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Bioinformatic Analysis of the Starch Synthase Gene Family in Wheat
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Abstract In order to further investigate the mechanism of starch biosynthesis in wheat, in this study the bioinformatic softwares
were employed to analyze the gene constituents, structure and phylogenetic relationship of starch synthase in wheat. The results
showed that this gene family were at least composed of nine genes which encode starch-synthesis enzymes and located in different
chromosome. The lengths of the amino acid sequences of wheat starch synthases were obviously different but it is similar for the
same isoform. Based on the location of caltalytic domain and clycosyl transferases domain of the amino acid sequencese, the starch
synthase gene family in wheat was divided into two subfamilies.
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Table 1 Comparison of wheat starch synthase protein sequences

ANGEREE: (AL R SRR S e B Sl R . b 4G
P30 3 0 AR ST 2k 2 B SR ARG T B s A &5 R 3k 11
TR SRR G MR an O, ] LU U
B o PN R: 5—41: TaSS 1 . TaSSII-1.
TaSS1I-2. TaSS1I-3. GBSS | MGBSSII, % 4
TaSSIII-1. TaSSSII-2F1TaSSIV .

T BT A, PRAN GG IR AN [F) 25 R 3 ) 2=
FERRA 5y I B 2200, 4 B 200 AN [ (1 Z SRR 21
B, AEHR (%) AR (2) . TaSS 1T ==/ [m] T i
Ao G5 K S RIVWE D 2t 7% 45 A 358 % B S PR A 6 0 S
K, GBSSHHAN ] TRl IR AN ) &5 #4358 rh 2 SE R A
RIS R AR, EiIGBSS 1 MIGBSSII 741tk
Ty BRI RIEPEAR &, A AH AL S 1A %160% (1412).

[T, ARSI 00T 8 73 Ve by I DA 4 KA T
gEK9 M, TaSS I —A[F) T RESE R AT ARABL P 5
TINE 45, A8ANANE FRTAWE T . TaSS
VAT 164 A5 7 154 3 7 FI2AN R IX . GBSS
T IERKFEAIR S, 1A TR0 NS T
2H 1 (E13)

1L2RGEM 51T

AT AR B (SS) A AL A B i
A R (GS) I 28 B8 P AR T LU, 0 H T SSIGS
HRSE I ZIEIR, FEIA N IR ELLRAT ) Z LR T AE B
J T R A V) Ak 45 F 3k (Cao et al., 1999).

L3 wEAR KE HAELEZ (%)
Isozyme  Protein Size a.a. Similarty to (%)
SSII-1 SSII[-2 SSII-3 SSIII-1 SSIII-2 SSIV GBSS1 GBSSII
SS1 SS1 647 39 39 40 21 24 26 33 31
SSII SSII-1 799 - 95 95 21 21 20 35 31
SSI-2 798 - - 95 22 21 21 35 31
SSII-3 799 - - - 21 21 20 35 31
SSII SSIII-1 1628 - - - - 61 28 21 24
SSII-2 1271 - - - - - 26 22 23
SSIV SSIV 914 - - - - - - 22 23
GBSSI GBSSI 605 - - - - - - - 60
GBSSII GBSSII 599 - - - - - - - -

xR B (Yo) i i 2 7 51 LE S K2 Clustal X 7331

Note: *: Values for % similarity of the conserved catalytic domain resulted from multi-sequence alignment analysis using the
CLUSTAL X program, Comparisons between proteins belonging to the same isozyme are shown in boldface
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-
TaSSI AVNFLEGAVVTIADRIVIVSQGYSWEVITAEGGQGLNELLSSRESVLNGIVNGIDINDWHP 417
TaSSII-1 HANYFAAGLEMADQVVVVSPGYLWELKTVEGGWGLHDI IRQNDWETRGIVNGI DNMEWHP 571

