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FRPEREMAFERRRERERNRAER
LB h 0

BT TeRE", TERE, P4, IME, KEE

TLBA A K 2K REBE FE AT, TEFH 110866

WE BT MERRZESR, #15K IR (Oryza sativa subsp. geng or japonica) ¥ 77 KT _E bt H ASKERG 58 BAL 3, i
F AT B R it 57 U B A T o KRR . T v R ) R i 0 22 e (R B B ), X T & L s e i A R A &

B L27aty v EERGABE S B, RO B SEEA RGBT, TR 1E 2 S84 5 456 a5 I A OCER /0 i 48 7 e il
R R ZE R AR B . A5 IR, o EOREIARS SR 1 35 % R ILE K J) (adhesion force, ADF). 25—k 5 ¥
A f A (first recoverable deformation cycle, FRDC) #3454 (elasticity index, EN=ANRAFFES 4 F. RN, GWES
304N AR PE AR ARAE DI 73 W R B, 2448 FF -5 K IR TR 2 8] 2 I 28 B S5 35 A0 OGPk o 4 301 A KR I FE AR B 4y 4 VT A
TR 1A 80% 3 BY AR J 1 3 e, e e X6 G AR AU A AT 4 25 DR A S B o0 BT 42 4 B 24 5 il v K DK 5 A 4 P ) 2 R R
qFPC4.35qFPC9.2. W FL WS M AL T R L SRS, LA 1 b RO A R il S AR 1 22 (1 A e i, Dy dRIE
FERG B b B A% 2 R AR 1A I R %45 B AR AR

XREIR KK, AR, BURER, SREEASCEAT, ERa T
BIE, FBRE, TR, RaHE, 7, BRERR (2025). 2md [E R A6 A H AR RS 60 55 2 5 5B R 3R K st L L ml

fEdT. Y 60, 533-550.

/K4 (Oryza sativa) &3 [H H Z 1R S1EY, &
R KEEZ—, IR —FL EADRHY G
R (Tuetal., 2025). JTHER, 9% FH X REK 5T
BRI /(TR ER 55, 2017). AEK i E A 45
HPULER T RS BT . BRES T E IR TRV AR
Jfi(Gong et al., 2017; Sultana et al., 2022), H&
W it JB A TR 8 R OKAE Y 2 3 vh 32 UCGH R 1) B [
R(HEMRMESE, 2021), RFEKETHANE 1R LR DA
Seft P & (Shi et al., 2022), &2 EREM
T B TE RS R TR AR . 201 28604EAR LUK, TR E 4R
JO AT G A RICHE S e A ) AR R A AR PR B A 45 A
RIBEMEIRIE T T, B O & 0 TURE 3L 200
Fho AT 55 (2018) AL AR ALAE X E AR FERG St Fb ™= = bb
H A NG 5115.79%. 1R 55 (2023) 1 i th 3K 1,
— A YR 2R oM B ) W T AR g HARE

Wk H #: 2024-12-20; 5% H i 2025-03-18
BeTH: HK B RRHHE4(No.32372107)
t LR S —1E

FE Rl . AR, BEA G E MR 2 EA, RE
R ACATRE (1 40 U S5 RN T 5 5 B AR B B L A
TEAIR 5 5 E ALK SR AT A BOK 22 S (B 1
&, 2005, 2010). &4 Mk, E G T KE H AR
AR BRI T B R SL i, £ e R AR E R
KR A T HE— D, (E R ERERG T AR
SRAAE (TR, 2017). (RIL, fAAT A HORE RS Bk R
ZE SRS N

EHT, PPN ROK R 5 I 77 3 2 B R RS
M AL AR PR A B A L3R (T 4 e 4,
2023). HEE AN E MR GE, 2P M A AR H
G HE IR, HAK B AR Ar 5 ok i i
AT LR PEAR O, 76— L8 B AR AL 38 br 0 S P2
i), EURMKIREER IR RZ (L et al.,, 2016; j7E
&5, 2021). [Kk, SOBPEO RO TR DL A S

* JBIRE# . E-mail: sunjian811119@syau.edu.cn; wfchen@syau.edu.cn
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BRI N T HBEN R S B R B,

JIG R R P A — A AT A X 8 0 K U B R AE
PR (ZE R LS, 2007), AEX B RN e bR
FME, 7E—EfRE Bl R BORR IS Ok
R 5, A — i n] A T3 e I R R ) B
LA, (EBERT I 07 AR 35 0 B (B 5E, 2011; VE
KM%, 2015; F/NHZE, 2017). KURZEE T FE SR
ERAEAK. BERE, Haa e, EA AR
RGN R AR R FE (& /R 5, 2011). AL, K
TR ) 5 A AR P AR KRR P B ke T AR oK L A i 2 (i
K EABRAREI NS E. FR, FE. AT
SR8 2% A 46t 2 o TR R e 7 A — B FR FE I 52
WA (i AR, 2021) 0 E AR 5 A4 i e s A
RSB 2. BT, 0T AR s AL HL e
MR EEE R RBE IR (MM, 2019; = &4,
2020; FMFE, 2021), XS T oK R 5 A4 4 1 2 A
Tt 50 SRR AR ER A P 7R S (AR G 1, s £
11 FE BB 9T 48 AR D (R KA 4%, 2022; P
4 2023). 2K H%(2003) LLAsominori/IR24 (7143
AR STIGARE, 0 I RE K Bk S M
IR B MR AT (quantitative trait loci, QTL)#E4T
XM, K 270 43 BT 7592 25 S ARG I 1) 344 i K A A
FERIQTLS, LA K 34~ il Kl s 4 (1 QTLs . 4% U
(2007)F| FH B 4H 1 58 F 44 K B Waxy FE ] X B DA
J 55105 e 644 (I RM388A—RMS591 [X B A& 2 il 2K
TR AL R 1 2 B (X B . F BRI 45 (2022) 1 ] “ Aso-
minori x IR24” fiTAEMEM 3 RBEHK, EET75H
4K [ RM505-RM118 [X B 5 452 52 17 B 5 K AR A 5
Al PEAH G I QTLAL 1, 755275 i ARM5390—
RM1313[X B 5 5 5E 7 B 5 KWk 9 S PEAE S I QTL
L5

