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Bioinformatics Analysis of Starch Synthase in Several Plants

TIAN Yazhen', WU Guofan', QIN Xujun®, NIU Shiquan', KONG Weibao™
(1. College of Life Science,Northwest Normal University,Lanzhou 730070,China;2. School of Preventive
Medicine , The Fourth Military Medical University, Xi'an 710032, China )

Abstract: The nucleotide and amino acid sequences of starch synthase gene (SS) of six plants
(Solanum tuberosum ,Impomoea batatas , Triticum aestivum ,Sorghum bicolor ,Cucurbita moschata,
Oryza sativa) were analysed using bioinformatic method and the physical and chemical properties
and functional domains were predicted. The results showed that SS ¢cDNAs of S. tuberosum,I.
batatas ,T. aestivum and S. bicolor contained methylation site. The average length of SS was 1 847
bp and the average length of the open reading frame was 877 bp. The start codons were all ATG,and
the stop codon consists of 3 kinds. The average number of amino acid residues was 286,and the
average relative molecular mass was 31 915.88,the average isoelectric point was 8.2645 ,the average
charge was -0.598 1 in neutral solution. The average number of hydrophilic amino acid was 63 ,and
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the average number of hydrophobic amino acid was 102. All the SS of these six plants had two

transmembrane domains.The irregular curl and extension chain were found the main component of

all the SS secondary structures. Throngh starch synthase by phylogenetic analysis, 7.aestivum was

similar with S. bicolor in degree of evolution ,but far away from C. moschata.

Keywords: plant,starch synthase, bioinformatics analysis
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B, R ADP AR )RR R o1, 4 F 7
A A 3 TP R i SR A o— 1,4 ) A B 2 AR £
AR SAE J V28 4 S IR 5 S BEVE S, 2R
Y5 B2 R 78 A A B B B 55 OB 10 8 ST 7E 4
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VEZE AR B kX B | 41855 6
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AT 53 A, DAIASA A5 R SS TR A 5E
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1 wresE

1.1 SEW#H#

L2 (Solanum tuberosum) . £1.25 (Impomoea
batatas) . /NFZ (Triticum aestivum) . 15 5% (Sorghum
bicolor) . FJKN (Cucurbita moschata) . 7KA& (Oryza
sativa)SS mRNA J7 51 Fl & HE R 7 51 K 5 T NCBI /9
LN B %, Ik DL 19, 55000 0 . X52417.1

U44126. 1, D10657. 1., U41446. 1, JN828808. 1 FlI
FJ750946. 1,

R1 EYESF0 R E R4 5K M it
Table 1 Websites of bioinformatics database and software
m

NCBI http://www.ncbi.nlm.nih.gov/Genbank/index.html

ProtScale  http://expasy.org/tools/protscale.html

TMHMM
2.0 Server

PSIPRED  http://bioinf.cs.ucl.ac.uk/psipred/

Mega 6.0
Smart http://smart.embl-heidelberg.de
Blast hitp://www.ncbi.nlm.nih.gov/BLAST/

http://www.cbs.dtu.dk/servicessTMHMM-2.0

http://www.megasoftware.net/history.php

CpGisland  http://www.bio—soft.net/sms/cpg_island.html

1.2 EWHIE

i85 NCBI o 3 K28 5 38 9 DNA J3 81, 1 28 4%
HEDRE 2 0 I e 4% 52 B M e 4 FIH CpG
ST 6 B RR Y LAk A 45 a8 i DNAstar £2 7
1) EditSeq i e 56 5% 2 A HE I T 0 2 11 o 3 Ak
Jii; i3 ProtScale & 3 20 A 8 F T 1) 5% 7K M /85 7K
P, fEZR T H TMHMM 2.0 Server 43 #7245 H it
5 4 AL 1 5 3 ok PSIPRED I 3k (19 76 28 43 7 D) g ¢
B B e R T, R Smart 4387 40 FR
S5Ab 5, A Blast 58 U R M2 2 KL R I 471 1Y) [) 95
P HE X FIFH Mega 6.0 #4850 T R 4B,

