) 35 4% B R 27 4f 2014 ,15(3) :457-464
Journal of Plant Genetic Resources DOI.10. 13430/j. enki. jpgr. 2014.03.001

7 EAAEACOK RS i Bl 8 1% 2 FEPE LR

MEE INES EA HAM
(o BRI TS0021 2 s 1l B2 B f 77 BB 5 100081 5° 5 514 B B3 BE A 90 56 B A5 750105)

BE NTERRREIBARBEF (RN ETEREERLE RN, H 1 HE(1950 1962 ) T A &b 5 % 2 Bk
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for Different Period Rice Varieties in Ningxia
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Abstract; The comparision of main agronomic traits of different stage rice varieties ( strains) commercially
grown in Ningxia showed the significant difference of agronomic characters between the first stage (1950 —1962)
and the second (1978 - 1989) ,the third (1990 —1999) ,the forth (2000 —2005) , the fifth (2006 —2012) , the six
(2010 —2013) stage. This meaned that the agronomic traits of rice varieties in Ningxia was improved by breeding

techniques. There was a decreasing trend of effective panicle and an increasing trend of days of growth period, pani-
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cle length, spikelets per panicle,weight per panicle, weight per plant,and grain yield from the second stage to the
sixth stage were found. The pattern of breeding of grain yield traits became to panicle weight type or both of panicle
and spikelet type from panicle number type. The analysis of the genetic diversity of 76 rice varieties bred in different
period of Ningxia by using 48 polymorphic simple sequence repeats (SSR) markers showed that there was 290 al-
leles were detected,and the number of alleles per pair of primers ranged from 3 to 15 with a mean value of 6. 04. A-
mong which,109 alleles (37.59% ) were minor alleles. RM333 ,RM297 ,RM249 ,RM501 ,and RM206 showed high-
er score of alleles and minor alleles, which were suitable to assess the genetic diversity of rice varieties from Ningx-
ia. Polymorphic information content ( PIC) ranged from 0. 1423 to 0. 8783 with a mean value of 0. 5512. The Nei's
genetic diversity index (He) ranged from 0. 1492 to 0. 8945 with a mean value of 0. 6032.

The cluster analysis of six stages of rice results of analysis of molecular variance (AMOVA) indicated that the
genetic variation among the six stages was accounted for 19.27% of the total genetic variation, which the genetic
variation among the varieties during every stage was accounted for 80. 73% . The UPGMA cluster analysis of 76 rice
varieties in Ningxia showed that there were five categories clustered in the 0. 805 level of genetic similarity coeffi-
cient. Twelve rice landraces were clustered into group [ . Group Il included eight conventional japonica rice varie-
ties, which had blood relationship with foreign varieties. Group Il included five high quality rice improved varieties.
Group Vincluded two large-panicle and high-grain yielding improved cultivars. 49 conventional japonica rice varie-
ties were clustered in group IV ,it showed that majority rice varieties in Ningxia had a closer genetic relationship.
Group varieties in Ningxia showed that the first stage ( Landrace) was clustered into a separate category. The rela-
tionship was relatively distant between the second,the third,the forth stage and the fifth, the six stage. The results
showed that there was greater differences of genetic diversity among the six different periods,and the genetic diversi-
ty decreased after 2005. In order to accelerate the rice breeding process in Ningxia,we should strengthen the intro-
duction and use of rice germplasm resources from other provinces and abroad, explored the favorable genes from rice
landrace and weedy rice in Ningxia,and broaden the genetic basis in order to improve the rapid development of rice
breeding in Ningxia.

Key words: Ningxia;rice varieties;different period ; SSR makers ; genetic diversity
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BEEUAREA 1950 4F IR AE AR 7= b4l T Flokd (1
FROKFE SR (R ) 376 Gy, Hohyr B by fi A 12
3 (PR [ ZK RGP ot 9% U5 b B0 A 4L ) | o OB A
B (FR)63 fy ARG 1 4y (T Z AR ME

BEAAE I T4 it ) o MR AK A o 2 (51 3F) sk &/
SRS R, H 3 i 1950 — 1962 47 5 Ml J7 g A (12
#y) 1978 — 1989 4E 75 Ali fh Fh (8 £33) 1990 — 1999 4
(9 i) .2000 — 2005 4 (17 £3) .2006 — 2012 4F ( 13
f3) F1 2010 - 2013 4 F WA 4 W & B H b & (17
)6 BB (FE 1),

1 #ENEIHEABREMAHER

Table 1 The name of different stages of rice variety used in this study

W Bt A S8 B K H AR AR st A 4% R e 4 5

Stage Type of variety and bred year Variety name and code

1B TEM TR ,1950 - 1962 4F L /NZDARFR 2 /NBEARAS 3 PR EE A A A 1S /N BEARAE S /N AR L6 A TS R BEAR A T KB AR
ERH S VN ERRL IS SN TN PPN ER S NS R ISV P F N PRV