KR FRIFE SRR A2, HORIREWR 552 24
JRAIFFEFR RS B R, AR M I L FE AR BB s
KRR, B, 2 A=A DHU LN T
SR A RS KB AT 5 VRN & — FIT B R 7
KRR PE 5 Wi R R RE & B AR B IR, 2
DRI FIFA 55 00 e, AL IEA R A% . (HH T-QTLAL
S A PR AR 1) 38 4 1 5t 28 S BOK, A AR PR A
£, HQTLX L1 St MM BN BURR, Har R e hr
T W E B R R R EFE AR QTLs (Liao et al., 2001;

Monna et al., 2002). 4= [ 21 o it R H e 2 &
CIR AR B, HEA IR, TR s

TR 7 25k R B 5 SR R R 2 TRV B 2R 1 24T B (Cantor
et al., 2010; Huang et al., 2010; Zhao et al., 2011).
Ak, BEAE AP ER A KT & g, 1R 230
(LRI A 52 R T Se MY, X A4S RN 2 S B =
B, ARERH KRBT U S E RIS, AT
V2 N T R ) 2 Fh PR DG 2 R B %5 58 (Lin et
al., 2014; #1755, 2016; EHEHES, 2023; 2]
&, 2023)0 HARL R K2R XS 83 PR 2 1 ot
8/ 5K FEMR AL S I SR MR B AT 1o o dlr, 45
TR IR EE — F OO S T KRB AR AR KK 4 15
B, FIHPCLE A KA 34T 4 He RN H R B i, 43
BN AR B KA EE K OsSPY, 5 K Al
TEARERE SHH & ASLRL (Yano et al., 2019). H
WAL, B E R i 5 B A G i 45 &
FEHEE W S IR MR B R I A T B

T8 K T Joi2 ) AR 1 A A g o KA AR i S5 P A o
OB R o AT AFEIR TR K B 5T A R I 2293
T 0 52 M AR ) 45 2 ) IR 3% DA R R oK A R 5
e BRACFE AR Z [A] PR DG, X K5 5 A e 2 ) 28 A%
FER B FOAR X &b o T T E A E AR ATE MO
S, T EDRERE AN H AR 2 8] )8 % AR AE AR K 2%
J, X WA A T OREK TR AR AL, 3R T 9] Rk =
Fto DRI, ACHIT T I T EDREK B BT 1) 2 AR PR AR
. MNJBTRE) F FE B A R it o R 2 3, [ I 82 T
JRAGREE TR AR B RRAEAE Y 4 B R A ORI A AT, %6
R AR R AR S AR OG AL i, B EMEMT T E A
KB i ol 22 S PR a8 A% B it g R R A £ R ot i 1
fE U R AL AEE M (A B EAEE B AR AR o

=~

1 MRSHEE

1.1 KB

A TR R Rk B A E AT H AN [ X 27440 R
TRRAH R B AR AR . Hh S ok B b I L T KA
(Oryza sativa subsp. geng or japonica) 18943 (¢ %
MRS Gy, PACHEE RE11448) . HASKERE(O. sativa
subsp. geng or japonica) 857 (¢ K i F404r, BAR
FIEFEAST)
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1.2 #MFhiE

HBE AR T 20214 F120224F Al T 940 BH AR ML K 24 R}
s Feh (123.25°E, 41.48°N). i 5% B bk
B, BAS SRR 34T, BAT RO L0ME, MRAT IR EE
12 cm x 30 cm, JiA M Ja) 5 B4 24 1 3 40K
AR R, ERLE A JR % 150 kg-hm 2, B R 4
75 kg-hm™, % — 4150 kg-hm™>,

1.3 AKRENE

KR ) 7% 2 1) 4% £ EE S IR GBIT 15682-2008 (it i
IFEAL . KOKZEE B UK B VPN 77D /N
FE it ) 8% 7 5 9 45 6 S bl DU AT & B 0. FREL
30 g K T Z& R A, PR3 i N 100 mLoK, N &
PEPE10ME, WA £ FE 1O, PuEHokHF EE Lk
E1R . P 100 mLZETE/AK Lk, IRARK, BA
P K I (8] 5 i 76 3-5 73 #h .« SR JE 4% oKk =1:1.4
(MIm)IINZE MK, ZRUR LN 85 485, RIE3040 4. 24
ZRERTR BT, W AR RN 28 53 75 8 3040 B, TR 10
P, BUR AR IRILER RS R HESKIR, &
RERRKRLSE R . 56 E4RaE, 7638 X A A 21205
b FR kDR, IR AL, FRES gih
Jo IR ORE b oK F, A bR 302 A A 7 1
STA-LAKY T WR I e AP BEEE . FhE. Pl
FERE WA, BEANFE o I E 30K .

1.4 FRAtFERE

JoT AL R BRI 5 T R 2 2 i PR 46 (2017) 4 th i) =
KivE, A SEPRIE LT IE 8. 78 H R ALK IR
J2 5 R BB L 3 31 36 5 B R oK MRk, 3ANRCRL XS
FRIBCEAE B A BT AR E, A % TA435KTE
83k (1 CT34500 % Jifi #) 1 (BROOKFIELD ENGINEE-
RING LABORTORIES)H#ATTPA Ml &, &/
mn B W10 . W S H k& AT EE N
1.00 mm-s™, 5 HEE 52.00 mm-s™, filik 1 E
N5 g, TEHRECA2, WAEE H0.5 mm-s™t. X3k
FREIL0MN E S5 5, A it Fh o il 25 4w 2 A Al OB AT
W/ME, BRI AR 6 I 5E 45 SR 1P 3B A S e 2400 i€
g5 SR E 304N o A MR 28 — 1 PR A B (hard-
ness, HN). #k7j(adhesion force, ADF). % (ad-
hesion degree, AND). P % 1%:(cohesiveness, CON).
4 (springiness, SN). K% M (gumminess, GMN).