TaSSII-2 HANYFAAGLEMADOVVVVEPGYLWELKTVEGGWGLHDI IRQNDWETRGIVNGI DNMEWHNP 570
TaSSII-3 HANYFAAGLEMADOVVVVEPGYLWELKTVEGGWGLHDI IRQNDWETRGIVNGI DNMEWNP 571
TaGBSSI KINWMEAGILQADKVLTVSPYYAEELISGEARGCELDNIMRLTG-ITGIVNGMDVSEWDP 357
TaGBSSII KINWMKAGITECDVVLTVSPHYVEELTSGPERGVELDGVLRAERPLETGIVNGMDVVDWNP 352

-

TaSSII-1 GAHY IGEAMTYCDEATTVEPTYSRDVAG------- HGAIAPHREKFYGILNGIDPDIWDP 1394

TaSSII-2 GVHHIGEAMAHCDEATTVEYTYSKEVEG------- HGEIAPHYFEFHGIRNGIDSDIWDP 1037

TaSSIV RINAVKGAVVYSNIVTTVSPTYALEVRS EGGRGLQDTLKVHSRKFLGILNGIDTDTWNP 680
R

TaSSI TTDECLP----HHYSVDDL-SGEAKCKAELQKELGLPVRE-DVPLIGFIGRLDYQKGIDL 471

TaSSII-1 EVDVHLOEDGYTNFELETLDEGERQCKEALQRELGLOQVRA-DVPLLGFIGRLDGQREGVEIL 630

TaSSII-2 EVDVHLESDGYTNFELGTLDSGEKRQCKEALQRELGLQVRG-DVPLLGFIGRLDGQKGVEI 629
TaSSII-3 EVDAHLESDGYTNFELRTLDSGEKRQCKEALQRELGLQVRA-DVPLLGFIGRLDGQKGVEI 630

TaGBSSI AEKDKFLA----ANYDVTITALEGEKALNKEALQAEVGLPVDR-KVPLVAFIGRLEEQKEGFDV 412
TaGBSSII ATDEYIS----VEYNATTVAEARALNKEILQAEVGLPVDS-SIPVIVFIGRLEEQKGSDI 407
JR—
TaSSII-1 YTDNFIP----VPYTCENVVEGERAAKRALQQKFGLOOT--DVPIVGIITRLTAQEGIHL 1448
TaSSI-2 YNDNFIP----VHYTSENVVEGESSAKRALQEKLGLHOT--DSPLVGIISRLTAQKGIHL 1091
TaSSIV CTDRYLK----VQYNAKDL - QGKAANKAALREQLNLASAYPSQPLVGCITRLVAQRGVH[. 735
* H M H * * L . * ;o * * % W W
TaSSI IKMAIPELM-REDVQFVMLGSG----- DPIFEGWMRETESEYKDEFRGWVGFEVPVEHRI 525
TaSSII-1 IADAMPWIV-3QDVQLVMLGTG----- RHDLESMLRHFEREHHDEVRGWVGFEVRLAHRI 684
TaSSI-2 IADAMPWIV-SQDVQLVMLGTG----- RHDLEGMLRHFEREHHDEVRGWVGFSVRLAHRI 683
TaSSII-3 IADAMPWIV-SQDVQLVMLGTG----- RHDLESMLQHFEREHHDEVRGWVGFSVRLAHRI 684
TaGBSSI MIAAIPEILKEEDVQIVLLGTG----- KEKFERLLESVEEKFPSEVRAVVRFNAPLAHQM 467
TaGBSSII LIAAIPEFL-EENVQIIVLGTG----- KEEMEEELMLLEAKYPQNARGIAKFNVPLAHMM 461
TaSSII-1 IKHAIHRTL-ESNGHVVLLGSAPDHRIQGDFCRLADALHGVYHGRVELVLTYDEPLSHLI 1507
TaSSII-2 IRHAIYRTL-ERNGQVVLLGSAPDHRIQGDFSNLAAKLHGEFDGRVELCLTYDEPLSHLI 1150
TaSSIV IRHAIYKTA- ELGGQFVLLGSSPVPEIQREFEGIADHFQ——NNNNIRLILKYDDALSHCI 792
TaSSI TAGCDILLMPSRFEPCGLNQLYAMQY¥GTVPVVHGTGGLRDTVET ----FNPFGAKGEEGT 581
TaSSII-1 TAGADALLMPSRFEPCGLNQLYAMAYGTVPVVHAVGGLRDTVPP----FDPFNHSG---L 737
TaSSII-2 TAGADALLMPSRFEPCGLNQLYAMAYGTVPVVHAVGGLRDTVPP----FDPFNHSG---L 736
TaSSII-3 TAGADALLMPSRFEPCGLNQLYAMAYGTVPVVHAVGGLRDTVPP----FDPFNHSG---L 737