52 BB B LA AP, 1978 - 1989 4F 13783 5 14 505] 39 1580 16 THE 7 5 17 THE9 5 (18 1219 T4 14 2078 -
1190

53 BBt B R AP, 1990 - 1999 4R 21 TR 1S 22 TR 15 237 16 .24 T4 18 25 T4 19 .26 : T 216 27 : BB 28 : 4
Fl 843 29.98XW-258

%4 E A i Al ,2000 - 2005 4 30 T4 23 31 TR 24 32 A 25 33 M 26 34T 27 35 THES B 3676 B 378

55 BB

55 6 BB

B AP, 2006 - 2012 4F

RLTEMH R,
2010 - 2013 4

45 38 L1 5 39 T2 5 40 THE 28 41T HE 29 42, THEI 31 43 TH 3 5 44.
THE 32 .45 TR 33 .46 . THE 34

47 THE 35 48 TR 36 .49 TORE 37,50 TORE 38 51 T 39,52 TR 40 .53 THE 41,54 M
105,55 T4 42,56 : T HI 43 .57 T HI 44 58 : TR 45 .59 . T 46

6075 7.61:% 9,627 11,6378 114 .64 .78 117 .65 78 118 .66 : 7£ 119 .67 : 5UFF 29 .68 : 7T 784 |
69 : L F 41.70: 505 58 .71 55 30.72:2004-460 .73 :2007-218 ,74:2007 G318 75 : 2007 XZ-181

76 :11NX-2417

1.2 HEMEREREE

BECA BT 2012 4 2013 4R 7R T B AR MR
B A AR Wy A 90 P 1 FE b ] A R O
H 3 RE S, SRIBCBE R 8 F o, AR,
7 BRI 2 508 30 em A1 15 em. Jifi AR 7K SF (4 N
238 kg/hmz .P,0, 105 kg/hmz) JEK BGEASEHY
MR — . R A AR R OB AR R R, B
PRy BB A A H 10 BRFEAT 2 N R, A
FEAC BRI A5 S0R T RLEE IR EORL R R RR AR
e SRR .

1.3 DNA RElX PCR ¥ &A%

TE 2012 4F 7K F 43 BE S B 7 JH oK 42 B DNA
DNA % K. Edwards 25" H R4 A e i 1) CTAB 342
e, JF 4T DNA (R 2iifh . eI 50 o0 A T K FS 12
Zye ok - H HA 2401 48 X SSR 514, PCR X
MK Z K 15 wl, & 10 x buffer 1.5 pL( & Mg’" ),
10 mmol/L dNTPs 0.2 pL,10 wmol/L iE | JZ [f] SSR
SRS W 0.3 pl, Tag WA (5 U/pL)0.3 pl,
20 ng /uL Biflk DNA 1.5 pL,ddH,0 11.2uL, 25

LM 94 °C AR 5 min J5,94 °C DNA 45430 s,
55 CIR K 30 s(A[E 5 Wil ki EE AR , 72 C ot
fi130 5,35 MG, 72 CLAEA 10 min, R 6% K
SR T 075 T Pl 458 ¢ P YKk S R G A
1.4 RS

A2 AE MRV A B R ] SAS B GE it o b, T
2257 M R H Duncan $r & #k 227 . SSR 47 3474 ¥ 7¢
AMRLER RO E B AW IE N7, e s 0”7,
O 5 T < e Wi il R e N S TR AN P
NEARIEAE 2 A B L B AR IC R 17 I i S gk
§a 53 BT SSR K4 B POPGENE 32 4 1 i 4
TR A FE B (Na ) (Nei's i [K 2 FEPE45 5 (He)
Lt R G BE S E . THEBAS SSR AL 2R
{5 B & (PIC |, polymorphism information content) ,
#i D. R. Botstein 25 " [ AR PIC =1 - X6 i
Hp i AR BT . ) NTSYSpe 2. 11 3445 i Fi
[ Jaccard 353 1% AL 2 BOH I, T AE AU HC X 350 501
#14: (UPGMA ,unweighted pair group method with a-
rithmetic mean ) 4 & 2% 2 X R BRI . 2 Arle-
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FRAFEI TR 22 ~6 Br By BB EE A%
FEEOR /D P BRI RERLEC SRR R | ROk R A
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Btk A LE R 25 B AIE L (20 2 ~ 6 [ Bebk i S 19 v
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Table 2 Comparison of some agronomic traits among cultivars released in different stages

B EHER S M MK AR — ghopk TRE MR MR RK K f s L7k 2

quge D (o)) B T T (0 (0 B ) () T (k) PR R
DTM PH PL EP SR TKW WPP, WPP, GL Yield BY EC