SN ARG AT H AKERS €00k i 5 22 5 ) SR DR 3R B HL B AL R At il 535

WH Ig £ (chewiness, CN). # /j(elastic force, EF). fif
& J. 4% & (hardness deformation, HND). fiff & T4 1
47 e (hardness deformation percentage, HNDP). &
45 D)E¥ 1 (first compression work cycle, FCWC).
5 — 0K 2 AR (first recoverable deformation
cycle, FRDC). [k Z Uifi# 1 (first recoverable
work cycle, FRWC). % —7E# & Z(first total power
cycle, FTPC). H#rfi#k(objective load, OL). H#x
A3 & (target deformation amount, TDA). #5287
H 4yt (sample deformation percentage, SDP). %
fH 1% (peak strain, PS). #iEK fE (elastic length,
EL). 1% 1) (elastic work, EW). %5 — 7§ ¥ fiff )&
(second cycle hardness, SCHN). J& i Th 1§ #F 2
(second compression work cycle, SCWC). "1k &E
AR EIA2 (second recoverable deformation cycle,
SRDC). A1k E IfE¥ 2 (second recoverable work
cycle, SRWC). & IhfE¥£2 (second total power
cycle, STPC). #tEiE% (elasticity index, EI). MHIE
fe%i(chewing index, Cl). & IiE P % ¥ (corrected co-
hesiveness, CCON). #% IFJi % £ (corrected gum-
miness, CGMN) A% 1F IH 1§ 14: (corrected chewiness,
CCN).

1.5 ZEREEXKIT

{# Flllumina HiSeqTM 25003 F# A 3K 15 J5 1A Fr 41 %1
Pi(raw datamiraw reads), iflidfastqis 2T IR AE,
{# FIBWA (Burrows-Wheeler Alignment) 41 Eb i 4%
R BWA-MEMBIE, 4 3 PR 20 51 0 17 i 4 4 4
5KFE5 %N HIRGSP v1.03E4T Lbx, ¥ Lbxt 4
RARAE T sam s KO, ARAE K2 2% B K 4 A8
Samtools #4428 i T X i sam SCAH 4 40y — 33t il
bam#s 2 S, 13 I GATKAE s Bt vef s, @it
MAF/~T0.055F €3 £]1.3 Mbi#)SNPAlindel. FH
emmaxiX TR G LR, 2552740 /KFEHE i
PR R I S B R, A TR R ST AL R I ) 4 (R
4H I Hr(genome-wide association study, GWAS).

1.6 BiESHhELE

1 I GraphPad Prism 9.0.0.121 347 75 2= 40 ¥t 322 il
MK, KHIBM SPSS Statistics 2247 #1554
1, AR x 64 4.1.08E1T £ o3 70 # IF 2 A R
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#4 8. T E FManhattanfEl (Friendly, 2002). BEL 0[] — FIR R AP T, ACKEK ) Bk (839 %
T o DK, L o DK A H A MK 7E 202246 (g
2 BRSNS ORI 14 535 T 202045 . ) R UR {0 R 2 3

O ) R ERF 252 36 70 4 5 ) R 5 B th 6 (BT 1LA o
21 PHEKRERKELNERURETREREN SRy, FEx ki —, W
EEREEXRIKTH it T20204F, 202248 BT FHEHI € VA 19 T4,
R TR K LR A TR S KRB A E SR AR T IR (0 R BEADE, %
W, TR R B vk K T LR R R L B PRBBUR SR AR AR SR Rk (E1B)

St B, AHFTEAHT T o P A vk R AFFC R o0 1 SR P TT FR 5 T Er Wk (A fr 4 3 ]
HA SR I 22 7 S5 SRR, 7E20214F 1202247k HRETHT(GWAS) , 45 REK 202144 F120224-1£6

A 100 - ECN B
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B1 A B RS AR A 2 5 DA R T B R M 1 4 356 PR 20 SR BEG 43- A

(A) 20214FF120224F i H K B WRAE 2 575 (B) 20224F H HOREK B UREAH SR T- 20214 B (0 IR & (CN: 1 B FS; IP: H A KA,
* P<0.05; ** P<0.01); (C) %:T-20214 & W fE 4= FE R 40 G40 #; (D) A: 120224 B WRME M A B BRI 4 e A0 AT . i 2R K mic-Hk
ARG . 35 R BRI {EL(0.05 52 3 /K 3F), 8 4R TRAR T - PR DG TR A A% Y0 25 PR BRI {E.(0.01 (B2 /K F) o

Figure 1 Differences in taste values of japonica rice between China and Japan and genome-wide association studies based on
taste value in two years

(A) Differences in taste values of japonica rice between China and Japan in 2021 and 2022; (B) Changes in taste values of
Chinese and Japanese japonica rice in 2022 compared with 2021 (CN: Chinese japonica rice; JP: Japanese japonica rice; * P<0.05;
** P<0.01); (C) Genome wide association studies based on taste value in 2021; (D) Genome-wide association studies based on
taste value in 2022. The blue line represents the threshold for the significance of marker-trait association (0.05 significance level),
and the yellow line represents the threshold for the extreme significance of marker-trait association (0.01 significance level).
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TR L SRR Bk B 3 R AL AT (B 1C,
D). 35 [ AR R AT R IR R B, %A A
TR R KA R B I 3 RO I WX T E X 3k %o 1%
FERADRHO WX B B, B b A WO AT WX
PIFREEALER, o ERERE A Ak Hh 46, 53k 7 o 48 o7 i
B, B BAWX R 3 (M EILA) . FRATTELE: 7 B A A IRIWX
SRR IR IR R RS B R AR, R 0 A 7E Wix A
BAHFE M SR, HAMREN EWRERAEE R TH
AR (P I LB) o IX KB, I AFE S T WixEE R 2 Ah
(R H AR B R S A A BT H AR R
BEHERE A R B R TR 6 32 2 TR 38 L [ e
UFE M EEEMAEARTEERAK, HEK
SR AT R B B 22 . PR TRAT] 5 NAE— SE RS
R DR R o JOR PR A ) A Ak Dy T T
P T B TR PR A, B FREK 2 )= A
A R 22 S B AL AL