TaGBSSI MAGADVLAVIERFEPCGLIQLQOGMRYGTPCACASTGGLVDTIMEG---KTGFHMGRLEVD 524
TaGBSSII FAGANFIIVPSRFEPCGLIQLOGMRYGVIPICSSTGGLVDTVSEG---VTGFHMGSFNVE 518

TaSSIII-1 YAGSDFIIVPSIFEPCGLTQLVAMRYGSIPIVRETGGLHDTVFDVDNDKDRARSLGLEPN 1567
TaSSII-2 YAGADFILVPSIFEPCGLTQLTAMRYGSIPIVRTTGGLYDTIFDVDDDEDRAREQGLEPN 1210
TaSSIV YAASDMFIVPSIFEPCGLTOQMIAMRYGSVPIVRETGGLNDSVFD----FDDETIPMEVRN 848
* H TL¥E RN XNR *® 1 L X KR LEENX  ¥oon
—~——
TaSSI GWAFSPLTVDEMLWALRTAMSTFREHKPSWEGLMERGMTEDHTWDHAAEQYEQIFEWAFV 641
TaSSII-1 GWTFDRAEAHKLIEALGHCLRTYRDYKESWRGLQERGMSQODF SWEHAAKLYEDVLLEAKY 797

TaSSI1-2 GWTFDRAEAQKLIEALGHCLRTYRDYKESWRGLQERGMSQDF SWEHAAKLYEDVLVEAKY 796
TaSSII-3 GWTFDRAEAHKLIEALGHCLRTYRDFEKESWRALQERGMSQDF SWEHAAKLYEDVLVEAKY 797
TaGBSSI CNVVEPADVEEVVTTLERAVEVVG--TPAYHEMVENCMIQDLSWEGPAKNWEDVLLELGVY 582

TaGBSSII FETVDPADVAAVASNVTRALEQYK--TPSFHAMVQNCMAQDLSWEGPAKEWEEALLGLGV 576
_ﬁ
TaSSIII-1 GFSFDGADSNGVDYALNRAIGAWFDARDWFHSLCKRVMEQDWSWNRPALDYIELYHAARKE 1627
TaSSII-2 GFSFEGADSNGVDYALDRAITTWYDARDWHHSLCKRVMEQDWSWNRPALDYMELYHPTRE 1270
TaSSIV GFTFVKADEQGLSSAMERAFNCYTRKPEVWKQLVQKDMTIDFSWDTSASQYEDIYQKAVA 908
. - .. * * . o * - - *
Z M 2B 7 e M A 455 IR e RS g G Ay B
Presents starch synthase caltalytic domain Presents clycosyl transferases group

KL /N2 G B 1 2 R IR e 41 R L

VE: GenBank& i /N (Triticum aestivum): TaSS I, CAB99209; TaSSII-1, BAE48798; TaSSI1I-2, BAE48799; TaSSII-3,
BAE48800; TaGBSS 1, BAA77351; TaGBSS II, AAF14233; TaSSIII-1, AAF87999; TaSSIII-2, BAY56823; TaSSIV, AAK97773;
FICLUSTAL XA 81 % FE AR EE et 7 B30 (R ar PERR RS OBRIERL A .27 B AR F AR PEMG AL BRI 2, DI
PaE TNy AR WS R L2 SR VAL

Figure 1 Comparison of the predicted amino acid sequences of wheat starch synthases

