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Identification of resistant starch related genes in rice
by single segment substitution lines

LUO Jiarui rxt, ZHU Zhenghang, HAO Qingwen, DING Linyi, ZHU Haitao, ZHANG Guiquan, WANG Shaokui, YANG Weifengm
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Abstract: [Objective] To discover the alleles for high resistance starch in starch-synthesis-related genes
SBEIIb, SSIla and ISAI. [Method] The single segment substitution lines (SSSLs) carrying the starch-synthesis-

related genes SBEIIb, SSIla or ISA1 were detected using molecular markers. Then, the resistant starch contents
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of the SSSLs were measured using an improved AOAC method. Sanger sequencing and sequence alignment
were performed to analyze the sequence variations of SBEIIb, SSIla and ISAI in different SSSLs. Through
linkage analysis of genotypes and phenotypes, the alleles affecting resistance starch content were identified.

[ Result] For SBEIID gene, a single nucleotide polymorphism (SNP) (Ex4-96G/A) in the coding region results
in an amino acid substitution (196-Arg/His), generating two alleles SBEIIb-1 and SBEIIb-2. SBEIIb-1 carrying
the Ex4-96G causes Arg at 196th residue, which shows high-resistant starch content of 1.72%. For SSIla gene,
two SNPs (Ex8-334G/A and Ex8-865C/T) in the 8th exon cause two amino acid substitutions (604-Gly/Ser and
781-Leu/Phe), generating three alleles SSI/a-1,8SIla-2 and SSIla-3. SSIla-1 carrying the Ex8-334G and Ex8-
865C causes Gly and Leu at 604th and 781th residue respectively, which shows high-resistant starch content of
3.37%. One Indel (AGG/---) and one SNP (C/T) in ISAI coding region sequence generate three alleles IS417-1,
ISAI-2 and ISAI-3.1SAI-1 carrying AGG-insertion and Ex17-117C causes Glu and Thr at 70th and 717th
residue respectively, which shows high-resistant starch content of 2.09%. [ Conclusion] SBEIIb, SSlla and
1SA41 are key genes regulating resistant starch formation in rice. The SNPs and Indels in coding regions of the

three genes lead to amino acid variations, which subsequently affects the resistance starch content. The three

alleles SBEIIb-1, SSIla-1 and ISA1-1 for high-resistant starch content are identified.

Key words: Rice; Single segment substitution line; Resistant starch; Allele
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1.1 REHRSME

SZARFEA CHNERI 7T4HIXT74) T REED
oy F B PP E S I0 E E E I A R b X R R
Fits R HIX74 588 A Z 510 FARid g7 AR
e BRI, M HIX74-SSSL S FE i i 1) 20 173
SSSLs 43 il 4 i V& ¥y & BAH X B Kl SBEIID.
SSIa 8% ISA1, FARH v BERIE T AR i Bl (R 1),
i R T 2021 ERZF 2 A FAIE 7 AL
) FIEZE (7 A A& 11 H EA) fEEE ALK
2R R Y (PEM, dbEg 23°07 RE
113°15") Ffd o BRI HE 3 MEE /DX, 584

8% ISA1 1) SSSLs, 43 #1 SBEIIb SSIla 5% ISA1 3K
I AR SPtEiE Rl & 8RR, KIEmaiiiE
DL FEDR, i VRS 5 A KRG BT i A