2.2 HAEXREKRESRAFFEEREXES
REAEFREHEERENES
N BB A5 TR A R PE R AR SRR BRI I G R, kAT
V48 PR A ) PR £ TR A i A R 1 B A 20 BT 35048, AR
Ja X AT RO e dT . 45 IR R, S R(E 5 KR
fERE . MRS AR &, BB — KR ARE . WK E D)
TEL. B—EHAT). Hisfd. HinBRE. M
T3+ KRS BRI SRR, BT B R IR
AR L RIEIR 2. AR IhIEH2, RINER2. ik
P MHIESHE H DL B TE i A 3K e AL R M R AR 4
BAWREMRNE, SERFADIEAL, EHENE, T
AEDINEIA2 . PR FORE g 2 S AR DG (B 2A), X
AR DK 43 DK AR A R 1 A b 5 R K vz (R B A %
VI #

2021 4F Hp [ RE ARG AN A R R AR E BT A A 4R
b B TE g b R E R (K2B, i E2); 2022
S EDRERE AN H ARG AR RS JT L SRR B AN R AR b
SRR EFEEZE R, B AR ETE AR R I
EVEZESE, EWERE. REVE. RME. BAME. F. K
S 1 A0 P VB 5 o M) B R AR b B L TR R R PR AR A
EWERENEZERWE2C, ME3). S50 H AR 1
P REVE S AL, IR r I A R R AR % 7 SR R
fabr LR ER AR R, HESHEZARIEHMA
Mz 1) o B JG X RE BE L o6 ) RURE 77 FE AR g AL T AT

M (HTRL), a8 REBYIH HEERERRE AL H$
— BRI PR SR AR PE, T B A A R 3 [ A
FI R 25

2.3 (EIEERBART IR ER S 71
TR IEARE 2, 1 B RATEF TR, FEKE
WAL 2 AN R AR AR A R R IS 3, TN B
KRR B A B 2R (st AL B, BRI R FH 32 B oy
YN 2% BIRE K AR I B 2, $REN RSy, 47
BPEE SIS, RILAT4A E K5 1 R AT
k2 511K 2180% A I, AT DU 1A R Y 353 44 80% LA
EMAERERL HE4). i, iR K
e SRR P PRI B0 i A e 4 A FE B4

FHER LA, P 4 (8] 55 — 5 oy DTk %618 44.49%
b, ZERSTEIIER2 (STPC). KE
(GMN). ¥ IERH g4 (CCN) .\ 5 D53 1 (FRWC).
JE4EIhE3R2 (SCWC). MHIE M (CN). K IE fe & P
(CGMN). AIKE IEH2 (SRWC). Hkx iz (OL)-
S5 AR R B (SCHN) A ES — 16 PR 5 (HIN) F) £ 2K 2
BOR, BRIEE — F s 2 FE RO R 11N T A R
fabr. PHAEIE]ZE = 3 0 I DTk 2214 14.80% L I,
20214 55 — F B v o ORI R AR 2 H AR U ER
(TDA). fififZ JEAFE(HND). # /1(EF). HitkE(AND).
Fi71(ADF). W ERTE(CON). 451631 (FCWC).
S D EW)FI R E TR EHA2 (SRDC), 1M20224F
% F A PR BN R BI(EF). A S (CON),
PSS EU(EN) H bRARHE 2 (TDA). 1 % 48 & (HND) .
ki J1(ADF). £ IE N M (CCON). w4k Z ARG 2
(SRDC) 14— A Yk &2 LA G ¥R (FRDC), b H A4S
£ % (TDA). fifi i 245 & (HND) . 3f /1 (EF). /1
(ADF). P ZE 1% (CON)FH] 1k &AL E L2 (SRDC)
PR AE A A TR] R B AT 3K, R IR 6 HR bR 52 AN Al 4F
B [B] AR PR B R MR/ o A R] 353 2 4 A B 4 3 A3
(1) TR 27> )5 8.35%115.8% L _E, #8533 o Al ER
A3 43 TE A 1 1R 2847 250 R 16 0 ol D e K
(EL)FaE {4 (SN) BA R A B2 T2 AR 1 43 Ll (HNDP) AR
BiAF(PS). 45 LFrid, $1Em BRI RRE M
WH PR AR DGR, B2 Bisr EEROREE . RS PEAN
TEAF R AR, B3NS4 B 40 ) 28 7R 3 A o
PRI FE T A8 A AR
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(A) H HAK B RAE R SRR AR AR DG PE /3BT (HN: 25 — 7B 4B 5 HND: T8 JE AR &L, HNDP: RSB 5 4 b, FCWC: &4
IE¥R1; FRDC: #— R ELAMEHR, FRWC: Ak EIIEIFL, FTPC: $—ME Iy, OL: Hirfi#; TDA: Hird L&, SDP:
FERTE B 4L, PS: WE(ENAS; ADF: Ki77; AND: fhit; EF: 507 EL: #EK R, EW: 30D, SCHN: 28 ZfEFFHAE; SCWC:
IEZETIHE3A2; CON: WEM:; SRDC: AlkEILAMEA2, SRWC: AlKEINEI2;, STPC: HIhfEH2; SN: #M; El sik4E%L;
GMN: &, CN: PHIEE; CI: "HIEFE%; CCON: #ZIEW R, CGMN: KIEMETE; CCN: A IEMIENE); (B) 20214584 i #4HF:
PEFRFRTE A HAEK B 1) 22 575 (C) 2022485 43 A RFPEFR FR7E o HBK B 1) 2 5% . CNANJP[E [E]1; * P<0.05; ** P<0.01

Figure 2 Correlation analysis of the taste and texture of japonica rice and differences in some textural characteristics of japo-
nica rice between China and Japan in two years

