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A A 0.377,BS82 #» X211 .BS82 A= TW172 ( TW216 ). X211 F= TW172 (TW216 ) 89145 A04L & A1 4 0.319.0.447.0.426,
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Abstract: With rice variety ( cv. ) 9311 as the high-Cd control and cv. Xianwanxian 12 as the adjacent low-
Cd control, we investigated the cadmium accumulation of 15 Cd low-accumulating rice germplasm resources
from 2014 to 2017 and identified the relative Cd-reduction rate of polished rice and screened the resources with
no significant difference in the annual relative Cd-reduction rate. In addition, 45 SSR markers were used to detect
the genetic diversity of 15 rice accessions, in order to identify the resources available for breeding with a great
genetic distance and high relative Cd-reduction rate. The results showed that in 2018, Cd content in 15 low-Cd
polished rice was lower than cv. Xianwanxian 12. Ten samples represented relative Cd-reduction rate of more
than 50%, ranging from 50.8% to 83.5%, while 5 samples were less than 50%, ranging from 1.9% to 49.8%. In

2019, the relative Cd-reduction rate in 7 rice samples with similar growth period was higher than 50%, variable

W BHA:2019-12-26  fEEIEHI:2020-02-02 WL HATHHA: 2020-02-19

URL: http://doi.org/10.13430/j.cnki.jpgr.20191226001

F—VEHHITE )T 1R R A2 5 SRR T, E-mail : 727278622@qq.com ; HFHHI LIRS —1EH

SR « 22/ BIESE O ) SR KRR S 5 U PEAT , Email : xiaoxiang66196@126.com

BEETHE : FEMWIH A B SR S AR AL ;=1 FREEB A (2016YFD0100101-12 )

Foundation project: National and Hunan Provincial Financial Special Breeding of Low-admium Rice Varieties, China National Key Research &
Development Program During the 13th Five-year (2016YFD0100101-12 )



820 7/

A = 21 %

from 60.1% to 78.7%. Based on the two-year test results, no significant difference was found among four low-Cd
rice samples BS82, X211, 7TW172, 7TW216, and the relative Cd-reduction rate was higher than 50%. The overall
genetic diversity in 15 low Cd-accumulating rice population indicated relatively abundant ( Na=4.311, Ne=3.257,
Ho0=0.041, He=0.657, I=1.207, Nei's=0.639, PIC=0.612 ) . The mean genetic similarity ( GS ) was 0.377,
suggesting distant genetic relationship. For examples, the GS in pairs of samples BS82 and X211, samples BS82
and 7W172 ( 7W216 ) as well as samples X211 and 7W172 ( 7W216 ) were 0.319, 0.447 and 0.426, respectively.
Therefore, four rice germplasm resources BS82 ., X211,7W172,7W216 are available in future breeding for new

varieties with low Cd-accumulation.

Key words: low Cd-accumulating; rice; identify; genetic diversity
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B S IAREAR (B FRAE — X0 B S Rh, ARG R o
PN TR AR R 25 5 .

AR T IRER R R EL ZFE R DL
i . SSR ( simple sequence repeat ) 73 FFricF AR
L8 iz MW H T 46 KRS AE 9 19 & FhVE it A%
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Y3y MR S 0 N = Wt = YRl /i B LK 33 e
NEPE) AR S WM A R R Sk “VIP” IR
IKFERIE S S Tk TR m RS ARG 1 6 o b
RIS A T W A KV Bk A58 2018 4F
2019 4F11) 148 pH VYR N 5.3, 2 M & &= 78
{45354 0.69 mg/kg . 0.55 mg/kg, = T E K 3RS
[ ihRfE (GB15618-1995 ) *10.3 mg/kg ( pH<6.5 ),

WF 75 #1 B F 2018 4 5 A 8 H #& F, #& Fh J5
2 dBKR BRI ;201945 H 17 H# A, 375 F
Ja 27 d Ak E R . A f AL X 4 HES
B MR TATIX AT AR O R, 3R E &, #RATHE
16.67 cm x 16.67 cm, ¥f f [H] 25 2 47, 7% H [i]
HeE TN RE. AN X BCE R
RIE 7 UL =5 i A EN £ 1 0 VG 1 O RS E RN =
VERE AR PR R AN TR K, v SR iR A LR e
WK FERAE AR R AR AR ( 4:1)
AL, F A 3 R 0806 35 42 ( ThermoFisher
iCE3500 ) il 72 Cd ¥ £ | HI 22 X Cd=(Cd 454
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1.2 = DNA HJ3REL

