2009). In
addition to the eight AtPIN proteins, Arabidopsis encodes
seven PIN like genes and they form a different clusters
and the role of these is yet to find out (Paponov et al.,
2005).

Many homologous PIN genes were well characterized
in monocot species like rice (Oryza sativa) and maize
(Zea mays). Both specific features and homologies
between monocots and Arabidopsis (eudicot) PIN
families have been shown. Monocot-specific features
comprise both sequence clustering in phylogenetic
analyses and expression pattern at transcript and protein
level. In rice, the sequence analysis of the 12 PIN genes
present in the genome showed that rice has four PIN1
genes and one OsPIN2, while no OsPIN protein was
grouped into the AtPIN3, AtPIN4 and AtPIN7 cluster.
Four OsPIN genes encode for rice PIN proteins with a
short central hydrophilic domain: three OsPIN5 and one
OsPIN8. Furthermore, three OsPIN proteins appear
monocot-specific. OsPIN9, OsPIN10a, and OsPIN10b.
OsPIN9 has a central hydrophilic domain intermediate in
length between long and short PINs of Arabidopsis and
its expression analysis at transcription level suggests a
possible function in adventitious root differentiation.
OsPIN10a and OsPIN10b have a long central hydrophilic
domain (Carraro et al., 2006; Forestan et al., 2012;
Forestan and Varotto 2010; 2012; Xu and Scheres 2005).
So far, three PIN1 genes were described in maize using
an antibody raised against AtPIN1 protein (Forestan and
Varotto, 2010). Recent studies of PIN genes on Sorghum
bicolor revealed the presence of 11 PIN genes; at least
there members were grouped in the AtPIN1 cluster and
another three in the AtPINS cluster (Shen et al., 2010;
Wang et al., 2010).

S. italica [(L.) P. Beauv.] commonly known as foxtail
millet is one of the most cultivated millet species grown
worldwide including India, China, Japan, Australia North
and South America (Devos et al., 1998). Foxtail millet is a
diploid grass with small genome (=515 Mb) and its draft
sequences has been published recently (Bennetzen et
al., 2012). The major phytohormone auxin is central to
plant growth and development. Availability of publicly
accessible genome sequences of S. italica lead us to find
the auxin efflux carrier genes (PIN) using an in-silico
approach. Here, we used bioinformatics and comparative
genomics approaches to find auxin efflux carrier genes in
S. italica.

MATERIALS AND METHODS

Auxin efflux carrier (PIN) genes of S. italica were identified from
plant genome database (http://www.plantgdb.org) and phytozome
(www.phytozome.net) database (Dong et al., 2004; Duvick et al.,
2008; Goodstein et al., 2012). To identify PIN genes, orthologous
auxin efflux carrier genes from A. thaliana were used as search
query. Arabidopsis PIN genes were downloaded from “The
Arabidopsis Information Resources” (http://www.arabidopsis.org/).
Hidden markov model approach was carried out to find the auxin

efflux carrier genes of S. italica (Altschul et al., 1997). Identified
StPIN genes were again confirmed by running BLASTP searches in
“The Arabidopsis Information Resources” and presence of auxin
efflux carrier domains were confirmed by SWISS MODEL
Workspace (www.swissmodel.expasy.org/workspace/).
Nomenclature of identified StPIN genes were carried out according
to BLASTP similarity found with A. thaliana AtPIN genes. TMMOD
(The Hidden Markov Model for Transmembrane Protein Topology
Prediction)  (http://www.cbs.dtu.dk/servicess TMHMM/)  analyses
were carried out to confirm the presence of transmembrane
domains in SiPIN proteins(Kahsay et al., 2005; Kahsay et al.,
2004). Orthologous PIN genes from A. thaliana (AtPIN), O. sativa
(OsPIN), Physcomitrella patens (PpPIN), Populus trichocarpa
(PtPIN), and S. bicolor (SbPIN) were used to analyze protein
sequence similarity and construction of phylogenetic trees. OsPIN
genes were downloaded from The TIGR Rice Genome Annotation
Resources (Ouyang et al., 2007) whereas, PpPIN, PtPIN, SbPIN
genes were downloaded from plant genome database and
phytozome database. Multiple alignments of PIN genes from the
above mentioned species were carried out by using the online
available software Multalin (http://multalin.toulouse.inra.fr/multalin/).
Phylogenetic tree was constructed by using MEGAS.2 software.

RESULTS AND DISCUSSION

Genome wide analysis of the S. italica genome led to the
identification of 12 auxin efflux carrier (SiPIN) genes
(Table 1). This result shows, Setaria has the same
number of SiPIN genes as of rice and has four more
SIPIN genes than A. thaliana. The major genome
assembly of S. italica is arranged in 336 scaffolds. The
first nine scaffolds are pseudomolecules and 98.9% of
sequence data is presented in the nine pseudomolecule.
Besides, the Setaria genome has 35,471 loci containing
40,599 protein coding transcripts (Bennetzen et al.,
2012). The 12 identified S. italica auxin efflux carrier
genes are distributed in eight scaffolds. Scaffold five
contains four auxin efflux carrier genes (SiPIN4a,
SiPIN5a, SiPIN5b and SiPIN8). The biggest SiPIN gene
was SiPIN2 with an ORF (open reading frame) length of
1890 nucleotides present in scaffold 4, whereas the
smallest one was SiPIN5c which was present in scaffold
6. Among the 12 SiPIN genes, seven SiPIN genes
(SiPIN1a, SiPIN1b, SiPIN4a, SiPIN4b, SiPIN4c, SiPIN4d
and SiPIN8) contained five introns each and SiPIN2 and
SiPIN5d contained six introns each (Figure 1). SiPIN1
transcript organization matched with that of OsPIN1 and
AtPIN1 indicating their close homology (Wang et al.,
20009).

Auxin efflux carrier genes are characterized by the
presence of a transmembrane auxin efflux carrier domain
(Carraro et al.,, 2006; Forestan et al., 2012). All SiPIN
genes contain transmembrane auxin efflux carrier
domains (Figure 2). Among the 12 SiPINs, seven SiPIN
genes (SiPINla, SiPIN1b, SiPIN2, SiPIN4a, SiPIN4b,
SiPIN4c and SiPIN4d) contain a long transmembrane
domain. The other SiPIN genes (SiPIN5a, SiPIN5b,
SiPIN5c, SIiPIN5d and SiPIN8) contained a short
transmembrane domain. In Arabidopsis, AtPIN4 has a
short transmembrane domain which is different from that
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Table 1. Phytozome locus ID and transcript information of SiPIN. Naming of SiPIN were done as found by BLASTP against

the Arabidopsis Information Resources database.