(A) Correlation analysis of the taste and texture of japonica rice between China and Japan in two years (HN: Hardness; HND:
Hardness deformation; HNDP: Hardness deformation percentage; FCWC: First compression work cycle; FRDC: First recovera-
ble deformation cycle; FRWC: First recoverable work cycle; FTPC: First total power cycle; OL: Objective load; TDA: Target de-
formation amount; SDP: Sample deformation percentage; PS: Peak strain; ADF: Adhesion force; AND: Adhesion degree; EF:
Elastic force; EL: Elastic length; EW: Elastic work; SCHN: Second cycle hardness; SCWC: Second compression work cycle;
CON: Cohesiveness; SRDC: Second recoverable deformation cycle; SRWC: Second recoverable work cycle; STPC: Second
total power cycle; SN: Springiness; El: Elasticity index; GMN: Gumminess; CN: Chewiness; Cl: Chewing index; CCON: Cor-
rected cohesiveness; CGMN: Corrected gumminess; CCN: Corrected chewiness); (B) Differences in some textural characteris-
tics of japonica rice between China and Japan in 2021; (C) Differences in some textural characteristics of japonica rice between
China and Japan in 2022. CN and JP are the same as shown in Figure 1; * P<0.05; ** P<0.01
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Table 1 Factor load matrix, eigenvalues, contribution rates and cumulative contribution rates of the principal components of the

qualitative and structural property indicators in 2021 and 2022

Year Variable V1 V2 V3 V4 Year Variable V1 V2 V3 V4

2021 HN -0.238 -0.077 -0.139 -0.153 | 2022 HN -0.250 0.110 -0.126 -0.050
HND -0.039 -0.343 -0.066 0.261 HND -0.076  0.285 0.210 0.002
HNDP 0.002 -0.139 0.028 0.459 HNDP —-0.037  0.069 0.430 -0.448
FCwWC -0.191 -0.235 -0.186 -0.089 FCwC -0.215 0.198 -0.071 -0.028
FRDC -0.176 0.186 -0.016 0.299 FRDC -0.144 -0.236 0.245 0.049
FRWC -0.249 0.038 -0.088 0.042 FRWC -0.264 -0.042 0.019 0.020
FTPC -0.214 -0.189 -0.177 -0.067 FTPC -0.231 0.169 -0.064 -0.022
oL -0.242 -0.060 -0.140 -0.117 oL -0.253 0.097 -0.116 -0.048
TDA -0.040 -0.344 -0.071 0.243 TDA -0.076  0.287 0.196 0.021
SDP -0.025 -0.186 -0.076 0.196 SDP -0.059 0.184 0.212  0.096
PS -0.001 -0.144 0.036 0.449 PS —-0.033 0.068 0.443 -0.420
ADF -0.039 -0.267 0.296 -0.211 ADF 0.010 0.284 -0.125 0.078
AND 0.005 -0.286 0.299 -0.132 AND 0.061 0.186 0.034 0.311
EF -0.137 0.322 0.088 0.158 EF -0.031 -0.323 -0.012 -0.090
EL 0.045 -0.128 0.386 0.034 EL -0.012 -0.082 0.302 0.381
EW -0.036 -0.223 0.385 -0.124 EW 0.039 0.206 0.081 0.418
SCHN -0.244 -0.046 -0.127 -0.143 SCHN -0.252 0.100 -0.139 -0.051
SCwcC -0.251 -0.110 -0.066 -0.031 SCwcC -0.264 -0.081 -0.050 0.008
CON -0.153 0.256 0.236 0.089 CON -0.058 -0.315 -0.077 -0.052
SRDC -0.166 0.221 0.003 0.280 SRDC -0.128 -0.245 0.243  0.050
SRWC -0.240 0.090 -0.067 0.066 SRWC -0.263 -0.055 -0.004 -0.013
STPC -0.258 -0.050 -0.071 -0.010 STPC -0.269 0.043 -0.038 -0.003
SN -0.151 -0.166 0.248 0.206 SN -0.141 -0.060 0.378 0.329
El -0.130 0.175 0.338 -0.019 El -0.039 -0.296 0.096 0.212
GMN -0.256 0.047 -0.012 -0.080 GMN -0.265 -0.032 -0.100 -0.027
CN -0.259 -0.014 0.080 0.008 CN —-0.264 -0.056 0.047  0.065
Cl -0.249 0.093 0.086 —0.062 Cl -0.241 -0.140 -0.025 0.054
CCON -0.152 0.129 0.321 0.029 CCON -0.073 -0.284 -0.104 0.004
CGMN -0.252 -0.013 0.018 -0.105 CGMN -0.264 -0.006 -0.109 -0.016
CCN -0.252 -0.069 0.102 -0.009 CCN -0.265 0.037 0.070 -0.092
Eigenvalue 14.250 5.510 3.588 2.393 Eigenvalue 13.354  8.352 2513 1.728
Contribution 53.28 14.80 8.69 6.32 Contribution 44.49 27.81 8.35 5.80
rate (%) rate (%)
Cumulative 53.28 68.08 76.77 83.09 Cumulative  44.49  72.30 80.65 86.45
contribution contribution
rate (%) rate (%)

w45 5 FIE2. Abbreviations in the table are the same as shown in Figure 2.
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Figure 3 Genome-wide association studies based on principal component eigenvalues of natural population texture characte-

ristic indicators

(A) Genome-wide association studies based on texture characteristic feature values in 2021; (B) Genome-wide association
studies based on texture characteristic feature values in 2022. The black lines represent the threshold for the significance of

marker-trait association.
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(https://ricedata.cn/gene/) #1 The Bio-Analytic Re-
source for Plant Biology ™ 3 (https://bar.utoronto.
ca/eplant_rice/) & X 2% 1k & 1 1 EL A5 He 3 B 4%
Rk E S, 45 REW], LOC_0s04923300.
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iy R AL (K3).
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F 155 R AR A S 2L K (BI4F) . JERVERS B
BoR, XISAMEEE DR & R, BRERE TR, B7
AN FE RITERE IR LR = 3R, 2ANTE AR 7 &
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A3 FVE RS, AAE20224F 4% 5E 2 B ffIqFPC2.3
7 55 B A7 TE 1A TR IE SRR T 5878 44k 1 5 T A G 28
KDu-3 (MfEI5A-C; Mf#£2). dudseasfkdr, wx"



