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Genetic Correlation Analysis between Yield and Its Components and Cooking
Quality by Using a Rice DH Population ‘
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Abstract: Many high-yield cultivars usually exhibit inferior grain quality in rice. The understanding of the relationship
between rice yield and its components, cooking and edible qualities is beneficial for successfully breeding the high-yield
cultivar with good quality. A DH population, consisting of 130 lines, derived from the cross between japonica cultivar
Nongken 57 and Wuyunjing 8, was employed to explore the genetic cormrelation between yield traits and cooking quality. In
the DH population, the productive panicles per plant, grains per panicle, grain density, and yield per panicle significantly
correlated with PKV(peak viscosity) , HPV( hot viscosity) , BDV( breakdown) , CPV( cool viscosity) , SBV(setback) , and CSV
(consistence) positively or negatively, while no significant correlations between other yield traits and cooking quality indices
were detected, preliminarily indicating the certain correlation between yield and grain quality. Furthermore, to fully
understand these correlation relationships, 60 SSR markers distributed on the entire rice genome, being polymorphic
between two parents, were used to detect the genotypes of each line; composite interval mapping and marker-based analysis
of variance were employed to analyze the genetic basis for yield traits and cooking quality indices. The results showed that
there were a Q'I'L in the interval of RM234 — RM505 on chromosome 7 conferring yield per plant, PKV, HPV, and CPV
usly , and her QTL at RM454 — RM162 on chromosome 6, with effects on grain density, BDV, and SBV. But
it also should be pointed out that no QTLs were found contributing to yield per plant, BDV, and SBV, simultaneously, the
latter two indices were related to cooking quality. Taken together, it is possible that high yield cultivar with good quality can
be achieved through optimizing the structure of yield components, together with selection of favorable alleles on the gene
loci conferring rice grain quality.
Keywords: Rice; Yield; Cooking quality; Correlation analysis
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CAREERET,2004 EL2EFHYHE™R 6 311 kg
hm ™ (http: //www.agri.gov.cn/) o {H A, B 7= & #
BEERAARAE. BXESEHIEITEK
BRESTFRXRANEALTEERT TSRS
BORG B R AE, BB KBME B R K
L EHERK, fOlIBRKE LW F.0 2000 4F
Bxt & E 27 M (T7)919 MK RS & Fh RSOk & R
TRE,ERERRE 10.6% K FE & B & F A
BIMEARE=R L LT, BHitt, A EFHK
B MR R R R, AR FEHHE X
F O TFHEAFBEMGEZE AT E KSR RR
EFMRAEFEEMNE L.

BRTE ASM AT & A8 R AR
MEMERAR 4T FTEFABRGEE, HPRE
BRAREREEMER. UMEKREHITRY, B
KEERERGRFEES 3N EMASHEX, PEE
W H & B (amylose content, AC), X T8 B (gel
consistency, GC ) F1 #§ {6 8 B ( gelatinization
temperature, GT) . YEFRFEMKIER W B HHIFTE
(RVA)WEERFMBREKRFRYH—TTEEHE
o XX 4 MERRKREHEIFNREEMPIED
ZEFSHRES  MHEHNBERER SR ER
DRREEARBEZEELER ., AMTE,
KRG RMERENE SR, B 20 L 80 £RH>T
tn Rt Lk, B A 2B E R RS FARE A
BT XA RHARAERE QIL KA H, 3 B 7
AL, 7E Gramene ¥ FE S AM T X Fr=EHR
HKH) 2 457 A QTL, 448 FAAREE A 12 KR falk
E. BRBFARBFAEFAMNEESNBEER
A, Brig 25 R Z R BTt