Note: The GenBank accession number shown as follow; Wheat (Triticum aestivum): TaSS [, CAB99209; TaSS1I-1, BAE48798;
TaSS 11 -2, BAE48799; TaSS 11 -3, BAE48800; TaGBSS I , BAA77351; TaGBSS II, AAF14233; TaSSIII-1, AAF87999; TaSSIII-2,
BAY56823; TaSSIV, AAK97773; The CLUSTAL X program was employed to align the sequences; The identical and conserved
residues were marked with  “*” and “..” , respectively; The shodow areas mean the locations of starting and terminal domain
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TaGBSSI MAALVTSQLATSGTVLGITDRFRRAGFQGVRPRSPADAPLGMRTTGASAAPRQQSREAHR 60

TaGBSSII ~MGSIPNYCSYQTNSVGSLELSPHIQFQ--QSCNNEVMFLSMENETQLAKRRATNY GTHR 57
: H S HEE & - w % * . Hodd

TaGBSSI GTRRCLEMVVRATGSAGMNLVFVGAEMAPWSKTGGLGDVLGGLPPAMAANGHRVMVISER 120

TaGBSSII NSSRTPAPIVCSTG---MPIIFVATEVHPWCKTGGLGDVVGGLPPALAAMGHRVMTIAFPR 114
T ® H . *® HE * DL o KW HWHREEXNE [ REENNR R HHERN R X

TaGBSSI YDOYEDAWDTEVVEEIRVADEYERVRYFHCYERGVDRVFVDHFCFLEEVRGETRKEEKIYGP 180

TaGBSSII YDOYRDTWDTNVLVEVIVGDRTETVRFFHCYKRGVDRVFVDHPMF LEKVWGETGEKLYGP 174

WM EN THRE X T T XX O NN IEERENNXXENRNXXERN RXRXN RXE N XXX

TaGBSSI DAGTDYEDNQLRFSLLCQAALEAPRILDLNNNPYFSGPYGEDVVFVCONDWHTGLLACYLE 240
TaGBSSII  TTGTDFRDNQLRFCLLCLAALEAPRVLNLNNSEYFSGPYGENVVFVANDWHTAVLPCYLE 234
SHENR : NXNREXN  KEN HAXREXN ;N XNEN | NEXXRRXEN - XXX RXRRXE - % XNENX
TaGBSSI SHNYQSSGIYRTAEVAFCIHNISYQGRFSFDDFAQLNLPDRFESSFDFIDGYDKPVEGREL 300
TaGBSSII  SMYEQNGIYVNAKVAFCIHNIAYQGRFPRVDFELLNLPESFMPSFDFVDGHVEPVVGRKI 294

L I 2 O i b L TR * % XK T X WEER KT KEE HEXN

TaGBSSI NWMEAGILQADKVLTVSPYYAEELISGEARGCELDNIMRLTG-ITGIVNGMDVSEWDPAK 359

TaGBSSII  NWMEAGITECDVVLTIVSPHYVEELTSGPEKGVELDGVLRAKPLETGIVNGMDVVDWNPAT 354
EEREERERE - ¥ REXREEN X _ XX XX FE X 2 TR HEXXEXERRERER N XX

TaGBSSI DEFLAANYDVTTALEGKALNKEALQAEVGLPVDREVPLVAFIGRLEEQKGPDVMIAAIPE 419

TaGBSSII  DEYISVEYNATTVAEARALNKEILQAEVGLPVDSSIPVIVFIGRLEEQKGSDILIAAIPE 414

W L oror L K RRENNE EEEEREEERER 1 L ERXRRREERER K I HEREEX

TaGBSSI ILEEEDVQIVLLGTGEEKKFERLLESVEEKFPEEVRAVVRFNAPLAHOMMAGADVLAVTER 479
TaGBSSII FL-EENVQIIVLGTGEEEMEEELMLLEAERYFPONARGIAKFNVPLAHMMF AGANFIIVPSR 473

