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Abstract: To systematically evaluate the genetic diver-
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sity of quantitative traits in cold-region japonica rice germplasm resources and clarify trait relationships to provide theoretical basis for
excellent germplasm resource selection and parental combination, a total of 186 cold-region japonica rice germplasm resources were
analyzed for 19 quantitative traits using quantitative genetics and multivariate statistical methods. The results indicated that all 19 traits
exhibited abundant genetic variation, with coefficient of variation (CV) ranging from 1.24% to 75.73%. Chalky grain rate showed the
highest CV, while brown rice rate showed the lowest CV. Correlation analysis revealed that plant height was significantly or extremely
significantly correlated with the other 18 traits, demonstrating strong pleiotropy. Yield was extremely significantly positively correlated
with panicle number, panicle length, growth number per panicle and taste value. Taste value was extremely significantly positively
correlated with head rice rate and amylose starch content, but was extremely significantly negatively correlated with chalky grain rate
and chalkiness degree. Cluster analysis classified the 186 rice germplasm resources into four groups: group I had the highest
proportion and exhibited the highest protein content and the lowest taste value; group Il showed advantages in panicle number, seed
setting rate and 1 000-grain weight; group Il displayed the lowest proportion and the highest mean values of plant height, panicle
length, grain number per panicle, yield, taste value and grain shape traits (grain length-width ratio, grain length, milled rice length-
width ratio, milled rice length) ; group IV had the highest head rice rate, chalky grain rate and chalkiness degree. Principal compo-
nent analysis extracted six principal components with cumulative contribution of 85.233%, representing grain shape, cooking and
eating quality,, milling quality, appearance quality, panicle structure and grain weight, respectively. Ten excellent germplasm resource
including Zhongke 804, Zhongkefa 5 and Dongfu 105 were identified through comprehensive evaluation. This study provides theoretical

foundation and germplasm support for breeding superior japonica rice varieties in cold-region rice area of China, and has important

reference value for promoting the breeding of new japonica rice varieties.
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Table 1 The names and numbers of the tested rice germplasm resources

' Ry P ' I P ' w24 ' A4
1 MK 9 5 48 HIT20 5 95 A 415 142 ARk 413
2 B 1518 49 &R1S 96 Ak 419 143 T 3 5
3 A 1715 50 B85 97 AR 423 144 ki 2 5
4 JeEKFE 35 51 BR12 98 A% 428 145 B4 5
5 e 15 52 k25 99 Pk 20 146 Tk 15
6 JepRFE 5 53 G35 100 AR 2 5 147 HBIL23 5
7 7 397 54 ZE 4 101 PAKE 3 148 HIL225
8 B 11 55 N5 S 102 P 5 149 /I 12 %
9 ZH 131 56 LN 8 103 KR 7 150 HEFHT 17
10 Jefd 18 57 78 Y 104 FAKE 9 151 B2
11 Jed 20 58 G 12 105 FARE 11 152 Ebt
12 T H 21 59 A 18 106 Pk 22 153 K3 %
13 JeHE 25 60 24 22 107 FAE 12 154 F£r29 5
14 Je ki 26 61 2 H 28 108 PR 16 155 Fres55
15 Je ks 27 62 2 HE 32 109 FiHE 18 156 Frr4 5
16 Je ki 29 63 2248 109 110 Pkt 28 157 HIHT 2 5
17 Tk 30 64 2748 302 111 FivHE 29 158 HHRAE
18 TeAE 31 65 2245 10 112 PR 2 5 159 /18 5
19 T HE 36 66 BAF 10 113 &R 160 A 16 5
20 Tk 39 67 Pl ER S 114 HFERE 5 161 B 14 5
21 Je ki 42 68 Wk 115 FfERE 15 162 BIL13 5
22 Tk 43 69 JeJE 104 116 FARFE A 163 /IS
23 JekE 46 70 Jeif 16 117 ARG 45 164 HIT10 %
24 Je ki 65 71 HPHT 8 5 118 FK L /NIT 165 SBBE 11
25 JefE 1437 72 HFHT 19 119 BHig 166 HIT 65
26 T g 1525 73 HFHT 22 120 H 320 167 I E=
27 T 1539 74 T 27 121 75| 59 168 B4
28 Vays3 75 HEFIT. 29 122 ot 169 A3
29 etk 11 5 76 HFHT 31 123 w5l 58 170 HIL15
30 BI15 5 77 ST 32 124 JHEZ 140 171 YiE
31 HIT19 % 78 FAKE 8 125 JHEZ 138 172 B
32 /w21 s 79 FAE 10 126 BHE7 S 173 HHRS 5
33 Wik 10 80 FAKE 19 127 FAKE 6 174 W 17
34 IR 81 k25 128 HPHT 26 175 4 98-131
35 JeAE 5 82 KR 1 5 129 HPHT 21 176 ZH 150
36 ek 1 83 ME 15 130 FEFHT 20 177 JeE 13 5
37 JeFE 18 84 FE 804 131 kG 15 178 NFE1LS
38 FrHE 10 85 Je&RE 2 5 132 Je kg9 5 179 ER1S
39 ZZHE 14 86 ZRE 105 133 JekE 8 5 180 Bk
40 B8 S 87 WAERE 2 5 134 o715 181 A 422
41 A 15 88 Je ki 40 135 TG 15 182 R 168
42 SR TS 89 Jef 3 136 T )& 103 183 KH 4 5
43 PR 28 90 Je ki 4 137 tfE2 5 184 BB
44 =15 91 ek 124 138 Ak 421 185 A 3134
45 =VL 6% 92 Jefd 21 139 HARFE 3 5 186 ARFAE
46 Ak 416 93 Jef 203 140 17 418
47 KR 58 94 Je e 363 141 Wik 27
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Table 2 Analysis of genetic diversity and variation in the tested materials

