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Abstract: Excavating the quantitative trait locus (QTL) associated with rice cooking quality,
analyzing candidate genes, and improving cooking quality-associated traits of rice varieties by
genetic breeding can effectively improve the taste of rice. In this study, we used the indica rice
HZ, the japonica rice Nekken2 and 120 recombinant inbred lines (RILs) populations constructed
from them as experimental materials to measure the gelatinization temperature (GT), gel
consistency (GC) and amylose content (AC) of rice at the maturity stage. We combined the
high-density genetic map for QTL mapping. A total of 26 QTLs associated with rice cooking
quality (1 QTL associated with GT, 13 QTLs associated with GC, and 12 QTLs associated with
AC) were detected, among which the highest likelihood of odd (LOD) value reached 30.24. The
expression levels of candidate genes in the localization interval were analyzed by quantitative
real-time polymerase chain reaction (QRT-PCR), and it was found that the expression levels of
six genes were significantly different from that in parents. It was speculated that the high
expression of LOC_0s04920270 and LOC_0Os119g40100 may greatly increase the GC of rice,
while the high expression of LOC_0s019g04920 and LOC_0s02g17500 and the low expression
of LOC_0s03902650 and LOC_0s05g25840 may reduce the AC. The results lay a molecular
foundation for the cultivation of new high-quality rice varieties, and provide important genetic
resources for revealing the molecular regulation mechanism of rice cooking quality.

Keywords: Oryza sativa (rice); cooking quality; quantitative trait locus (QTL) mapping;
candidate genes
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1.1 SR
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Ve EK R s e s B UL Bob s, BoAA ™
. SIS A 2 5 (Oryza sativa L.
subsp. japonica cv. ‘Nekken2’)J& T Hi A i Fl, H
AARSRAGERYE, ) 2 N T2 S RE R B K
KFEE RS, DS HZ) A #0f 2 5
(Nekken2) WHEAR, 2452158 Fi AR, Fy s
PAGETER AL RS 12, FIREARE
FE BB 120 D EH AL R (RILs), A
SCIG T AL AN SEIRREAT 2021 4F 5 A
FEWTVLAS P [ K R 0 5 T A0 M 6 kb 5 o
10 J 58 BUFAAR R
1.2 ZWFEE
1.2.1 KFEMERERE

HURAR Ko £5 1k 8 4t B 1006 HL IS/ INAH I 19 A
T4 60 KL, 23 HI ] 70%ZBEH 10%U R BR G
WP R VEST 10 min FYTEFEAL B, A2
BT R MR EOR, GRS AR . =R
2.d, MEHOK 1R B0 E R g+,
15 37 °CCEI I IR A P 2F 48 ho SRJA, Bkitk
F—BUWF TR 1 DS, BESS IR
FRHBRIFH BN 24 PREE AR FN RS
M, StkERE 417 6 51, A K BAMEIET T A
R B, Ko B o B B e 46
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1.2.2 #H#@mAE

TEK R G WO R, # R A W T )5
FERHET 3 A, UEH A TR X 5
o BfJE, B DA A T TR XU ELR AR
EMSEIEN 7 d, AR K & B IR R
13%1%3 [l P DL /N B8 22 0 FF R 75 /K i 3%
GB/T 24896—2010 ¥ymk g FFAF K o 1t il
SEELTANE ) Bk ket EIgke 120 4
A AR 14 43 AT A 530 9
T, I BN RS . TRRPLE 1. BER
MRS AR, 13 2R KR E T 0.25 mm [W)E
Je bt ug IS, AR A o AR UKL 23 301 2 AT G
S B ARAE T . Ty A RE P BE AR UE S AT L
B, WHRAE S 30, 50, 70 mm.
123 HFETEHMIENE