BEIRSE: o FE ARG AN E ACKERS Bk i 22 57 (0 UM DR 3R S s AR LRl b 541

R/ HRTEATR RSV B R bR 2

Table 2  Significant loci of important indicators of the texture characteristics of natural populations

Quanti- Quanti-
_ Chro- tati_ve Lead si_ngle _ Chro- tati_ve Lead si_ngle
Traits mosome trait Year nucleotlde_ P value Traits mo- trait Year nucleotlde_ P value
nucleo- polymorphism so-me nucleo- polymorphism
tides tides
PC1 1 gFPC1.1 2021 SO01_4122448 1.77E-06 9 gFPC9.2 2021 S09_655033 2.84E-05
2 gFPC2.1 2021 S02_2111625 3.54E-05 2022 S09_707465 2.00E-05
2 gFPC2.2 2021 S02_18008119 1.89E-05 |PC2 1 gSPC1.1 2021 S01_34361048 6.28E-06
2 gFPC2.3 2022 S02_24989754 9.26E-05 gSPC3.1 2021 S03 33811087 1.07E-06
3 gFPC3.1 2021 SO03_ 14095190 8.10E-05 gqSPC4.1 2021 S04 33424615 4.92E-05
4 gFPC4.1 2022 S04 1115264 5.54E-06 10 gSPC10.1 2022 S10_2285014 5.95E-05
4 gFPC4.2 2022 S04 4490974 2.53E-06 |PC3 6 qTPC6.1 2021 S06_22391759 1.33E-05
4 gFPC4.3 2021 S04_13268045 7.14E-05 gTPC7.1 2021 S07_10551451 4.89E-05
2022 S04_13329698 2.47E-05 gTPC8.1 2021 S08_ 19868807 1.81E-05
6 gFPC6.1 2022 S06_23235180 5.02E-06 gTPC9.1 2021 S09 7944917 1.80E-05
7 gFPC7.1 2021 S07_9324722 7.40E-05 10 gTPC10.1 2022 S10_16314058 7.08E-05
8 gFPC8.1 2021 S08 21150875 6.47E-05 11 gTPC11.1 2021 S11_28894771 6.28E-07
9 gFPC9.1 2021 S09_38586 1.82E-05

MRNAFT A I 59 45 20R FEAIK, M5 BOE B e &
& [#{k(Isshiki et al., 2008). LA P 177 48 57,
H4Du-33E [K 43 Jy4 b AR (B 223) . X Du-3%: K45
FAPRRIRA R A]) ) BB VE R & i IR B SR A R A
HBEAT MY, R LA Du-3" P b R B VE R & A
FR R 4 A1) S S A R 4 A L e SR Ak B A
B, AN [F) SR RO R 1 B AT B E G R E R
(Ff EIBD—F) o ASHIF 72 157 FI GWAS J7 6 1 £1] 2% 32 [H] 7]
REAFTERI E AR R, (RIS 0% ik R FE 2022 4F 4 7€ ff
B, Ui B IZ R R 2R IA T B 5 52 i B RO IR A R 5 A
.

3 g

FE KLV R 52 4 55308 5 15 55 RV ER B8 4% P 7 P 2
TR 22 B0 . B85 26 rob R K Fr vk 22 A B
0 TRIREE . SBRAUK S, HES AT A b R R
5 e SRR T ok 7 T (3T 2%, 2020); [
BRF, S S IR 8 S 507 1) T H AR B 0 7 T B
WIS K £ vk R (SR B2, 2023). BERIICHL
RS 155 TF 04 5 = 2 05 10 )6 IR 2 1 6 RAIC RE K f0
Er VR R (R R B 58, 2023); W B 78 It MEIBE K
AKTAR B DA % 1) 85038 85 77 2k R T vk R F 3 7

(MR k%, 2023) . fH 3 & 5 K2 Y £k 5l i
MOFEAT, S BT AR Sh 0 FR9E 77  FRA T I X 7 A TR AS
[F) PR3 2% A1 00 B R SRR S AL R MR AT I 7L, DA
e 35070 AR5 DR 2% RS2 0, DT A AF G HE B B4 58 5 1 1)
BOHE T, F240 52 v B A< A6 AT H AR RS Bk o 1038
FEFERY . WFCR I, JER AR 0 B R K A R
J S W MEVE F (ke = %, 2016; )3T L RI5K &F,
2023; VF8i5E, 2024). B, A EAERE &R A AR
Hh UE A RN AR T B B G ik DRI A A A ]
Rk, AWK SRR (KRS, HE RN S R
ik, BWk 5 i fE(Sreenivasulu et al., 2022). FATLA
WRAE R B AT B4 B, 72 9 4 W) & € £ £
WixEE [, 3X 2 BT AR S0 0 ) A 2 B S KR i ol
IX G 5t b g o R B P TR O 26 DR R b T e, BT DA
Wi PR 200245 LAY S ok o 1 v A R AR R B
Pk, R E A R0 A T A R Y R AR R L e
[R] 1k 5 it ol ) L W R 2 S B A T — 3
A EWAETIAEE— € ZE 57 o TRATHZBEARIA B 1)
Wix 3 0 5 e B, 485 R RO WIX S o7 32 (8] () v H R R A4
RHERAEIAFAE R 25, X R R O e 1 3244
FEDRIAL, IRAFAE — LE RO BRI R ARG Bk T 2
SR AR BT, BRATATRG A
PRZ R v FDRE K R W 5 5T (R B AE WL, $8~lsr T



