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Abstract; In order to clarify the genetic basis of rice varieties bred in the three provinces of Northeast China
in recent years, 20 materials were selected as the breeding core parents by analyzing the pedigree of 256 ap-
proved rice varieties which bred in 2021. And 44 SSR polymorphic markers and 34 InDel xian-geng specif-
ic markers were used to analyze on their genetic diversity and xian-geng differentiation. The results

showed that; (1) all selected markers can be applied extensively for the genetic diversity level of rice. A
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total of 130 alleles were detected between these varieties, and the alleles (Na) per locus ranged from 2 to
5 with the mean value of 2. 95. The gene diversity indices (H) varied from 0. 10 to 0. 75 with an average of
0.41. The polymorphism information content (PIC) was changed from 0. 09 to 0. 70 with the average of
0.36. (2) Genetic diversity analysis showed that the overall diversity level of the test materials in North-
east China at a lower level, and the diversity of the core parents in Heilongjiang was slightly higher than
that in Liaoning and Jilin. (3) The NJ cluster analysis indicated that all tested materials could be divided
into three groups, such as Liaoning group, Jilin group and Heilongjiang group. (4) The genetic structure
analysis showed that the 20 core parents could be divided into two stable groups. The core parents of Lia-
oning Province were in group A, and the core parents of Heilongjiang Province were in group B. (5) Anal-
ysis of xian-geng differentiation found that the 20 materials were geng type., but all of these materials
contained a few number of xian loci, and the xian gene frequency (F,) range was 0. 01 —0. 19. Studies
have shown that the possible reasons for the low level of genetic diversity of breeding varieties is the nar-
row genetic basis and high utilization frequency of breeding core parents in the three provinces of Northeast China.

It is urgent to excavate new germplasm, introduce new resources in breeding to broaden the genetic background.
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Table 1 Relative information of experimental materials
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Fig. 1

Status of core parents for variety certification of 2021 in Northeast China
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Table 2 Genetic diversity information of polymorphic SSR markers

I{\(;grz‘s Maf Na H PIC 11\(;:11 Maf Na H PIC
RM495 0.95 2.00 0. 10 0.09 RM125 0.70 2.00 0.42 0.33

RM1 0. 85 3. 00 0.27 0.25 RM408 0.95 2.00 0. 10 0.09
RM283 0. 60 2.00 0.48 0. 36 RM152 0.75 4. 00 0.41 0. 38
RM259 0. 60 5.00 0. 60 0.56 RM25 0.75 2.00 0. 38 0. 30
RM312 0.95 2.00 0.10 0.09 RM44 0.40 5.00 0. 69 0. 64

RM5 0.40 4. 00 0. 69 0.63 RM223 0. 30 4. 00 0.75 0. 70
RM246 0.40 5.00 0.71 0. 65 RM284 0.65 3.00 0.49 0.41
RM237 0.95 2.00 0. 10 0.09 RM433 0. 80 2.00 0.32 0.27
RM154 0.75 3. 00 0. 40 0. 35 RM447 0.70 3.00 0.45 0. 38
RM327 0.45 4. 00 0.63 0.55 PSM338 0. 50 3.00 0.58 0.49
PSM122 0. 60 3.00 0.52 0.42 RM215 0. 45 4. 00 0.70 0. 65
RM208 0.45 3. 00 0.62 0.53 PSM406 0. 30 4. 00 0.74 0.69
RM338 0. 85 2.00 0. 26 0.22 RM271 0. 80 4. 00 0. 35 0. 33
PSM132 0. 40 5.00 0.72 0.67 RM171 0. 90 2.00 0.18 0.16
RMS55 0.90 3.00 0.19 0.18 RM484 0.55 3.00 0.57 0.48
RM514 0. 85 2.00 0. 26 0.22 RM20B 0. 50 2.00 0. 50 0. 38
RM307 0.95 2.00 0.10 0.09 RMS536 0.35 5.00 0.74 0.70
PSM326 0.42 3. 00 0. 64 0.57 RM287 0.95 2.00 0. 10 0.09
RM413 0.95 2.00 0. 10 0.09 RM21 0.45 4. 00 0.68 0.62
RM161 0. 85 2.00 0. 26 0.22 RM247 0.90 2.00 0.18 0.16
RM334 0.95 2.00 0.10 0.09 RM277 0.95 2.00 0.10 0.09
RM454 0.70 2.00 0.42 0.33 Mean 0.68 2.95 0.41 0. 36
RM162 0.75 3. 00 0.41 0.37

