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Abstract: Starch is the main physiochemical basis for rice grain quality, and fine tuning of the starch
content/composition is an important target in rice quality breeding. This study attempts to uncover specific
rice germplasms that contain different starch content and determine their genotypes, in order to provide useful
information for understanding the regulation network of rice starch synthesis as well as quality rice breeding.
119 rice accessions, which were collected from National Observatory of Rice Germplasm ( Nanjing, Jiangsu ) ,
were examined for the amylose content using an improved method without boiling water bath. The Wx genotypes
with extremely high and low amylose content were genotyped by a dCAPS marker. Out of the resistant starch
content of 15 accessions with high amylose content, three were genotyped for SS///a and SBEIID if compared
to Nipponbare. The results showed that the updated method showed an accuracy similar to the current national

standard, but became simpler and easier in the operation procedure. Most of accessions showed 9.0%-33.0% on
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the amylose content, and 1.0%-4.5% on resistant starch content. The genotyping using dCAPS marker showed

the Wx* allele generally in the Wx genotypes of high amylose accessions. Compared with Nipponbare, three

accessions ( including Lixinjing, Nantehao and Chenwan3 ) with high resistant starch contained three common

mutations in SSI//a, among which the 2362™ nucleotide in the third exon resulted in a missense mutation.

Likewise, a common missense mutation in the 96" nucleotide in the fourth exon of SBEIIb gene was detected in

two high resistant starch accessions ( Lixinjing and Nantehao ). These missense mutations might be responsible

for the increase of resistant starch content in rice, providing insights for precisely editing of key genes and

creating new germplasms associated with starch quality traits.

Key words: germplasms; amylose; resistant starch; molecular marker
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Table1 The information of 119 rice germplasms and starch related traits
HEEER bk HEEEER  boMERy
fii fa:: aR(%)  wE(%) *mffjiﬂ gcii fa:: aR(%)  wE(%) *mﬁiﬂ
AC RS AC RS
ZD-00560 B 115 32,6 2.3 KRS [|2020Y29452 kB 226 — A
17-00435 I J2Z 16 Al 325 2.6 HIFE  ||ZD-00592 I 2 5 22.5 — TR
ZD-02605 &% 31.2 0.5 AlFE  |[20-02821 gk 4 5 22.1 — bl
12-02373 R 31.1 0.6 HlFE  |[18-01067 R 22.1 — bl
ZD-01512 RS 31.0 3.6 Hifg  {]09-00530 WA 22.1 — A
21-01120 T 30.6 0.3 ARG [[2020Y29456 UNEP 22.0 — iR
ZD-02715 WAL 7 45 30.6 1.6 HiFE  ||20-02073 MEAERT 21.9 — Al
ZD-00358 B 3 5 303 3.0 HIRE  ||ZzD-03525 KR s 5 21.8 — TR
ZD-02032 FRIEAT 151 30.2 1.6 ARG [|2020Y29472 Bt R —FFR 21.2 — FERG
09-00666 B 30.1 1.8 FERG ||20-03215 LA 4+ 20.9 — T
21-01257 b 30.0 1.6 AlFE  |[12-02280 FBEARIB 20.6 — bl
21-01899 NE 29.6 2.5 R [|09-00724 AR 20.5 — R
ZD-00760 #F 101 29.6 1.3 AFE  ||A0246 A 15 B 20.5 — Al
17-01470 HiTHE 1 29.5 3.1 FifE  |[12-02850 K =HHH 20.4 — i
ZD-00806 SEHTRE 29.2 45 IR  [|2020Y29459 /NG 19.7 — i
15-03336 W4 29.1 — KRS [[2020Y29629  FHAMAE 19.4 — T
13-00816 Fili A5 29.0 — HiFE  ||RO215 K C122 19.4 — T
ZD-02944 HHD 232 29.0 — HifE  ||ZD-02685 K 87-304 193 — A
ZD-01423 A 15 28.9 — HIFE  |[21-00529 v ) 19.3 — i
21-04413 AT 28.8 — KRG ||18-04906 I A 19.1 — Al
15-01740 Hres 28.7 — KRS {[09-00229 YR 18.2 — HEF
12-00589 SEN 28.6 — MR ||22-04053 FH5EHE 18.0 — e
21-00694 Fh A 28.6 — Fifg  ||R0O604 JWR 221 18.0 — TR
30-00206 B es s 28.5 — FEFE ({09-00298 AT 2% 17.5 — TR
ZD-02547 K 28.0 — HifE  ||zD-02324 TR 287 17.4 — TR
17-00524 it 28.0 — MG ||02-00295 I HL A 17.3 — A
10-00463 BRATE 27.9 — RE ||21-01577 T 17.1 — A
02-00133 R # 27.6 — fifs  ||ZD-03386 AR K s 16.9 — Al
31-00388 A0 27.6 — HFE  {[2020Y29498 TR 16.7 — i
ZD-00213 Wb 1% 27.5 — KRG [|08-00253 EERiy i 16.6 — TR
2020729458 LA 27.5 — Fifg  |{05-00024 el 15.8 — T
ZD-01006 ke 2 5 27.5 — Mg |[21-01744 CIER 15.5 — billviz
28-00005 SR 27.4 — Hifg  ||ZzD-01820 Wig 25 15.0 — pillE
ZD-02431 pig:4z 0 27.3 — Hifg  ||20-03042 N A 14.6 — i
ZD-02017 PR3 26.9 — HIRE  [|06-00035 M4IE 13.8 — R
17-00966 o B IET RS 26.8 — K |[A0430 £t 123B 13.7 — GillyiEt
09-02068 ZRFE 26.7 — #lFE  |{05-00052 FHARBLE 13.6 — TR
901803 KRR 26.7 — FEFE  |{30-00206 BHes 5/ 13.3 — TR
18-03950 ARG 26.7 — Y fit HR539
22-01615 LAl 18.6 — HliFE  [|A0408 JELEf 409B 12.9 — bl
ZD-01559 FK 115 26.6 — HAE  ||ZzD-03115 MESS 12.8 — TR
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Fz1(%)
G EAS Efﬁ%\ mjﬁ*ﬁ K2 || 45 EAS Efﬁ%\ *’TEM’* Kk 7Y
Code Name %) %) Type Code Name %) %) Type
AC RS AC RS