Locus ID Gene name ORF Length Number Of a.a Number of Introns 5'-3' Coordinates

Si016714m  SiPINla 1785 594
Si006110m  SiPIN1b 1794 597
Si006060m  SiPIN2 1890 629
Si000693m  SiPIN4a 1863 620
Si009737m  SiPIN4b 1677 558
Si025109m  SiPIN4c 1773 590
Si026177m  SiPIN4d 1683 560
Si001955m  SiPIN5a 1095 364
Si003879m  SiPIN5b 1272 423
Si015697m  SiPIN5c 1029 342
Si033365m  SiPIN5d 1134 377
Si003769m  SiPIN8 1081 361

(¢)]

scaffold_1: 37807344 - 37810727
scaffold_4: 8906772 - 8909697

scaffold_4: 30687696 -30691064
scaffold_5: 30444777 - 30448448
scaffold_7: 34823548 - 34826535
scaffold_3: 9460738 - 9463047

scaffold_8: 1266812 - 1269757

scaffold_5: 44864303 - 44869298
scaffold_5: 39347962 - 39350295
scaffold_6: 33597186 - 33599056
scaffold_2: 36679971 - 36681750
scaffold_5: 35148382 - 35150803
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Figure 1. Transcript organization of SiPIN genes. Blue color boxes indicate the exons and lines indicate
the introns of respective SIPIN genes. The arrow mark indicate the direction of expression of transcript.

of SiPIN genes showing diversification of PIN genes
among species. Arabidopsis AtPIN1, rice OsPIN1 and
OsPIN2 were grouped under long transmembrane auxin
efflux carrier domain (Wang et al., 2009). SiPIN1 and
SiPIN2 genes contain a long transmembrane domain,
showing close relationship with that of AtPIN1, OsPIN1

and OsPIN2.

Phylogenetic analysis with orthologous PIN genes from
A. thaliana (AtPIN), O. sativa (OsPIN), Physcomitrella
patens (PpPIN), Populus trichocarpa (PtPIN), S. bicolor
(SbPIN) resulted in clustering into three major groups
(group I, Il and 1lI) (Figure 3). In group |, SiPINl1a and
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Figure 2. Transmenrane domain prediction of SiPIN genes by TMMOD (Hidden Markov Model for transmembrane protein
topology prediction). SiPIN1a, SiPIN1b, SiPIN2, SiPIN4a, SiPIN4b, SiPIN4c and SiPIN4d contains long transmembrane
domain where as SiPIN5a, SiPIN5b, SiPIN5c, SiPIN5d and SiPIN8 contains short transmembrane domain.
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Figure 3. Phylogenetic tree of SiPIN genes with orthologous PIN genes of Arabidopsis thaliana (AtPIN), Oryza
sativa (OsPIN), Sorghum bicolor (SbPIN), Populus trichocarpa (PtPIN) and Physcomitrella patens (PpPIN).
Statistical method used to construct the phylogenetic tree was neighbor joining method; test phylogeny-boot strap
method; no. of boot strap replication -500; substitution type-amino acids and model used was Jones-Taylor-

Thornton (JTT).

SiPIN1b clustered with OsPIN1; SiPIN4b and SiPIN4d
clustered with SbPIN4c; SiPIN4a clustered with SbPIN4a;
SiPIN4c clustered with SbPIN7 and OsPIN10b; SiPIN2
clustered with ObPIN2 and OsPIN2; SiPIN8 clustered
with SbPIN8 and OsPINS. In group II, SiPIN5a clustered
with SbPIN5b and OsPIN5b; SiPIN5c clustered with
SbPIN5c and OsPIN5c; SiPIN5d clustered with SbPIN5a
and OsPIN5c: SiPIN5b clustered with SbPIN3 and
OsPIN9. In group Ill, AtPIN6 clustered with PtPING.
There is no gene of Setaria or any other grass in this
cluster, showing diversification of PIN genes. Cluster
analysis reflects, S. italica PIN genes are much closer to
PIN genes of grasses Sorghum bicolor and Oryza sativa.
Multiple alignment of amino acid sequences shows
conserved N and C-terminal domains (Supplementary
Figure 1). The N-terminal region shows a conserved S-
P/T-P motif, a potential target phosphorylation site for

mitogen activated protein kinases (MAPK) (Sinha et al.,
2011). The central hydrophilic loop is dynamic in nature
and differs from each other in terms of sequence
homology, but some PIN genes are conserved in this
dynamic region with a T-P-R motif (Supplementary Figure
1). The T-P-R motif is a target phosphorylation site of
mitogen activated protein kinase 3 and mitogen activated
protein kinase 6 (Sorensson et al., 2012). The T-P-R
motif is conserved only in the case of long transmem-
brane auxin efflux carrier domains. This shows that,
although the central hydrophilic loop is diverse in nature,
its phosphorylation events are conserved to carry out
specific function suggesting that evolution of protein
phosphorylation is conserved.

The PIN-Formed (PIN) proteins are a plant-specific
family of transmembrane proteins that transport the
phytohormone auxin as substrate molecule. There is very
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limited data available which suggests auxin is a signaling
molecule of ancient origin. The PIN gene family is found
only in genomes of land plants. They act as regulator and
play key roles in developmental process including
embryogenesis, morphogenesis and organogenesis
(Krecek et al., 2009b). The number of PIN genes present
in S. italica (12) is equal to that of rice (12) and more than
that of Arabidopsis (8) suggesting that the presence of
more PIN genes may have some extra role in
development and morphogenesis. The predicted
structure of a PIN protein is similar to the structure of
membrane transport proteins that use the electro-
chemical gradient across the membrane to transport
molecules. All the identified PIN proteins have two
hydrophobic domains with cytoplasmic orientation. The
transmembrane helices of hydrophobic domains are
highly conserved in their amino acid sequence. But
substantial differences are present between the long and
short PINs. The hydrophobic domains of all long PIN
proteins contain the amino acids at invariant position, but
these positions are not invariants in short PINs. The
presence of invariant amino acid sequences in long PINs
may play major roles, which has not been retained in
short PIN. The loop between the transmembrane helices
being present within the hydrophobic domain exhibits
dynamic variability in size and sequence.

Conclusion

S. italica popularly known as foxtail millet is one of the
best studied millet species in the world. The genome
sequencing project of this plant is going to be completed
in the near future. This will open the door for progressing
research of this plant at the molecular level. Auxin efflux
carrier genes identified in this report will help to
understand the role of auxin signaling and its role in
growth, development as well as response to different
biotic and abiotic stresses. Phylogenetic analysis shows
that auxin efflux carrier genes in species of grass family
are conserved.
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Supplementary Figure 1. Multiple sequence alignment of amino acid shows presence of N and C-terminal conserved region. N-
terminal region shows presence of conserved S-P/T-P motif, target phosphorylation site of mitogen activated protein kinase. The
central hydrophilic region is very dynamic in nature and differ from each other, but still contains conserved S-P-R/T-P-R motif,
target phosphorylation site of mitogen activated protein kinase 3 and mitogen activated protein kinase 6. S-P-R/T-P-R motifs are
conserved only in long transmembrane domain containing PIN gene.
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PLPIN3b HITIFSLSTLPHTLYHGIPLLIAHYDDYSG=mmmmmmmt GSLHYOYYYLOCTIHYTLLLFLFEYRGAKHLIHEQFPETAR-5---TYSFKYDSDYYSL-DGR-DF LETDAETG---~0DGKLHYTYRKSHAS