TaGBSSI FEPCGLIQLOGMRYGTPCACASTGGLVDTIMEGKTGFHMGRLEVDCNVVEPADVERVVTT 539
TaGBSSII FEPCGLIQLOGMRYGVIPICSSTGGLYVDTVEEGVTGFHMGEFNVEFETVDPADVAAVASH 533
WKW RN N NNN KN H o NN KKK LR & 2 X X 23 M DL KR * o,

TaGBSSI LERAVEVVGTPAYHEMVENCMIQDLESWEGPAKNWEDVLLELGVEGSEPGVIGEEIAPLAM 599
TaGBSSII VTRALEQYETPSFHAMVONCMAQDL SWEGPAKKWEEALLGLGVEGSQPGIEGEEIAPLAK 593

DL EE X K KK RN EEEREEENNN DR T K EEXNNR [N RERREXREE

TaGBSSI ENVAAP 605

TaGBSSII QNVATP 599
HE

K12 /N SERTRLSE B ik A U 0 R IR P 47 R LA

7E: GenBank & [ili 5 /N (Triticum aestivum): TaGBSSI, BAA77351; TaGBSSII, AAF14233; FICLUSTAL X75321112 541 Lt
i, 7 SIORRSENGR R AL A 7 S AR IR MRS AR AR TR AL

Figure 2 Comparison of the predicted amino acid sequences of wheat granule-bounding starch synthases

Note: The GenBank accession number shown as above; The sequences were aligned using the CLUSTAL X program; The identical

and conserved residues were marked with “*” and “.:”, respectively

SSII-1 AB201445 CH—H——HH—O————————————3 Wi 2 Fe A L FIMEGA 4.0F% 7 A i 0 ie Fn &
SSII-2 L—H——HH—T0—1 1 . o N v - N

SSI-2 ARG D—H— 04— = RERGIL(E). T3 R
SSIV DQ400416 TH———H———H—HOHH—O0-0H-HD- I R3S SS T FSSIL A [Rl— WKk, GBSS

GBSSI AB019623 CHHHHH_HHHHH]

F—NE Kk, SSITFISSIVE [F—AN W Kk, s

5L = L L = L L L 3
Oko Thb kb Ske dkb o SEb o 6kb TR FEFNFUAN INZE R £ BB 3384k 5 AR [ (FE5)
Legend: . NS
e VT e UTR BRI AN, HCART SRR R, B R
I3 B4 N B L R [ S R ST B {5 B s, SRR SR G R R, WIZKFESS

Figure 3 Schematic gene structure of partial wheat starch IVbAI/NZESSIVT AR 8100, LR R VREA 2
synthases gene
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100 Maize SSlla
57 Sorghum SSlla
100 Rice SSIlc
100 Wheat SSlla
——— Rice SSIIb
100 L————— Sorghum SSIIb

100 [ Cassava SSII
9L BeanSSI

[ RiceSSlla
99 oob— Sorghum SSllc

100 Rice SSI
— Wheat SSI
100 Cassava SSI
4100: Bean SSI

99— Pea GBSS
L Cassava GBSS

98 Rice GBSSI
100 { Millet GBSS
100 Wheat GBSSI
4]00: Barley GBSS
100 Rice SSIVb
100 I—I: Wheat SSIV
| Rice SSIVa
Bean SSIII

100 89 Rice SSIIb
— 4I—or|: Wheas SSl11a
Sorghum SSIIla
51 Rice SSlllz
100 —
Wheat SSITIb
99 Sorghum SSIIIb