12-00644 el 26.2 — HIRE  [|07-00010 otk 83 12.0 — T
13-00737 I L gl 26.1 — flifE  [|A0172 %% 16B 11.9 — bl
11-00403 WA 25.4 — AlFE  ||[RO333 i 7623 10.2 — iR
18-01903 ARG 25.4 — Fifg  ||RO468 T LR 10.1 — Billvia
A0244 Hkik B 24.9 — MG |[2020Y29454 BeLKG 10.0 — FEFE
08-00036 ARAEER 24.7 — KRG ||04-00115 P51 8.9 — Ui
09-00138 BB RUEL 24.6 — Fifg  ||R0004 o 154 8.5 — bl
20Y29455 HnFE 24.4 — Kifg  ||[ROSIS P 91269 8.3 — billviz
22-02754 THPRG 24.1 — ARG ||R0032 IR 661-1 () 6.8 — Al
20-01262 EHISE 24.0 — KRG [|15-03586 Pinaii 5.4 — Billvi3
21-00785 AIFH 23.8 — Fifg  |[20-03053 =i 4.0 — bl
2020Y29505 BRrehd 23.8 — HRE  |[21-01106 E-P/S 3.7 — HHAE
A0298 R B 23.5 — Fifg  |[09-00625 AR [ 3.6 — i
09-00429 FEp Y i1 23.4 — HFE  |[12-01446 A KL 35 — bl
12-02254 ik 233 — Hifg  [|21-00083 2T (K) 2.8 — A
2020Y29465 HFIE 23.1 — FERE  [|21-03433 LG 2.8 — IR
11-00389 FKHTE 229 — KRS [|2020Y29475 iR 2.1 — T
30-00195 £ AR bl 328 22.8 — HiRE  [|22-01439 Kizihs 2.0 1.1 KIS
11-00529 NEAR IR 22.6 — Kifg  |[20-03042 EAR 2.0 0.5 e
- FORIE