M\ A =L Ay
oA

*1 BATAMRHNBERRRBRREER
Table 1 The information of SSSLs used in this study

BEMLIX H, BEASINX 2 17, 4T 10 Bk, #REEN 16.7 cm,
BRI, MRE T M 3 DX 1 i 0 % 1 B PR Bt AT
FH [R]85 A998 HFEBHIA o

T B B R R etk AL (iYESTFN M Fp Y
Code SSSL name Chr. Carrying gene Donor Subspecies
04-02 W04-47-61-02-04 2 SBEIIb BG367 KA Indica
07-02 W07-11-06-04-07-03 2 SBEIIb IMEFE Suyunuo YEFE Japonica
12-02 W12-09-28-04-01-07-01 2 SBEIIb IR58025B KIFE Indica
15-02 W15-12-10-11-07 2 SBEIIb American Jasmine KA Indica
27-02 W27-18-05-08-01 2 SBEIIb IAPAR9 ARG Japonica
02-06 W02-15-01-08-02-05 6 SSlla Amol 3 KUFE Indica
08-06 W08-18-09-09-06-02 6 SSlla IRG64 KIFE Indica
12-06 W12-42-42-08-02-04-02 6 SSIla IR58025B KFE Indica
14-06 W14-12-03-06-04-08 6 SSIla £ %33 Lianjian33 KFE Indica
15-06 W15-06-06-21 6 SSIla American Jasmine K Indica
18-06 W18-11-01-02-06-06-04 6 SSlla IRAT 261 KEFE Japonica
21-06 W21-23-36-06-07-04-06 6 SSlla IR65598 KEFE Japonica
04-08 W04-10-04-10-07-06 8 ISA41 BG367 KUFE Indica
05-08 W05-36-75-01-01-06 8 ISAI FF1%100 Zihuil00 KRG Indica
07-08 WO07-18-05-01-09-03-05 8 ISAI JAEKG Suyunuo YT Japonica
08-08 W08-15-06-05-11 8 ISA1 IR64 KUFE Indica
09-08 W09-38-60-07-07-11-06 8 ISA1 Basmati 385 KiFE Indica
11-08 W11-15-08-09-04 8 1SA1 Basmati 370 KA Indica
13-08 W13-30-45-01-10-02-06 8 ISA1 T2 1 Jiangxisimiao K Indica
14-08 W14-09-06-09-12 8 ISA41 X433 Lianjian33 KFE Indica

1.2 SSSLs BYX 3% F ER 4830 Fn B FRE F F 947
PRI 4R 10 d J5, &1 X 20 4~ SSSLs PL K 52 4k

SRR HIX74 FIAARSE AR, BRI R 5 AN PR T4
i, SR H CTAB VAFEHUIE K20 DNA . PL& R
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DNA #f i AF AEAR, FIH SSR Axidi# 47 PCR ¥~
4, I 60 g/L 1 58 78 M Tt i B¢ Jie B Uk 73 25 PCR
FE, GRS, DL ARSE AR HIXT74 Pt SEA
Xt R, FiR4E SSR AT Bk 8 SSSLs AR I B
PE KRR ARG, MR B AR IR A &, ik H
Iy 45 SBEIIb. SSIla 5% ISAI 1) SSSLs.

DL CHARS BERAFHIHSETH], FIH G
Y& it B A Primer3Plus X SBEIIb. SSIIa Al
ISAT FER 75 53 5l B vk = 47 38 5149, S8 )5 R
PCR #"1 HIX74 1 SSSLs _ () HARFE A, K ¢
51 ¥A HIX74 J& SSSLs HAR%:H 1) PCR F=4¥)ik 2
SRV A T AT, R SeqMan F AR AT P
FIBHE RN LT 3T o
1.3 MR & ERNE

FIFH 2R ) AOAC VA I 52 K FE B Mk e # 75
&, ARSI 1) B 0.01 g KK 5 0.4 mL
TBA TAEW (10 mg/mL i a—3E ¥yl 3 U/mL JE$p
HIEFEE ) 7RG, 18 37 C fHIREGRIR
¥ F 12 h(200 r/min); 2) JIA 0.4 mL Jo7K SEE7E 7
VR 21JE B0 10 min(13 000 r/min, 4 'C); 3) 82 ik
B IMA 0.8 mL AR 20 50% I LBV 1S o
JRAJJE B0 10 min(13 000 r/min, 4 C); 4) HE B
BR3) 1k, B EIE WS T UTE: 5) ISR ER AN
2 mol/L ] KOH 7% 0.2 mL % 60's, ¥»%1 10 min J5&
FRRHREE 60 s; 6) M 0.8 mL BERRENZEHR (1.2 mol/L,
pH =3.8) F1 0.01 mL &4 i % H H BHAR (1650 U/mL),
7£ 50 C /KB E 30 min, &0 10 min #2251 1K
7) &0 10 min(13 000 r/min, 4 C), W8 EiE R
8) FI F GOPOD £l x& b i ¥ 110 1 42 0% Joit 594
B2, RN AR ERE ST R &' ().