LRI

2.1 6 #iEY SS RENX LSS

DNA F A 2 fie B & B 0 € WL gt 1% 4 i 4 4
Z— AR TE DNA WL BRI E R T RS-
B 2R B2 11 A T R R P A B CpG B H R
Ao B e 5 ik o L A Sk AR, R DR S gl 1 R HL R AT
XN CpG WAL JE AR 22 NS B L 3R (0K
AN A B ) B2k A%l i I € J5 355 CpG & 1
FAIRES T i B DR R0k T S N Rk 4
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CpG By o3 A4 R A B2 L1358 /N2 i St K Fed 41
RECLLE S ADWC TR 2 1P Nl Y =
LLEEEAR 3AH R AL NESA 701 A AL
B, S B A 154 AW AR KR & A 1799
A F AL 7 A

22 SS—HEMSH

221 AR A A B 6 BORBR B 5 69 LR 4
Fo 2 AL M B 4 A DNAstar,ORF Finder #

ProtParam 73 #1 S8 5 £1% /N7 mR RN KA
6 FIAE YA SEFE R T 51, o 3 DN A A R B L% i
() B4 1Ry ) 1) 4 0 R AL M ST R AT 40 B, 45
RO 2, TEB G UG R T 5 2K R
1 847 bp, FF it & S AE (4 BE 29 8 877 b, i iy %5 A
T ATG, Z L% T4 TAA TGA .GAC, FFHL
TEHE JIT G A% 1) S TR 5 ST 35 8K 2865 “F- 3 AR XS 43
A 31 915.88; FXAEHL SN 8.264 5;pH N
7 (8 PR T 4 F A -0.598 15 P34 SRR AR
FER 63 A, P B K Z LR 102 4>, Bl SS 6
QA=

®2 TEEWH SS AR S REL RS

Table 2 Composition analysis and physicochemical characteristics of SS in different plants

H [ ByEs *HX:I o szJ 7
e Dl
b 1335 96 ATG TAA 31 3702.41 14 10 9.772 1.907
A 2 124 1 827 ATG TGA 608 67 000.67 66 65 217 141 7.462 2432
/N 900 150 ATG TGA 49 5 662.48 10 3 16 12 12.198 7.078
(SR 1032 129 ATG TGA 42 5 019.81 6 5 15 8 8.033 1.351
K 1104 1035 ATG GAC 345 39 157.72 33 34 125 69 6.019 -8.524
KA 2 429 2 028 ATG TAA 641 70 952.24 61 71 227 142 6.103 -7.833
T 18473 877.5 = = 286 31 915.88 29.8 29.8 102.3 63.7 82645 -0.598 1

2.2.2  SS BB G AMIF ARSI EARBK
PE/E M I 21 B 38 1 BT & ) 2 BEBK 3N 0 SR
JE AT B 3 R 7K AR RN S K e T ] R 7 8 A 15
R DX T Jok, v 500 7K AL DX 38K, 90 10 v L e 0 B — % 0k
JiE 55 — G A6 R B 11 T 3R T R A A . e BT IEAE
NN o T S 2 NN 5= < T
—0.5~+0.5 Z B iy 22 Ry W PEE FE @R, ] ProtScale
Xf B 44 A 6 FAE W TE R B R A SE R I 5 R AT
B KM/ KR TIN , S5 S UL 1, B R AR, S
B SS ZIKEE I LR (L AR ILE ) B AT i
FE M (211 1) AL T4 130131 i, 2 W% A7 5 1)
IR B K P R 2 HE R (2R, Arg) 19 5HE
A% (—0.667 ) 57 T4 1145 1146 i, & BIZ 0 S 1Y
R R K Mo, R AOK R B KM = R
Z TR EE SRR, NI, A 2 BBE 2 80 57K
PELATIA R S8 8 SS SR K EE H . AT HE 5
T b 1) SS 22 5k 18 J7° 91 a0E A7 B 7K 1 /5 7K T
S5 R WL i K MR8 SS 455 R I i K
P 3355 A TI0I 2 SR — 3, RIER T SS S K M R