1 109.25b 110.77a 17.95bc 13.83b 77.20c 87.82b 28.08a 1.92¢ 26.03b 6.10a 2.2la 5784.07e 676. 00b 0.48b
+3.52 +10.98 +0.81 +2.50 +19.06 +£7.81 =+2.03 +0.53 +£7.55 +0.20 +=0.11 =*1673.43 +190.25 +0.01

2 146.87a 94.70c 16.68c¢ 19.13a 102.75bc 93.99a 27.35ab 2.80bc 50.69a 5.38bc 1.71b  9489.03d 895.93a 0.55a
+5.57 +6.67 +0.67 =+3.74 +28.45 +£1.65 =+1.26 +0.82 +5.10 +0.24 =+0.06 =+1213.50 +87.56 +0.03

3 149.33a 101.39be 17. 76be 15.51b 126. 91abe 92.96a 28.26a 3.48ab 52.07a 5.74ab 1.86b 9732.05¢d  943.72a 0.53a
+2.18 +8.58 +£1.22 +3.39 +£25.73 +£2.42 +2.19 +0.26 =+4.41 +0.71 +0.30 +900.53 +65.13 +0.04

4 147.71a 102.74b 19.15ab 15.58b 130. 68abc 94.33a 27.45ab 3.41lab 51.96a 5.06c 1.74b  9792.54c¢ 920. 75a 0.54a
+3.55 +6.00 =+1.39 +3.08 +31.69 =+£2.41 =+2.31 =+0.78 +6.35 +0.42 +0.17 +994.66 +95.23 +0.03

5 147.77a 103.36ab 18. 55ab 14.68b 148.92ab 94.39a 26.35b 3.79ab 53.82a 5.20bc 1.78b 10069.08b  961.99a 0.55a
+2.68 +6.32 =+1.63 +3.08 +30.46 =+£1.50 =+=1.77 +0.84 +6.32 +0.22 +0.14 +£953.92 +102.08 +0.03

6 152.81a 103.49ab 19.61a 12.29b 179.40a 93.11a 26.37b 4.62a 56.0la 5.37bc 1.89b 10799.79 961.99a 0.56a
+2.93 +6.97 £2.00 £2.20 =+20.05 +1.83 £2.28 +0.70 £7.27 =+0.29 =+0.16 +856.60 +102.08 +0.03

R Duncan 7 &M 22 9% , 18] — MR F (R B9 A 6 78 AR 22 08 8] 5% WK ¥ o Bdls VB = brifi 22

UsingDuncan’s new complex process, the same traits different letter after the average, represent the difference at the 5% significant level. The data is av-
erage + Sample Standard Deviation. DTM ; Days to maturing; PH :Plant height; PL; Panicle length; EP; Effective panicle; GPS; Grain per spike; SSR; Seed
setting rate ; TKW ;: Thousand kernel weight; WPP, : Weight per panicle; WPP, : Weights per pliant; GL: Grain length; GW : Grain width; LWR : Length -
width ratio; PUY ; Per mu yield; BY ; Biological yield; EC; Economic coefficient

2.2 FEKEBHM SSRIREE M

FIH 48 Xf SSR 51 ¥y %t 76 3 ik il bh bk b A7 382 4%
ZRAES RO T A SRR T3 3. 7F 48 M f EIL S
TF) 290 A5 ALAR S, 45X 51 ) 46 o S R AR i Ry 3 ~
154~ 734 6.04 4~ Hrp  RM333 [ 55 (A8 Sl £
15 A, Hk Sl RM297 .RM249 \RM501 Fil RM206 , %

PIC 5755 (0.8783) , H: ¥k &y RM297 (0. 8568 ) A1 RM219
(0.8136) . Nei's & [H Z M 48 509 AR i 4 0. 1492 ~
0. 8945 ,SF-#4 4 0. 6032, H:rh RM206 (0. 8945 ) [ 352 {4 £
FEEFE B 25, RM297 (0. 8791 ) il RM219 (0. 8455 ) ¥k
Zo BRI 3 X5 WA B R AOR

2.3 FEMBETEXKESMNSEESHEEINT

LA SR O 13 A4S B R BRI S & T T REK 2.3.1 ARMERTEKERME SSR #8290 F5
T i Bl IR ZREPEAR I o W R SO EEN (B Z 28 (AMOVA) X 6 A Be 7 Z K A i Ff B9

$i% <0.05) 43 4T 25 5,290 />S5 07 L PR b A A S5 7
FEPA 109 A, o5 A&7 JE R B 37.59% , Hoh s 4
RM333 (%A 57 L A 12 A, Ui B RM333 X757 2K
RS R HER R . 2R B (PIC) (7L
A 0.1423 ~ 0. 8783, -3 4 0.5512, H: Hh RM206 (1)