. B4 8 R 2R x 1.03x0.9
10.0x 1 000
3 B 2 TR IR BN pg/mL; 1.03 SRR
L, BT mLs 0.9 SHTE R /KA R 2L 10.0 9FE
iR, BAAL N mg: 1000 S KRR i B AT
mg A ng IR 22
1.4 HESHHFEE

F]F Microsoft Excel 2016 1 SPSS 23.0 #4174
P F1 G5t 20 1 ; F§ MapChart. Origin 2018
Microsoft PowerPiont 2016 1 Adobe Illustrator
2018 #4174 K. KA Dunnett’s t-test LI 2> 45
AN SSSLs HiPEiEf & & 5 X e HIX74 (22 7 8%
45 K F Duncan’s 742 5 LU b4 7 [7] — JE K] )8
(IAN[A SSSLs MM S EEZ R B & . A
F} SMART ## /% (http://smart.embl-heidelberg.

x 100%,

de/) I & F i) Lh fE 45 # 4, KAl SWISS-
MODEDL ## J (https://swissmodel.expasy.org/)
AT E AR =4E R 2 .

2 FRES
2.1 ¥ SBEIIb. SSIIa X ISA1 R SSSLs X 7&
RinEMSE9H

2021 FHZEXFRE R H 20 473 A3 T AN
BERSIRYE ) SBEIID. SSITa 5% ISA1 [f) SSSLs HIA
Jr B AT R 43 At o Horb: 5 47 SSSLs(04-02. 07-
02. 12-02. 15-02 1 27-02) KIAH AL T 55 2 5
Jettifk I, 5 SBEIID FER AL B &, iX 5 4> SSSLs
FRAT T B 23 31 7.64 12,814 2,77, 7.74 Fl1 5.17 Mb
(K 1); 7 4> SSSLs(02-06+ 08-06 12-06+ 14-06. 15-
06~ 18-06 Fl 21-06) [IARH Fr B T35 6 5 Jefifhk
I, 5 SSIa 3R BT E S, 1X 7 7y SSSLs HfLH#k:
F B2 518 2,92, 12.05. 3.03. 2.73. 4.22.
6.82 1 6.59 Mb(/4] 1); 8 {7+ SSSLs(04-08. 05-08+ 07-
08, 08-08. 09-08. 11-08. 13-08 1 14-08) A4
B T2 8 Stk I, 5 I1SA1 FEN AL B &, X
8 1+ SSSLs HyARH v BE K FE 43 il 9 3.28. 3.86.
5.63 4.54. 3.53. 4.66. 4.97 A1 5.64 Mb(/& 1).

1 2021 FFHZ=HIEZE, 737063 20 4 SSSLs
A HIX74 FEATPUEE R E =AM 44T . HIX74 1E
R =P iEm & =2 a8 0.76% M
0.68%, 20 {7 SSSLs MIHLIEIER & E M & RIR K,
E 5L 25 R 2 1 A8 S Y 23 0l 4 0.61%~3.32% Al
0.67%~3.41%. L, 12 iy SSSLs MIPL I vE R & &
5 HIX74 —F1&, WA B3 % 55 8 1 SSSLs(04-
02. 12-02. 15-02. 08-06. 21-06. 08-08. 09-08 £ 11-
08) MIPTLIETE M & =AM 2 3 = T HIX74, fEH2=
IR 24y BIAE 1.02%~3.32% Al 1.12%~3.41%
(Kl 2). 533K, X 20 £ SSSLs KIPTHEIEN & &
TEAEF 5 (A8 53, SBEIIb. SSITa F1 ISAI FE [R50 75
KPUIHETE R T B, AN BIEEAR SRR SBEIIb. SSIla
FISAT SFPUiEvE k& 2 m 2 2R K.