-indicates no data; AC: amylose content; RS: resistant starch content

1.2 REHE

121 EFEEMEENE RN B & &
I 5B A A A5 (7 e FEAT [ A
17 Ml bR #E (NY/T 2639-2014, http: //www.eshian.com/
sat/standard/standardinfodown/34949 ), fi & & 2. Fx
BOKS K K3 100 £0.2 mg, ¥ T 100 mL %% 2= i H, Jin
A1 mL 95% & B, {1 R b 90 10 40 150, 5 T 250 BE
A 9mL A E LA (1.8 molL) A, 11, iE % 5 &
B 16~18 h, i 5% 54 J5 0 25 2 100 mL, W IBCRE
& 5 mL T 100 mL 255, I A2y 50 mL (197K, 5
JA 1 mL Z 2% (1.8 mol/L ) 1 2 mL fftifg ( L-KI),
L) Spring-RODI® 52 6 % 41 /K & 4t (451 J8L $E 28 A,
TEIT) Hil & it uEK B4 . HE 10 min J57, 7RI
720 nm AIEFREIRAEE . IRAF y=0.9356x-
0.0019 (R>=0.995, y W &, x Ay B VE 1% )
TEEAH B ) B VE B B . B AES 3 IRE E
122 HEEMEENE KH AOAC 2002.02 JE
9355 R P 5 O P () BT D o T T T PP
Wi MERAFREL 100 + 0.5 mg K5 Kby, FI I Hi 1k
DE K3 A5 3050 & ( Megazyme, 57 % : K-RSTAR )

AR o A3 AR it B A2 000 7 PR

1.2.3 DNA BY3REX. dCAPS fRiEBY F & . PCR §~
W BRI S BRI KU S PR B A R 5
U A, SR CTAB B4R UL 40 DNA' P, M
K R B0 PO X 3 (ricedata.cn ) 3k B W &t
J¥ %1, #] ] dCAPS Finder 2.0 ( http: //helix.wustl.
edu/dcaps/ ) 15 71 dCAPS ( derived cleaved amplified
polymorphic sequences ) FRic, 45 % SnapGene ( Version
6.0.2, Insightful Science ) 3K {4, & Wx % H P &
T 1A P BT AE R 518 (R 2). R Z 5]
Y EAT PCR Y™ 4, PCR J i 2 J5 47: 94 °C i A%
P 2 min; 98 CAE1E 10's, 58 Cik 30's,72 C4E
i1 25 s, JEFREL R 34; 72 °C T4 2EH 10 min, 4 C
P9 10 min, ZJ57E 0.5 mL B0 W, iInA 5 ul
PCR i =4,0.5 uL Mva 1 B4 NI ( Thermo
Scientific, %2 : ER0551 ), 1.5 pL 10 x ZZ il R, H
ddH,O # BRI N 15 uL, IR A E)ETE 37 C
T TEEY) . BEDD P RR BED) R AE 8% R
PR IR RECEE e I FRL K, AR B RE HE 5 IX 43 Bk il 1)
EURBEREIEYI DNA 4541 .
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Table 2 dCAPs molecular marker primers of Wx and primers for SSII/1a and SBEIIb gene amplification

ElE s

Primer name

WEmE T (5 —3" )

Forward primer sequence (5’ — 3’ )

KI5 Fs (5 —3" )

Reverse primer sequence (5" — 3’ )