47

4 TYIER & B IR G &

VE: B CLUSTAL X (Ver. 1.83)%fFxf MW Ue by & MU 2 5 1% 7 5 0047 2 P 40451, AP MEGA 4.0 #4348 %
(neighbor-joining, NJ)#; 1%+ Poisson Correction(JFFAME 1F)i%k— K 43 H7 I R 2% JE4H A RN 2, 45 S S R 244 A 1 000 7K
Bootstrap #4:; W4 B K& & A T 5 B G5 40 R 0 JKFE: rice (Oryza sativa) GBSS T, ACJ86365; GBSS 1T, BAF26592; SS
ITc, AAL16661; SS1la, AAK64284; SSIlb, AAK81729; SSIlla, AAL40942; SSIllb, AAM49811; SSIVa, AAQ82622; SSIVb,
AAQ82623; /)N3Z: wheat (Triticum aestivum) GBSS I ; BAA77351; GBSSII, SSla, CAB99209; SS1la, CAB86618; SS1Ib, SSlila,
AAF87999; SSIIIb, ABY56823; SSIV, AAK97773; “KZ: barley (Hordeum vulgare) GBSS, AAM74052; F>K: maize (Zea mays)
SS1la, AAS77569; SS 1, ABQ23357; GBSS I, AAF79205; SSIIIb, ABP35815; = #: sorghum (Sorghum bicolor), SS1Ia,
ACC86844; SSII b, ACC86845; SS1Ic, ABY27640; SSIIIb, ACC86847; A Z: cassava (Manihot esculenta) SS I, ABV25893; #F
: bean (Phaseolus vulgaris) SS I, BAD18845; SS1I, BAD18846; SSIII, BAF49176; GBSS, ABU87173; /NK: Italian millet
(Setaria italica) GBSS, BAC06486; %ii 7. pea (Pisum sativum) GBSS, CAC69955; SS, CAA61268

Figure 4 Phylogenetic tree showing the relationship of plant starch synthases based on their deduced amino acid sequences

Note: The MEGA 4.0 and CLUSTAL X (Ver. 1.83) program were employed to align the amino acid sequences of starch synthases;
The tree was constructed using the neighbour-joining method and poisson correction model and confidence limits to branch points in
the tree were assigned by bootstrapping the alignment with a random number generator seed of 111 and 1 000 trials; Genbank
accession numbers of the starch synthases shown in the tree are as follow; Rice (Oryza sativa) GBSS [, ACJ86365; GBSSII,
BAF26592; SSIlc, AAL16661; SS1la, AAK64284; SSIIb, AAK81729; SSlila, AAL40942; SSIIlb, AAM49811; SSIVa,
AAQB2622; SSIVb, AAQ82623; wheat (Triticum aestivum) GBSS [ ; BAA77351; GBSSII, SS I a, CAB99209; SS Il a, CAB86618;
SS1I b, SSllla, AAF87999; SSIlIb, ABY56823; SSIV, AAK97773; barley (Hordeum vulgare) GBSS, AAM74052; maize (Zea mays)
SSlla, AAS77569; SS [, ABQ23357; GBSS 1, AAF79205; SSIlIIb, ABP35815; sorghum (Sorghum bicolor), SS Il a, ACC86844; SS
IIb, ACCB86845; SS 1l c, ABY27640; SSIIIb, ACC86847; cassava (Manihot esculenta) SS I , ABV25893; bean (Phaseolus vulgaris)
SS 1, BAD18845; SS1I, BAD18846; SSIII, BAF49176; GBSS, ABU87173; Italian millet (Setaria italica) GBSS, BAC06486; pea
(Pisum sativum) GBSS, CAC69955; SS, CAA61268
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Figure 5 Phylogenetic relationships of wheat starch synthases
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Table 2 Amino acid frequencies of starch synthases different domain. All frequencies are given in percent
Ala Cys Asp Glu Phe Gly His lle Lys Leu Met Asn Pro Gln Arg Ser Thr Val Trp Tyr

A TaSS 1 927 193 463 502 425 1042 38 3.09 309 927 116 38 541 193 463 618 386 927 232 6.56
TaSSII-1 861 164 615 574 410 1025 492 492 410 656 287 246 533 287 533 164 205 1148 205 6.97
TaSSII-2 861 164 615 574 410 1025 492 451 410 697 287 246 533 287 533 164 205 1148 205 6.97
TaSSII-3 861 164 6.15 574 410 1025 492 451 410 697 287 246 533 287 533 164 205 1148 205 6.97
TaGBSSI1 728 268 805 536 536 805 192 451 575 766 192 460 460 268 575 575 268 766 153 6.13
TaGBSSII 536 268 575 498 575 843 307 460 536 843 230 460 613 153 498 307 575 1226 192 421
Avg 793 205 615 542 463 958 390 345 443 767 231 344 535 245 522 337 311 1058 198 6.28