W Mal, FEENAL SR Na. S FRERFEGH., BEZSHEEREGPIC. 28 M%FEREE; TH

Note: Maf. Major allele frequency; Na. Number of alleles; H.

same as below

Index of gene diversity; PIC. Polymorphism information content; The
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Table 3 The genetic diversity of core parents in Northeast China
A 1y Province AP F B IR EX R 55 L 2 RE R 5L LA B i

rovinee Sample size Maf Na H PIC

il 744 Liaoning Province 6 0.77 1.95 0. 30 0.25

FH M4 Jilin Province 5 0.77 1. 89 0.31 0. 26

M IT 4 Heilongjiang Province 9 0.74 2.27 0. 34 0. 30
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Table 4 F, of 20 rice core parents in Northeast China
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“i £ s TH
Province Variety F\ Mean
iL & 1 Liaoxing 1 0. 06
JT B 454 Liaogeng 454 0.03
IT48 £h 3 47 Yanfeng 47 0.08
Liaoning 0.07
Province BB 7 Tiegeng 7 0. 06
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JTRE 5 Liaogeng 5 0.07
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7B 88 Jigeng 88 0. 04
WA
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Province
K 4 19 Changbai 19 0.12
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FftFE 4 5 Wuyoudao 4 hao 0. 04
2% 4 Suigeng 4 0. 04
FARKE 15 Wuyoudao 1 hao 0.01
wRTE
Heilongjiang ¥ # 5 Longdao 5 0. 04 0.05
Province
Je A 21 Longgeng 21 0.19
Je k¥ 31 Longgeng 31 0. 04
JeAE 10 Longgeng 10 0.04
A% 10 Kendao 10 0.01

A, S R H A S EEEA e
R 11, LB TR B R
167 EE 39T M EE 1317 F HA R, RS
1400 99 7 PR e VAR K e A 7 R Ak i rh B
Hiu A7 BT AR R A TR s/ oAz iy o2& 3
B R A0 H B O VA ARl R A B L E K RS F
FERTRE B ML RS AP AR 15, B L
EFI RS T REA, B — S X T
IKFEH T ARA AT 70 B, WF 5% 3% B B 2 35 R B[R] 79
Wk . B TRANW K AT, B E T EAARE
A TH BB T SR AN WY UK, HL SR AR ) A ) 2%k
BT EARLE D, AT E DRI =4 2021 4EH
FERY 256 A IKFE A AT RIS AT IR T 20 1 F
FIAZ 0 SRAS . X3 S8 5 Rl AL 0 SR A 1Y) B 5 I [ 3k 47
SR, B 20 4 B4 ORL Y o E B (R] S L ZE 1978 ~
2011 A, B[] 885 3 O, A% 0 2% A ) R O ) A0 A
K, 20 %0 A, 2000 4E LK B ORI & RD 13
By, 5 H 65 %0 . B 2000 4F LUK b E AR JL MRS B Rl
WA 7B Btk Ut , B F T — S 1 AL

FEAMEL ., [FIBE, 3E— 2543 B ik & B, 20 1 B P
DIEARS TGO NILTH 6 4. i 5 4 BIpiT
B O HHAP WO EAR TR 17 887
R ER = TR W I = AN TR (RN ¥ I R
T X7 AR E DR AR 2R A
K i o i 2 A B R i g | AR %0 B R
AL 5T ABEE S RARAF . X TR S BRI =4
A P s AL SEmh A A5 R R) TP T Y — A
RN, AN LD EAR R SR, — A
V¥ R0 A8 2 ] A7 A 2 St o LD G e AR 5
FHEM. BREMSES" F A SSR bric W T 27 4K
FEAZ 0 SR AR BRI » A0 25 AR B DR AFT & L Bh
Al S SR T R SR AR, X o AT — 2P
TARESRAE T K.
3.2 FitkBROELABEERESHENE

