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K B AT aE 6 7 LA ARSI F 5 A A 98, 12% 91.99% 96. 37% , A& F At P xFiX He bk K T AT i 4
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Selection of Rice Germplasm with Rich y-aminobutyric Acid and
Correlation Analysis of the Content and Grain Traits

WANG Ying-chao, WANG Quan-xing, WANG Hao,SUN Liu-chen,
ZHANG Yin-xia, TIAN Lei, YANG Shu-qin, LI Pei-fu
(College of Agriculture ,Ningxia University ,Yinchuan 750021 )

Abstract ; The content of y-aminobutyric acid in grains of 108 rice germplasm resources was tested by high per-
formance liquid chromatography method,the difference of the content of y-aminobutyric acid in different germplasm
resources and the correlation between the y-aminobutyric acid content and grain traits were analyzed. The study
made up a hybrid combination of Gaoliangdao-1/ Ningnongheijing according to great different content of y-aminobu-
tyric acid,and tested the determination of the content of y-aminobutyric acid in rice parents,hybrids F, and 216 F,
grains,,and analyzed the correlation between the content and relative embryo weight, grain traits and coefficient of
variation , and estimated the broad heritability of the traits. The results showed that ;the variation range of the y-ami-
nobutyric acid content of 108 germplasm resources was 2.39-12. 03 mg/100g, the average content was 6.30 =
1. 99 mg/100g,the variation coefficient was 31. 59% ;the content of y-aminobutyric acid in rice germplasm resources
was extremely significant negative correlativity with grain thickness and 1000-grain weight; the content of ~y-ami-
nobutyric acid in the hybrids F, grains was 8. 39 +0. 11 mg/100g,which was between two parents ;the content of y-
aminobutyric acid in hybrids F, plant grains tended to skewed normal distribution and there was an obvious trans-

gressive phenomenon ,and showed that the content of y-aminobutyric acid in rice grains was controlled by multiple
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genes ; the content of y-aminobutyric acid in hybrids F, grains was extremely significant positive correlativity with

relative embryo weight, and was extremely significant negative correlativity with grain thickness and 1000-grain

weight ,and was significant negative correlativity with grain length ;the y-aminobutyric acid content, grain thickness

and 1000-grain weight of F, plant grains had relatively high broad heritability , respectively were 98. 12% ,91. 99% ,

96.37% ,and these traits can be selected at early period in rice breeding.

Key words :rice ; y-Aminobutyric acid; grain traits ;broad heritability ; correlation
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L2 Fhy-SETRSENNE

IKFETFRLE) -2 56 T 1R 7 i - 2 IR R ek
SN e AT I e O R AE AL, K IOR
MK TR T 60 CHEARHET2 M, i H] JLGT 4.5 A
BAPUBSE, JFSD-70 B EE M AL BS B oKk, I3 60
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0.0002) , B #A kL 3 WHE K, FIA 50 mL .08 H,
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Table 1 The content of y-aminobutyric acid in the grains of different rice germplasm resources