KB R B R R E E R AR AR 4,
MR BEEMPITURRE , ZHFTEEEH
KRBEFEBMAREGRERZEOXR, AR HHE
FR RS,

1 HRMAE

1.1 #ik#e

KE STRIZES SHAEM DH #4k, e s
130 MR R o
1.2 HEFH#E

2004 FEFHEGMN KERERZE Y, BHF
H—MIE,BARF 247,817 10%. SH14H
#M,6 H 14 ~ 16 B B BR1TEE 13.3 cm x 25 cm,

EHHEHEEE,
1.3 FEMREMRHER

G DHARR B HC/D X o A 5 Bk, ZE R &
KL R, ERERCELHRAREE BEK.E
MEH SRTEB ERTE SER . THE &
PRt LIS BT WBARUKRRHWREME,
1.4 @RERONE

HEERSTB(ACO)MBRE (COWEHEER
¥ GB 1350-1999. RVA 3% i 80 K F| I Newport
Scientific {{#8 2 7] 4 7= 9 3-D BV FEE W LW €,
3 i TCW (thermal cycle for windows ) At 3 3K /4 4 #7 ,
FhHE M B “cP” (centiPose) 75 o RVA IR IE{E &
% % B B (peak viscosity, PKV). # 3K % & (hot
viscosity, HPV) ¥ J i BE (cool viscosity, CPV).Hif#
{H (breakdown, BDV, BB FE - K FHE) JHWMA
(setback, SBV, W B EE - REHE)ME XA
(consistence, CSV, ¥ BB - MEFE). FAHD
FEFESE ( pasting temperature, PaT) 4% {5 1} |
(pesk time, PeT),
1.5 DNA R SSR #Rid##ll

R CTAB ¥ 421K DH B4k ay DNA™ , B R X
BR[5] ® W SSR #Ric.
1.6 HESH

FHBEFENRE T HR HXSFTEIXRA
Microsoft Excel ¥4 o
1.7 EfFEBEAEN QIL BAiL

DH# &k 5xAKE 57.RIEHE 8 SHEM
[RIfy 4 2 MEME 1 1 3. R Joinmap 3.0 KAFHE
SSR % @ B # (LOD > 6.0), RAEARFEEE
(composite interval mapping ) FMBIRITCH T 90
(single marker analysis) % QTL, 3% F§ Map QTLS.0 %X
L\ LoD {6 2.0 HRIfH.

2 HRE5SH

2.1 DHEANFRERSRRBAERERA

DH B REREN =R REMRE TG
FHRFIFERL. FFERESTARESESSERRK
HREZREN AR EREESREERLE
ARAZR, DHREHEMERBREET I EM
S8, MAHREERENBAR, VIS EATGEEH
FERAMSEERYBEEMERER,

DH AR RANERESBEE /D, HA4HHE
Bl #65.5% ~98.1% , ¥ W& LEHK93.2% , i A
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DH Bk R EWHIIAE TIER K. RAKBER
[R5 7 0 o S IR B T B AR, TER KRR
EB R T AR R G TR EZ A B R
B RIE KR,

%1 DHBAFRSEERZHRNEAREERRASSH

Table 1  Perf and distributions of yield and cooking
quality traits in the DH population
R A Parent DH # & DH population
i ®Es REWSS HE AALE
Nongken 57 Wuyunjing 8  Mean Range
AC(%) 14.54 16.86 15.14 10.15-19.31
GC(mm) 82 64.7 71.33  42.2-96.0
PKV (¢P) 2980 2658 2458.9 1532-3221
HPV (cP) 1861 1897 1577.4 780-2355
BDV (cP) 1119 761 881.5  530-1500
CPV (cP) 2837 2908  2647.6  1632-2355
SBV (cP) - 143 250 188.7 -445-631
CSV (cP) 976 1011 1070.2 399-1285
PeT (min) 6.4 6.53 6.33 5.87-6.87
PaT (C) 72.05 71.2 72.75 66.55-90.15
HEREK
Productive panicle 9.2 8.2 7.72 2-15
per plant
33 _
Panicle length(cm) 22.84 15.8 20.95 12.75 27:90
§mﬂ” . 154.6 193.3 196.63 84-298
Grains per panicle
IR
Seed setting 92.7 89.8 93.2 65.5-93.1
rate( %)
ﬁﬁﬁ& 6.77 9.06 9.54 3.27-17.46
Grain density
THE
1000-grain 23.83 27.16 25.25 18.80-31.85
weight(g)
R 21.35 26.44 27.57 6.28-60.62

Yield per plant(g)

AC : amylose content ; GC: gel consistency; PKV : peak viscosity; HPV : hot
viscosity; BDV: breakdown; CPV: cool viscosity; SBV: setback; CSV:
consistence ; PaT : pasting temperature; PeT: peak time.