AR RRME H/ME &= FH{E b2 PR AR5 R A (%)
B (em) 122.92 76.62 46.30 96.13 9.83 MR 10.22
HE(RE) 20.50 6.28 14.22 12.33 2.45 THEEL 19.85
K (em) 24.21 12.98 11.23 17.84 2.21 K 12.39
TEARLE (HL) 217.39 64.74 152.65 110.12 26.80 T EL 24.34
LESTR (%) 97.19 77.83 19.35 88.70 7.48 ShR 8.43
TR HE(g) 31.53 22.07 9.45 26.75 1.71 TR E 6.39
774 (1/hm?) 10.59 5.23 5.35 7.67 1.08 P 14.12
Bk R (%) 84.41 80.21 4.20 82.13 1.02 Bk 1.24
KRR (%) 76.71 66.47 10.23 71.74 2.30 Kk 3.21
BHEKE (%) 75.36 43.86 31.50 62.80 6.63 KGR 10.55
BIR(E 84.00 73.83 10.17 78.87 2.72 ERAE 3.45
B (%) 10.83 7.22 3.62 8.54 0.84 BERA & 9.78
HEESEE(%) 19.58 15.85 3.73 17.41 1.04 BEHEER A it 5.97
PR (%) 27.73 0.54 27.19 7.15 5.42 EASpE 75.73
EHE(%) 6.64 0.10 6.54 1.66 1.23 R 74.10
B FE L 3.61 1.91 1.71 2.44 0.41 Ry AN 16.89
AR (mm) 9.56 6.36 3.20 7.41 0.67 FAR AN 9.09
FOKRKFEIL 2.34 1.38 0.96 1.71 0.25 AR 14.61
A5k K (mm) 7.16 4.40 2.76 5.76 0.62 LTRSS 10.84
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Fig.1 Cluster analysis of quantitative traits in 186 cold-region japonica rice germplasm resources
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R4 AN KEEHERMRTERSEROGEIT 40 x5 AN KBEEHERMRZEREERNERRZY SIS0
Table 4  Statistical analysis of quantitative traits of cold-region Table 5 Statistical analysis of coefficient of variation for quantita-
Jjaponica rice germplasm resources in four groups tive traits of cold-region japonica rice germplasm resources
PR I I m I\ in four groups
KR (em) 97.49 88.28 103.33  100.94 o SR %)
TEEL () 12.09 14.35 10.80 10.85 | I | %
K (em) 17.87 16.52 19.51 18.86 ] 9.98 7.88 5.24 8.01
TR HR (hr) 105.92 81.05 170.62  134.89 %L 17.21 16.62 18.77 14.12
LS (%) 89.70 92.92 73.58  85.94 3= 11.52 8.11 1512 12.05
THE (o) 26.89 27 30 25.39 26.23 TR AL 8.81 9.33 11.39 7.95
774 (1/hm?) 7.58 7.27 8.32 8.13 %QK 7.28 2.69 1622 6.71
Bk (%) £2.00 02,48 2076 0 14 TR 6.31 5.43 8.13 6.15
s 13.36 12.98 18.54 12.52
FEARE(%) 71.51 72.96 67.93 71.68 s L14 0.95 L62 196
HREKE (%) 61.74 63.42 60.93 64.25 kR 252 2.08 6.38 283
kY 78.52 78.77 80.52 79.15 G 10.12 10.31 14.47 10.25
BT E (%) 8.69 8.65 7.83 8.35 BIRAE 3.43 2.67 5.41 3.57
EIHEVER B (%) 17.25 17.22 18.37 17.66 EARY iy 9.31 7.91 10.38 11.18
TR (%) 7 61 6.22 412 3.16 HAETER &5 5.70 4.58 6.26 6.75
(%) L7 146 Lo Lo RASE e 81.19 62.54 95.49 68.33
. EHE 81.50 60.49 95.96  64.98
FRRRW 248 225 291 247 BRI 5E 16.88 9.32 1718 17.78
AR (mm) 7.49 7.13 8.09 745 EAY RIS 9.66 5.51 9.44 9.14
RIRRFE 171 1.59 1.99 1.77 Kok K FE L 14.84 8.32 1339 1537
FEAKK (mm) 5.70 5.58 6.20 5.94 Kiok& 11.45 8.44 10.99 10.69
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Table 6 Principal component analysis of cold-region japonica rice germplasm resources