2.2 SBEIIb MNENT F I MEEM & 89520

X HIX74 R T 58 2 S ik L5 s i
SSSLs(04-02. 07-02. 12-02. 15-02 1 27-02) [
SBEIIb FER 7 53 AT I 7 53 41 o 45 R K, HIXT74
HIIX 5 4y SSSLs #£ SBEIIb HI 4L X 41 o 77 4E
4 DN RZE S (SNPs), Al 434 3 Fh B fi Al
4 /> SNPs H, RN T 25 4 MR T 15 96 Bk
G N A, FEE 196 MAIEM H Arg &~ His.
SE4 HIX74 A1 5 4y SSSLs (1) SBEIIb F:[K 7 41 fil gk
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Chr. 2 Chr. 6 Chr. 8
Mb
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- RM589~]
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i PSM152 —
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A S —_ —_
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[ RMI2865—H _H

RM136 RM344
- 10 RM527-T] & mi
I RM191~ PSM388 11 & RM331—
[ 5 RMSI79-]] I
u o
L psM372+(| I £ — PSM518 —H
i RM561-J @S sz 5
N SBEIIb -T] I el IS RM3—H
20 RMs614—H S 3 PSMI36—+ “RMS0
r PSM374 7/ S i
L S PSM342 \ S =
- S 1541\ =l E gy =
=25 RMI106— I PSM389 — RM5493§ o I3 NMEENEEE
r = I B B i B g
L RM599—H ~ RM30—L] RM502 Ic> = g N E
C RM340~+ RM447/ | B
[30  RM6— RM439—H PSM396
- RM240~ RM494— RM23653
i RM112-T]
=35 RMI38-Y

Bl 1 £ 5% SBEIIb. SSIa F1 ISAI K SSSLs X F K E R E HIXT74 &K LR E

Fig. 1 The lengths of the target substituted segments of SSSLs carrying SBEIIb, SS1la and ISA1, respectively, and their
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“**” represents significant difference of the resistant starch between SSSLs and recipient HIX74 (P < 0.01, Dunnett’s ¢-test, n = 3)
2 SREH SBEIIb, SSIa # ISAT H) SSSLs B M &
Fig.2 The resistant starch contents of the SSSLs carrying SBEIIb, SS1la and ISA1, respectively

AR BT, APEIX 6 MR 3 A R4y
N 2 LT IER, 4> %)~ SBEIIb-1 A1 SBEIIb-2. #5
Wy SBEIIb-1 1] 04-02. 12-02 F1 15-02 [PTIETER &
HAIE 1.63%~1.82% 2 [8]; #5717 SBEIIb-21¥] HIX 74,
07-02 A1 27-02 FIHLIETER & EAE 0.72%~0.82%
[f] (% 2+ &l 3a). 45K, SBEID-1 MM ER &
B2 F & T SBEIIb-2. SBEIIb A 3 MRS
¥k CBM_48. Alpha-amylase I Alpha-amylase C,

Tieed CBM_48 H A /KR IEEIIAE, 196-
Arg/His 2 LR 540 T Ui ge s CBM_48 1, T fg
520 7 SBEIIb B 14 (K 3b). SBEIIb-1 1 SBEIIb-
2 AL RN SR B A SRR E R
(K 3¢).
23 SSHaFMNTEEZMMEMNEE

XF HIX74 FIAL T4 6 ‘544 thik i) 7 fr SSSLs
(02-06. 08-06. 12-06. 14-06. 15-06. 18-06 £l 21-
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% 2 SSSLs FHIARE SBEID FEFERERR KR
Table 2 Genotypes and phenotypes of different SBEIIb alleles in SSSLs

% 5 Ex4-96 Ex8-36 Ex12-19 Ex12-109 LAY R LA wILPETEA) /%
Code (P.196) (P.270) (P.412) (P.442) Haplotype Allele Resistant starch content
04-02  CGC(Arg) TCA(Ser) ACA(Thr)  CTG (Leu) HT-1 SBEIIb-1 1.8240.03A
1202 CGC(Arg) TCA(Ser) ACA (Thr) CTG (Leu) HT-1 SBEIIb-1 1.71£0.01A
1502  CGC(Arg) TCA(Ser) ACA (Thr) CTG (Leu) HT-1 SBEIIb-1 1.63+0.05A
HIJX74  CAC(His) TCA(Ser) ACA(Thr)  CTG (Leu) HT-2 SBEIIb-2 0.72+0.03B
07-02 CAC (His) TCT (Ser) ACC (Thr) CTT (Leu) HT-3 SBEIIb-2 0.82+0.03B
27-02 CAC (His) TCT (Ser) ACC (Thr) CTT (Leu) HT-3 SBEIIb-2 0.75+0.03B