ALPIN4 HITIFSLSTLPHTLYHGIPLLIAHYGTYA--——---- GSLHVOYYYLOCTIMYTLLLFLFEYRGAKLLIHEQFPETGA-5---TYSFKYESDYYSL~DGH-DF LETDRET6----HDGKLHYTYRKSHAS
PpPIN3=2 HITLFVLITIPHTLYHGTPLLAAHYGPGP========GDLTIORYYLOCTIHYTLLLLHYEYRAAKILINOQFPENAG=5===TVSFKYDSDYHSL~DGREPYL~TEAEIG====DDGKLHYKYRRSYSS

PpPIN3=1 HITLFYLITIPHTLYHGTPLLAAHYGAGP==mssexx GDLTYORYYLOCTIWYTLLLYHYEYRAAKILIHOOF PENAA=S===TYSFKYDSOVHSL ~DGREPYL =TERET G====DDGKLHYKYRRSYSS
PpPIN3 YITLFHLTTIPHTLYIGTPLLARHYGSKP======= GOLTYORYYLOCTIHYTLLLYHYEYRAARILIHHRFPENAR-5--=TYSFKYESDYHSL-DGPDPYL-TEAEFR----HDGKLHYRYRRSYSS
OsPIN2  TITLFSLSTLPHTLYHGIPLLRAHYGOFS========GSLHYOIVYLOSYINYTLHLFLFEYRGAKALISEQFPPDYGAS===IASFRYDSDYYSL-NGREA-LOADAEYG====ROGRYHYYIRRSASA
SbPIN2  TITLFSLSTLPHTLYHGIPLLRAHYGDFS=mmmmamx GNLHYOIYYLOSYIHYTLHLFLFEYRGAKALTSEQFPPDYGAS-~-TASFRYDSDYYSL-NGREA-LOADAEYG-~~~SDGRYHYYIRRSASA

SiPIN2  TITLFSLSTLPHTLYHGIPLLRAHYGDFS---—---- GHLHVOTYYLOSYIHYTLHLFLFEYRGAKALISEQFPPDYGRS---TASFRYDSDYVSL-HGREA-LOADAEYG----SDGRYHYVIRRSASA
AEPINZ  HITLFSLSTLPHTLYHGIPLLRAHYGOFS========GNLHYOIVYLOSTINYTLHLFLFEFRGAKLLISEQFPETAG=5===ITSFRYDSDVISL-NGREP=LOTDAEIG====DOGKLHYYVRRSSAA
PtPIN2a HITLFSLSTLPHTLYHGIPLLKAHYGDFS========GNLHYOTVYLOSYTHYTIHLFLFEYRGARLLISEQFPETAG=S5===ITSFRYDSDYYSL~NGREP=L OADAET G====DDGKLHYYVKRSNA=
0sPINlc  LITLFSLSTLPHTLYHGIPLLKGHYARAAD----YDSGSLAYOIYYLOCTINYTLHLFLFEYRGARLLYHEQFPD-TARS---TYSFRYDSDYYSLAGGGGGAAELOAEAEY--GDDGRHRYTYRKSTSS
SbPINdc  SITLFSLSTLPHTLYHGIPLLRGHYGGGGASSSSIDAGTLHYQYYYLOCTINYTLHLFLFEYRAARALYLDAFPDGAARS===TYSFRYDSDYYSLA-RGEIELEADAYPYPAGGDGGRYRYTYRKSTSS
S5iPINdb  SITLFSLSTLPHTLYHGIPLLRGHYGPDSA=mmmmmx GTLHYQYYYLOCTIHYTLHLFLFEYRAARALYHDQFPDGARAS=~=-TYSFRYDSDYYSLADARKGEL EADAHYA-~~~DDGRHRYTYRKSTCS
5iPIN4d  SITLFSLSTLPHTLYHGIPLLRGHYGPOSA===m==- GTLHYOYYYLOCTIHYTLHLFLFEYRAARAL YHOQFPDGARRS---TYSFRYDSDYYSLADARKGELEADAHYA----DDGRYRYTYRKSTSS