EO

200 400 600 800 1000 1200
SRR IT A Ihp

B 1 D$%ESS BKME/FEKERR S H
Fig. 1 Predictive analysis of hydrophobic/hydrophili of
Ipomoea batatas SS
2.2.3 ¥ A TN Ao o AT I IR 2 R
5 P9 A MR IR AR 45 5 00 2200, BT MR
552 AR A nT RE SE T R A B R R P e
1 3 A P AE DR TR AN 23 BT R S A S T
iR B T B0 45 R N 2 RE LA B A 20 i TP A A
(i BA o EEME X, A TMHMM 2.0 Server
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Xif A4 ST 6 FAE YY) SS BRI 51 1) 15 I 25 A
S R AT PO AN 23 AT, ) S B 5 h S, 41 5 K
R B FI 245 SR DL IR 2. 2135 MUK i Rl SS F 51 #8
A, HRE NE R N 4 MR
SR,

12 il
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02 P
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IR 741 /op
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2SS BRERX Z T oA
Fig. 2 Predictive analysis of transmembrane domain

structure of SS

23 EMEREEZREMESH
231 EFaR-AsMmatrms BEHER K
SiTs B 2K b N A S R
1 22 IS 38 5 T B A R EE B E 1 S ()
SEA, LAY SRR 14 A W) 2 T v RN B AR Y, A
I, T AN A3 A A A M X T AR LT RE A
23 [A) G K AT T B 5L P T ) R R T 2
P 5 235 A 2L 27 P 5 ) R 0 ) f 2 —1

H A 100 258 0 A AR £ (R i R
HAEARAA . Har g Hi g7 ik PSIPRED J5 %
A PRI 25 SR L R E AR DR R I 8, W L =
Lol EEA o8 0E B-F A B-PTEH L
FILOU) A i FHAE A5 4T 3% 3 Oy PSIPRED 745 Tl 6
FhAE Y SS Z LR B9 — A JRLAF L), 45 51 R
T G AR L TGN 2 R A e ol R A A
3k SS H IR LM N B A 22 4,
I3 HIAE 53~64 97~106 45 X 35 H BT o5 28 11 R L Ky
13.33%, B-I& R &H 29 4, 43 HIHE 5~15.19~23

86~90 . 116~121 161~162 S5 X4, 7 (5 & 115 e 4]

17.58% ., JCHLIIZE il ALE AR EE & 47 114 4>, 43 5 HE

1~4.16 ~18 24 ~52 65 ~85 .91 ~96 107 ~115 122 ~

160 ,163~165 55 X 38k, fT o 25 F1 52 e 5 R 69.09%
%3 SSEA-REMHH

Table 3 Analysis of SS protein secondary stucture

: AL 1
i A
%ﬂ*¢ o EnﬁE B ﬂ?ﬁf}# *ﬂiﬁfﬁ]ﬁ§
H/% H /% H1/%
DRE 0 0 13 3023 30 6977

a3 164 40.20 68 16.67 176 43.14
UT= 161 32.86 60 12.22 270 54.99
o 5 22 13.33 29 17.58 114 69.09
R 106 28.88 60 16.35 201 54.77
K i 158 42.82 82 22.22 129 34.96

cont : JINInRNNNENEREnniRaEiRnsRNnnn=s-ndNNNRS!
Pred:

Pred: CCCCEEEEEEEEEEECCCCEEEEECCCCCCCCCCCCCCCC
AR: MGDGYETVREFFHCYKRGVDRVE IDHP LFLERVWGKTEEKI
' ' [ 3

10 20 30 40

cone : InNNNNNNNnsRRNNRNNNNNNENznt - annRNNRRRN]
e —

Pred: CCCCCCCCCHHHHHHHHHHHHHHHHCCCCCCCCCCCCCCC
AR: YGPDAGTDYKDNQLRESLLCOAALEAPRILSLNNNFPYFSG
' [ [ [

50 60 70 80

cont : JINNENsENENsREEn-nnNNRNNNn-nNNnnnNn=0NnN
Pred:

Pred: CCCCCEEEEECCCCCCHHHHHHHHHHHCCCCCCCCEEEEE
Ah: PYGEDVLFVCNDWHTFPLSCYLKSNYQSNGIYKDAKTAFC

'
90 100 110 1zo0

cont : JinnnnnnNNNNNNNNRNNNERREERNs-naninNNNNNN!