1) RS BRI AT 0T AR AR (n = 6); Z P HIBE 0 R R KB F4 K7 2% £ (P <0.01, Duncan’sik)

1) The data of resistant starch content are represented as mean + SE of the early and late seasons (n = 6); Different uppercase

letters of this column indicate significant differences (P < 0.01, Duncan’s test)

a
ATG 500bp  TGA
| /\I
Ex4-96G/A Ex8-36A/T Ex12-19A/C Ex12-109G/T
b

196-Arg/His

SBEIIb-1

SBEIIb-2

a: SBELDb [ FER £5#475 7 18]: b: SBEIb & 1 L) BES5 145K = 8] ¢: SBEIIb Y55 A48 57 2 1 1 = 24 RIVR M 2 A
a: Gene structure schematic of SBEIIb; b:The schematic illustration of SBEIIb protein functional domains; c¢: Three-dimensional homology modeling of

allelic variant proteins of SBEIIb

3 SSSLs 89 SBEIIb (T Z
Fig. 3 The allelic variations of SBEIIb in SSSLs

06) I¥] SSIIa F=H Fy 51347 I Fp 73 A o 45 R KN
HIX74 FiX 7 #i SSSLs {E SSIla H1%5 8 AR T+
A 4 /> SNPs, Bl G/A. G/T. G/T Ml C/T, a[ 43 N
3MPELAE AL, FESE 8 AN TN 4 A SNPs 1, £ T
%334 B H G AN A, FER 604 A& IR
Gly 22K Ser; f7 T 55 865 Bl C &N T, S8
781 P FEFR 1 Leu 25N Phe. 454 HIX74 £1 7 4y
SSSLs ] SSIla %R /3 5| 3% BYAR S 7% 80 o #fr, ]
WX 8 MR 3 Fhp A5 Y 73y 3 MR A, 43
WA SSIa-1. SSITa-2 A1 SSIla-3 . #5457 SSITa-1 ZE47
B[R 08-06 PUIETER & BN 3.37%, W& m T H

fliA ks #7 SSIla-2 AR 21-06 HriEiEds &
BIRZ N 2.19%; #5717 SSIla-3 S FE K ) 02-06+
12-06+ 14-06+ 15-06. 18-06 A1 HIX74 It iEm; &
B, £ 0.71%~0.83% 2 1A (£ 3. K& 4a).
SSlla T HA 2 N IEEZE IR Glyco_transf 5 Al
Glycos_transf 1, Glyco_transf 5 JA¥EH & B ) fE
e 45 ¥y35, Glycos_transf 1 LA B3 5 R i 1) 1
Fi, 604-Gly/Ser fii T 2 AN Thagsk 2 6], 781-
Leu/Phe X #:E ThfEIk Glycos_transf 1 [ C ity (] 4b).
SSIla-1. SSITa-2 F1 SSIla-3 Yl 3 ANEEAIAR 4R
H I =R A %257 (B 4c).
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%3 SSSLs FHITFE SSHa FREFEREFE R FIFRE
Table 3 Genotypes and phenotypes of different SSZ/a alleles in SSSLs

G Ex8-334 Ex8-438 Ex8-864 Ex8-865 L R Sz A PR wHTPESERD /%
Code (P.604) (P.638) (P.780) (P.781) Haplotype Allele Resistant starch content
08-06 GGC (Gly) GGG (Gly) GGG (Gly) CTC (Leu) HT-1 SSila-1 3.37+0.06A
21-06 AGC (Ser) GGT (Gly) GGG (Gly) CTC (Leu) HT-2 SSlla-2 2.19+0.08B
02-06 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.71+0.03C
12-06 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.77+0.02C
14-06 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.78+0.02C
15-06 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.82+0.03C
18-06 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.83+0.04C
HIX74 AGC (Ser) GGT (Gly) GGT (Gly) TTC (Phe) HT-3 SSila-3 0.72+0.03C

1) RS BRI AT W60 T AR AR (n = 6); LI BB 0 R R KB F4H K7 2 F £ 5P <0.01, Duncan’si%)
1) The data of resistant starch content are represented as mean + SE of the early and late seasons (n = 6); Different uppercase

letters of this column indicate significant differences (P < 0.01, Duncan’s test)

a ATG

.