PLPINZb TITLFSLSTLPHTLYHGYPLLKSHYGEFT=m=mm==x SPLHIOYCFHOSYLHYTLLLSHFEYRGAKRLYAGAFPETAR=5===ISSFKVDSAYYSL--GGHEPLETDAEID-===DDGKLRYYYRRSSAT
0sPIN10a SITLFSLSTLPHTLYHGIPLLIAHYGPYS========GSL HYOTYYL OCTIHYTLHLFLFEFRARRAL TADOFPDTARS====TYSLHYDPDYYSLEGGH===AETEAEYA====ADGRLHYTYRRSSYS
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OsPINSb  SITGFSLARLMHTLYYGYPLLDAHYGRHA===mmm=m ADLYYOIAYYOSHYHFPLLLHAFELRKAHYYG GGGG VG
SbPINSe  ALTGFSLAGFNHTLYYGYPLLYAHYGKHA======== (DLIVOIAYYOSLFHFPLLLLGFELRKAMHYGIPSAOGGGGGSRCHSSHSDDDDDSAGGGR VG
0sPINSc CITGFSLATLMHTLYYGYPLLDAHYGKHA=====m== ROLTYOISYYOTIVYFPLLLLAFEYRRATTAR AA
ShPINSa CITYFSLATLMHTLYYGYPLLDAHYGKHA======== ROLTYOISYYOFIYYFPALLLALEARRAGKHA fiR
5iPINSd CITGFSLARLNHTLYYGYPLLDAHYGKHA======== ROLIYOISYYOITYYFPLLLLTFEARRANGAG K
ALPINB VITGLSISYLPNTLILGHPILSALYGDER======== ASILEQIVYLOSLIMYTILLFLFELNAARALPSSGA SLEH TG
PtPINGa ILTGLSLSTLPHTLILGLPLLRAHYGAEA======== EPLLSOIYGLOSLIMYMLLLFLFELNATKERTYAPS S ET
PLPINGb  IITGLSLSTLPHTLILGIPLLRAHHGAER======== EPLLSOIYGLOSLINYNLLLFLFELHATKERTYAPS S E
SbPINB LITGFSLSTLPHTLIYGIPLLKGHYGDER===mm==== YKLLSOIVALOSLIMYTLLLFLFEFRARRGHAITTS S ET
SiPINB LITGFSLSTLPHTLIYGIPLLKGHYGHER===mm==== YKLLSOIYALOSLIMYTLLLFLFEFRAARGLATTTS 5 61
5iPINSc  CYTGFSLARFNHTLYYGYPLLDAHYGRHE========" RI]L'I"‘:'ULHWI]HL'I’H?PLLI_LEFELRI<FlI-l‘r"n'RHGIHSHMGUEUHHGEEWEPHVSSQH K
0sPIN7  CISGFSLASLTHSLYYGYPHARAHYGNHEA======== [i[WWl]LSIFUHI\'llLTSLI'I?'VI_[‘:"RI<FIF‘n’S[I]HI]ESI'IRI'IEEﬁ----S‘fI[l[I]T?'Vﬁ[iSﬁT5EI]HﬂSLEEﬁ‘JSI]HTHﬂﬂLI(ﬁEEH‘JWH[WH
0sPINB LITGFSLSTLPHTLI¥GIPLLKGHYGEQA===mm=== GKLLSOIYYLOSLIMYTLLLFLFELRAANGHATTTSSETTGLIHA-LYGFRHHIRLPLIYSHSIRHLSDGGLGHAHFSLGLF TALOTKIIACG
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0sPINla RSDYYSRRGHGFS==mmmsa= G===ATPRESHLTHAETYSLOSSRNRTPRESS=FNHTDFYSHYG: RSSHFARG: DAFGY==RTGATPRPSHYEEDAR====m== APNKAGS====
SbPINL  RSDIYSRRSHGFS-——-—-- Qe S5-FHHTDF YSHYG: RSSHFARG: DAFGL--RTGATPRPSNYEEEAQ-———--- GGKAANK--——
SiPINIb RSDIYSRRSHGFS======== G 5S=FNHTDFYSHYG======] RSSHFARG========== DAFGY=--RTGATPRPSHYEEDAQ======= G=-KANK===-=
0sPINIb  RSDIYSRRSHGFS==mmmma= Gmmm SS=FHHTDFYSHYG RSSHFGAR: DAFGY==RTGATPRPSHYEDDAS ==mmmm= KP=KYPLPASN
5iPINla RSDIYSRRSHGF5-————-—- S-=-JTPRESHLTHRETYSLOSSRNETPRRSS-FHHHDF Y5HYG R5SHFGAR: DAFGI--RTGATPRPSNYEDDAS————-—- KP-KYPLPYYN
SbPINdb RSDIYSRRSHGFS========S=== 55=FNHHDF YSHYG======RSSNF (AR ==========DAFGI==RTGATPRPSHYEDDAR=======KPAKYPLPYVN
ALPINL  RSDIYSRRSOGLS=======- === SS=FHHTDFYSHHA-~SGEGRNSHF GPG========== EA--YFGSKGPTPRPSHYEEDGGPAKPTARGTARGAGRFHY
PtPIKlc RSDIFSRRSOGLS-————-—- S===NTPRESHLTHRETYSLOSSRHE TPRESS-FHHTDF YSHHA--AG--RHSHF GRS —=====—-—-] DYYGLSASRGP TPRPSHFEEEHG-—-—-———- GSHKPRFHH
PLPINId RSDIFSRRSOGLS======== G SS=FHHTDF YSHHA==AG==RNSHF GAS========== DVYGLSASRGP TPRPSNFEEENG========= GSNKPRFH=
PtPINPIN1a RSOVFSRHSHGLA: SS=FNHTDFYSK=N DEESGGLG
PtPIKIb  RSEYFSHHSHGLA RS S=FHHTOF YSHYR DEESGGLG
ALPIN3 RRSFCG===PHH============= R SH=F NHSDF YNHHGF PG==GRL SNF GPA==========DHY5V()S5RGP TPRPSHFEENCA===========- HASSPR
ALPIN? RRSFYGGGGTHH========amsae 4i5H=FNHSDF Y SHHGFPG==GRLSHFGPA===s===s==xHYSY(SSRGPTPRPSHFEESCA====sanama=s HASSPR
PtPIN3a RRSLGPGSFSGH-———————-——— hoN-FHPSDF Y SHHGYOGFPGRHSNLGPA--—————-—-] DLYSYOSSRGPTPRPSNFEENCA-—-—-———- PTATLSSPR
PLPIN3b RRSLGPGSFSGL====m===m==== R SH=FHPSDF YSHHGYQG==GRHSNLGPA==========[L Y5V S5RGP TPRPSHFEENCA=========PHATITSPR
ALPINA RRSLH H 8:5H=FNHSDF YSYHGFPG==GRLSNFGPA=========-] DLYSVOSSRGP TPRPSHFEENNA========< VKYGFYNNT
PpPIN3=2  RSOGHHSAHHSHP RS S=-FHOGEYFSHHAORS=PHROSHF DS =mmmmmmmmmt 0YYSLOSSRGPTPRTSHFNEENSKDHHTHHRGLHLTSPRFY
PpPIN3-1 RSOGHHSAHHSHP RpSS=FHOGEFHSHHSORS-PHROSHFDTS===m======| DYYSLOSSRGPTPRSSHFNEENSKDIHTHHRGLNHNSPRFA
PpPIN3  RSOGYHSAMHSIP 4:55=FORGEDCSTHAHRD=PHRKSHFDTS=mmmmmmaxx| DIYSLOSSRGPTPRNSHFNEENSKEYHNHRGALNYNIPRFA
0sPIN2 STTGGEGGAARSGYS—-RAYGASHA RRSS=FHOADF YAHF SGSKHASOH ASPHAQHGGAGGRAQGLDEQY TH=mmmmm=== KFASGK==
SbPINZ  STTGGGHGGARSGYGGYRPYGPSSH R 55=-FHOSDF YAHFHGSKHASPL fgp G--ARAPGLOEQYAN-===--===- KFASGK--
SiPIN2 STTG=-=HGRARSGYGGYRPYGASSA 8i55=FNOSDF YAHFHGSKHASPL ===s=smmsmsammaax-| AQP===== GSGARAPGLDEQYAN=====s=== KFASGK==
ALPIN2  SSHISSFHKSHGGGL------ HSSH NSS-FHOTDF YAHFHASKAPSPRHGY THS YGGAGAGPGEDYYSLOSSKGYTPRTSHFDEEYHK TAKKAGRGGRSHSGEL Y
PtPIN2a SSIVSSFHKSHGLNS===--- FRSS5=-FHOTOF YAHF-ASKARSPKHGY THSFOGGI-~--G0VYSLOSSKGATPRTSHYDEEHLKL GKKKGR-~-THHSGELF
0sPINle RSEAACSHGTOSH: iSS=FNHREFFNIVG NGKOG DEEKG
SbPINAc  RSEAACSH-SHSH: PRESHLSGYETYSLOSSRHR TPRESS-FNHTOFFNIYG AGAKGGARAAAAGDEEKG==================
SiPIKdb RSERACSH-5HSH: Rh55=-FHHAEFFHIYG kG AGGDEEKG
SiPINdd RSEAACSH-5HSH: R 55=FNHAEFFNIYVG GAKG AGGDEEKG
PtPINZb  SSHFSSRORFOGHHP===== YLSYHIPPRISHFSSYEVFSYOSS-=4=-PRASS-YROTDLPHLTHSFG: DIYSLOSSRHSYPRISSHLEEEHR==mmmmmmmmmmmmeaa
0sPIN10a =-RRSLLYT 3 5H=-FNHADFFA---HYGGGPPPPTPARY-RGSSFGASEL YSLOSS-RGPTPROSHFDEHSARP-PKPPAT TTGALNHDA
