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Comprehensive evaluation of yield and quality traits and molecular
marker analysis of fragrance genes in 64 rice germplasm resources
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Abstract:  In this study, 64 soft rice germplasm resources carrying the elite alleles OsBadh2-E2, Wx™ and Pita
were used as experimental materials. Nine yield and quality traits were systematically measured, including brown rice rate,
milled rice rate, chalky grain rate, chalkiness degree, seed setting rate, 1 000-grain weight, grain length, grain width and
taste value. Yield and quality traits were analyzed using correlation analysis, principal component analysis and comprehen-
sive evaluation with membership function method. The results showed that the top three germplasm resources in comprehen-
sive score were Wukejing 1136, Changjing 21-10 and Zhendao 668. Genotypes of OsODC-HapH and OsWRKY19-HapH in
the tested germplasm were identified by molecular marker detection. The results indicated that the germplasm resources car-
rying the OsODC-HapH genotype were Su 1806, 223645, Ning HF14, JA2306, 216178, Qianjing 21194, Nanjing 13091
and Nanjing 14044. A total of 63 germplasm resources
were of the OsWRKY19-HapH genotype. This study
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Table 1 Primer sequences of molecular markers

i FH scale PRELSE
LRSI,
1.4 SFRIEHFR

PR AR BT B AR T4 M 2 A2 B il g
H SR 7o ik = FH T8k % (CTAB ) 752 42 B
M DNA, K& T /K e 22 57 13 9 5l (https://rice-
varmap.ncpgr. cn/ ) 25 1] OsODC-HapH F1 OsWRKY19-
HapH & PR B (%) T RE A2 S 0 s, H 49 5 o0 5
180216640941 F1 150528473372, %1 X} vg0216640941
7SR 22 bp 9%, FIFH Primer premier 5 #4111
InDel 23 FHRiC, 41X} vg0528473372 137 15 A BARR LR
e, F SNPway ] Ui ( http ;//www. snpway. com/ ) H
PARMS Hric5 971 A& T Rt KASP #ric5 ¥, 5l
YIFFHIn 1 Pos,

BB b EAL IR T IR 22

A ElE7) SIMIFFI(5'—3")
0sODC-HapH ODC_indel22_1F TTGCACTTGACGGCGTAGTA
ODC_indel22_1R GTCGAGACGTTACCGGACTC

OsWRKY19-HapH OsWRKY19-KASP-Ra
OsWRKY19-KASP-Rt

OsWRKY19-KASP-F

GAAGGTGACCAAGTTCATGCTAACTTTCCTATACACATAAACTCCTAAAA
GAAGGTCGGAGTCAACGGATTAACTTTCCTATACACATAAACTCCTAAAT

GGCTGTGTTTAGTTCCTGAAATTT

2 R 55T

2.1 64 ARTETHRFRTEMRFERNEERS
REEFEX ST

W2 2 B, A2 5 AR BUR R HEAR O 2 1, A2
£2 64 HABMEARBNREIEROEESHES T

S Z R/ N TEIR O RLTE o IS AR RS BUR R Y
PR B URAA, 152 1% 22 A0 48 Hdm /N PR R i oK
A, BMORE 64 13 KRS Tl 5T BE IR B0 T BT
MR It AR R B A i SR PR IS AL SRR
AR Z 8] B 28 K

Table 2 Genetic diversity analysis of yield and quality traits in 64 rice germplasm resources

LGN P E RME e/ ME PR A5 K (%) BHEZ TR
BERR (%) 81.23+3.72 85.12 55.53 B KR 4.62 1.25
Wk E (%) 61.73+4.55 68.40 47.71 Kk 7.44 1.93
R %) 49.02+16.67 83.61 9.23 RASp R S 34.28 2.01
(%) 19.32+8.77 45.58 2.61 RAS) S 45.77 1.99
ZESR (%) 87.92+5.36 96.41 68.85 LESR 6.15 1.90
TR R (g) 22.39+1.80 28.35 19.33 TR 8.04 1.94
A (mm) 7.07+0.32 7.98 6.25 FIAN 4.47 2.04
L5 (mm) 3.17+0.12 3.41 2.79 LG 3.89 2.02
BRIE () 70.23+5.79 89.00 58.00 BIRE 8.24 2.05
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N 3 FroR R K R 5ORE KR A% g 3 TE A G
(P<0.01) , 50058 5 W 3 A ¢ (P<0.05) , Kk
REWHEE BRI U 5E (P<0.01)
P 5 R R A R 3 IR A OE (P<0.01) , 4

F3 64 MKBRRFERERSEMRRERPBXES R

SR G TR e B W E A G (P<0.05) , TR
e 5ok AR R B 3 I EA S (P<0.05) , SHik
R IEA S (P<0.05)

Table 3 Correlation analysis of yield and quality traits in 64 rice germplasm resources