500bp  TGA
Hi-i L

Ex8-334G/A  Ex8-438G/T  Ex8-864G/T

Ex8-865C/T

604-Gly/Ser 781-Leu/Phe

Leu 1
0, 1)

L0,

ey
SSlla-1 L

Y y (& . ‘( Y
N o) J
SSIla-3 L

S )
X~
SSlIla-2 &

a: SSTla A3 H 25 H 75 ki B b: SSTa 2 N D RE S 38R B2 1B o SSITa A7 A8 52 48 1 1A = ZE (R E A
a: Gene structure schematic of SSI/a; b:The schematic illustration of SSIIa protein functional domains; c¢: Three-dimensional homology modeling of allelic

variant proteins of SSIla

[El4 SSSLs 89 SSHa FHER
Fig. 4 The allelic variations of SS1/a in SSSLs

24 ISAI MIFMNTREIHIMEEM S EMEMN
XF HIX74 FA7 T2 8 5 4t ik ] 8 i SSSLs
(04-08. 05-08. 07-08. 08-08. 09-08. 11-08. 13-
08 F 14-08) 1] ISA1 FEH 7 53T T 4 o 45 51
RIN HIX74 FX 8 4 SSSLs ) ISA1 4wtis [X 7 5147
7£ 1 4> Indel F1 4 4 SNPs, Bl AGG/---. C/T. C/T.
C/T M G/T, v 43 4 P fE iy, 55 1AM RT 15
209~211 By 3 Mo AL B2, FECE 70 A7 2 R
Glu 5 A2 F 28 17 4bEF IS 117 B2t ¢ &
T, FEEE 717 MR IR H Thr &N Met. 254
HIX74 FiX 8 43 SSSLs [ ISA1 F£[K 7 51| Fl 3 T A
ST, ATHRIX 9 NAERE 4 B AR Y 4 N
3 FhEEATIEDR, 230N ISAI-1. ISAI-2 R ISA1-3.

W ISAL-1 AT FER ) 09-08 F1 11-08 HLlkvEky & &
YRR 2.17% F1 2.02%, i3 T HAt b Rk, #5797
ISAI-2 SR FE IR ) 08-08 Pk FE M & &N 1.07%:;
ey 1SA1-3 S0 IE A1) 05-08 13-08. 14-08. 04-
08.07-08 F1 HIX74 M e ¥y & &4
0.65%~0.83% Z [8] (% 4. & 5a). ISA1 EEAA 24
AE 45 #48 CBM _48 fil Alpha-amylase,
CBM_48 H A /Kf#lEE M, Alpha-amylase & 1LTE
P Zh A4, 70-Glu/— %% ThAg i CBM_48 1
N ¥, 717-Thr/Met £2 F ISA1 A K C % (B 5b).
ISAI-3 i ME EHRA T 1 AEERK Glu, 5
ISAI-1. ISA1-2 JwtS AL AR R iR A B =R A
Iz S (K 5¢).
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Table 4 Genotypes and phenotypes of different ISA1 alleles in SSSLs

U Ex1-209~211 Ex6-31 Ex16-3  Ex17-117 ExI18-109 HfER SAMEEE wEHitEER) %
Code (P.70~71) (P.336) (P.353) (P.717) (P.777) Haplotype  Allele  Resistant starch content
09-08 GAGGGT (Glu-Gly) AAC (Asn) GTC (Val) ACG (Thr) CTG (Leu) HT-1 ISAI-1 2.1740.03A
11-08 GAGGGT (Glu-Gly) AAC (Asn) GTC (Val) ACG (Thr) CTG (Leu) HT-1 ISAI-1 2.02+0.04A
08-08 GAGGGT (Glu-Gly) AAT (Asn) GTT (Val) ATG (Met) CTG (Leu) HT-2 ISA1-2 1.07+0.03B
HJX74  G--GT (Gly)  AAT (Asn) GTT (Val) ATG (Met) CTG (Leu) HT-3 ISAI-3 0.72+0.03C
05-08 G---GT (Gly)  AAT (Asn) GTT (Val) ATG (Met) CTG (Leu) HT-3 ISAI-3 0.65+0.04C
13-08 G---GT (Gly)  AAT (Asn) GTT (Val) ATG (Met) CTG (Leu) HT-3 ISAI-3 0.810.02C
14-08 G---GT (Gly)  AAT (Asn) GTT (Val) ATG (Met) CTG (Leu) HT-3 ISAI-3 0.79+0.03C
04-08 G-—-GT (Gly)  AAT (Asn) GTT (Val) ATG (Met) CTT (Leu) HT-4  ISAI-3 0.83+0.02C
07-08 G---GT (Gly) ~ AAT (Asn) GTT (Val) ATG (Met) CTT (Lew) HT-4  IS4I-3 0.77+0.02C