Ve BUK R B g 5L R 4 DNA 2 BUR R}, %
1 28 0 HE 1) CTAB 307 $2 BUK 7% 4 14 41 DNA,
20 CHAE4 M. A ImplenNanoPhotometer fi{ &
KR AR 14T UK I DNA. Yk BE F 2L EE | ¥ DNA
WERRE A 150 ng/ul, —20 CIRAEEH .
1.3 SSR 53| #Hf%iE R PCR Rz

MOKFESEF 2 SSR I3 Hh Pk idke th 7R /KA 12 2%



4 14 X SCHRAE « AR AR SRR B IR A AR AR SR M Rt A AR 3 A 821

e o fA b5 50 A B9 SSR 5149, I Al 12 5
9311, HAHEFI 2 SRR R dh Al (BS82, 7TW211 )
) DNA i 47 HL K, D i 26 2% i 1 i 5 2 28 1
W15 0 45 X5 5| 9 ] T st Z R o0 e IR
10 pL & &, £ % 4k DNA 1 pL, 5 umol/L 1E
= 1) 51 ¥ 4% 2 uL, 2 xTap Plus Master MixII
5uL, ¥R R 94 CHIZEME 5 min; 94 °CAR P
45,55 CiR K 45 s, 72 CHEAH 45 s, 30 MEEF; T
72 CHEf 8 min ( 51 _iAY) THRGIRAF
A ) PCR 434 P= W 7E 8% I8 TR s ik e 78 M58 Ml
o HUKE BIBEREH 0.19% ASPRER ARGt
14 SitAE

HADRIFT 9311 FIMLADFT H A /E R X iR, A
P3G =Yy Uk &5 R FEA AR R & L, A i
R 1, TGRSR 0, FEN 0-1 KE R 5 [A] i sk R A
PIREFHE A B.C 4K, I H POPGENE32 4t
TR 5 S5 A L PR A RS FE PR R Ned s
e [H £ £ 1 48 %, Shannon 15 B F8 B0 W 2 0 &
FECWI 6 G B 2815 B & &, I NT-SYSpc
2.0 71 B 5 A Y Dice 5t 1% AH LR BUSE [,
K HEHEINBCE 47 (UPGMA , unweighted pair-group
method with arithmetic means ) #f 17 & 2843 #r A1 3=

A i 43 BT (PCoA, Principal coordinate analysis ),

2 ER5HM

2.1 RBABEENBENEEEREBAIRENE

RKRETRSH

AHIEFE LI R 12 5 A AR X R TH5 15 6y
KR G UE 0 A XS BB o R O IR 9311 YR
T REPE K TR 12 5, 2R RAFE, brifE
ZE Ko 15 0 KR AP AR AR AR SR 68 0 AR5 T3
Kl 12 5, Ho P AR BESR 2E KT 50% 1A 10 4y, AH
Xof [ AR R 7 M 2 50.8%0~83.5% 5 AN AR 3/ N T
50% WIAT 5 4y, AH T 5 25 1) A8 2 1.9%~49.8% .
15 153 7K 7 ¢ U5 PR 1= 9 22 % 100.3 ~159.6 cm, T
AR 16.9 ~45.4 g, 4 F WAL IF 97~118 d.
A E WS X R 12 S A ZE AN KT 4d 0K
BEA 9By, oA BR T A B 7C2(1.9% ) F1 8X208
(20.2% ) A, o4y 7 45 B8 U5 19 AR X 3 0 32 KR AN /)N
T 49.8%; 4= & W15 X% B B R 12 5 41 22 9~16 d
I 6 13, 6 1 0 IR (A FH X B4 A AR /N T 18.2%
(£1), TS L AR
JCAH & HE (P>0.05), Ui B2 B 1 A — 2 fa ik
&,

F1 2018 FREMBABRBENEMERERED SR EERK

Table 1 Relative Cd-reduction rate and phenotypic variation of low Cd-accumulating rice resources in 2018