A5 i i K KK L EARETES SEIR TR i B Hi BIR(E
BEAK R 1.000 0.505 ** -0.172 -0.172 -0.066 -0.036 -0.254" -0.102 -0.042
KK 1.000 -0.414™ -0.419 " -0.092 -0.167 -0.109 -0.169 -0.155
T EE 1.000 0.959 ** -0.004 -0.122 -0.023 0.092 0.012
EQRE S 1.000 0.050 -0.027 -0.026 0.069 -0.017
LR 1.000 0.272* -0.121 -0.054 0.143
TR E 1.000 0.295* 0.418 0.252*
i B 1.000 0.209 0.192
Bk 1.000 0.082
BIR(E 1.000

" ARANMRYE R (P<0. 05) , ™ AU .3 (P<0.01)

22 64 MmAKBMHRERSFEMHRRERNESS
DR EEY

X 64 53 K B Fb K 9 AN IR HE AT 0 4
Bro Wk 4 FoR, 4R ECT 4 A E sy, Btk
Ik 73.00% , 55 T 64 0y K A FP 5T 0 IR A8 K
SHER . ERT 1 M TTER R R K, R 27. 40%, L
HP I R S S R R ) 2 A R s R LAY 2 Y BT
BRI R 20. 50% , TR0 51 i 5 R0 By 23807 38 &
A3 3 B TTERER N 13. 30% , 45 52 R 5ok K 1Y 38
B FAT 4 I TTERE N 11. 80% , fiti K R 5 kL
Vi ) 2T 8 1

X9 AR JE LA FRE 51T A oA AL B 9 R
R [P = e e )W 0 13 A M ) 0 o = 5
PERRRIT .

F,=-0.216 X,-0.308 X,-0.334 X,-0.337 X, +
0.051 X,+0.084 X,+0.090 X,+0.127 X,+0.076 X,

F,=0.100 X, +0.057 X,-0.248 X,-0.231 X, -
0.115 X,-0.411 X,-0.303 X,-0.273 X,—0.254 X,

F,=0.219 X,+0.010 X,-0.035 X,-0.083 X, +
0.700 X,+0.199 X,—0.405 X,—0.180 X,+0.235 X,

F,=0.613 X,+0.295 X,~-0.233 X,-0.237 X, -
0.197 X,+0.268 X,—0.059 X,+0.501 X,-0.061 X,

KX, X, X X, X X XS X Xy o il D i

K KR B A 50 TR
Bk RS FORAE,

il

Ay

F4 64 MKBHRTRHNERS D
Table 4 Principal component analysis of yield and quality traits in

64 rice germplasm resources

£zt FHS 1 TSy 2 FEHN3 EWS 4
Bk AR -0.340 0.135 0.239 0.632
i -0.484 0.078 0.011 0.304
I R -0.524 -0.338 -0.038 -0.240
EaS)i -0.528 -0.314 -0.091 -0.244
SEIIR 0.080 -0.157 0.765 -0.203
TR i 0.131 -0.559 0.218 0.276
LIRS 0.142 -0.412 -0.443 -0.061
i vE 0.199 -0.370 -0.197 0.516
BIR(E 0.120 -0.345 0.257 -0.063
FRIE(E 2.462 1.846 1.193 1.061
TIERH (%) 27.40 20.50 13.30 11.80

PAAS 003 BTRR AR g B, X 2 o 500 AT
$lm R B S TR S (D)
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D=0.375F, +0.281F,+0.182F,+0.162F,
WRIBLEBAFIXT 64 D3Pl T G R AT L5 B T4

K5 A MKBHRIREAHE

Table 5 Comprehensive ranking of 64 rice germplasm resources

e 5 R, iRV 1136 255184 B0, Bk 2317
LEA TR A

Lyl ARy At Lyl ARy At syl Gaar GEHA
KB 1136 0.872 1 AR 9127 0.647 23 JA2306 0.524 45
W 21-10 0.816 2 7 3625 0.600 24 w087 0.520 46
§ T 668 0.782 3 23 4E IR H R 90 0.597 25 148 0236 0.518 47
H R 20-6 0.779 4 R 13058 0.594 26 1EXE 0236 0.518 47
EHFEELS 0.742 5 24 X 04 0.587 27 22 AEIR X 05 0.513 48
HOHE 20-62 0.734 6 RAH 196 0.584 28 RAEHE 1013 0.506 49
WA 3084 0.731 7 RAM 196 0.584 28 B 14044 0.504 50
R 2203 0.727 8 W ARE 206 0.583 29 FE 17-425 0.492 51
Z& M 193 0.718 9 R 12031 0.575 30 PrkE 9299 0.486 52
24 AERLIGIX 03 0.718 10 223645 0.570 31 R 789 0.476 53
T 20832 0.717 11 FHE 1602 0.565 32 HEAE 1508 0.466 54
75 1806 0.713 12 151 0.564 33 23 4EYLIRAE IR T 70 0.458 55
24 4ERLI L 04 0.686 13 Bk 13091 0.562 34 FHE 02049 0.456 56
02021 0.682 14 22 AFIRHIIX 04 0.560 36 7 1806-2 0.440 57
R 9208 0.680 15 TR 21194 0.559 37 T 21609 0.440 58
FEHE 12055 0.672 16 216178 0.558 38 R 1092 0.439 59
23 4RI T 14 0.658 17 M 68 0.558 39 MR 72 0.419 61
KA 9127 0.647 18 24 AEIR A= 01 0.556 40 HEF1S 0.408 62
T HF14 0.636 19 HOHE21-18 0.550 4] PR 450 0.375 63
24 AR MR A 05 0.633 20 HEI1S 0.544 42 R 2317 0.354 64
HHE21-5 0.633 21 TP HRE 1392 0.544 43
R 03065 0.612 22 RERR} 0.539 44