Fn P24 FR GABA fhFh AR GABA Fh PR GABA Fh AR GABA
Variety name (mg/100g) Variety name (mg/100g) Variety name (mg/100g) Variety name (mg/100g)
SN0y 12.03 HHLRE-1 6.59 NN 6.21 UNEYT 2.39
T HE 44 7.59 HRLAE-2 6.84 Kohi-1 6.93 INBEAR A 4.47
TR 88 11.79 HHLFE-3 5.06 Kehi-2 7.25 SNz 5.77
R 105 9.76 HIRE-4 7.18 Kehi-3 6.84 KGR FE 3.69
FEs 7.95 HFE-5 8.39 Khi-4 6.73 IE)-E 2.85
7 2843 6.01 TR R 1 10. 47 Kehi-5 4.94 TH3 S 3.46
T 2000F45 6.81 T RAE-2 7.71 LDC-355 6.71 THET 5 2.47
# 2000F59 7.15 BAK 5.72 L0307S 7.58 THE12 5 5.23
 2003G39 9.90 nE15 7.21 2004 D4 4.83 THE 16 5 6. 65
122 8. 47 &2 5 5.83 2004J-33 5.14 THE 23 5 4.57
F4 300 5.36 XFi 14 10. 74 1t 86 6.79 THE 24 5 6.94
F14k 520 6.16 X785 2801 5.94 1£94 8.02 THE25 5 4.06
{5110 6. 82 P 326 3. 60 198 6.02 THE 26 5 4.02
£ 5130 6.48 # 105 6.79 192 7.90 TR 27 5 8.31
JURE 22 5.68 B 9466 4.64 1118 3.08 THE 28 5 3.86
JURE 27 7.45 FHE S 5 4.87 1117 4.62 THRE 29 5 7.17
JL0308 3.71 5 H 208 2.50 £ 119 3.30 THE 33 5 5. 86
A 9765 5.61 £ 302 2.78 TA AT 5.57 THE 34 5 6.72
WK 03-6025 4.73 EARI Y 5.56 TR 6 5 9.03 THE 35 5 6.57
Bot 4.68 WESE 2.78 THEM2 5 4.56 THE 36 5 9.27
HBHAE-1 8.57 JE 4 586 4. 68 TR 62 6. 61 THE 37 5 4.81
FHAE-2 7.01 fiFN 6.00 TR 95 6.10 TR 38 5 9.75
HBYRE-3 8. 44 SR IMAE 4.05 Tk 143 8.32 THE 40 5 5. 60
[Saig 7.04 BT 8.78 bR 9.15 T 41 5 4.23
K/ INET 6.54 FBIE 6.50 W8 = 6.58 THE 43 5 5.62
i I A 6.35 IR 5.54 WwH 115 4.70 513 %5 3.95
Lk 9. 64 AN 4 5.83 g 41 6.83 HH4 5 7.57

XT 108 {3 Fh BT gE IR R y- 20 T R & & Y
WS ATTHEA YRR (B 1) f 1B 1 Wr] 7 KA 6L
() y- 208 TR O i R S A 2T 22 R e ke, H s i)
A PR (IR 108 3Rk, FoRE y-20E T R
Eri FEAETNTE 6 ~8 mg/100g ZIH], ARYERN i n |
IRFLPEIR AEF PR 108 3 dA kLA 74325, &l 2 AT LA
A ORORN y-25E TIRTFH & 2T HaRK,
iy T A | e T O . R N A 2
2.2 FTEAHMRMHSINE ST y-EETRIEN

b8

W7 BAH G R 5 A5 R R - BT
M o AT A SR A 2, thaR 2 v 45 T
HAM MM y- 2 B TR = FHEA 561 «
1. 87 mg/100g, A8 SEVE A 2. 39 ~9. 75 mg/100g, 2
FEREN33.33% ;63 (bl A - T IR S =
SERE N 6.77 £1. 94 mg/100g, 728 F3E A 2. 50 ~
12. 03 mg/100g, 28 55 72 %K 28. 66% , KT H A M

AP G | AR S R R R, 22 S WD, HL y-
TP & AT b A
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Fig.1 The frequence distribution of y-aminobutyric

acid content in the grains of 108 rice germplasm resources
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2’ NG SREILAT I 2 O0HT SRR 3. RS ATALF >
2 % Foon P <0. 01, 228 AR [ 2K B8l B 2 9881 e o
2 7 [ - TR B S 5 A R Sk 2
il g VR T KRR SR L B BB 565 4 T80 51
. 7 AR B A R y- R T KRR R S
FF &S FEE TR SR T -2 T
KIS Rie e AR S TRIERIEATACHE AT, S5 K 4.
B2 o8 R A 0 S KRR R OB ) - 2008 T
e B SRR TR T R AR B 9 GG, S, TR

FYH y-EZE TR EIMHEERBERK,  -0.414;
acid content in the grains of 108 rice LS ‘*jﬁ %Hﬁﬁflﬁ%ﬁ*ﬁ?é ’ *H% %%ﬁﬁf& ’ %

sermplasm resources BRI, YK TR A TR T 1 )
e E y-2 I T BRI BT br

Fig.2 The comparison of y-aminobutyric

x2 TEAMEFSINE]ET GABA FERLLE

Table 2 Comparison of GABA content between Ningxia landraces and introduced varieties

i AR U5 FEA R 75 51 B i % Frif 22 AR5 B % )
Variety source Sample number Variation range Mean Variance Standard deviation Coefficient variation
TR 45 2.39~9.75 5.61 3.46 1.87 33.33