SSR RiC#EAT I7 22 0 Hr 4 R 3 W] (5% 4) , SSR #ril
KR AL S 2 R 22 HOR IR T B Be I S Rk R ] o
SVE SR 80.73% , By B ) AR S AN A7 R SR
19.27% . LW IR B BT 2K Fi & Ff s gt 14 ok )
HORAJE o0 3% (B —E BRI BOR
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Table 3 The genetic diversity parameter values of SSR loci in rice varieties of Ningxia
(A Retn  HE WA SN Nei's #t {4 £ ZHRF || B Yot G WMASN Nei'siifeZ  ZHME
23 X % H % HEPE TR PSRy % X % H % X R B
Locus Chr. N, NRA H, PIC Locus Chr. N, NRA H, PIC
RM1 1 8 4 0.5166 0. 4954 RM336 7 7 1 0.7696 0.7443
RM297 1 13 4 0. 8791 0. 8568 RM418 7 7 2 0.7874 0.7502
RM488 1 5 1 0. 6142 0. 5355 RM501 7 13 9 0.7955 0. 7554
RM583 1 6 3 0. 5037 0. 4704 RM210 8 10 2 0. 8341 0. 8095
RM208 2 3 0 0.618 0. 5427 RM223 8 8 5 0. 6166 0. 5681
RM213 2 5 0 0. 6745 0.6319 RM284 8 4 2 0. 4465 0.3752
RM406 2 4 1 0.5824 0. 5265 RM531 8 9 5 0.7316 0. 6896
RM48 2 7 4 0.52 0. 4862 RM160 9 6 3 0.5783 0.5211
RM231 3 3 0 0.5702 0. 489 RM215 9 7 3 0.7124 0. 6702
RM232 3 3 0 0.5769 0.5079 RM219 9 9 2 0. 8455 0.8136
RMS517 3 6 3 0.5092 0. 466 RM285 9 7 4 0. 6361 0.5653
RM7 3 4 1 0. 6535 0. 5942 RM228 10 4 1 0. 3405 0.3156
RM273 4 3 1 0.5016 0. 3866 RM239 10 3 1 0.3238 0.2777
RM335 4 5 2 0. 6386 0. 5609 RM333 10 15 12 0.7954 0.7639
RM349 4 3 0 0. 5476 0. 4744 RM496 10 4 1 0.6138 0. 5421
RM518 4 4 2 0.5218 0.4188 RM206 11 13 4 0. 8945 0. 8783
RM161 5 6 2 0. 6602 0. 601 RM20B 11 3 0 0. 4431 0.3795
RM249 5 13 9 0.7832 0. 7507 RM21 11 5 2 0. 5605 0. 4904
RM267 5 3 1 0. 1492 0. 1423 RM332 11 3 0 0. 5873 0.5175
RM413 5 4 1 0. 3405 0.3156 RM17 12 3 0 0. 3538 0.3198
RM162 6 5 1 0.7079 0. 6452 RM235 12 3 0 0. 5225 0. 4629
RM190 6 3 1 0.4618 0. 3649 RM247 12 10 6 0. 7048 0. 6748
RM253 6 4 0 0.6772 0. 6249 RM309 12 4 1 0. 3991 0.3716
RM589 6 6 2 0. 6469 0.5829 S5 Mean 6. 04 2.27 0. 6032 0.5512
RM214 7 7 0 0. 8066 0.7315
N, :No. of alleles, NRA : No. of rare alleles,H, : Nei's genetic diversity index, PIC:Polymorphic information content
%4 T HEKESSR FRi2 AMOVA 4 #f
Table 4 AMOVA analysis of SSR markers among rice cultivars in Ningxia
25 5 IR 5 -5 Al TE "R (%)
Source of variation df SS Variance components Percentage of variation
B B 8] Among stages 5 479.22 2.88 19.27
- B N S A 8] Among individuals within stages 70 1687. 19 12.05 80.73
Bk Total 75 2166. 41 14.93 100

2.3.2 AEAMBRTEAEAMYTEHEMERY
PR 0F AN ] B B 1 Y SSRA A Y 45 o7 ik
DB B 3 W, A (] I B ] 45 43 i DR BAT — 7 B9 22
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2.96 A, 55 3 B B A Al Al A A7 kDR BGA B 3,02
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Fig.1 Comparison of allele numbers among

cultivars released in different stages
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T 9 BEFRE PR PR it Ao ] - 259 38 4 B F) 2 4k . 2005
AR R (A4 2005 4F) 19 4 A By BE A AR L b TR 3
51 B BLAY g A B RS R/ AU 0.37 558 2 [ Be
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Fig.2 Average genetic distance based on

SSR markers among cultivars released in different stages
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