SbPINda SRRSLLHYTT=====sm==—e=ae= PRESHLTGAETYSHSSSROYSPRESH-FNHADFFARHAHYDGAPPPPPPAGGARASSFGAAEL YSHHSS-RGPTPROSHFDERSASARSSSRPAGAYPSCHDA
SiPIN4a -RRSHLGYT %:5H-FHHADFFA---HYDGAPPPPTPAGG-RGSSFGAREYFSHHSS-RGPTPROSHFDEHSASARSSKPARRAAYPSHDA
0sPIN10b  -SRRSAARR: RS T=-FTLADT-======~] PGHOPPH--SALRASSFGAADLFSLHSSSRAHTPRPSSFDEHARA---RARASATYAPTHOL
SbPINZ  PSRRSLARAT==== SSGIAHADT GH======| PAAAPLHGASSLRHSSFGARDLFSLHP===== TPRPSSFDEQRY====RARSARTYAPSHOP
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SiPINSb I=--=HAERS QNOVYYNIEITEVARRADASP
PpPING-1 HGFEGHESG TPALL TQGEHNDFRIGIGDEP
0sPINS5a DGAEAAAR-==-=====—--- AGKDYEARGARARAGTYYYARAR
SiPIN5a =AREPPYK====m======= OVEARSADARPARARYYYVPYAS
SbPINSh  DYPDSPYK====s==amees OYERRADAARSAATYYYYPYYYAS
ALPING  HISDYQYD=—=====———mv| NINTESGKRET Yy
PtPINSa SHPDKDLE: GHADS TVS
PtPINSc SHPDKDLE GHADS TVS
PLPINSb HHSDKDLE: GSYON TES
0sPINSb PRVHSS55S5========PPEK====(SDVEHNGAYYARPGGGGE
ShPINSe  PYSSSSASSSSPPPSPPPKKDARREKDYENNAEETARARAGTT
0sPINSc  PPPPPTGT====m=mmmmmmmmme D-DDDYEDGARRAATARRA
SbPINSa RARVEPAGD================-| DYDESGGGGSGGEITAAH
SiPINSd PARAE EEGAGGDYEESGRET:
ALPING HDQEEANI EDEPKEEEDEEEYAIYRT
PPINBa TGDQEALQ================-| ES===0YKEGGEYHSRTT
PtPINSb TGODLEALQ ER===0HKDDEGYQRRT
SbPING THERESGT=-====m===mmmmmmm TGPHOORHEEGOEKRYSA
SiPINB =HEGESGT===========mm=m==== PGPHEERHEEGRAKGYSH
SiPINSe SSPPPARE====s==sm==me==s KGDYEHNARREPDAPPPAG
0sPIN7 GARLPLFKSYAR---------- KLACHPHLHASYIGISHACISHRSHLTLPPALEGSYQOIHSR
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(cPTHla wemeees KYGUHPAP-4PH =P == =-eeneee GORKGEDGHDLHHFWSSSASPYSD-
CHPIN] ==mmmses YGGOYPAP=KPA HARQPHP TKOGLKKAAAN=====sssss=x GOAKGEDGKDLHHF YHSSSASPYSD=
GiPTHIh =m=mmmmn YG-0YPAP-HPA HAA==~PAK=GOPKKARN===========- GOAKGEDGKDLHHF YHSSSASPYSD-
0sPIN1b  ARP=====HAGHYPAP-HPA Y5 Gmmm=fAPKGAKKARTH === GORKGED===LHHFYHSSSASPYST=
GiPINla ARP=====GAGHYPAP=NPH Yf====APKCAKKAATH=smmmsmmsnss GOAKGED===L HHFYHSSSASPYSD=
ShPIHdb ARAPYPGARAGHYPAP-NPA YAR=-==APK-KKAAGTH==mmmmmmmmm GOAKGED--~L HHFYHSSSASPYSD-
ALPINL  QSGGSGOGGGAHYPAP=HPE: HF SPHTGGGOGTARK G=mmm=== APYYGGKRADGHGRDL HHFYHSSSASPYSD=
PLPINle  YHAP===GGATHYPAP=NPG HFSPTTAASKGYSANANNTARRAAKKPNGOAQOKAEDGRDLHHFYHSSSASPYSD=
PtPINId YHAP---GGATHYPAP-NPG HFSPTTA=GKGVARNANN---ARAKKPHGOAQOKAEDGRDLHAFYHSSSASPYSD-
PLPINPINLa YFGNYPRANGSRYPTPPHRG IFSP GGKKKANG TENGKDLHHFYHSSSASPYSE=
PLPINIb  YFGHYPRANGSAYPAPPHAG [FSPasmsns GGKKKANG=======mssmsn=ss AERGKDLHAFYHSSSASPYSE =
AtPIN3 FGYYPGGG~AGSYPAPNPEF GG TTTSTANKSYNKNPKDYNTHOOTTLPTGGKSHSHOAKEL HHFYWSSHGSPYSOR
ALPIN?  FGYYPGOA-PGSYPAPHPEF G| GHKTGOKAPKERHHHY === GKSNSHDAKELHHFYHGSHGSPYSOR
PtPIN3a FGFYPAQTYPTSYPAPHPEF ASTV==TTKTAKNOQQON=======ms=====SKANHOAKEL HHF YHSSSASPYSEG
PtPIN3b  FGFYPAQTYPTSYPAPHPEL ASTT-=TSKTTKNOAOONHOOALLOPOPAQNSKYNHDAKEL HHFYHSSSASPYSEG
ALPING NSSYPR---AGSYPAPNPEF STGT==GYSTKPNKIPKENQQQLQE===~KDSKASHDAKEL HHFYHSSSASPYSD=
PpPIN3=2 PPLYRNVAGGRHFHPRTGLGGLPYHGNDPTGHGSLSTLGTPGHGPDGRTIYPGSQTAISLYTPGGTGHI-ATPLSSSLNTOIVHPYYSPRASQIAKKYKDTRTS=PKSDEDAKELHHFYHSANASPYSE=
PpPIN3-1 PPLYRNGHGARHF TPRPGLGGIGYPGTOCTGHETLSTLGAPGHGPDGRTIYPGSATAINIL TLGGAARYHATAPSTAYNTOIYHPYYSPOASOIAKKYKDPKAS-PRADEDAKELHHFYHSANASPYSE-
PPPIN3 PPLYRNGSGGRLFHARSDLGGYGALSFEPAAHS===mmmm=n= HGPDGRTIYPG===~ITYV¥T-=--=HSYARYPASGYS THLINPYFSPLYSQVYAKKYNDPRASIPKTDEEAKEL HHFYSSANPTSYSE=
0sPIN2  -AR----DPPS-YPAPNPG HHPA=====- PRKKEL GGSNSH=mmmmmmmmmm e SHKELHHFYMSSSASPYSE-
SbPINZ2 -GG----DATARYPAPHPG HHPP====== PRKKELGGSHSH SHKELHHFYHS PYSE-
SiPINZ2 =QG=--=SDATAYPAPNPG HHPP====== PRKKELGGSNGN=mmmmmmmmmmmm= SHKELHHFYMSSSASPYSE=
ALPINZ  NNN====S=YPSYPPPNPH FTGSTSGASGYKKKESGEGGSGm=mmm== GGYGYGGONKEHNMFYHSSSASPYSE=
PLPINZa MGG----SLYSSYPPPNPH FSGSTSG-~GPKKKESGSGAH==mmmmmmmmmmmm o] PHKELHHFYHSSSASPYSE-
0sPINc ARGGGGHSP QPYY: G==~KRKDLHHFYMSSSASPYSE~
SbPTNde =mm===n GAGGHSPOPOAYA AYARKRKDLHHLYMSSSASPYSE-
T P — AGGGYSPOPHAQR fi---KRKDLHHFYHSSSASPYSE-
SiPINGd ======= AGGGHSPOPHAQA fi===KRKDLHHFYHSSSASPYSE=
PLPINZh ==m==s| RKNGYAFPGSPSCR VYPOKEGGG APAPHKDLHHFYMSSSISSNIS=
0sPINL0a KELHHFYHSSSASPYSEYSE BT — GGALDYGAKETHHYIPADLP--QNN-
SbPINda KELHMFYHSSSASPYSEYSG LPYFTGGAG GG-YNYGAKETRHYYPAELPLPQNG-
5iPTHda KELHMFVHSSSASPYSEYSE LPVFTGGAR YNVGAKETRHVVHADLP--QNG-
0sPINiOb KDTHHIEMSSGASAASEYTE LPVFRSE RETRRLYPSDAPSIASS-
SbPINZ RDVHMIEMSSGASTTSEYRG LPYFHGGOL H====-RGHDSRRLYPSEYPP=====
SiPINdc KDHPTFEMSSGASARSEYSG LPYFRGGE He=====RAKDYRRLYPSEAPPYGHS=
ALPING AYSLOPTPRASH FHELDY-NGHGTPYHHKSPARGRIYR-
PLPINGa =mm=m=n= AYSLOPTPRTSHK FHEMDL THATNTPFHARSPYRGKTSR=
PLPTHED AYSLOPTPRASH FNELDL TNATNTPFHVRSPYRGKTYR=
PLPINPINZ DDKEYHLFIMRCYCCTSOG-
0sPINld ==--- ARGGGGHSPOPYYG KRKDLHHFYHSSSASPYSE-
0sPIN9 YSGETTARR=
ShPIH3 PTAPYDGAR-
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PpPINE-1 SHARTEVSH=
0=PINSa
5iPINSa
SbPINSD
ALPINS
PtPINSa
PLPINSc
PLPTNSD
0sPINSb
SbPINSc
0sPINSc
5bPTHSa
5iPTNSd
ALPING
PLPINBa
PLPINSD
ShPINS
SiPINS
5iPTHS¢
0sPINZ SGLGLAHFSHGCNTSYYF--
0sPINS
PpPING-2