Ningxia landraces
BT 63 2.50 ~12.03 6.77 3.77 1.94 28. 66

Introduced varieties

®3 FREKBEHEZEMF GABA SBHNAESN

Table 3 Variance analysis of GABA content in different rice germplasm resources

AR SR IE Sources of variation A df SEJ5 N SS Y5 Ms F 18 Fo o5 Fo o
AbHR[E] Differences between groups 1 33.20 33.20 8.97 * 3.94 6.385
QLB PN Differences within the group 106 389. 21 3.67

JBARSE Total variation 107 422.41

F4 FREKBHEZEFEMEFH GABA 225 FHMEKHE XS

Table 4 Correlation between grain traits and rice grain GABA content of different germplasm resources

LGN IR hL5E LR K58 L T
Trait Grain length Grain width Grain thickness Length/ Width 1000-grain weight
GABA 4 GABA content -0.158 -0.113 -0.275" -0.023 -0.414 ™
ik Grain length 0. 033 -0.193 0.717* 0.364

i FE Grain width 0.340 -0.652* 0. 604 **

K7 JE Grain thickness -0.4127 0.384
K98 Lt Length/ Width -0.154

FFORARMEAE 0. 05 A LR, FORMHRMEAE 0. 01 AP LR35, T

* indicates significance at 0. 05 level, ** indicates significance at 0. 01 level ,the same as below

2.4 KFETFH v-BETHRSENEESN HF,FpF o X BRI 28 3SR 11 y-20 0 T R 75
HRESRAE-1 5 TR RIS H G P F, BT, 45 R oK, F TR y-2 5 T R

=R

H
A~
[&]



ek
=

MW f&

1120

2
=

7R i 17 %

4 8.39 £0. 11 mg/100g, /- FRGEGEZ (8], F, BApkF
Ry-ZEE TR E P (E N 8. 11 £2. 06 mg/100g,
A S N 4.18 ~ 17.17 mg/100g, 28 5 Z 5 N
25.40% , X F,PRARTRIMY v-2 0 TR & s A7 1E
BRI KB F, bk TR y-203E T e & &=
SRR RIEAS A, MBI B RS (K 3),
HH R KRS TR y- 2 T IR & 2 2 5T
P il R B AR

2.5 X F,FhdyEETHRSESHBXMK
BN F AR A48 K

WX R/ TR B RS F, TR
-3 TR - O S R RN R IR A A
KT M (£ S), S A, y- 23 T &
5 A 6 R AR R Y OE A O, M oG R BA
0. 405 ; 5ok7 5 AN T4 B S A 3 0 R oG SR
52 1 2 G R OG5 5B TE AR 58 FE 2 A G, (H
FPEAR B KRB A X IR S TR Pkt

sor BUIMCR , SRR ARE 2 B E WA 5T
st R S A A 2 A SN OG5 5B 9 A B 5 DA
5407 KA A 35, 3R I 2 S AR R VR 7 R Ay b
s T [ I BRAT y- 2 e TR 5 kv B4
g307 2.6 KEFHH v-R2ETERIE, FAMER A
%20l BRI RN
-3 X 85 A 1/ TA A AL F, R -2
BT W AR FRLIR AR Y SsE 1A T
oL L= TS S5 6, i 6 AL, y-20L TR
GABA (mg/100g) ik RUEAITRLE 3 AR SGEE T ¥ T
. 909% , 541 T 75 LI o TR HEARA B R T b 5
vEETHREENHRENG T R RS S AE AR R B R y-2 TR
Fig. 3 The frequence distribution of y-aminobutyric IKAE SR AR
acid content in F,individual plant derived
from Gaoliangdao-1/Ningnongheijing
£5 2% F,TFHT GABA &R 5 HAAXEE AR X
Table 5 Rice grain GABA content in F, grain correlate with embryo weight and grain shape
PER LIRS KLTE LR KIE TR AR IR
Trait Grain length  Grain width  Grain thickness  Length/Width  1000-grain weight  Relative embryo weight
GABA ¥ GABA content -0.170 " -0.122 -0.209 ™ -0.022 -0.245* 0. 405 ™
#A Grain length 0.260 ** 0. 127 0. 545 * 0.418 -0.220"
HLFE Grain width 0.348 ™ -0.665" 0.331™ -0.046
FIJZ Grain thickness -0.207 ** 0. 648 ** -0.174"
K5 U Length/ Width 0. 040 -0.132
THIE 1000-grain weight ~0.272*
Fe3s