FREC0.05 g MET 5 BUFRFIIAE &, BIAS &=
MR, WEHC 0.5 mL 95%Z FEZE 18 in A 25 it )i
, BREIRGIEES, A 4.5 mL 1.00 mol/L
AEAINE W B AR A RE T 37 °C
fERFE R, RHREEE, NEBKERE
50 mL, WEECRRI 0.5 mL, SN ARIA—FR5
ZEIRK I S i, HUOMA 0.1 mL 1.00 mol/L
ZFRFN 0.2 mL ML (FREX 2.00 g A1 20.00 g fill
ARG, MZERKE IS, £%4% 1000 mL),
FORES), HZEBKERE SmL, #E 0.5h,
Be i 0.09 mol/L SR AN I 25 N BRA
AP EEH I K 620 nm AN A, B 5 X 45 St
SR E ROGE, C R B

5 ERIrEAAE, 2B E S E R
H AR 3 Oy ELEEVE R O R AR MERE AL A T RO
FEW R, ZelbniEMZR . DABRAE R AR Ve R &
TEONGNARAR,  DUARXT N IR R A R AR AR, B
LR T2 . Y=at+bx, F Y UFEEN
P EEEVER o i, a AURPRMEMZARIE, bIUR
PRUEIT R REE, x FCRAE S IO EE .
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Bl , B BEAFE S A HAS B W6 R A
R A= RS AW AR S CIT =
R T AR ROK A ELEE VE R B (LA T E Y
A HERR) BELR 3R, LREIENRE
WFE 1%LAN, bRUERE S T R 2k R (8
KT 0.99,

1.2.4 BRHEENZE

FREC 0.1 g MET )5 A9 IAE & & Tl
N, TR E B W RGR), PR IR IE. W0 0.5 mL
95%Z, 5% K 2.0 mL 0.200 mol/L A AN ,
RAJE, B E T K E i, H
PEESER A 11, CRER I 0 K e e B A iR
9 2/3 4b, FrEemifk 8 min. WL 5 B RS I
BEBEER, FWEEE S min, FFHKKTE
15 min, 7EZEIRQ5+2) °CF, Bk e K
FE L. Thim, MERERESRITES,
RIRE S ERREE o Ak, BT bR S . Y
P it 00 5 2540 5 A R BSCM P9 AR A 22 L 7E T
SIFEHEIN: B IR 5 mm; A 3 mm.,
SEREAE 3 W, PR 3 2GR D
1.2.5 #RENE

EEASHE SR U 6 R . CTE .
TV RS KT T &, A 10.0 mL 1.70% 5
AACER A . PR RS 2 (30+2) °CHYTEIEAE I,
R 1 d, EAKRARE IS HRFLAPIR A, i
PR )i AT It il % .

*®2 WBUHESRR

Table 2 The grading of alkali spreading value (ASV)

*®1 RWEDER

Table 1 The classification of gel consistency
Class Length of rice gel (mm)
Hard gel consistency <40

Medium gel consistency 40-60

Soft gel consistency >60

BRI (E=(G1XNy+Gopx Nyt ... +Gx Ny /et s 5
K G ARRARCKR A 5 N AR [ HOK KRR
AR b [ BE A 7 S 8, LS Bl it 250 {E
55 B bR B A TR 25 PR ERFE 0.5 LU
o S NYT83—2017 CKFME H% ), MW
FEKRBILBT L AR, ML T 53k 3 2%
(% 3). FLIEE 3R, BRRIE MR Z 84

24<0.5 %% .
1.2.6 EEEIEHME

PPCEALE 120 N84 A5 A AR DNA,
PEF TSI, R T SO . SRR
Z VA AR S s, R R IR T R A AU T
ALY . PR 5 A R A R Y 4 2 BRA T
12 22251 (single nucleotide polymorphism, SNP){y;
RAETPIX P, ik /T 100 kb 79 SNP i1 .
X e Je A 25 SR A TR PR, I3RS 4 858 A4~
BI5) 5 KRS 12 S5 R B Firid, LA
LA A L A 1 2 SNP 3 A5 P S
1.2.7 QTL EfI