2.2 DH#HHAFBUREEZIREROHEXSIH

MFE2TALUEFL, & DH B A, AR S
SBV 1 CSV B E stk B FE ML, BRR T PKV.
HPV.BDV fI CPV 2 B ERRBEERMRX, M5
SBV 2 BF EAHX ; BRHE 5 PKV.HPV fl BDV
HEBERMBERMEKX, TS SBV 2EREE L
X BT ROFERENRXR, HUTRERS
BERGHBEERABENHEELELR,

AP R R, —REF SRR BDV BEX,
T SBV 8/h, —H SRR RZ MFERFH—F
P, ZEE RS Y], 7 DH BHE S B E H R
FE . SREHEMAk™=RHRE, PKV.HPV 1
BDV ¥ FF&, T SBV EH,Hiaf B3I E R K AR
The,
2.3 FRUERMZERRERNS FRIESH

HTHRGFFAFETHEBI=BERERER
6 b5 0] A6 P 1938 4% 25 A, AT R AT SSR 4R 1E X %
DHHASHRANERBHAT T RN, AR R
BERKBE T EEMAMA 500 4 SSRIFEATE
AR, UL 60 M EBIRIC, EEUBERA N
12.0%, #—% F 60 & BARC 447 DH Bkt
130 M EE R B H A, H R A Joinmap 3.0 34
T DH AWM EHE(E 1), RELEEET
RAMERALE, 21 279.21 oM, FHEEEHN 8.73 M,
7 60 4~ SSRARIZH, H 59 MR ISR K PB4 B
FELINERSBEL, MSRHEHEAR-IE
SHE BAETH-SHEEEMLIN.

#*2 DHEGFEERS RVA MSHEEMNEXS T

Table 2 Correlation between RVA profile characteristics and yield traits
P o BE awan #H ik FHE BEER
per plant Panicle length Grains per panicle Seed density Seed-setting rate  1000-grain weight  Yield per plant

PKV 0.100 0.085 -0.371"" ~0.344" " 0.021 0.15 -0.395" "
HPV 0.076 0.038 -0.268" " -0.214" ~0.025 0.105 -0.324"°
BDV 0.071 0.107 -0.286" " -0.326" " 0.089 0.123 -0.238" "
CPV -0.019 0.000 -0.220" -0.159 ~0.065 0.103 -0.329""
SBV -0.219" -0.158 0.319"* 0.371°* -0.149 -0.107 0.180*
csv -0.273"* -0.108 0.107 0.135 -0.119 0.007 -0.059
PeT -0.041 -0.12 -0.013 0.092 -0.016 -0.014 -0.157
PaT -0.001 0.01 0.049 0.005 0.052 -0.161 0.043
AC ~0.169 0.131 0.164 0.069 -0.044 0.163 0.074
GC -0.022 0.066 0.049 0.003 0.15 -0.034 0.006

Abbreviations as in Table 1.
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I REHEBMEFA QTL, HTFHEREE AR  RM8.0%, MTERTE R 7 RAGKKINET 1

003 A B — A 3ORE B/ B QTL, RE AR R R LA

A QTL(FE 3).