Wx-dCAPS GTTCATCAGGAAGAACATCTGCCAG
SSilla-1 GGTGTTTGTCAGGACAGTGC
SSilla-2 CCCCCTCACAAGCACAGATT
SSIila-3 GGAGCGTATGAACCTCGGTC
SSilla-4 TGGGCTCCCATTTCAACACC
SSila-5 TGGCACATAGAGCCTAGCAC
SSila-6 TGTTGTGAAGTCCTTCGGCTT
SSilla-7 ATAGCGGTTGAGATGGCACC
SSIla-8 ACCAATTGTTGGTTCCTGTCG
SSilla-9 ATGCTGGCAGATTTGGCTTG
SS1la-10 AGAGAGCATTGCAGCAGAGG
SSila-11 GGTTGGTTCCACTCCCTCTG
SBEIIb-1 TCGCTCCATCAGGACCAGAG
SBEIIb-2 TGTCGCTCATTCCGTTCAGT
SBEIIb-3 CCCATGTAGTGCTGAAGGTGT
SBEIIb-4 TATCCTGCTTGGCCAGTGTT
SBEIIb-5 TGGAAGCTTTGGGTGATCAAAT
SBEIIb-6 GCCCTCATGTTGGTGAACCC
SBEIIb-T7 ACGCTAATGTCAGTTTTGCCT
SBEIIb-8 ATGCCGCATAGAACTGTCCA
SBEIIb-9 GGCTTTCTGCAGTCTACACCC
SBEIIb-10 TTTCTGGGGGTTGCACAAAT
SBEIIb-11 CAGTTTTGCAGCGCGTTCAT

AGCCCAACACCTTACAGAAATTAGCA
AGGGAAATCGTCCTCTTTGCT
TTCCATATTCTGCGCCGCTT
TTGTTTTTGCTCAGGCACACT
TGCATAAGCGGCCTTGAGTT
CCTCTGGCTTTCCATTCAGC
TTGTGACAACGTCAGCAAGG
TGCAGTGGAAGGAGGGATCA
AGTGACTGGGAAAGAAAAGGCT
CATTGCGTTCAAGTGTCCGA
TTCTCTTGCCACCGTTGGAT
TCACCGTACTCTCTCTCGCA
TGTTGGTGGGACAACTCGTG
TAGCATTTTAGGTAAATGGTGAGAC
GTATGGGATTTCTCCTGCGG
AGGGGTCAGTAACAGCATTGT
ACCCAGAGGCCAATGAGCTA
TCCTTGCTGTTTTCTAAGCCCA
ACCAACCCCACCATCTTGAA
TATGTGAGGTTCTCATGCCAGT
TACTGTCCACATAGCCCATGC
TCTGAGCAAGACTTACGGCA
CAGAGTAGGACCACACGACC

Wx-dCAPS 7 TARLT Wy LI T RIZEAaEE C 5 I AMSEECARIC

The bold and underlined base C in the Wx-dCAPS molecular marker primers is the introduced mismatched base

124 FIILEMNFRIE MKBEREENAT
F%dE % (RFGB v2.0, https : //www.rmbreeding.cn/ )
HARICH G  SBETRE AR I 3 5 A
PUPEBE R & ARG B SE N ( SSITTa 55 SBEIID ) 741,
F| H SnapGene ( Version 6.0.2, Insightful Science )
BAFHAT IR P A X o [ XS wx S — & 1
Bt SSIIla &5 SBEIIb {441 FE A HI R i ( https: //
www.ncbi.nlm.nih.gov/tools/ primer-blast/index.cgi )
BT PES 1 (55 2), #E47 PCR F 15 i, il
et s R A A SE

2 ERG5HM

2.1 SEEBENEESE TR ME
Z HET B 55 A1 E R A7 M bR ME (NY/T 2639-

2014, fA AR E AR IS ), 7600 ELAEVE M vk b R
PEAT T 2 AT T R e . B — WO Ak B A
1.0 mol/L #2531 1.8 mol/L, ¥+ & 37K (16~18 h ), 3%
FERE T AR B 78704k, ST DA BRI AR i 3k
B T BB AR IRAE; 58 =, S TER - Bk
WAE 720 nm A 620 nm A, X AL AT LU
D SR VER N e B TR il
TR R, 3 il i BORN R RIS ) TR
455 CHIFE2ET) P2 vd ORERE2ETY ) iE47 40 4 1]
Sy MEPRER . 25L& kS
e T R (B30T (T 1A ), 19 5 A 56 B 50K 0.9825
(1B ), £BHIZ 75 v AR E bR T R 2 BT R
ML
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m [# b7 National standard method
Y 2 3] 51 Simplified method without boiling water bath
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Amylose content by national standard method
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A': Comparison of national standard and simplified methods without boiling water bath;