G54 S0 5 T UIAL A 1Y) v 4SNP a5t 4% &l
i, jz X [EVEENE, & 8) Mapmaker/QTL1.1B

Grade Alkali spreading behavior

1 Grain not affected; kernel white

2 Grain swollen; kernel white, with powdered collar

3 Grain swollen; kernel white, collar incomplete or narrow

4 Grain swollen; kernel cotton white, collar complete and wide

5 Grain cracked; kernel cotton white, collar complete and wide

6 Grain partially dispersed and dissolved; kernel cloudy white, collar disappeared
7 Grain completely dispersed; kernel and collar both dispersed

http://journals.im.ac.cn/cjben
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*3 MUREDRE

Table 3 The grading of gelatinization temperature

Grade Alkali spreading value Gelatinization

(ASV) temperature (°C)
High 1-3 >74
Medium 4-5 70-74
Low 67 <70

B, 430 0 & PR FR R 2R A Y ELEE TE R
AR RO B 3 s bRk T QTL & fisy
Br, ¥ LOD=2.5 Nl QTL M4 kil
& Mccouch ZEU ]
1.2.8 EEREEESDH

{4 ] TRIzol it RNA $2HUR 7] £ (Invitrogen)
P2 HZ 11 Nekken2 %2 A A A9 RNA, DNase
[4bFE RNA K5, 55 553877 & ReverTra Ace®
gPCR RT Kit (Toyobo)/£47 [ % 5% . MR ¥ QTL &
PE A5, ) K AR 2 DR 21 19 B8 22 (http://rice.
plantbiology.msu.edu/), 7£ QTL [X.[f] A fifi & 5 7K
T2 28 SR DG A e JE B . s S 90t e

i PCR (quantitative real-time polymerase chain

34 qRT-PCR FTR5I#F75]
Table 4 Primer sequences for qRT-PCR

reaction, qRT-PCR )% A il i 176 3 PR 7E 2% A [a] 1)
Fikfit, qRT-PCR IR R EAAFN 20 uL,
f34% 2 uL cDNA #iti . 10 pmol/L IFE 5|94
0.8 uL. 10 pL SYBR qPCR Mix (Toyobo), i
ddH,0 #M e £ 20 pL. qRT-PCR ¥ #4FFF (FEH
40 %): 95°C30s, 95°C5s, 55°C10s, 72 °C
15 52921 qRT-PCR S fif F 5141751 L3 4.
L OsActin S B EER, SR 2724 sk P EF T X
SR E A SE e E A 3 YR I SPSS 22.0
A EAT LR, LA AS W] b B B] #E 0.05 F110.01
K- b2 B

2 ERSHM

21 FAREHABRZRAMFAMULEE. R
HEMEEEMEEES

AR A 2 5) R ELH AR
IR FEARL AR A0 I B L e ) A B 0 Y i
BIEE DMK 1A-1C). SRR, KEFRL
PRI TR | B 0 BB A B SR AR
ZIa 2 g, Hrom AR B e PR A 2 [A]

Primer name Sequence (5'—3") Ty (°C) Length (bp)
LOC_0s04g20270-F-qrt TGGCTATGCCGAGAAGCTAT 59.98 243
LOC_0s04g20270-R-qrt GATGCACCAGGAACACCTTT 60.00