Chr2 Chr 6 Chr7 Chr9 Chr 11
H-RM1225 H- RM528 H-RM542 H-RM444 Hrmat
723 —
H-RM4413 1673
1774 .
2125 25.35 691 —f
T~ RM8206 H-RM1233
H-RM454 583 |
H-RM498 U rmais 830
5.19 — 14.76 — H RM187
291 [ T"RM2265 12.30—]
44— 842 —|
03 —~FRMS35 H-RM162 - H-RM3912
993 ZThMRG63ss U 278 a6 H-RM2191
536 RMI1896 6807
L H- H- RM224
145~ RMA00 Hrm336 U
11.10—]
17.80 —
chr3 chr 12 H- RM6440
2575 — U
RM448 H-rRM234 RM7119
12.14—| 12.36— 1256 —|
H-RM525 RM2593 H-RM505 RM101
U U
B 1 DH Bk SSR E 9 Ml
Fig.1  SSR linkage map based on the Nongken 57/Wuyunjing 8 DH population
£3 DHEARTER.RERRKARERYN QIL &N
Table3 Mapping of QTLs for yield and cooking quality traits in DH lines
AR oTL Refauik HiCKE LOD value # Tl
Trait Chromosome Interval Variance expl. (% ) Additive effect
wE gPL9-1 9 RM2855-RM3912 4.77 17 -1.34
Panicle length PL9-2 9 RM3912-RM1896 5.63 19.5 -1.45
EREE ¢SD9-1 9 RM2855~RM3912 2.56 1.2 0.91
Seed density ¢SD9-2 9 RM3912-RM1896 2.54 9.5 0.84
4SD6 6 RM454-RM162 2.12 8.9 0.79
fﬁ’ti 4GYP7 7 RM234-RM505 2.13 7.3 -2.90
ield per plant
PKV qPKV7-1 7 RM336-RM234 3.04 12.6 145.87
qPKV7-2 7 RM234-RM505 3.1 12.2 146.41
HPV qHPV7-1 7 RM336-RM234 6.63 2.1 179.70
gHPYV7-2 7 RM234-RMS505 6.07 21.1 167.05
BDV qBDV2 2 RM527-RMS525 2.84 9.6 -56.99
¢BDV6 6 RM454-RM162 2.96 12.5 -65.38
¢BDV7 7 RM542-RM418 2.29 1.2 -62.54
CPV qCPV7-1 7 RM336-RM234 3.88 16 148.48
qCPV7-2 7 RM234-RM505 3.57 12.6 136.24
SBV gSBV2-1 2 RM498~-RM2265 2.12 7.6 56.82
qSBV2-2 2 RM2265-MRG6337 2.49 9.8 64.50
¢SBV2-3 2 RM535-RM525 2.47 10.4 65.78
gSBV6 6 RM454-RM162 2.87 12.5 72.53
PeT qPeT7 7 RM336-RM234 6.11 21.4 0.11

Abbreviations as in Table 1.

AXRSERER, HEWHE 14 4 QTL, M F
PKV.HPV.CPV ¥ 7E 58 7 Yo f 4k Ay A8 [R] X 18] 46 30 3]

24 QTL, ¥ B EAREBE 8 F QIL WERBA UK
FREHmEnEREE AT ARRE. AR
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KB TR RE 12.2% ~26.1% 2 [0, X TF BDV
KW E 3~ QTL, 4r BN T4 2.6 F1 7 e fafk, vl i@
BHBRLERBAIN9.6%.12.5%F 11.2%, Xt
T SBV, @B 4 4~ QTL,3 M T4 2 feaik, 14
HFH 6 Rk TRBHBETERN 7.6% ~
12.5% o X T ifE et A, & W B —4 QTL, L T4 7
Jefn bk,

H—FaEN,H 7 6k RM234 ~
RM505 X [] Py 77 78 [R] if 452 il B bk 7= #& . PKV . HPV #1
CPV #J QTL, ZE5% 6 P 4% I 49 RM454 ~ RM162 [F]
B 7 7E 45 %1 %5 L 9% B L BDV.SBV B9 QTL, i 76 £ fb

R T xR AH#ITIEER, BILRA QTL, &8
FEF A MapQTLS.0 Xt BF A % A & A 2 3 S8 M 4
AT T RAR SR T £ 40, BBl oM ERE
REEHREERRBEMXNIRIC(RY), A
FH1.2.4.5.7.8 Mo fefalk, SHKMEKIRID
AH34, 5ERTEEMXNC 2 4, B RM257,
RM410 M X FIMERE R K TR, RPEXT T
IRICHE P BB EROM B K QIL. W FFRE,
W B 2 4~ K452 RM480 A1 RM80. 5 GC.
HPV 1 PKV X AFRICH 4 1 BB D, #
IEHEMTENR BERUAES~BHERR S

