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Mapping and Analysis of QTL of Rice Resistant Starch Based
on High Density Genetic Map

ZAHNG Feng-qin, YU Xue-ran, LI Ling, WANG Rui, LI Pei-fu, MA Tian-li
(Agricultural College, Ningxia University/Ningxia Key Laboratory of Modern Molecular Breeding for Dominant and

Characteristic Crops, Yinchuan 750021)

Abstract: Functional rice with high resistant starch content improves human health considering the risk of
diet-related chronic diseases. Exploring the resistant starch-related genes is of great significance to reveal the
genetic mechanism of rice grain resistant starch synthesis, which has implication in breeding rice varieties with
high resistant starch. In this study, 126 F, recombinant inbred lines (RILs) from cross between Ningxia local
high-yield japonica rice variety Ningjing 28 and imported japonica rice variety JTD were used. A genetic linkage
map containing 1, 856 Bin markers was constructed by whole genome resequencing technology, showing a
length of 1973.86 cM, and the average genetic distance of 1.06 ¢cM between markers. Using CIM interval
mapping method to map the QTL of resistant starch traits in rice populations, one QTL controlling resistant
starch was detected on chromosome 7, with a LOD value of 4.2 and a contribution rate of 9.7%. Through in-
depth analysis, two candidate genes Os07g0444000 (predicted as rice glucosylceramidase) and Os07g0443500
(DNA binding protein containing MYB domain) were obtained. The study found that the genotype frequencies
of SNP, 5740179 a0d SNP 554000, 00 050720444400 were significantly different between the high resistant starch group
and the low resistant starch group in the RIL population. During the grain filling process, the expression levels of
050720443500 and Os07g0444000 in the male parent JTD (high resistant starch parent) were higher than those
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of the female parent Ningjing 28. These results implied that both candidate genes may be involved in forming resistant

starch during rice grain filling. Collectively, this study provides new genetic resources for the breeding of new

rice varieties with high resistant starch by mining the QTL loci and related genes of rice grain-resistant starch.
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PEZ PP TEM & R TE 0.25%~2.38% 2 i), F-Y(H ﬂiﬁziﬁﬂ% I B R AL R L AR S QTL

N 1.05%(F2) . RILAHAGTIEFER & RAMEE S XEERIGZEER .

®1 FHREZPCRIEGNFTASIH
Table 1 Primers for qRT-PCR

EIL 7B EmS19751(5-3) S5y 51(5%-37)
Prime name Forward primer sequence (5'-3") Reverse primer sequence (5-3")
OsActin GACCTTCAACACCCCTGCTA ACAGTGTGGCTGACACCATC
0s07g0443500 GAGTGGAGCAAAGAGGAG CTTGTGCCAGAGATCAGG
0s07g0444000 CCACTACAGGTCGCTGATAT CGAGTATGGTTCTTGGAGGA
®2 FERRILEFRIEERESE AT 3P S R AR Z IR R BT
Table 2 Resistance starch content of the parental and RIL R Z, HE4512 201941 201950 .201956(F4) .
populations
TS JEZR Parents RIL ##44 RILpopulation 301
Character J TE28% 1D VAR P PR R R 85t _
Ningjing 28 Range Average SD cv -g
m TER ﬁf 207 Spg
o
(%) 0.5 1.75 0.25~2.38 1.05 0.44 4191 &g 157 JTD
RS content ng g N N
s 10+
RS :Resistance starch, the same as below ﬁ H
Il
212 ATHFRFERS SRR EMRE IR oo LI Ol o
KM AW T EH A SRR 1261 838533523 535333333
=% (%

KA DK RRRC R & AU 9 A PR RHER & 2%)
BRI 25 RPN 5 T TR R TR 1 RILEG RS B T
Eaﬁﬁ%‘ﬂf*ﬁ% AR5 0.22.0.18 F10.27 Fig.1 Distribution of resistant starch content in RIL
(£3). MAL, R ZPEREEE ST 7E RILs HE(A population

&3 THE28S/JTD FAEEHEESHMARZIERHE XS

Table 3 Correlation analysis of resistant starch content and other agronomic shapes in Ningjing 28/JTD F, generation