x6 BRE-1/TREBEEREX

HE F, FRIERES BENMERRY

Table 6 Broad heritability and coefficient variation of the grain traits in F, of Gaoliangdao-1/Ningnongheijing

it H CABA LIN HLTE L5 KIEtk Tk AR R T

Item Grain length  Grain width  Grain thickness  Length/Width ~ 1000-grain weight  Relative embryo weight
I SGERAE T (%) 98. 12 83.78 80. 12 91.99 69. 66 96. 37 60. 96

Broad heritability

AR RZE(%) 25.40 5.24 5. 86 4.27 6. 84 9.74 13.13

Coefficient variation
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3.1 KEFHH v-EETRSENNES AR
y-ZIE T RRAE g —Fh o B 1 ) i Bl o0 IR 7,
e IO 2z B I P9 ATz i oG TE  (H B TR
A 5 e — e bR SEARR T y-
BT RN E Ty 1k 22 % T e 83k e ROROHE 83
:(HPLC) , KPR iE A HALE S, ik
I FH 2R B3 A1 0 U R B 5 U S 2 TR A A 1Y Y £ L
N, TR T S TR RE K Y y-2
TR EGmAIE Bl TRK T y- 2 TR
SR, 7R 0 B o ko LA T ARG A, LAt 4 o
7 A I RN 2 %k L SR s A o L
AN o ERRAREIETE (HPLC) 2 R y-Z 3L T iR
s fp Wy i R A AT AR OB, AR B — b B B 5%
Ah-AT DA I 2 (A2 E 26 BT, A Az S Y
A2 R 2,4- K (FDNB) | 484 — g
(OPA) FHiffi ( Dansyl-Cl) |, 6-%2 %& M ok KE-N-3% KL 5%
FAME A 2 2 FH IR IR (AQC) &%, Mk i B iy (A
PELE KR a5 R A e, (ELI 5 2 o
BRI S, R R 3 RS
BOAERTATAE /) 28K — H [ (OPA) | PHifi ( Dansyl-
Cl) .63 Jk s R L -N -2 5k B% 30 Bk W =0 5 Y 1R ik
(AQC) , XA K ZEAE K iy y-20 2 T IR % it
YA [F) 25 SR FE AT LU AL o0 #r, & B OPA AR S A Wi 4T
AR, BARATT A )R] b g (0 AT A SR 0
AT E™ s Dansyl-Cl VE Ry A 5 AT A2 357, AN
AT R B 2%, T LA 75 223kt HoAl AR 5 1
FEPIART AR E P 1 AQC A A — Fl g LAY £
FTAT ARG ), AN 2R BB e v, iy R i L7
Al R R R RSB 5E R A HPLC
25, LA AQC VB AL R AT A= 1R, M %2 T 108 4 Fl it
PRI ZRAE F e 216 A Fy Bkk TRLI y-E 3L T IR
T, KON y-2 AT R KR SRRk AR
WA,
3.2 KEMBREETH v-EETHRIENERN
PN AR PO VIR SE K 2RO TR y- S TR o
R ACT B S A RE K y-E B T RS RTE 2 ~
6 mg/100 g, HAS[F] A9 22 ] 22 S A R, A i A 22
3524 s M A T I 5T e RIS R ) y-
TR (13.304 mg/100 g) i TRERG i Fl (12. 890
mg/100 g) ; 5 BEMEATE S IF 5T LIRS AR GRS 3
AR G &R y-2 T R & & 28 5 8K, i
(23.8 mg/100 g) KT HEFF(13.0 mg/100 g) FHIFH