AR AHXS R (%) P (em ) THhiE(g) EFH (D)
Name Relative Cd-reduction rate Plant height 1000-grain weight Whole growth stages
Al 12 5 1173+ 1.8 22906 114
9311 -138.9+59.3 1250+ 1.5 29.4+0.4 118
7H810 83.5+£6.9 130.5+1.2 234+0.7 101
TW49 56.6+2.2 1453 +1.5 29.1£0.7 111
BS82 69.2+5.6 110.7 £ 1.6 16.9+0.8 110
TW211 652+ 11.2 1154+ 1.1 235+ 1.1 101
8X208 20.2+6.6 149.0 + 1.6 223+0.2 114
FARF 18.2+6.7 143.8 £ 1.8 23.8+0.5 97
A5 41.6+8.4 1293+ 1.4 23.8+0.2 97
X211 73.5+7.1 1323+1.6 26.1+04 112
BS114 498+1.3 128.1+1.5 242+04 114
TW172 574 +4.1 158.7+1.6 45403 117
TW216 60.9 +2.1 159.6+ 1.4 44.7+0.7 117
TW217 68.2+4.8 1349+ 1.6 234+0.8 104
LI 50.8+7.8 1502+ 1.6 209+1.6 102
7C2 19+14 1179+ 1.7 22.6+04 112
7C13 64335 100.3+1.2 20.6 0.7 113
+ ¢ {1 PR B R, T

+ : The front and back data are mean and SD, respectively. The same as below
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TE 15 3 IR 55 9 U5 v o 18 o 2R B AR — 3K

(7 By GE IR, LA 2018 41 2019 45 2 4F (8] AH X B
AR 22 5, FH DPS9.01 47 t K 5. 7 10 B Ui AE
2019 45 1Y AR X B 0 22 HR K T 50%, 2 4F (8] A 4 o7
I 45 %% J5 BS82 . X211, 7W172.7TW216 2% 5 A~ i
&, HARX B EE 2R AE 50% L) Lo 2 4R 1a] 3 R4
PR 0 A R AR 2R TWA49 . BS114.7C13 A i 1

S, Horb b RE BS114 7E 2018 4F (5 AH X [ 47 2R 0
49.8%, i 7E 2019 4F B A B4R R 5 T 50%; TW49
FTCL3 7E 2 4F I AR X R 50 32 40 e T 50% (£ 2 ),
PiHH BS82. X211, 7W172. 7TW216 1E 2 4[] 1) 44
AEJT LR o
®2 GEEENEEEENLLER
Table2 Comparison of relative Cd-reduction rate among years

HHXT RS (% )

AR Relative Cd- reduction rate P{A
Name P value
2018 4F In2018 2019 4F In2019
TW49 56.6+2.2 65.1 £3.8% 0.046
BS82 69.2+5.6 73.8£6.6 0.408
X211 73.5+7.1 724 +£1.1 0.854
BS114 498+1.3 66.9 +4.2% 0.012
TW172 57.4 4.1 61.9+0.6 0.243
TW216 60.9 £2.1 60.1£3.1 0.781
7C13 643 +3.5 78.7 £ 4.0%* 0.003

T ARIFER 2019 AR5 2018 AR[EIZES A 0.05 F10.01 BLE KT
", "Significant difference between 2019 and 2018 at 0.05 and 0.01

levels, respectively

23 RIRFAR/KFIBEIESSR FRICM A EESH

5> H7

FIIH 45 XF SSR 51 95 % 15 1y K A6 B Jii 47
WAL ZREVE BT (23 ) LA 5 194 A4~ 5547 I
PRI, it e B AN ) A7 o 5407 35 PR B H R 5, 25 o7 6 A
BB E 2 4311, 2B R R 2~9, BRid RM297 £
I g 45 A7 JE R 8L i £, RM13 . RMI16 . RM19,
RMS85 . RM240 . RM348 . RM455 6 1l 31 1 25 {3 it
PR I /D o A8 308 o 3k DR B SF- Y (Bl 3.257, 7%
&4 1.588 ( RM71 )~6.480 ( RM297 ) ; JE[RIATR 1)
SFHE N 0.232, HAARIC RM25 9 A 25037 728 57 1Y
R AR, A 0.028, RM71 1Y B 2545 715 S 14 41 % e
15, 4 0.778; WLl 2% & B2 V- {H 4 0.041, B RM4
4 0.833 . RM25 2 1 41, HoAb AR 10 #R Sy 05 19 B2 %
A EEEIE A 0.657, A8 i >/ 0.381 (RM71 ) ~0.870

( RM297 ) ; Shannon {3 B8O 1E K 1.207, A5 iE
7 0.591 ( RM240 )~2.014 ( RM297 ); Nei’ s 5:pH £
FEVEFE RO Y94 4 0.639, 28 18 4 0.370 (RM71 ) ~
0.846 (RM297 ), £ s K/ 2 2847 8 & &
KA. DL 2SRRI, SSR FRic et 5l Ffr
i AR
24 RIRRBABEROEEEUEST