RASENES KK TELL TR E LY T

[E2/N o [E3S B ZEHH JIAINS HEBE . .
Cretaceous . . . K . Grain length Thousand- Single ear
Character . Spike length Plant height Stem base thick Grain long Grain width . K ) . . .
grain rate and width ratio grain weight  grain weight
PUbEvER & it 0.22* 0.01 0.09 -0.13 0.18% 0.16 0.01 0.27%* 0.01
RS content

-2 N iR RNTTES T2 B s 7N NIl 2 N B AT A S P S
* indicates a significant correlation between different traits, and ** indicates a very significant positive correlation between different traits
x4 NHEMESERSHINHRENRZERRI

Table 4 Agronomic traits of three lines with higher resistant starch content

. BUMEVERY SRR (%) . ZEHH (mm) RAIE  TRIE(g) AR (g)
gy o PR i (om) kg (om) B3 (mm) Bk (mm) o &) TAEhRTe
P15 (%)  Cretaceous . . Stem base Grain length ~ Thousand-  Single ear
Number . Spike length Plant height . Grain long Grain width . . . . . .
RS content  grain rate thick and width ratio grain weight grain weight
201941 1.75 7.00 23.46 128.74 7.15 3.12 8.36 2.20 25.45 2.90
201950 1.69 4.00 24.56 121.68 7.28 3.17 8.51 2.40 25.10 3.11
201956 1.54 3.00 22.96 114.38 6.92 3.37 7.94 2.10 24.48 4.78
2.2 BinfRifFiE R &R Eig i pari end) 528, A1 150 bp, F L FE81 HE XS

LT RCGE F 126 /> RIL BER i X500 )7 (PE, A BWA 500 7 B0 bk 321 H A 1S 225 3L I H
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ARPRIC, SRS — B HEARRIC IR LT 4x 1
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X EAS 2 8 199,616 4~ SNP 17 1 5L PR B BRI FIAS
IE AR RE A GO T Bin &l 43 B A A A He e
AR B HES B 55, AR AT AR AS R 345 B A
AR BT HZH W7 A, K T2 DR AT 1Y) SNP )
1 BinH, Bin WA A A LA . TR
/NTF 10 kb PR 19 Bin, 33 845 ™ 55 f 43 25 (R 7 £

*5 Bin BifEE%
Table 5 Bin map information

5% P<0.0001) B 25 HPRIC, feZ4 LA 1,856 1> Bin b
IO AL I . s AR IS L 12 BT,
SRR K AE Y 12 S5 gL A, BRI 1973.86 cM,
Horp g 3 4 A Binbric B H e 2, M 254 2555 5 %%
e fk Binbric B H i, 0y 82 455 56 7 R YL A hn
1A Max Gap 5z K, 47 13.34 cM, 26 10 <YL (o fihn
JC0A] Max Gap 5/, 4.7 cM; 45 12 4L (A Bindx
TC A B AL B ek, S 2.26 <M, 55 10 4L (o ik
Bin Aric (B FE 2§ /N, LR 0.55 oM, 384N L (A 2
FIbRiC AR R 1.06 cM(FR 5. E2).,

Betafk HARESIERBinbRIC  BIREHIE (cM) TFHIEHE (M) Bk Gap(eM) Gap<5 cM ¥ Fi 43 1L (%)
Chromosome Total Bin marker Total distance Average distance Max gap Gaps<5 cM
1 171 189.71 1.12 7.20 97.65

2 194 192.49 1.00 6.26 99.48

3 254 193.92 0.77 7.61 99.21

4 95 169.88 1.81 7.66 97.87

5 82 134.69 1.66 7.66 86.42

6 174 155.58 0.90 10.89 97.11

7 106 165.96 1.58 13.34 87.62

8 210 187.22 0.90 9.96 83.73

9 100 154.38 1.56 9.38 94.95
10 237 130.84 0.55 4.70 99.15

11 144 100.25 0.70 9.63 97.20

12 89 198.93 2.26 7.52 77.27
J3T Total 1856 1973.86 1.06 13.34 77.27
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Fig.2 Bin genetic linkage map
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X s 17 5[5 2 RE R, R AR R A A ik Ok R