Supplementary Figure 1. Contd.



222 Afr. J. Biotechnol.

0sPINla
SbPINL
SiPIN1b
0sPINLb
SiPINla
ShPIN4b
ALPINL
PtPINlc
PLPIN1d
PtPINPINLa
PtPINlb
ALPIN3
ALPINZ
PtPIN3a
PLPIN3b
ALPINA
PpPIN3-2
PpPIN3-1
PpPIN3
0sPIN2
SbPINZ
SiPIN?
ALPIN2
PLPINZa
0sPINle
SbPINdc
SiPINdb
SiPIN4d
PLPINZD
0sPIN10a
ShPINda
5iPINda
0sPIN10b
SbPIN?
5iPINdc
ALPING
PLPINGa
PLPIKGb
PLPINPIN7
0sPIN1d
0sPINS
SbPIN3
SiPINSh
PpPING-1
0sPINSa
SiPIN5a
SbPINSh
ALPINS
PLPINSa
PtPINS
PtPINSb
0sPINSh
SbPINSG
0sPIN5c
SbPIN5a
SiPINSd
ALPINS
PLPINBa
PtPINSL
SbPINS
SiPING
SiPINSe
0sPIN7
0sPING
PpPING-2

521 530 540 550 560 570 580 590 600 610 620 630 640 650
| 4 4 + + : 4 4 4 + + |
====YFGHG=-AEYHDRAAYKEYRHAYASPRK ==ADGmmmmmm e YERDDFSFGHR-==-GYAERDAEAGDEKSYARAY=SGEHGKPGLTPAPTA=m=m=| HPPTSYHTRLILIHYHRKLIRNPHTY
====YFGHGAAE YNDRARYKEYRHAYASPRKYARDGRKERGE-===DF -~ TERDDF SFGHK---GARERDAEAGDEK---AAAR-LAYGNACGYARRPAR===-- HPPTSYHTRLILIHYHRKLIRNPHTY
====YFGNGNAEYNDRARYKEYRHAYASPRKYARDGRKERGE ====DF =-AERDDF SFGHR-==GGAERDAEAGDEK===ARY-AGAGNA=GYGA=PAR===== HPPTSYHTRLILINYMRKLIRNPHTY
=== FGEGAPDYHDAAR ===~ A=KSPRKHDG==AKDR=E====DY==YERDDF SFGHR===GYHDRDAEAGDEKARAR====AGADPSKAHARP T A=m=m= HPPTSYHTRLILIHYHRKLIRNPHTY
====YFGGGAPDYNDARA===-=-= A-KSPRKNDG--AKER-D-==--DY--YERDEF SFGHR---GANDRDAEAGDEKARYA--==-GGGOPH-AYARP TA===-- HPPTSYNTRLILINYHRKLIRNPHTY
====YFGGGAPDYNDAAA====== AYKSPRKHDGGGAKDR=D====DY==YERDEF SFGHR-==GAHDRDAEAGDEKARAATA=YAGGDPH=AYARPTA===== HPPTSYHTRLILIHVHRKLIRNPHTY

====Y{FGGGGEHHHADYSTA====THOHOKDYKISYPOGHSH====DNOYYEREEF SFGHK===D=DDSKYLATD=mmmmmmmmm GENNISHKT TOAKY === HPPTSYHTRLILIHYMRKLIRNPHSY
====YFGGHDYGAHOLKDYR=-==-YRAYSPGKY=--EGARENQE====DYN-LERDDF SFGNR-==G=LDRERNSHE ========== GEK==YGFDGKPKP===== HPPTSYHTRLILIHYHRKLIRNPHTY
====\/F GGHOYGAHDOKDYR====LAYSPGKYSYEGHTENQE ====D0YN=| ERDGF SF GNR===G=HOREHNNPE ======m===| GEK==YGAAGKPKP===== HPPTSYHTRLILIHYHRKLIRNPHTY
------ GGLHYFRGGDYGmmmmmmmmmmmmm =R DL GGYANOK ====DYEEF GRDEF SFGHRPYPHGYDRDGPYLSKLASSS TRELHPKSAANGE PKP TA=====HPPTSYYTRLILIHYHRKLIRNPHTY
------ GGLHYFKGGDYG=============-HDLGGYAHHK----DYDEFGRDEF SFGNRPGPNGYDRDGPYLSKLGSGSTRELHPKSARNGEAKPTY==-=-HPPTSYNTRLILIMYHRKLIRNPHTY
AGLNYFGGAP=-=DNDOGGRSDOG-AKEIRHL YPDOSHNGE TKAYAHPASGDF GGEQOQF SFAGKEEEAERPKDAENGLNKLAPNS TARLOSKTGLGGAEASQRKNHPPASYHTRLILIHYMRKLIRNPHTY
AGLOYONGA===-NEQYGKSDOGGAKE IRHLISDHTONGENKA==GPHNGDYGGE =mmmmmm=ms EESERVKEYPHGLHKLRCHSTAELNPKERTETGETYPYKHHPPASYHTRLILIHYHRKLIRNPHTY