(6.9 mg/100 g) ; B W SCEE fF 55 R W, AR R v-2
FET RS 8.55 2. 88 mg/100 g M & T2
7.10 £2.32 mg/100 g; BEFRE AP b y-20 38 TR &% &
7.88 £2.64 mg/100 g H i & TR R AN 7.23 +
2.45 mg/100 g; FHEARIR D y- 2 5L TR & 5 8.38 +
2.66 mg/100 g B = T EARK 6. 63 £2. 14 mg/
100 g FIEE(AREAK 7. 34 £2. 18 mg/100 g, AHFFELE
R R F] KR 5 5% P[] y-22 TR 5 & 22 e 4K
KA ORDKH y-208 T IR & =0T HaRK; F A
AR e IR ST AR ST 25 SR A (kG 1
A y-Z AL T RS R T AR R S AR S
SR . LI AT B2 T EE (1 108 3 7K RS [ 9 i
HORR AR R 5 AR 0 ARG A 25 KK, (7545
IE5EA —E R R, HLE IR A5 — 2 i B i
Y@ FARRGYE SRl B, 28 7 I B 22 KGR R
V-EHE T RS R IR EE R, T A L R S Ah
G| ARA] y- 205 TR i 25 AL i 2 ok T R A
Sl ER AT SR AR o B = S A y- R T
PR 7K A P B Al
3.3 kEFH y-EETHRSE, FRHEREHE
MEMEXXER
IKFEFRLAPRLIE AR 52 35 15 800 AL R AL
IR RSORS00 AN TR] K R ol o IR
JBREYS y-EE TR RENBENRHLE, S
R RpE R AU OC  (HAR DA B 3 MR AE-1
TABAILAL F, BAR T RL0 y-20E TR % 2 Sk
KW F AR, SRR R A% W35 i A OC,
R R S A S IEAR DG A G o B 2
555 T FTR 2 A G2 A G (HAE F, bR
KRR y-2 58 TR & it b SR K 2 B 2
FAE, FTREAZ HH T 108 7K A A BT % IR A9 35t 1% 1 s 3
NIZR T F, AR RIS AE T R R A S A1
TARBREPIA LA I H A2 FREE 0 5% ) SR A T 22
5o LA LRGSR IE KRR y- 2 TR
b S5 RN H R S T TR G R R T
B Y- 2 T RRKAEI AL R R R A TR AR
WA R , PR T R RO (g A B E
3.4 KETH v-EETHRSENEESHT
R DL 4 A BB R R BAERE R 1
MHIRBIZAE R 4 MRE RFAT AT F) S
A8, MZE FFF B K y-25 T R & i, BiF oY Hoast 1%
KK F N F BRI y-20 T RS i B A e ¢
FPOE# JOF H y-2 8 TR & R — st iR
AR, B SCas A% Ty Fople SCist A S22 IR R, 4258
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Fo A F, B y-20HE T IR 5 f AR g 4% 5 4 AR
gl ANBESEH, A1 T AR BB A S A Y
F, FORE -2 T R & 9728 57 AR BUBOR (H ) X
B 13K F 98. 12% , PRI, w3 i 5 9 5 0 0
R y- A TR i KR S B A O BOK
T A AR EAT 25, AT i 8 1 o y- 28 T 1R ) 7K A
Bran i, LU KRS & R TAE AU
3.5 Ev-2ETRAKEARMNEE

ABEFE A ERAE Y -2 5 T %t i, (HL il
TRl TR DR R T R AN IR
R AP B L B BEAT 2R A, T HAE R AR I
REAPERZE 5 Hh T 2 i y-B 5 T MR & = AbR R
PEATRRAE , AR T AT S RGN | KRR AT I
AR T PR IR RE PR R O e R I y- R T
WK R an A

A EREK A R R AR 5 &5 8 SR
LU B ERR S, RS EIRAE  y- 22
TR BRI A RS S A R T 2858, X0 T 2
MERER EIREREME RN T A —EmS
B, AFFE P RAERIEA R U AR, R0
FRWE AT RS SORHRRAS , X P ah b y-2 05 T IR &
T AR, T IE A ERAS 5 A R B AR E
ARSI T & - B T IRE R bRl 124, %)
y-R AR TR % — U 8 WLy B 5 1R BT 5T Ak A R 2P
HA 2 A SRR FRL y- 2 TR S i Y QTLs 43 #T1E
TEREAT B FEAE 0] N e y- 2 T KRS T Al Rl
SEPR ek RN T bR il B e 2 Sl

Sk
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