Os07g0444000 F1 Os07g0443500( % 6) . KNI fig
BRI AT R, 0s07g0444000 & 4 78 %9 b
P 22 J g A U030 3% b 2 B R S 7 A M L,
AT B8 2 5 7K T 7 260 W it 28 Tk P 0 e A QIR 12 o
0s07g0443500 & — Fh I 2 7 fE A A% b, & A
MYB 25 #4381 DNA 25645 1 .
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Fig.3 Resistant starch QTL mapping analysis

F6 (REREES
Table 6 Candidate gene analysis

FEH 2R rggstiit FENL

Gene name Gene description Location
Os07g0444000 KA T ALV RA AN 2L e 20t
Os07g0443500 £15 MYB 25 B 2 11 A%

2.4 RERFAEFERE RILEEDHFES S
R 5 DR 21 3 0 ) A 4 SR, 40 b T gk
Os07g0444000 F1 Os07g0443500 {E W 3% H SNP
PRIC BT HIE B o BCE T A X & 30, i 338 5 R
Os07g0443500 175 11> SNP S AECA I TD & A,
TERRA T 28 5 U2 G, ik B 050720444400
A5 64 SNP A S AERCE T AETEIF AN 22 57 (£ T) o
i 35 43 BT RIL BF AR 457217 gRS-7 AN [] 55 A Ik PR 7Y
MR R FPCPETE R & T Z M R, R B L 5
K 05070444400 - ) SNP 55017 D7 55 75 55 H01E VE
K i K FR T () SE DR R 5 ACA JTDA — 3, 75
TRPUPETE By % i 5 R 45 i B R L 5 R AR
K285 G — 55, AL B TE by T i 3 (R R 3] I 2
25 (P=0.033) ;IZFE A E 114 55— SNP 54000 17 5
TE R PUPETE By % it 58 3R h 45l i B R R 5 AR
JTDT — 35, 7EARPUIE TE A 7% i 5K & iy S 1A
RS BEA TR 28 55 C — 2, AL P TE By 55 38
ik 3 2 25 5 (P=0.031) (K1 4) . DL 450
B C M DE M 7 RILs T 44 v 19 28 S A R R 5 T ¢

EFLH 050720444400 1 SNP 5140070 F1 SNP 0007 1 25
IR,
25 BRIEEEEERERDEHRHNRIESHT

I FH 52 2 6 12 i qPCR A 1 fig 1 55 PR 72 3L
FEHEIR A A PRSI 25 (10 d AT 16 d) [ mRNA
BN, G5 REIITEREN 16 dIFF, 050790443500 7E
ACAJTD Hh i RIA i 3 TREAC A 285, 7R
3210 dF1 16 A, Os07g0444000 {EAL 7S ITD Hrr) 3
R T REAR T 28 5 (K 5) . DL A
i 35 BE R AT BB 2 5 /K AT R IR L R v oM T
IFLE . LL FERH 0s07g0444000 F1 Os07g0443500
AT RRLE K R BU I E By TR it B rp R #E DB, TR
T2 B R B A P DA G i RN Ao e A A
ARIRAMFE I T RE

R7 WEHEFIIERNREEESNP LR
Table 7 Analysis of SNP variants of the candidate genes in

parents
f e LA SNP {7 £ ™ THI28 %5
Candidate gene SNP site Ningjing 28
0s07g0443500 SNP 567006 A G
050720444000 SNP o rers T C
SNP 150303 T A
SNP 54017 A G
SNP 540207 T C
SNP 540406 T C
SNP G A

15740539
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Fig4 Relationship between families carrying candidate genes with different parental genotypes and RS content in RIL population
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2 E20 s |
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Rk NN
0 ] :

0 i 16
HENE )
Days

A AEBE IR 0s07g0443500 AEXGERER 10 d F116 d ) mRNA F35 5307 ; B 3% 3L K 05070444000 7 XGEHEN 10 dF1 16 d 1) mRNA
TR ** FORTE 0.01 KA B E 25+
A: mRNA expression analysis of candidate gene Os07g0443500 in parental grouting 10 d and 16 d; B: mRNA expression analysis of the

candidate gene Os07g0444000 in parental grouting 10 d and 16 d; ** indicates a significant difference at the 0.01 level
S5 RAEREFRRERPEEHHRESH

Fig.5 Expression analysis of candidate genes in parents at different grain filling stages
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