542 fEY)E 60(4) 2025

A qgFPC4.3 (03
7 0
6 i
Q54 o
& 5] '
2 3] il
T 1] "
0 il
Chr.1 2 3 14 56 7 891011 12
57 i
% o |
g 4] I
T 2 i
o i
Chr.1 2.-874 '5-6.7_8 91011 12
B - 486.30 Kb -
R?color key
— ]
0 1.0
D ; qFPC9.2
6] t
Qg :4;- [N
8 2]
[
0
Chr.1 2 3 4 56 7 891011 12
84 t
Q. 6- i
> :
o 4 +
¥ 2 :
0 i
cht.1 2 3 4

5 6--7 894011 12

R? color key
|
0 1.0

8 20 [TBokpiotof LOC_0s04g23250 g2 Boxplot of LOC_0s04g23300 8 15 Boxplot of LOC_0s04g23470
g | g N DY
5 S o mmm| §
£ F b, =
=) a —i a
: RS R
2 2 =]
© 1 < LN © K
> T T T > T T > T T T
Hap_1 Hap_2 Hap_3 Hap_1 Hap_2 Hap_1 Hap_2 Hap_3
Haplotypes Haplotypes Haplotypes
o 15 g o 20 o 20 T
a Boxplot-of LOC_0s04923710 8 Boxplot of LOC_0s04923330 a Boxplot of LOC_0s04923070
104 g g g -
2 g 101 2 10 *
£ 54 = b, F J
2 2 o4 . 2 ab
> S oEE T s L
% =54 a (_=u % -
> - T T > T T T T > T T T
Hap_1 Hap_2 Hap_1Hap_2 Hap_3Hap_4 Hap_1 Hap_2 Hap_3
Haplotypes Haplotypes Haplotypes
8 Boxplot of LO_0s09901600 -4 BoxplotnfL ososgmw 8 Boxplt of LO 0309901840
2 : : 2 10 Z 10
c
o 5 5- n:: 54
= < = ot
& a a ik
5 5 07 5 01
2 5 -5 5-54
B —— T s S - . .
Hap_1 Hap_2 Hap_3 Hap_1 Hap_z Hap_3 Hap_1 Hap_2 Hap_3
Haplotypes Haplotypes Haplotypes
g Boxplot of LOp_0509g01660 g2 Boxplot of LOC_0s09g01680 g20 BoxplotquOC‘ 0509901690
g1l T g | e 5
5 b g 104 - g 101
£ 1 & . £ | » » 5
5 - | 5 53 * 5 o :
g | T T g 'I' T T g
Hap_1 Hap_2 Hap_3 Hap_1 Hap_2 Hap_3 Hap 1 Hap 2 Hap 3
Haplotypes Haplotypes Haplotypes
g Boxplot of LOC_0s09g01910 g Boxplot of LOE_0s09g01930 2 15 Boxplot of LOC_0s09g02110
2104 . 204 . . .
<] ] c 10 : 104
& b 5 b b
8 %1 | ; 55 4 b s 1
w04 “ L u L <)
ol o] e o S
35 1 3 5
> vl T .I > .I T T ..I T
Hap_1 Hap_2 Hap_3 Hap_1 Hap_2 Hap_3 Hap_1 Hap_2
Haplotypes Haplotypes Haplotypes
8154 Boxploi o LOC_0s09g02120 g Boxplot of LOC_0s09902160 g Boxplot of LOC_0s09¢02180
g : g0 - g0 .
10 = b S b
2 B 2 : L 59 g
o a a  fed
k] . k] ‘5 01
3 a o . ()
E a 3 -5 a
N © — © —
T T > T T > T T
Hap_1 Hap_2 Hap_1 Hap_2 Hap_1 Hap_2
Haplotypes Haplotypes Haplotypes
& 8 20 820
2 104 BowlotofLOC_ omggmso > Boxplotof LOC_ Os09902214 3 Boxplot of LOC_0§09g02140
g g S0l o
@ 54 b @ 10- 5 109 %
S s < : b
o 04 a 5 & 0 S o sj e .
g =54 g a s g $ a
3 3 ]
T T T T T Gl T T T 5 T T T
> Yo S RIS
Q K Q K7 R R K K R
FEEE & FEEE
Haplotypes Haplotypes Haplotypes

B4 qFPCA.3FIqFPCO. 210 s ik i it (K] B 15 7Y 43 A

(A) 20214EF120224F 5T+ J5 A4 R P4 A0 B 1 4 DK 4H SR 43 BT (B) qFPCA.36% £ L HILD black[&; (C) qFPC4.34i7 & Ff i LD X 7]
W SRR RHRHIHEE], AR URPCLA T MM RHMEE A7, (D) 20214FF120224F 34 T BUMRHERMIEE A 4 2= LRI 0T (E)
qFPC9.21% £ FHIE LD black&l; (F) qFPCO.20% A FIELD X i) 4 5 R BUAR S ARG EE K, AAARARERPCLIE A RFE(E 5 - (C),

(F) FRVNEFRFRERES.

Figure 4 Haplotype analysis of candidate genes for gFPC4.3 and gFPC9.2

(A) Genome-wide association studies based on eigenvalues of texture properties in 2021 and 2022; (B) LD black near the
gFPC4.3 locus; (C) Genes associated with phenotypic variation in the LD interval near the qFPC4.3 locus, whose vertical coor-
dinates represent the principal component eigenvalue scores of PC1; (D) Genome-wide association studies based on eigenva-
lues of texture properties in 2021 and 2022; (E) LD black near the gFPC9.2 locus; (F) Genes associated with phenotypic variation
in the LD interval near the gFPC9.2 locus, whose vertical coordinates represent the principal component eigenvalue scores of

PC1. (C), (F) Different lowercase letters indicate significant differences.
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R3  FPCA. 3k KRS B
Table 3 Candidate gene annotation information of qFPC4.3

Gene ID Annotation High expression site |Gene ID Annotation High expression site
LOC_0s04g23070 Retrotransposon NA LOC_0s04g23330 Expressed Young panicle and
protein protein seed of filling stage
LOC_0s04g23250 Transposon protein NA LOC_0s04g23470 Transposon  Seed of filling stage
protein
LOC_0s04g23300 Retrotransposon Young panicle and LOC_0s04g23710 Transposon NA
protein seed of filling stage protein

NA: TEFEFIEHIE. NA: No gene expression data available.