XR N EE X AL HES . R B R AR R AR IE .
£4 RERHBIN
Table 4  Analysis of variance based on marker genotype
HAR it Kbk 10D val AR pIT:3-
Trait Marker Ch value Variance expl. (%) Additive effect
WK RM257 2 7.68 2.2 -1.60
Panicle length RM264 8 2.25 7.6 -0.90
RM410 9 23.07 55.8 -2.41
FREE RM257 2 2.23 7.6 0.74
Seed density RM410 9 4.83 15.7 1.05
FHE RM480 5 2.45 8.3 0.72
1000-grain weight RMS0 8 2.04 8 0.71
GC RM428 1 2.54 8.6 -0.35
. RM1235 8 2.09 7.1 -0.54
HPV RM478 7 2.45 8.3 97.15
PKV RM303 4 2.09 7.3 - 102.65
PeT RM1235 8 3.01 10.1 0.069
Abbreviations as in Table 1.
3 it HAERHTFRARATHREORR, RREX &

3.1 FEERSEZSREFHBRERAXKE
AEFBEFEHWAE TS S RXANYR,
HFHREESHEXRAERER L. ANFES
BEM&EERZETLE HEERAFERHM
K MMBEFES = XRENKBHEF. BRA
M 20 it SRR RS 2 b 40 2 DA R 2 SR FT 2 R AR T B
LAsk K R A0 7 Bk A8 2K IR BE 4R G, T 4 R
BRI ERE, BRASVERAR __KRE
KRN T RERKGE, AR B LRk
KE BB EME AR & RSHEIFAFEER, W
EHAR HEERTEFHTOEFERTE
0%, BXEETUNEFERTITEETROE LM
RERAMMINLENE OIS ERE, BREE
EUAMTLRE 1S A HAERKFHRKRS
BLOARNEREHEFHHE T ERRAR. ATR
FE R Z B R E R T E AL L iEk

FRH BT, ESHRED,

ERE P HEENTEANSHBERMERER,
BDV BE{,SBV L F, R M S RAEEHAYE,
BRTHRESHTZNFE—EWTE, LE—2
BEELRETHWA ELABEESHEERER
H#MEE, DH AN S FIRiICHTEH, FEK
T 6 T AR £ B e RS 0K S A B R AL R M AT R OR R R
Eit, ERERFRKBHFAFHEETIRS, FEX
FREWBEATHTH—$HORCAE, ElE YR
REBREMENTE REARBESEREXE
BEBEAT. BABEYEEMNTHESETR
MEFERAMOSRERSFT, G REEE L%
ﬁ%ﬁ%ﬁlﬁqﬂ\—Ykﬁﬁﬁyﬂgnu?ﬁ,ﬁﬂiﬁﬁﬂﬁ
EEREFARHBN,

ERAERENREROBERT P, BEEWE
FHEHAERSBRRERKGANERERTF. &€
I KRR RVA IS EEES o £F
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%4, 4045 BDV #1 SBV!", Tan % 72 LIB Al 97/80
% 63 M4 RIL BHAMBI R R, K3 NEEN
HERFHRITHZTETE o ekt wa ZEERHE
MR — A, XEHTHRATKRNEEEH
MR EES W BEEH, R —EHREENE
fio T Wa ZEMK EHMANESHFEIHES
PIEEE,BF wat, Wa* Flwe, B4 BIFET %@ A
B L EERAEB P, Wag EVHRKRHA, W
5w EMNERNENEEETFE-—ATT+1 0L
B G/T WA, # % U5 I T 7™ 4 R B mRNA
KERER BEREEERSRANERPFEERX
WER. —BABHESENSELERR 8% ~
10%. ASBEHESEN v SNEXERETHREAS
FRXE., YR, BT we ZEDS, KM SERE
BAAMERGEFEE SR EXHERNGEH
ERAERWER, ESEKBREFMHPHLESE
RBHER,