Pred: 2
=

Pred: EECCCCCCCCCCCCCCCCCCCCCCCCCCCoococccoococcce
AR: THNISYDGRFAFSDFPELNLPERFKSSFDEIDGYEKEVEG
' [ [ 1

130 140 150 160
cont : Janmllt
Pred:
Pred: CCCCC
ARh: RKIEL
Legend:
_ = helix Confr ]=I|I[ = confidence of prediction
- +
EESP - strand  Predi predicted =mecondary structure
— = coil ARt target sequence
3 BRSSZHEHRTN
Fig. 3 Prediction of secondary structure of Sorghum

Bicolor SS
232 SMBE AT GO — AR X S Y
DX BVE BS54 2 A T O = R Z A Y o —
T2 UG AL, o 1 I R B BOIR 5 A X
Sl , 7R BT PR G ST B A5 A B T BE A
PrE A hae, — A& B ] LA & — 5ty i
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AT DL R JUAS S5 48 3k i D) e 207, 35 Smart X
6 P Y)Y SS 45 M4 Sl HE AT 00N X 21 B R K A SS
8 b S ) T 25 SR L 4, Hoh e /)y e R IR
SEARE X, 2135 SS T 25 R B A & 241X
T 98~115 Ab K 4 17 bp, XF 7K SS &5 #4421
U 45 SR e W LB A AR AT 4 B X, LG & 2
JE X IF AT 2~14 Kb 1 99~108 4b , B AL JEH 21 bp,
HAy 4 Pl SS ¥R & A S5 Fg

[ ]
|
RS 252 IX
0 100 200 300 400 500 600
(a) Impomoea batatas
| [}
| ]
RS 252 X
0 100 200 300 400 500

(b) Oryza sativa

Bl 4 LOEFKFESS B HE
Fig. 4 Prediction of structural domain of SS in Impomoea

batata and Oryza sativa

24 ZBEREBRFIIMLEISH

e 90 B AR AU 5 P 9 B R IR PE A — R &R, —
fe ke UE , P 51 ) A AR AL A AT R TR U B
AR T Sy, B LA T R S e 0 B R R A
SRR, 1] Blast 72 1¥ 705 X 6 Fi 9SS 4%
Fi% (Blastn) J £ [ 3 51 (Blastp ) #E 47 [7] Y04 He X,
ZERIFE 4, % 4 Bl B i NS o AR 7 4
RIS BE 53550 T4% , HoAb Wy o 24 T [R] U5 51

R4 6 THEYEZER T T A8 K b Xt

Table 4 Correlation of nucleotides sequences between six

different plants
SEE 100%
a1 0%  100%
N 0% 0% 100%
[ 0% 0% 0%  100%
MR 0% 0% 0% 74%  100%
7K 0% 0% 0% 0% 0%  100%

Blastp L Xt 5 Bl 9 26 1505 51 1 ) R |, 45
IR 5. KFEG/NE | 5w [R) U5 RE 53 531 86%
87% . 1 I\ 5 151 SR 19 [R) U6 BE 53501 K 82% , i Bk 55 /N2

IR 64%
RS S5THEWIEEBRF S HEX S
Table 5 Correlation between protein sequences of five