R4 qFPCO.2IEFE LR (5 B
Table 4 Candidate gene annotation information of gFPC9.2

Gene ID

Annotation

High expression site

LOC_0s09g01600
LOC_0s09g01610
LOC_0s09g01640
LOC_0s09g01660
LOC_0s09g01680
LOC_0s09g01690
LOC_0s09g01910
LOC_0s09g01930
LOC_0s09g01950
LOC_0s09g02120

Expressed protein
Clumping factor B

CAX-interacting protein 4

Expressed protein
DNA repair protein
Expressed protein
Transposon protein
Expressed protein
Expressed protein
Expressed protein

LOC_0s09g02160
LOC_0s09g02180
LOC_0s09g02214
LOC_0s09g02110

Na’/H" antiporter gene
Retrotransposon protein

DEFL47-defensin and Defensin-like DEFL family
Oryza sativa drought and salt stress response-1

Young panicle and seed of filling stage
Young panicle and seed of filling stage
Young panicle and seed of filling stage
Leaf

Young panicle and seed of filling stage
Young panicle and seed of filling stage
NA

Young panicle and mature seed

NA

Young panicle and seed of filling stage
Pistils

Mature seed

Mature leaf and SAM

Seed of filling stage

SAM: ZEQREHZ . NAFIFKI. SAM: Shoot apical meristem. NA is the same as shown in Table 3.
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Analysis of the Texture Factors and Genetic Basis Influencing the
Differences in Eating Quality between Northeast China and
Japanese Japonica Rice

Juan Cui', Xiaoyu Yu', Yuejiao Yu, Chengwei Liang, Jian Sun’, Wenfu Chen’
Rice Research Institute, Shenyang Agricultural University, Shenyang 110866, China

INTRODUCTION: Due to differences in breeding objectives, northeast japonica rice (Oryza sativa subsp. geng or japo-
nica) is more advantageous than Japanese japonica rice in terms of yield level, whereas Japanese japonica rice is sig-
nificantly better than Chinese japonica rice in terms of eating quality. Clarifying the genetic basis of the differences in
eating quality between Chinese and Japanese japonica rice is highly valuable for the cultivation of high-yield and
high-quality japonica rice.

RATIONALE: Atotal of 274 Chinese and Japanese japonica rice varieties were used as research materials to quantify the
eating quality of the rice and to analyze the genetic basis of the taste differences between Chinese and Japanese japonica
rice by combining genome-wide association analysis with the downscaling of many parameters.

RESULTS: The results revealed that the significant differences in the taste values of Chinese and Japanese japonica rice
were reflected in three textural parameters: the adhesion force (ADF), first recoverable deformation cycle (FRDC), and
elasticity index (EI). Moreover, the correlation analysis between the taste values and 30 textural characters showed that
24 characters were significantly correlated with the taste value of rice. The 30 metrics of textural characterization were
downscaled to four principal components that explained 80% of the phenotypic variation in the population, and the ge-
nome-wide associations of their eigenvalues were mined to two primary effector loci affecting the textural characterization
of Chinese-Japanese japonica rice, qFPC4.3 and gFPC9.2.

CONCLUSION: In this study, we quantified the parameters of eating quality from a qualitative perspective, and thus ana-
lyzed the genetic basis of the differences in eating quality between Chinese and Japanese rice, which provided valuable
genetic information and a theoretical basis for the genetic improvement of the eating quality of japonica rice in China.
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PCA analysis and genome-wide association studies based on principal component eigenvalues of texture characteris-
tics indicators. PCA analysis was performed using 2021 data.

Key words japonica rice, textural characteristics, eating quality, genome-wide association study, principal component
analysis

Cui J, Yu XY, Yu YJ, Liang CW, Sun J, Chen WF (2025). Analysis of the texture factors and genetic basis influencing
the differences in eating quality between northeast China and Japanese japonica rice. Chin Bull Bot 60, 533-550.
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Appendix figure 1 WHx genotyping and comparison of taste values among identical Wx genotypes in natural populations

(A) Typing of Wx in natural populations; (B) Comparison of taste values between Chinese and Japanese japonica rice with the
same Wx genotype in two years. ** P<0.01
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Appendix figure 2 Comparison of the differences in texture characteristics of japonica rice in Chinese and Japanese in 2021



550 fHYEI 60(4) 2025

FHEI3 20224 F AR TEAA b ERERE B MR P AR AR 22 7 0 B

Appendix figure 3 Comparison of the differences in texture characteristics of japonica rice in Chinese and Japanese in 2022

FiE4 B R PCATEA
Appendix figure 4 Texture characteristics PCA lithotripsy diagram
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(A) 202245 T Ji AR PEARFALE (8 1 4 B BRI 2 DG 43T (B) qFPC2.307 A HTE LD blackEl; (C) qFPC2.347 i ML LDIX 1] py 5 A
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Appendix figure 5 Haplotype analysis of candidate genes for qFPC2.3 and amylose content, protein content, and gel consis-
tency among different haplotypes of the Du-3 gene

(A) Genome wide association studies based on texture characteristic feature values in 2022; (B) LD black near the gFPC2.3
locus; (C) Genes associated with phenotypic variation in the LD interval near the gFPC2.3 locus, whose vertical coordinates
represent the principal component eigenvalue scores of PC1; (D) Amylose content among different haplotypes of Du-3; (E) Gel
consistency among different haplotypes of Du-3; (F) Protein content different haplotypes of Du-3. ** P<0.01
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Appendix table 1 Genetic power analysis of the natural population hardness (HN), elastic force (EF), and adhesion force
(ADF) indicators

MizR2 qFPC2.3fRiEEERE R
Appendix table 2 Candidate gene annotation information of gFPC2.3

FI%R3 Du-3HEFEZRER
Appendix table 3 Variant information of the Du-3 gene
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