B TasSIll-1 707 253 505 505 505 808 606 606 354 657 202 253 354 303 505 758 505 960 202 455

TaSSIIl-2 556 303 404 455 556 960 7.07 606 556 657 152 354 303 303 202 9.09 354 1010 253 4.04
TaSSIV 8.64 2.06 6.17 4.53 4.94 7.41 4.53 4.94 4.94 8.23 2.06 412 3.70 412 4.94 5.35 3.70 9.05 1.65 4.94
Avg 7.20 2.50 5.16 4.69 5.16 8.29 5.79 5.63 4.69 7.20 1.88 3.44 3.44 3.44 4.07 7.20 4.07 9.55 2.03 4.54

C TaSSI 449 112 506 730 562 1124 169 449 562 955 506 112 618 281 562 562 562 674 281 225
TaSSII-1 848 121 6.67 545 424 1030 545 364 242 1212 303 121 485 364 848 303 364 848 182 182
TaSSI[-2 7.88 121 6.67 5.45 4.24 1152 4.85 3.64 242 12.12  3.03 121 4.85 4.24 8.48 2.42 3.64 8.48 1.82 1.82
TaSSI[-3 8.48 121 6.67 5.45 4.24 10.30 5.45 3.64 242 12.12  3.03 121 4.85 4.24 7.88 3.03 3.64 8.48 1.82 1.82
TaGBSS 1 8.65 2.70 4.32 7.57 3.24 8.11 1.62 4.32 8.65 9.19 4.32 1.62 541 3.78 4.86 2.70 4.86 12.97 0.00 1.08
TaGBSSII 8.70 1.63 3.26 8.15 5.43 8.15 1.63 8.15 4.89 8.15 4.35 3.80 5.43 4.89 2.72 5.43 3.80 9.78 0.00 1.63
Avg 7.77 1.54 5.37 6.62 451 9.88 3.36 4.70 451 1046 3.84 1.73 5.28 3.93 6.24 3.74 4.22 9.21 1.34 1.73

D TaSslI-1 7.57 1.62 8.65 2.16 4.86 9.73 5.41 7.57 3.78 1081 0.54 2.70 3.78 3.78 6.49 5.41 4.32 7.03 1.08 2.70
TaSSIIl-2  7.57 1.62 9.19 4.32 3.78 9.19 4.32 7.03 3.24 11.89 0.54 2.16 3.78 3.78 7.03 5.41 5.95 4.32 1.08 3.78
TaSSIV 7.69 2.20 5.49 6.04 5.49 6.59 2.20 7.14 4.40 8.79 2.75 4.40 4.95 5.49 5.49 6.04 3.85 7.14 0.55 3.30
Avg 7.61 181 7.79 4.17 4.71 8.51 3.99 7.25 3.80 1051 1.27 3.08 4.17 4.35 6.34 5.62 471 6.16 0.91 3.26

VB A S4L(SS T, SSITAI GBSS)JEH) 12 MK A 45 KBRS RRALS 1T B: 55— UL(SSTILRN SSIV)JEH) 13 B AE A 45 MU BRAUSERRAL S 0T C: 35— 4L(SS 1, ST GBSS)jEhy &

JSGTE B S B S5 R S R A1 43 43 M D 58 ZL(SSTIUR SSIV) e i -G BB Ji 8 7% 45 AL 3 LR 41 43 43 H

Note: A: Amino acid frequencies of starch synthase caltalytic domain of group 1 (SS I, SSII and GBSS); B: Amino acid frequencies of starch synthase caltalytic domain of group 2 (SSIII and

SSIV); C: Amino acid frequencies of clycosyl transferases domain of group 1 (SS I, SSII and GBSS); D: Amino acid frequencies of clycosyl transferases domain of group 2 (SSIII and SSIV)
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