B: Correlation analysis between national standard and simplified method without boiling water bath
B 1 SAESEMERENEESEESSEMLEFEX S
Fig.1 Comparison of detection of amylose content by simplified method without boiling water bath and
national standard method and their correlation analysis
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I FH B 2 a7 S 120/ T 119 40y Fb 5% R
ELREVE R O, A5, R oY
{H M 20.9%. K53 7KFE 5 B ELBETE R & =0 T
9.0%~33.0% Z I}, i kb 88.2% (1K 2), 5 /i A4t if
(1) 7K 8 LA U M 2 AR S AE 8.0%~34.0% 2 [A] —
', Juliano UK R K B HE TE R RN R S
L, o SRR (<2.0% ) AR AR & i (29%~9% ).
A 2 (9%~20% ) 45 B i (20%~25% ). = 5 &
(>25% )o AREX — 70 R AR FriAS /Y 119 fr4it
AR BBV B T T o0l B
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Fig.2 The distribution frequency of amylose content in
different regions of the tested materials

SFPENumber of varieties

AR — 3 44 4y, 5 T 37.0% , Hoh R TE Ry
TEET 30% BRI 10 4. 7E EBEEN S e
R FHT 18 AP (e BRI 2 AT Y 15% B
FETE), 13 0 AN, 5 RO AERS . 78 Bl EL 4%
TEM B iR IR 18 AN A, 11 4 AR, 7
R
23 KEREEMHSESHH

U vE R I BB H AR 5y, A0S B v
W3 S REANPCPERE R & B DI IE RS, R AT LU
1 ELEEVE R & S GO ok — 2D i S B TE A
FiBT. M 119 4 BB BE I 15 4y A vE R &
A e AR5 2 IR LB TE R T R R ek L 2L
) I TP TE R I . SR NE 3,17 17
MR TE A 1 & TP ME 1.9% 258 4.2%.
TEVUPETERS & A R O ET 10 3R A 6 17
SIRIRE o PR TE R A A AR ST L B R
SR EHE 1, 09N 4.5% . 3.6% F1 3.1%; TLL4%
A AT VE B & R fIK, 405918 0.5% F110.3%.
HAR K F Pt iE s & E L T 1.0%~3.0%
Z I, SHTAB A R0 REBE &0
1 5 RN A AR 0 UH 28 T BB T A & 1, H X
3 PR A BOPE VE A 1 I T R OK 25 RN
(P>0.05 ). X 3R W H B VE M FTIE € 8 & & 7T fig
HA w25 Al
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TR B T 1 X Pl AR
TF& T 14> dCAPS 7r Fhric. N &1 +1 &
T B AR e Y AR 8% Mva 1TBR M VBV
LYY 172 bps NS AR G I %
FRic B9 54 45 23 W Mva 14) %) 4 126 bp H1 46 bp
(& 4A ) FIRTBETHI S 9% = ELAE Ve Ry o 1Y S
DR B FE R 115 HE R &1 5
5 AT LA SR B WE R & B 5 O MR, A4
ZERL MK 91269 AR SRR A BORE R STRR I Wx
FEHBEATARIC R, SR B R (& 4B), & B T
¥ E w5 AR e Y A Y e R BN
9126 bp, YL E AT Wx Fe AN & F +1 08 G
B3 5 K LS M 1 B 10 S O AR R PR 4
it V)5 , HEBR B 1 G Bl U 77 AR AR R S
o, DNA /b5 Yy Sl i 24aty , BV 5 32 22 B
KNI 172 bp, VLB B AT Wx JE N & +1

fifhVarieties

3 15EEERMMES 2 MEEEEMMEIEENSE

Fig.3 Resistant starch contents of fifteen high amylose and two low amylose materials

PR T 3L, A FH /KRS 3K 204 1% (RFGB v2.0
https: //www.rmbreeding.cn/ ) 3 BUHR 43 i Bl W 2
P 7 1 A7 17 B 3 5 41 R e 6 E , 3 B x
S5 3 R 91 5 dCAPS 43 T hRic %5 45 R — 5k
(K 4B ), [H It A 3% dCAPS bRic 2k % 5E wx® Hil
Wx” DR Y S R R A BB T B b AT ) 4
YRE
25 HERMEREXERNERRLEE