GGLHYFGGADFGASEQSGRSDOG-AKETRALYADHPANGE TKTTPQQDGOFAGEDF SFAGRGEGDDDAREKEGPTGLNKLGSSSTRELAPK-AAERPDSGGSRKHPPASYHTRLILTHYHRKLIRNPHTY
GGLHYFGGTDFGASEQSGRSNOG-AKEIRHL YADHPONGDSKTIPQA-GNFAGEDF SFAGRGEGEDDOREKEGPTGLNKLGSSSTAELHPK-AYGAPDSGGSKOHPPASYHTRLILIHYHRKLIRNPNTY
====\'FGGGA-GONYATEQSEQG=AKEIRHYYSDOPRKSHAR=mmmmmmm== G6G0DIGELOSGEGERETEKATAGLNKHESHS TAELEARGGOGEGNNG==THHPP TSYHTRLILIHYHRKLIRNPHTY
AGLHYFGGNDTSANLHOSFDPKEYRHLYHPOSDLRHP-EANP-~--RTYDNYAQEDF SFGNRHDLKLEDLDKDGPRLONKFGSTSTAEL TPKYPEDEAKKS====HPPSAYHIKLIAYHTFRKLYHNPHTY
AGLHYFGGHDTSANLOORF DPKEVRHLYHPOLDRGLA=ARSP===RTYDEYTREDF SFGNRNOLKLEDLDKDGPRLD=KFGSTSTAEL TPKLAEDEAKKS====HPPSAYHIKL IAYHTFRKLYHNPHTY
GELHYFGESDISINLOOSYNPKELHYHYHPOSEHHLPGAANH===KTODEHARAGF SFGNRROLKYEDYDNNGSKLOKKFRSIL TRELAPKHPHOEGKT S====HPPSSYHIKL ICYHTFRKLTRNPHTY
=-ANLRHAYNHARSTDFASAPPPARYPYGGATPKGYSGSY TPARK----- NGGGELEIEDGLKSPARGLARKFPYSGSPYYAPRKKGGGADYPGLAEAAH--~PHPPTSYHTRLILINYHRKLIRNPHTY
==ANLRHAYNHARS TDFARYPPPPH=PYDGATPKGYSGTY TPAKKPOPAANG=GOLETEDGLKSPATGLARKFPYSGSPYVAPRKKG==ADAPGLEEARH===PHPPASYHTRLILIHYMRKLIRNPHTY
--ANLRHAYNHARS TDFAGYPPPAR-PYDGATPKGYSGTYTPIKKYDARARANGDYETEDGLKSPATGLGAKFPYSGSPYYAPRKKG-~ADAPGLEEARH--~PHPPASYHHRLILTHYMRKLIRNPHTY

==ANAKNARTRGSSTDYS=-TOPKYSIPPHONLATKAHONL TENHSPGRKGHYEHDODGNNG========= GKSPYHGKKGS===D0~===YEDGGPGPRKQ-=~AHPPASYHTRLILIHYHRKLIRNPHTY
==GNLRHAYNRAASTDF GYTDPSKARFQPESARSKANNQLIENHSPSGKHSGEKEHDYEDG=========CKFPONYSPF TCOKK====HDHAADGSKKH===0HPPASYHTRLILIHYMRKLIRNPHTY
RARARARGAYHYF GEGEADHGD--AKGABAYDE YSF ~==mm==- GHKNEKDGPTLSKLGSHSTAOLRPKDDGEGHAAR--~~HPPASYHTRLILTHYMRKLIRNPHTY