HR 5 SSR i ic 5 75 51 A4 A3 Bl iskt 1% A
oL 2 B9 22 18 4 0.065~0.957, S 4 0377, #t
BETW172 F1 7W216 1 st 15 AL R 3 (GS) i K
(0.957 ), ok 2 M B R R 95 (0.745 ), #4
BEEIR FF TW 172 AR RL R - FT TW216 35t 1% A
PIRBEDN, 48 0.065, BEAHIIRE/NT 0.5 (1)
A 76 %, /NF 02 BA 30 %F, DA F A 5 Rl 22 A
) 31 25 O Z AT , 48 /8 A 5 IR A /K e o i A s A
Bl T, MoE TW172 F1 TW216 F LA
FE T, X WA A AR (AR R TkE
& ORE EE W SRR AR K ) HE T
R ILTWIT2 F1TW216 LR PR A9 22 B8 1 %
(P>0.05 ), RAFAFN R4 AH R Rl — 5. 78
2 AT 0] KA AE 71 LA R RE 1Y 4 AR 43 1) 2 BS82.
X211,7W172,7W216, ¥ F BS82 Fl X211 [ % 1%
AL R E0M 0.319, 41 6L BS82 Fll 7TW172 (7W216 )
(38 15 A DL &R B 0.447, #1 RE X211 FI TW172
(7TW216 ) it (& AL R N 0.426, 15 B 1 26 5 i 7]
BS. SN L U
25 RIRRBABRENRESH

HRE AL H B LR , #% UPGMA #E47 R84
BT, 453 18 Oy KRB A R (1), FE s A5 4
RIRECH 0.40 /K b, SR80 F4r R 2 K2, 51
5 9311 BAE—RA T8 (ImhhiA ) Fs B A
RIE—E ) T2 (IRl ), T 2RBEAF R AE
I T 268, ARG LR 0. 52 7KF 1,
I EBERT R0 2 AR, MOBRER T N5 41
L 55 9311 FIfI e Al 12 5 A —&IF N T -1 W
I8, B2 0 5 LAl T LIS T S5 AH 0T o i S e 1K,
& M 18.2%~50.8%; #4 A+ BS114 H gk 5 2y 1 -2 i
K MBS R N 49.8%, 1T 25 BERL4YHy 3 AN/
¥, B kL 7H810, 7W211, 8X208 ., 7TW172, 7TW216,
TW217 FIH AR W A 1T -1 3035, Bk Rl 8X208
) A X6 B4 2R R 20.29% A1, I S b I g5 LAt L2
S-S5 K o) R i 2 g e, AR RN 57.4%0~83.5% ;5 A1 Rk
TW49  X211,7C2.7C13 9 K 55 -2 W 2, A %
B R AR A 1.99%~73.5% 5 B4 FF BS82 F il 15 Ry 5
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R 3 SSRIRIZHHEF=MIHEE S FE
Table 3 Genetic diversity by using SSR markers

firse GROME FRCSOOLNE WA MR e NetsHH - ZEHE
Locus Na Ne Ho He 5 EFER gﬁ‘ﬁffﬁ ] HR&E

I Nei's PIC
RM4 3 2.830 0.833 0.665 1.067 0.647 0.647
RM13 2 1.800 0 0.457 0.637 0.444 0.444
RM16 2 1.906 0 0.489 0.668 0.475 0.475
RM18 3 2.160 0 0.552 0.854 0.537 0.537
RM19 2 1.906 0 0.489 0.668 0.475 0.475
RM23 3 1.976 0 0.508 0.849 0.494 0.494
RM25 4 2.582 1 0.630 1.065 0.613 0.613
RM71 3 1.588 0 0.381 0.684 0.370 0.370
RM72 7 4.500 0 0.800 1.692 0.778 0.778
RMS85 2 1.800 0 0.457 0.637 0.444 0.444
RM130 4 3.177 0 0.705 1.259 0.685 0.685
RM201 3 1.906 0 0.489 0.787 0.475 0.475
RM208 3 2.000 0 0.514 0.868 0.500 0.500
RM209 4 3.177 0 0.705 1.259 0.685 0.685
RM212 3 1.976 0 0.508 0.849 0.494 0.494
RM217 6 5.226 0 0.832 1.721 0.809 0.809
RM219 6 3.600 0 0.743 1.504 0.722 0.722
RM223 5 3.767 0 0.756 1.441 0.735 0.735
RM224 7 6.231 0 0.864 1.879 0.840 0.839
RM225 4 3.600 0 0.743 1322 0.722 0.722
RM228 7 4.909 0 0.819 1.754 0.796 0.796
RM229 6 4.909 0 0.819 1.673 0.796 0.796
RM234 4 2.946 0 0.679 1.186 0.661 0.661
RM240 2 1.670 0 0.413 0.591 0.401 0.401
RM242 4 3.306 0 0.718 1.249 0.698 0.698
RM245 3 1.976 0 0.508 0.849 0.494 0.494
RM247 5 3.682 0 0.749 1.426 0.728 0.728
RM249 4 2.793 0 0.660 1.162 0.642 0.642
RM249 6 3.857 0 0.762 1.533 0.741 0.741
RM250 6 3.767 0 0.756 1.504 0.735 0.735
RM258 3 2.000 0 0.514 0.868 0.500 0.500
RM259 4 2.946 0 0.679 1.186 0.661 0.661
RM264 7 6.231 0 0.864 1.879 0.840 0.839
RM278 6 4378 0 0.794 1.615 0.772 0.772
RM297 9 6.480 0 0.870 2.014 0.846 0.846
RM311 6 4.629 0 0.806 1.648 0.784 0.784
RM337 3 2314 0 0.584 0.937 0.568 0.568
RM348 2 2.000 0 0.514 0.693 0.500 0.500
RM408 3 2.051 0 0.527 0.828 0.512 0.512
RM455 2 1.800 0 0.457 0.637 0.444 0.444
RM471 5 3.000 0 0.686 1.301 0.667 0.667
RMS590 4 3.177 0 0.705 1.228 0.685 0.685
RM1231 5 3.767 0 0.756 1.436 0.735 0.735
RM3826 5 4263 0 0.787 1.523 0.765 0.765
RM5414 7 6.000 0 0.857 1.875 0.833 0.833
SFY{E Mean 4311 3.257 0.041 0.657 1.207 0.639 0.612
Frif2E SD 1.769 1.379 0.192 0.144 0.416 0.140 0.140