1) IR ST HIEA T BT T AR RGN = 6); LI KEB U RF KB F8H k7B F £ F(P<0.01,Duncan’s%)

1) The data of resistant starch content are represented as mean + SE of the early and late seasons (n = 6); Different uppercase

letters of this column indicate significant differences (P < 0.01, Duncan’s test)

3 ATG

Ex1-209~211AGG/--- Ex6-31C/T

70-Glu/—

500bp  TGA

Ex16-3C/T Ex17-117C/T ExI18-109G/T

717-Thr/Met

a: ISAT MIZERI G575 BB b: ISAT AT REAE IR & B c: ISAT IR AR 7 8 11 1) = 4 [RIVR Pk S At

a: Gene structure schematic of 1S4 /; b:The schematic illustration of ISA1 protein functional domains; c: Three-dimensional homology modeling of allelic

variant proteins of ISA1

5 SSSLs 189 ISA1 F{ER
Fig. 5 The allelic variations of ISA1 in SSSLs
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i e 2 20 4y SSSLs 2 7l #5 4 T Bt A& R IR 1
SBEIIb. SSIla 8% ISA1 ) FE [ f7 . iX 20 £
SSSLs I IEM & B IE 0.61%~3.41% 2 [a], Hrp
A 8 1 SSSLs MiftEiEy & & B 3E & T HIX74,
7 1.02%~3.41% 28], BRIV m P & &. 48

A RERW, EHR AW A AR SBEIT.
SSIla F1 ISAT SHeikvekn & =% VA O, M HAFAE
AR E SRS AR S, R BT AR
SBEIIb X} CHE e Fn FHE 1 & s 2 0 B 2, [FII 2
STV E K T S DB I (R P40, AR 22 1t 5 3 )
F T-DNA B CRISPR/Cas9 24 R 3543 SBEIIb 1)
RE B K 1) v oM VE A R AR Ak, SBETIb Bl 14 3% 2K,
RSBV R B A U2 I, SR B E M S E R
RN, R ST B SR RE LA B 0, 4k S S i
EN SN 10 574, YA SBEIID Fuil¥E itk
VERD B2 AR AT B 2 Bl R P vE Ry
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&I SBEIIb 51 2K SBEIIb-1 1 SBEIIb-2.
SBEIIb-1 1 SBEIIb-2 1E55 4 AME 125 96 Tk
G/A R4, 51 # 196-Arg &N 196-His, 196-
Arg/His f7 T Thfgisk CBM 48, 5K il s A % .
196-Arg 1] it 55 SBEIIb-1 Bl P BRAR, S ok ie ks
T EE LB BRI, 448 mrpi R TE R & &

SSIla R gt vl i PEE R A S 1a, 2 —1
2 1 R K R LU B 1) 2R R (ALK R 48 26
8 AN T 2 A SNPs(G/A 1 C/T) ¥ ALK 4% N
3 RN, ALK (A-C) Al ALK"(G-T) 254 3 K]
Yl ity SSIla B HH 2 10% K%, M ALK (G-
C) S5 3 [K g i 5 v 14 1) SSITa B, 2 1~ SNPs 5
Wi 7 SSTla BFIE 1122, SSITa 61 57 & B S Ve #y
Hh [ R 23 3, HR KSR LA g 11 R B2 5 T Bk
T 5 R R R S A (BT b A A ), AR MR T 1k
B fife, ET G NP R S B AR AL E B
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i 2 NIRRT 548 5+ (604-Gly/Ser Fl 781-
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Leu, RIUCH TN & &, N 3.37%. L B4R
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B S 1 i VER & & . 781-Leu/Phe &
A& IREY Glycos transf 1 ) C ¥y, A FRH,
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