A B
FR5 1 FHigr 2 F g3 Fisr 4 FHisr 5 FHisr 6
PR 0.636 0.378 -0.140 -0.132 -0.289 -0.196
AL -0.130 0.242 0.073 -0.076 0.927 -0.099
K 0.810 0.181 -0.094 0.008 -0.278 -0.050
FRLEL 0.377 0.309 -0.280 -0.236 -0.653 -0.272
ZE5R -0.214 -0.212 0.629 0.177 0.154 0.303
TR -0.062 -0.043 0.034 -0.008 -0.014 0.945
s 0.300 0.673 0.050 -0.415 0.253 0.074
ik % -0.255 0.012 0.648 -0.280 0.212 0.129
ok -0.224 -0.006 0.924 0.074 0.036 -0.064
R K AR 0.150 0.343 0.682 0.264 -0.114 -0.389
BIRAE 0.050 0.910 -0.016 0.148 0.067 -0.035
EARSE 0.196 0.920 0.026 0.246 -0.034 -0.102
HAETEH it -0.266 -0.901 0.030 -0.209 0.038 0.057
A PR 0.315 0.236 0.069 0.842 0.037 -0.041
S 0.378 0.193 0.075 0.829 0.018 0.050
BB TE L 0.882 0.065 -0.292 0.249 0.003 -0.022
A AN 0.885 0.055 -0.275 0.232 -0.009 0.148
FAK 0.897 0.188 -0.142 0.260 -0.058 -0.135
LIRSS 0.810 0.286 0.103 0.319 -0.070 -0.124
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Table 7 Statistical analysis of principal components of cold-region japonica rice germplasm resources

TiH FHS 1 F S 2 FHr 3 FHY 4 FEWSr 5 ESr 6
FROEAE 7.196 3.178 2.206 1.502 1.108 1.004
TIHRE (%) 37.876 16.728 11.609 7.905 5.833 5.282
EHTHE (%) 37.876 54.604 66.213 74.118 79.951 85.233

Wi Lo FAEHES B4 dh Bl D HER S
HE4 (3 8) Ui et PR S BP0 Bl , 4553 4% 0
SRIRAEIRAFAL , X 28 T 1 PR 5% ) A Fof Joit 58 Dk
FIPEOT ARG 80 1 A R4S, Ui e ok B A 2
PR A A S RO BB R B AR PR R 5 5
JeiE 16 PR BIPEAR IS AL AR 2, BRI S AR L P [F]
PEOE , 2P IR IHTIE)  Je A A 2 S AR RIS L Ay
TR, RN MR XU, ARG A 2
s TR AR B0 B s R RAE s H
FERER I EA AR S B 7 P R R
R 804 JEHKE 40 Rk 5 I RIRE S E B A
B CEHEEER &R U EPERL O, RS O 3 10
x8 HiXHHREERESTENES

Heg T oK 2 I T 5 T A 0 ol i
BINT AL TR BB 8 5 el 25 JEM 1539
HA TSR AU s . % £ 4 159504k
2y, Vi 15 S FURL 3 R 1 BE ARG A0 & 3 4 1) b ol
3 R S R K T oK DR 3G R B RE 29 e A
25 =65, MEFMS S 15044, ik
AESEEYEY TR GUY (O T U AR E A Y TR Y
MR, L 418 &A% 3134, 7 397 ] LIVEH
FORISS O REA . ARG T A0 6 130 HE4 | i ik
T R TS R A A, B A
WL EE R3S AT 19 5 HEA TR AL
e

Table 8 Comprehensive evaluation of phenotypic traits in the tested materials

FSr 1 F S 2 F I3 BN FHSY 5 F I 6
H2 W D1H
R FME A% F O RMg P BMA P BFE FIE SRR FAE
1l so4 3318 HRkES 5236 PEbsM 3948 BB 2756 FAKE29 2630 L7418 1150 & 0.941
2 RS 329 JeiF 16 5231 Jekd 40 3753 Juti2s 2664 WAERI2S 2605 R334 1141 eRE3 S 0797
3 KH 105 3268 JpEFE2S 5079 BREES 3695 A 1539 2636 =IT6%% 2529 7397 L114 BIT19%5 0788
4 M2 3246 ARE 105 4882 28 3.688 Z=H 131 25% R 105 2519 M2 1068 EKE1525 0766
5 BEME2E 3184 TRl 4855 HME2 3601 HFHT.28 2530 ek 124 2515 Z5F 131 1058 A 1715 0752
6 16 3.047 WM 22 4746 FfERE 155 3563 T 39 2525 W22 2495 FRE1S 1012 Y205 0704
7 HMEE29 3055 HAERG 15 4690 JEfE 363 3545 Jekf 65 2509 fREE S 2481 JHEFR 140 1.011 2748 32 0.697
8 A28 3.022 AV 29 4549 R 168 3529 JekE 46 2482 HFL 804 2429 =15 0977 JetE36 0.670
9 IAKERE2S 3007 M3 4549 K105 3476 LF 418 2466 LRER2S 2425 JeME2s 095 /L3S 0653
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