1S 5y i PR BE A AR R 3 A Bt TE #
R ) SRR SR R RS MBRE 3 5 DL
A (IRPTPESER SRR A o IR, X 4t
PEFER L LK) 2 A s 3L N SSIlla 5 SBEIIb #E47
TS AT

X SSHIa BEPH, 78R R RS MBI 3 5 4R

N UV VE R Rl RS H AR 5 e i BT
3AMFRAALE RS . =AM T +1078 AL 555 1

AP +153 57 1A BRI 58 A8 24 A el AR S S R 1) A )
FE8, JE TR X RAE . AN, 1 SSIHla 55 =AM i F
+2362 AL HVEL T T 3 A R R, il 4 BRI AR AT
BB, ZIRIE W4 AR, v] BE R W PL I JE # 7
(Kl 5A ).
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A: dCAPS 73 FARICHHIZR 18] B: 5 AN EEEERN AN 5 5 AMIRE R SAPEISER; T8 G M T FR W SERER — N & T +1 L0k
ARG S AR RREUIHT NS S B N REYG 5 12 raat 1155 2 =T0RE; 3 BEMRD; 4. B 00 1 55 5. M%E S 6. 354 7 05584 8 A%
9: #5ehi; 10: YK 912695 M: BRSTFHtbRic; HERE: 75 126 bp AbA —SES5 0%, 1] ARt WD) 2R R ST P47l DNA ity s e
A': Schematic diagram of dCAPS molecular marker enzyme digestion; B: Enzymatic digestion results of five high and five low amylose varieties;
The letters G and T indicate the first nucleotide in the first intron of Wx gene; The unquoted numbers are before digestion,
and the quoted numbers are after digestion; 1: Nanjing 11; 2: Sanbaili; 3: Dongtingwanxian; 4: Jinyou 1; 5: Nantehao; 6: Xianggu;

7: Niankenuo; 8: Jinzhinuo; 9: Chikenuo; 10: Xianghui 91269 ; M : Nucleotide molecular weight marker;

Note: That some weak bands in 126bp region are nonspecific digested products due to abundant enzyme or slight contamination in DNAs
B4 dCAPS & FHRiCHN wx EEE
Fig.4 Detection of Wx genotypes with dCAPS molecular marker

A Ex3-1078 Ex3-2362 Ex5-153
ATG TAG
HZRH§Nipponbare T (His) T (Val) T (Leu)
F Nantehao C (His) A (Glu) C (Leu)
S Lixinjing C (His) A (Glu) C (Leu)
HRR%E3+5Chenwan 3 C (His) A (Glu) C (Leu)
B Ex4-96

ATG[]-I—I—!H—II-I—I—I H HHHY

H 7§ Nipponbare G (Gly) oA
BUF5 Nantehao A (Glu)
SLHRELixinjing A (Glu)

HiH%3-5-Chenwan 3 G (Gly)
A3 D EPETER SRR SSITTa BRELSEAS ; B 3 D EPUETER AT SBEIID TlEL9875 5 W (0 FARFE R 28 HITREL , 755 PN R o2 A i 22 LR

A: Base mutation of SS///a in three high resistant starch varieties; B: Base mutation of SBEIIb in three high resistant starch varieties ; Mutational
nucleotides are shown in blue letters and changed amino acids are shown in parenthesis
B 5 SitiEsmie SSilla 5 SBEID HEE ST
Fig.5 Gene analysis of SSII1a and SBEIID in high resistant starch varieties

XFT SBEID W, 5 HARRTFFHIMEL, 3400 B i i H &M scE 45 2R (K 5B ). X 4efE
PUPETERY G S 07 XA R BB R AL % SSITla 5 SBEIID %7 WL [RIBAE 522 , O LA e i
Ao AH SBEIIb JE N 25 PO A1 5 +96 bp AL A 24> R[Nk RBTIETEA R AL THS .

Al LTS RIS ) AR T G 3 A e, &
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