VRS 1300 HER T 20 BN T 92 5, %o b 4%
PRIRHER . R 6 s iABHE 1136 o1 R HE
ZAET 20 VUG, A REKSRAL T 20 44 Z 01 % RE
21-10 AR TR RS R SEHES AL TS
PR 668 YL SR TR R RLYE B AE
HEA AT RIS, RS 64 137K A B o8 IR 45 PR 0 HE
2 R HEA SERT O FP B TR AT I AR 450 Bk
2317 .7 21609 Bk 1 5 R 02049 FEKE 1092 1E
0236 A4 1508 22 IR 11X 05 W087,

23 M4 MABHRBTEEREERNEE

FIH nDel 2 FHricxt 64 4y /K FEFp BT IR Os-
ODC SEHN R %58, A0k 7 Fis, 75 1806,223645
T HF14 ,JA2306 216178 3T HE 21194 Rl 13001 , g Bl
14044 43 OsODC-HapH %057 78, Fo 5 1806 ,223645 .7
HF14 & 2% & 1, JA2306., 216178 . i K 21194 B K
13091 P 14044 M2l 55, FIH] KASP FRicxt 64 £y
JKFERIITK) OsWRKY19 FER BRI T % 5 , Hovb 63 {37k
FERH IR A OsWRKY19-HapH FERRY
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Table 6 Trait rankings of the top 20 rice germplasm resources based on comprehensive evaluation

BHEE 1136 15 49 64 63 31 36 62 37 51
FAE 21-10 18 57 63 64 51 3 11 5 31
THFE 668 57 61 62 62 9 11 14 20 6
K 20-6 24 54 59 55 35 21 20 4 47
EHFEELS 38 27 58 56 29 57 53 42 30
A 20-62 7 44 61 61 47 15 57 34 45
HAKE 3084 39 46 48 58 3 33 55 61 27
AT 2203 8 51 56 52 11 19 32 21 13
ZHF 193 63 60 57 57 10 2 18 1 14
24 4ERLIKIX 03 61 62 53 60 26 45 9 56 15
T 20832 12 11 50 54 1 5 46 9 54
75 1806 51 15 11 12 45 55 8 55 63
24 AE R A 04 5 18 52 49 43 40 49 14 33
02021 35 37 50 53 32 32 34 49 29
IR 9208 58 47 55 51 60 52 51 41 5
FIHE 12055 27 40 54 50 52 64 16 36 1
23 MRV IR P 14 50 35 49 46 28 34 48 54 4
RAH 9127 16 13 43 43 24 46 58 53 37
T HF14 60 53 47 37 34 50 44 31 9
24 Fp R 05 32 52 44 43 49 49 33 16 60

3 g S

7 S FR BV O e S B IO B A AL 4
Bt BEAE RO BRI R 22 S AR S VA R
M, A8 R A S B B B EA G R YR R
$>10% , FREAR M AEAE B W AR S 120 ) FEAR
WFFE A, 64 0y /K R 56 U5 4 7= 22 5 oy S PR g A
SRBN3.89%~ 45.71% ,; it ZREVEFR BN
1.25~2. 05, 64 {7 K F o o5 IR e T 2 A
B, T SRR 5 A% o BRI R R A T Y A el

FEF 3 Ao B SR R BCPR EfR AL B, %) 64
K FEFP BT BEUR AT 9 A7 1 5 5 BTk T 27 53
. G5FEIR LA HEA R = A Rl 5T B U R R
1136 F 4 21-10 FIAE G 668, 3X 3 A &b b 24 415 e
SR YTIESEIA Pita % OsWRKY19-HapH FERIRL

PHEE 1136 BEAK SR B B2 H S B R R
B, ELBRZE 0sODC-HapH PR, %K 21-10 T-;
JB i SR BIPERIR G R (0 RS SR R BANEE
R 668 45 S A TR oL it HE 44 4 a1, (EURE KR4
AR T R B ARG OsODC-HapH &
R, RIIZEAHEA SERT Y SR e s — MR AT A7
FEMC R 25 0] o B AT Bal— D R A RAEIR

AWFFERFH 5 Fhric kB AR T 64
TS e P50 B R R s B TR, 25 53R, 64 10 K A
IR A 8 (AT 0sODC-HapH KRR 735
R 1806 ,223645 . 7 HF14 , JA2306 216178 3T Kf
21194 A 13091 B K 14044, OsODC-HapH 3£ [H
RIFEVLI A KRS A i 5 teae b, B BRE Rl
W1, R 856 Fhmic i Bk 8B m ik, RE
OsBadh2-E2 5 0sODC-HapH H: K DIk 2-AP
e N =TiOEy Wi =TT I
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