RAAGAA---YHYF GRGARDHADYLAKGTAAYDEYGRODF SRTKNGNGADKGGPTLSKLGSNSTAQLYPKDDGEGRPAAR-~-HPPASYHTRLILINYHRKLIRNPHTY
RAR YHYFGGGA=EHGDYLAKGTQAYDEYGRODF SRTKNGNGADKGGP TLSKLGSKSTAOL YPKDDGEGRPAR====HPPASYHTRLILIHVMRKLIRNPHTY
RAR YHYFGAGA-EHGOYLAKGTOAYDEYGRODF SRTKNGNGADKGGP TLSKFGSHSTAOLYPKDDGEGRPAR=-~-~-~HPPASYHTRLILTHYMRKLIRNPHTY
DHRYLRADOINGRHTYPDPFNGADPAEDNIARAASTAKKA(-=-=-==-==-=----~ HPPATYYARLIAHHYGRKLYRNPHTY
=====GSGKEHEE YGAYAL GGGG=GGENF SFGGGKTYDGAEAYDEE ===ARLPDGLTKHGSSS====TAELHPKYYDYDGPRAGGGA=====AGAG=====0YOHPPASYHTRLILTHYMRKLIRNPHTY
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GKPSLHAL YKYYAHKLARNPHTY
GKPSLHALYKYYAHKLSRHPHTY
DKPSLHALYKYYAHKLSRHPHTY
GEKSFLEYHSLYHLKLATNPHCY
SRPAFUCLHKTYGYKLAHNPHSY
SRPAFHCLHKTYGYKLAHNPHSY
SRPAFHCLHRTYHYKLAHNPHSY
VYRLPFUATARTYGLKLARNPHYY
IRL-=HPLYRTYGLKLAGHPHYY
HARRSLHPLYRAYHLKYARNPHYY
SSSFUPLYRAYGTKYARNPHIY
ARRSFHPLYRAYHHKYAKNPHYY
RSYGTHKILLKAMRKLIINPHTY
RKYKAHLVLL TYGKKLHSNPHFY
REYKARYILL TYGRKLHSHPHFY
RCYGAFQFLLYYGKKLYTHPRHY
RCYSAFCFLLYYGRKLYINPHHY
HIRRLUPTYRTYGLKLAGHPHYY
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0sPINla ALPAGIYPF-==-YFAKEYSYHPDILSTAYIFGHLIALPITLYYYILLGL
ShPINL ALPOGIYPF====YFAKEYGYHPDILSTAYIFGHLIALPITLYYYILHGL
GiPINLb ALPOGIYPF====YFAKEYGYHPOILSTAYIFGHLIALPITLYYYILLGL
0sPINLb ALPOGIYPF====YFAKEYSYHPSILSTRYIFGHLIALPITLYYYILLGL
5iPINla ALPOGIYPF====YFAKEYNYHPDILSTAYIFGHLIALPITLYYYILLGL
SbPINdb ALPOGIYPF===<YFAKE YNYHPOILSTAYIFGHLIALPITLYYYILLGL
AtPINL ALPOGIVPF====YFAKEYNYHPOILSTAYIFGHLIALPITLLYYILLGL
PtPINLc ALPOGIYPF ====YFAKEYNYHPEILSTGYIFGHLIALPITLYYYILLGL
PLPINId ALPOGIYPF====YFAKEYNYHPOILSTAYIFGHLIALPITLYYYILHGL
tPINPINLa ALPOGIYPF====YFAKEYNYHPOILSTGYIFGHLIALPITLYYYILLGL
PtPINLb ALPOGIYPF====YFAKE YNYHPDILSTGYIF GHLIALPITLYYYILLGL
AtPIN3 ALPOGIYPF====YFAKEYNYHPAILSTGYIFGHLIALPITLYYYILLGL
ALPIN7 ALPOGIYPF====YFAKEYNYHPALLSTGYIFGHLIALPITLYYYILLGL
PtPINIa ALPOGIYPF====YFAKE YNYHPAILSTAYIF GHLIALPITLYYYIFLGL
PtPINIb ALPOGIYPF====YFAKEYNYHPAILSTGYTFGHLIALPITLYYYILLGL
fAtPINd ALPOGTYPF ====YFAKE YNYHPTILSTGYIFGHLIALPTTLYYYILLGL
PpPIN3-2 ALPOGIYPF ====YFAKEYGYHPEHLSTAYIFGHLIALPITHYYYILLGL
PpPIN3-1 ALPOGIYPF====YFAKEYGYHPEILSTAYIFGHLIALPTTHYYYILLGL
PpPIN3 AL POGIYPF===-YFAKEYNYHPETLSTRYTFGHIYTLPTALLYYILLGL
0sPIN2 ALPOGIYPF====YFAKEYNCHPQILSTRYIFGHLIALPITILYYYLLGI
ShPIN? ALPOGIYPF====YFAKEYNCHPOILSTAYIFGHLIALPITILYYYLLGI
GiPIN? ALPOGIYPF----YFAKEYNCHPOILSTAYIFGHLIALPITILYYYLLGT
AtPINZ ALPAGIYPF====YFAKE YNYHPDILSTRYIFGHLYALPYTYLYYYLLGL
PLPIN?a ALPOGIYPF====YFAKEYNYHPDILSTRYIFGHLIALPITYLYYYLLGY
0sPINLc ALPOGTYPF====YFAKE YNYHPHILSTAYIFGHLIALPTTLYYYILLGL
SbPINdc ALPOGIYPF ====YFAKEYHYHPDILSTAYIFGHLIALPITLYYYILLGL
SiPTNdb ALPOGIYPF====YFAKEYNYHPOILSTAYIFGHLIALPTTLYYYILLGL
GiPTN4d ALPOGTYPF--=-YFAKE YNYHPOILSTAYIFGHLIALPTTLYYYILLGL
PtPINZD ALPSGILPF====IFAKE YNLHANIQSTSYTFGHYYALPYTITYYYLLOL
DsPIN10a SHTHIKKAYGRSHIKRKKHGORERKKSDPYHLKQRHLICIACCRTLPHHTRORSCYRATYLCOICTROKDRHYSNITDIRYVFC
GbPINda ALPOGIYPF-==-YFAKE YNYHPATLSTHYIFGHLIALPTTLLYYILLGLKPY
5iPINda ALPAGIYPF====YFAKE YNYHPATLSTHYIFGHLIALPTTLLYYIVLGLGPY
DsPINLOb ALPOGIYPF====YFAKEYNLHATILCTLYIFGHLIALPITLYYYTILGLL
ShPIN? ALPOGIYPF====YFGKE YNLHARILCTGYIFGHLIALPITLYYYTILGLL
SiPINdc ALPOGIYPF====YFAKEYDLHARILCTGYIFGHLIGLPIALYYY LILGLL
AtPING ALPOGIYPF====YFARE YNLHPOLLSTLYIFGHIVSLPYTILYYVLLGL
PtPINGa ALSOGIYPF====YFAREYGLHPDIHSTRYIFGHLYSLPYTLLYYIFIGL
PtPINGD ALSAGIYPF===-YFARE YGLHPDIHSTGYIFGHLYSLPYTLIYYIFLGL
PLPINPIN? ALPOGIYPF====YFAREYGLHPDYLSTRYIFGHIVSLPITILYYIFLGL
0sPINLd ALPOGIYPF====YFAKEYNYHPNILSTAYIFGHLIALPITLYYYILLGL
0sPIN9 ALPLAYTSF====YYAEE YKYHADIHS TGYILGIFISLPYTIVYYILLGL
SbPIN3 ALPLAYTSF====YYAEE YKYHADIHSTGYTLGIFISLPYTIVYYILLGL
SiPINGb ALPLAYTSF===<YYAEE YKYHADIHSTRYILGIFISLPYTIVYYILLGL
PpPIKG-1 ALPORYISF====YFAKDYNLHTOVFTTA
0sPIN5a ALPOSTTSF====IFAKEYGLHADYLSTAYIFGHLYSLPLLYGFYIVLELIR
GiPINGa AYPOSITSF====IFAKEYGLHADYLSTAYIFGHL YSLPLLYGFYIVLELIR
SbPINGb SLLAF====FF
ALPING ALPOSITSF====IFAKE YGLHADYLSTAYIFGHLYSLPYLYAYYRRLEFIH
PtPINGa AFPORTISF====IFAQEYGLHAEYLSTAYIFGTIVALPYLIAYYAILOFYH
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SbPIHSb SLLAF----FF

ALPTHS ALPOSITSF----IFAKEYGLHADYLSTAYIFGHLYSLPYLYAYYRALEFIH
PLPIH5a AFPORIISF----TFAQEYGLHAEYLSTAYIFGTIYALPYLIAYYRAILOFYH
PLPIN5e AFPORTISF----TFAQEYGLHAEYLSTAYIFGTIYALPYLIAYYAILDFYH
PLPIH5b ALPOSITSF----TFAKEYGLHAEYLSTAYIFGHLAALPYLITYYRILEFYP
0sPIN5b ALPOSIASF----¥FAKEYGLHADYLSTAYIFGTLISLPILIAYYAYLGFY
SbPINSe ALPOSIASF----¥FAKEYGLHADYLSTAYIFGTLYSLPYLIAYYAYLGIL
0sPIN5c  PEICLHSHGCHHOTSPHOETARDEQAALPQSITTF----YFAKEYGLHAEILSTAYIFGTLASLPYLIYYYIYLGFIR
SbPIN5a ALPOSITTF----¥FAREYGLHADYLSTAYIFGTLASLPYLIVYYIVLGLIRC
SiPIH5d ALPORITTF----¥FAKEYSLHADYLSTAYIFGTLASLPYLIVYYIVLGLIRC

ALPTHE ALPOEYYPF----¥FAKE YHLHPET IS TGYIFGHLIALPTTLAYYFLLOL
PLPINBa ALPOEIVPF----¥FAKEYHYHPDTLSTGYIFGHLIAHPIALAYYSLLAL
PLPIHBb ALPOGINPF----¥FAKEYHYHPOTLSTGYIFGHLISHPIALAYYSLLAL

SbPTHE ALPOGIVPF----¥FAKEYHYHADILSTATILGHIYAYPYALGYYFYHDHPRL

SiPTHE ALPORIYPF----¥FAKEYHYHADTYSTATIYGHHYAYPYALGYYFYIDHPRF
SiPIN5e

0sPTH7 YYYLEYRKAFYSDRHDESHS YEEGSF I00DTYYGSSGTSEDHOSLEEGYSDATNADLRGEERYSYAYYNGARL PLFKSYARRTSLCHALHRGRC
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