Na: Observed number of alleles, Ne: Effective number of alleles, Ho: Observed heterozygosity, He: Expected heterozygosity, /: Shannon’ s

information index, Nei's: Nei’ s expected heterozygosity , P/C: Polymorphism information content
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B 1 ET SSRAITZARK 18 HkTERMUBLES
Fig.1 Dendrogram of 18 accessions of rice using SSR
markers
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Frol m R 2 ), Hss — B ikoR 58 —oa kR4 5
31.80% 1 11.31%, FER R G5 R 5 RIS Hr kA

e

W RREEENRERRENES BT X2
— AT IR K IER A R 1
R DX 1 ) R VT b5 G © R 15 YL i A
XL AR KA I CERROKT R, AR R
A PR R PR RN . BT AR IR ZUKREIE R B
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49 AR SAHXT AR Y AR AE R R 2t R AR R
SRR BRI SN 2015 4E I R S KGR
KR IR I Y 31 A LA SRR R RL, X A 15
AN GARRI S5 BRI AT AT, T S AR ORI
T RE RN A AU MR RS 1) S Rl v20 (AR R
17) Fv23 (CBRBIAL 706 ), i A — e T5 44 IX K T AR
Tl o

AT LL 2014-2017 4F 25 FH (8] %5 7 b 2 1Y
15 1 SRR 2K A B2 I 26 ), 7E 2018 4R L
% T8 R T 10 AN AR B8 2 A8 50% LA L 5L Fl,
Forr 7 A4 SFp A= B R AR — 2, 4 4 4 kH(BS82,
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BRI E , H 2 AT B R KT 50%.
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Fig.2 Principal coordinate analysis of 18 rice
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TW49  BS114 ., 7C13 4 4F ] A X 5 40 R £ BLAS B
FE o H A e X 002 BB 30 A 58 A RHR A
— AN B A A T AR IR Oy i R A IR I A e
HBAHABFAE 1 A BE Sl ARG B S DA
AR K, B R M Bk T FH () 3 858 25 7t o
(IR 25 o SRR FH EACHE T a0 1 25 SR G T, A6 4
FER] 4 p BRI S, 2R AN B3 3 b kR
ARE , 225 0, AR R T Re 535 A
HAERON , DT SO BE (B A R SR I A 5%
AFE .

Sun 251 TE KRS AR AR Sk i S R K
o ELAT — 5 ARG, (EAH 2 R IR (R=0.13 ) 5
W 2 A A BRIV A B IR R, R AR R
BEREIZERN, TRk M TR R ARz 4F
BRI IRR ] . AHFTESE R g Z R JCAE
P XA RBETRATAE /T BEAR I o FVE T T 075X
K BB THIR T 8 R K ik B ) L, B ] e
FE [V SO 408 P g 0L, 2 5 300 2 %) 9% D7 Il s — LA
FHE A K2, PR RAL, M4 & K A %
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