TEH OO, ERPR PR R R
SRR P EE 4R E{H BDV A1 SBV MAHX BB
. 5ERFRHEEENXR. MBERETHE
R AN B HOR AR L QTL, A 478 I 62 4k 10 fir
BrRAEEE, UHAFESSRRAERZAREHFAE
W B R, Bd FEMNRR 48 &
R BERAE B2, B R BN RE
FEW, EEGENERNRREERNERSOEA,
BEEHE ARAMERTEEM, X135 5R0%% x5
B wx ZEKR BTSN, RAEEHERR S
BREE 29 AR, MEARZEREERENHE
ERGRE, HTRETH 6% ~8%, HFXEHE
AREBENTL, LEBENT RS & FRER
EAGEZ 49

TEUERHKBENLIRS, UREF-BIERY
Hi7, 2 # K & B R B8 I R KRS I % 6 &9
FHEE B P EREAGNSRHRRN NS
ARETHER= RESM., BRREERORE
HBHARBBFEAWINR, MHERFEET LR
PHBEATUAAMERETIR EREARBEHKR
MEFHRTEE, Bit, @40 FEYFFEH
REfERnaRHXERERE R RE R FHE
ABEAENSAER, REMENN S FHFiC
(STS,CAPS ¥tk KRB R F # AR,

3.2 DHEGKEFBNRRWRHTHER
DH Bkt Tl LA & ¥, TAARE,E

t #

E 4

LR

THAZEMITERER T FARN I RHOEEER
B A BT ST LB AR O 8 % . 3T DH B4k
B RAOBIR P BUS ER A KR8
FRAMGEER, UAEEFSEENRRRK G
53 1T B 4 BB T, Wi oz T IR — 1 B 1 IR o % 7=
BMGEMRAREILFEA. M 20 L 80 £1
STRCHEEY R A LR BB ¥R TR
BER. AMIEWERESNTBEN, GERER
SXFRHEENREARMARAS, U EHRA
FR A FICENE . ATHHTREMPEZEXR
REE, AEABEPEESHATFENTE, 1Y
— R Bk (B R ) B F B, B T ok MR
EFRRGSRER. FTERAWMERRNTE
) DH B BE ST~ B @ R, LR A B RS
BHEBEBERKF(>70%), KR T LA
BEMTHEEFTFELTEZ4E ERSEERE
BRESHARRLENEMHRS . BRNELE
RBBEER, EZ R MREER LB, ST
FRMGRERGBEERTRT —ENEE. R
fIBE AT 500 M 74 B9 SSR ARiC, (L 60 XM#Ric7E
PGRELRA BEM, EEHMBMN 12.0%,EH
T I A i B A5 IR BB I 2 TFARE B i
BREEBK,E QILANME BT FRHERK QTL ¥
o ABIEE 10 REABMRIFHNZERC, IR
— SR B G RE R A BB R T 2 A4
g b Rk s N k. RATEAEF A ISSR
AFIP ¥R A RN FHRICHE —SEMEHE
. HEREEHEENER, ARRREESE
B RERZ EEER  EEHERKR,

4 Hig

4.1 TEDHHEFERHB SRR FRLFE.
Bigr=#& 5 PKV,HPV.BDV.CPV.SBV.CSV B F B
BEBEMHX MEMTBERSSEFEEFARAE R
FEWHEXR,

4.2 #7464k RM234 ~ RM505 X 8] A 2
48 4 B gk = & . PKV.HPV #1 CPV B QTL,7E$ 6
Pufafk F 49 RM454 ~ RM162 [ B 77 26 485 ) 3 B %
B .BDV.SBV i QTL., A ZHMILREH LK &
FO5 BB R B A & K BDV 1 SBV BIAEX QTL,
4.3 AEFEBRAMFELRERBEFE-—EBE
BARSEtE:  EREL R BEARE FROEW, EE
AEMNRREREXZEETUEZARFEESR-NE
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