LOC_0s11g40100-F-qrt TAACCCCACAACAGATGCAA 59.82 196
LOC_0Os11g40100-R-qrt TTGTTTCCTCGGCCATCTAC 59.99

LOC_0s01g04920-F-qrt TGCTGGTGGTGTTCCTGATA 60.25 226
LOC_0s01g04920-R-qrt CCAGATCGCAGCATTGTAGA 60.07

LOC_0s02g17500-F-qrt GCCTGAGATTTTCCCAAACA 59.86 163
LOC_0s02g17500-R-qrt TGCTACCACACAAGCTGAGG 60.07

LOC_0s03g02650-F-qrt GACGACGTCTTCGAGATGC 60.01 152
LOC_0s03g02650-R-qrt GAATGGTTCCACAGGCTCAT 60.02

LOC_0s04g20330-F-qrt CACCCGAGAAGAGAGGTCAG 59.66 241
LOC_0s04g20330-R-qrt GTGGATGAGAAGCCCAATGT 59.99

LOC_0s05925840-F-qrt AACAACAGGTCAGGGGCTAA 59.59 178
LOC_0s05925840-R-qrt GTGCTCCTTCTCCTCCTTCC 60.36
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2SR, A BIEE R 3.78, R Kt
WIS s T 2 5 (RIS A R 7.00, RIELN
CHITLIREE (% 5). 50 BR, EALH K RBHA
(RILs) K A F AL AR £h 305 B e ) 8 AR 4 v
W o B R L IE A, Ve iz,
HAAERE R SIS, RVDKREMWALIRE . i
) 3 L D oy T i Oy 22 3R DR o Y B30
R, 4 QTL X MMEKIE SR,
2.2 QTL EfLS#r
FIHEH H AR EAT 4 858 i
01 1R 2 SNP it 4% % B BT 3 9 E 4T QTL &
LT, &5 SR ILAR I F] 26 4~ 5 KRG L& i
#H3& QTLs, LOD {HAE 2.77-30.24 ZZ[al, 434
FH 1. 2.3, 4. 5.6, 7.8, 11 fil 1254
ik (& 6, K 2). Hrh SR A

o L O A Mmoo 0L

o . 0!

QTL 1 4, fFH 6 SYtaltk Y HiiEE N
3908 292-22 732 901 bp XAy, H LOD fHE
ik 30.24, F LRI AV 2 AT B R 4 K AR R AL
T B 1) A2 3% QTL o ALAG I 2 13 A5 B B8 8 A4 ¢
) QTLs, HH T4 11 SYeik 4 FiiE e
721 807 002-23 985 951 bp X [H] N qGC11
) LOD fH Az, M 7.18, M%7 & ] fg 24
K R AR B EAL QTL. XF T HHEvE# &
i, IR 12 4 QTLs, Hbh i FH 1 53
R FHIHIEE N 1 663 060—6 064 691 bp X [ii]
MW gACL i LOD fE i K, K 9.67, HEMIZAL
RUA] RESR P KRS BB TE R 3 5 A0 F2 3L QTL,
WA, 7255 6 SUL ik FAFAE R 5K R Ak
B A B RN BB VE R 1 A OC H LOD fE K
KRIWE S QTL IX[H],

N | Py | Y

3 4 5 6 7 20 40
Gelatinization temperature (ASV)

Gel consistency (mm)

60 80 100 5 10 15 20 25 30

Amylose content (%)

1 KEBEHERATHMUEEWA). RAEBMEZEHSEODH

Figure 1
recombinant inbred lines of rice.

Distribution of gelatinization temperature (A), gel consistency (B), amylose content (C) in

x5 KBEEAREEHBXRAFFHMULEE. RAEMERENSE

Table 5 Gelatinization temperature, gel consistency, amylose content in parents and recombinant inbred

lines of rice

Trait RILs Parents

X+£S Range Skewness Kurtosis HZ Nekken2
GT (ASV) 5.30+1.56 3.08-7.00 —0.23 -0.94 3.78 7.00
GC (mm) 62.87+12.57 22.67-87.00 —-0.89 0.90 64.17 60.24
AC (%) 17.49+3.47 8.76-28.13 0.47 1.31 16.28 19.32

http://journals.im.ac.cn/cjben
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*6 KIEELBRXAFHAZRBREX QTL 747

Table 6 QTL analysis related to cooking qualities in grains of rice recombinant inbred lines

Trait QTL Chromosome  Physical distance (bp) Position of Likelihood of odd

support (cM) (LOD)

Gelatinization temperature ~ qGT6 06 3908 292-22 732 901 16.75-97.45 30.24

Gel consistency gqGC1-1 01 2407 127-2 649 258 10.32-11.36 4.49
qGC1-2 01 14 842 775-15 336 720 63.63-65.74 2.77
gqGC2 02 10 729 809-10 871 055 46.00-46.60 4.09
gGC3-1 03 704 980-858 167 3.02-3.68 2.94
gGC3-2 03 20915 784-21 003 928 89.66-90.04 3.49
qGC4-1 04 787 067-16 903 933 3.37-72.46 5.61
qGC4-2 04 30 534 081-30 686 115 130.90-131.54 4.32
qGC5 05 10 057 827-10 708 959 43.12-45.91 3.34
qGC6 06 8457 698-17 537 504 36.26-75.18 4.56
qGC7 07 13 095 659—-13 853 455 56.14-59.39 6.15
gGC11 11 21 807 002-23 985 951 93.48-102.82 7.18
gGC12-1 12 6 897 394-10 410 938 29.57-44.63 3.62
gGC12-2 12 17 370 399-17 901 627 74.46-76.74 3.67