different plants

A

100%

INFE 0% 100%

o 5 0% 64% 100%

MK 0% 0% 82% 100%

K F5 0% 86% 87% 0% 100%

Blastn 5 Blastp FUZ5 SR XT b &3, #7181 [m] 5
J e e AR T A A TR R 3k 2 P Ry 4 A 1 R i
FEE B Hy —Ff L E B %5 B 1 2 A ] — > 2 R TR 1Y)
PG, X LT [] — 22 TR 1) 2% 1~ SR Ay [l S %5 )
F U8, Blastp X4 R ok . 2L E 5B L
(Populus  tremula,CA177773.1) . dt € P& MW #
(Nicotiana sylvestris ,XP009777240.1) . M 4% (Citrus
clementinal ,XP 006441435.1) ] % (Vitis vinifera,
CAN63617.1), 0l n  (Theobroma
0070029360.1) #J [l 5 B 73 51 4 37% 33% 36% |
32% 32% . /N FE 5 @R
KXG39419.1), 77 15 %  (Aegqilops
EMT23342.1) . X % (Hordeum
AAA32972.1), Kl %% (Oryza sativa indica group,
EEC82681.1) . /N K (Setaria italica,XP004958680.1)
Rl UL 53 00R 64% 92% T1% 64% 87% . & 55 £
K (Zea mays ,NP 001149266.1) . #ill #F (Oryza sativa
indica  group,EAZ09149.1), /I 2
monococcum ,AHJ14569.1) . K M % (Zostera marina,
KMZ64620.1) ., 7 % (Vitis vinifera, CAN76946.1) ]
I 5 2 43 31 89% 85% \71% 88% 57% . ®JR 574
JK (Citrullus lanatus ,AEV46188.1) . . %% (Fragaria
ananassa, AAT40976.1) . 11 38 F (Malus baccata,
AED99204.1) . #l % (Rosa roxburghii , AAT28434.1)
1L 7] 45 (Vitis amurensis , AARO8831.1) ¥ [F] ¥ £ 43
B 83% 46% 45% 48% A5% . K i 5 /N K
(Setaria italica,XP 004977081.1) . & K (Zea mays ,
NP 001105759.1). /N 2 (Triticum aestivum,
CBG91898.1) " % (Sorghum bicolor ,XP
002455594.1) . & R ¥  (Populus trichocarpa,XP
002320314.1) K [ I8 5 73 5 9 90% 86% 86% .
87% . 77%,

cacao ,XP
(Sorghum  bicolor,

tauschit ,

vulgare ,

(Triticum
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25 HUMHBSST

FH MEGA 6.0" 3 A4 3 17 3 #3 5 BUBE 1) 6 >4
Tt 22 1] (1) 2% 25 0 R T AL R AL AR, 45 SR UL IR 5, &5
WoR, Z 5000 6 PR e LR 2B — A4
KEISY 37 o /INAE Rl 4% SS #E AL TR 8 AR AL, 1K Fie i
AR B 4230, RS I E AL AR R 4ozt H: H g TR
ThES S T AR AR AT . 6 P Rl 2 [A] S 3 f
MR RR

D10657.1_Triticum_aestivum_WAXY_gene_for_starch_synthase_partial_cds
U41446.1_Sorghum_bicolor_starch_synthase_(Wx)_gene_partial_cds
FI750946.1_Oryza_sativa_clone_KCS619E02_starch_synthase_ mRNA_complete_cds
U44126.1_Ipomoea_batatas_starch_synthase (SPSS67) mRNA_complete_cds
X52417.1_S.tuberosum_waxy_gene_for_starch_synthase (clone_G28WxSt)
IN828808.1_Cucurbita_moschata_starch_synthase_(SSII)_ mRNA_partial_cds
0.1

5 EMAEMEBHELR ST
Fig. 5 Phylogenetic tree analysis of SS
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Fo

VE M B B S B KPR R T /N2 KRS 4 A
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. Blastn Lbx¥ 6 Byl [ J5PE , 45 5 R W] m R
5 1 S 1 TR R BE 23 0 A T4% , HoAth 4 o 2 G [] 96
51, Blastp HxF 5 B 41 48 1 5T ) [ v 2 W, 7K A
5N e e R R 43 5 86% \87% ., R K5 i
SE 0 [FLUR BE 23 00 R 82% , e R 55 /N ) [ IR Dy
64% o 3t 3t AR 73 BT VE By 5 U 7, /N2 R
HEACRR BEAE AL, R RS TR AR IR BGE . X W] RS
TEM A WU EAS [ b b AR A G
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