Amylose content gAC1 01 1 663 060—6 064 691 7.13-26.00 9.67
gAC2-1 02 3999 642-5 752 314 17.15-24.66 4.38
gAC2-2 02 9 896 262-18 043 622 42.42-77.35 5.48
gAC3-1 03 481 634-1 377 228 2.06-5.90 5.54
gAC3-2 03 20 915 784-21 229 182 89.66-91.00 4.70
gAC4 04 46 622—-14 135 131 0.20-60.59 6.03
gAC5 05 10 057 827-15 200 902 43.12-65.16 5.10
gAC6 06 8457 698-17 655 069 36.26-75.68 4.81
gAC7 07 13 095 659-13 314 991 56.14-57.08 4.16
gAC8 08 18 777 521-18 935 918 80.49-81.17 2.98
gAC11 11 14 212 356-22 421 559 60.92-96.12 6.75
gAC12 12 17 268 215-17 694 262 74.02-75.85 6.62

2.3 ZFEMRMEXEENREHFE I} 2¢ S8 RE fit PCR X573 5 DR 78 XU ] 14 3 1k o

I FH 7K #5254 3 B 3l (http://rice.
plantbiology.msu.edu/)5 [ Z K Fa 4 00 3
Ebp(http ://www.ricedata.cn/gene/) i) 3E PR 2 B¢

AR, JFEEEAT AN R, XF Bk QTLs Br
TE G (0 1A IXC 8] 9 1 56 DR LR AT 20, 02D T
WEAFH] 8 A E KR 78 4 i B AH G i Mg i BE A

FEXRT BRI D RE AT RE I (R 7)o ok S [K] 32 4
TR AV e R R T AU R R e N
NER T AL CBHLEE . UDP-# 4 5 4
Bl . ABC1 4 GRF HAEHN 7%, a5t

&: 010-64807509
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Figure 2 Mapping of QTL associated with cooking qualities in grains of rice recombinant inbred lines. GT:

Gelatinization temperature; GC: Gel consistency; AC: Amylose content.

®7 KEERERBREXREEROINGE

Table 7 The function of candidate genes associated with to rice cooking quality

Chromosome QTL locus Gene Function

Regulation object

1 gAC1 LOC_0Os01g04920 Decreased seed setting rate and increased the level of Thioredoxin
glycoside flavonoids™! isorhamnosyltransferase
2 gAC2-2 LOC_0s02g17500 Associated with total soluble sugar content Monosaccharide
transporter localized in
the Golgi apparatus
3 gAC3-1 LOC_0s03g02650 DNA transcription factor activity, which affects Ethylene response factor
photosynthesis and thus increases starch content!
4 qGC4-1, LOC_0s04g20270 Involved in starch accumulation and transposon Histone deacetylase
gAC4 repression, involved in rice seed development!?” gene
4 qGC4-1, LOC_0s04920330 Associated with UDP-glucosyltransferase expression, UDP-
gAC4 involved in nucleotide sugar metabolism®® glucosyltransferase
gAC5 LOC_0s05g25840  Plays an important role in grain shape and seed size in rice?””? ABC1 kinase
6 qGT6 Alk Involved in branched starch crystal building, associated  Soluble starch
with the synthesis of the main component of branched synthase II
starch branching clusters (medium-length dextran chain)?*
11 qGC11 LOC_0Os11g40100 Increased seed length, grain width and thousand grain GREF intercropping

weight in transgenic ricel®”)

factor
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Figure 3 Differential expression of candidate genes
in parents. *: P<0.05; **: P<0.01.
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