181 22 FF P S AT o b S R F 4 11 B T B
R =l P NS = IO T/ LB S i B S|
DO T KRB TR A AL SRR AT 0 Hr
BIE T AR R 2 BN EG KRR,
2GS A ) S iy K RS B T % R 3 1 22 BE R R AT
A3HT s I S0 FE Hb K R R R 35t 1% 2 REPERCAIR. 5F
7K SC AR e R K R R R B A 2 R e L
50 AFEARb RS B AT AT 5T, 25 5 2 W fE R A | [R) T
F1SSR K- 1=y 2R Jb A DXORE 5 oy ot 359 286 B0 H1 e AIK A
ZREM . ARG REN . SR =4 2021 48
W KA A A% 0 O AR 38R 2 AR PRI, SRS R
R X — S G AT AR A R — 2. NJ R
Fft 2238 20 T 26 WA L 25 AL Ml DX K R 7 R 0 2 AR it 4%
FERE B A DA B3 B A 0 55 AR 1) 8 AR R ) L T RE R
FHAEAF MM EE LRI NFLERHZ —,
IRt B2 R BUA i Pl 4 352 % Z AR MK IR AR HE T

BB MO SEA I 2R M KCOE B R A8 B

RO R, AN, AR E AR =
IKFEE PO SEA DL e VT A8 MR 35 1L 22 B
P 5 T3 MORAL T P L X 5 2R 20 2 % I 9
IR AL G T S A R AT LT T
Ji R AT BB 55 4 AS b R I 2SRRI R A G
3.3 FAAKBEZOFERGMWES K

[ 20 20 50 AR SFA 7R L 74 TF Rl R 7%
2B FEFE LK L AR AU RS X Rl AR RIORE 2%
A AERAG 5L ACKINRE I 2% . 40 T8 AR AU R st
SEAl B E S ERAR R AL S O SR AR S A 1 R
BRI TR T RIRS 5O AR R
JE O BE R e 17 A7 AE 22 S WA ORIRS 1l 2% 76 AR ALK i



960 ode Moy % iR 12 4

HR S AR A X T AR R ORE AR R ORI a2 59 A R
AEEIR DL, XPFE R R KA X
AT SR TR R TR G A o P S — E A Al 2R I
Sk, FLI A W ) 4 4 32E , 3 AR LA 75 B0 Aol ) il 75
e DR 0 % 5 0 ) e AR g A i 20 i
28 80 AR RIRE 2% 52 75 52 e 5 LA R AR 2 DX AN
DU T R AR A 388 12 A4 i o i L 3 il A 1
Gr I X4 Je AL T MR AR A AR . AT
L5 R AW IR AL =48 KA 1 Bl A% O S5 A A7 A HIVRE 7
€520 1y ZAAZ 0 AR 3 R R R 2 Y, (ELAT 5 A

SE K

[1] shakRl, MscE, M 8, %, BT 2XHEATWF SNP frid

148 {3 T 8 B Ah Bt A ZREE AT ()], WEALAE 4 2 R
2021,41(8): 1 302-1 314.
HAN Z G, HAO W S, XIE R, et al. Analysis of genetic di-
versity of 148 potato germplasm based on SNP markers from
whole genome resequencing[ J]. Acta Botanica Boreali-Occi-
dentalia Sinica, 2021,41(8): 1 302-1 314.

(2] EBT, REIB, SWEF, F. R3O A R HATE M

FIT PAV 4 FHRCHIRG R RS ]. KRUR4E, 2016,
35(1): 1-10.
WANG Z L, ZHANG J S, GUO CY, et al. Genetic relation-
ship of three soybean core parents and their derived breeding
lines detected by presence/absence variation markers[ J]. Soy-
bean Science , 2016,35(1): 1-10.

[3] 2 &, UK, XIKE, & FEETEXTEFMZOER
Avp g SFAL]. AR A . 2010,19(12) + 48-52.
LIQ, MA D F., LIU Q C, et al. Construction and primary
utilization of core parents for sweetpotato breeding in Northern
Chinal[ J]. Acta Agriculturae Boreali-Occidentalis Sinica ,
2010,19(12): 48-52.

[4] % 5. H A 328 1% 2 0 VR 43 BT BOA% 0 55 S 11 98 B0 L%
D], # . bl K4, 2013,

[5] Boft, sk &, XBRZ, 4. WA I R AR ALK A
FFHBR LT EY24 . 2022,48(1) : 193-202.

RUAN ] M, ZHANG J, LIU Y H, et al. Effects of free air tem-
perature increase on nitrogen utilization of rice in Northeastern Chi-
nalJ]. Acta Agronomica Sinica, 2022,48(1); 193-202.

[61 B S oK A B e, oy [ K RS o i 2 G 2R 3% 088 742 heep: //
www. ricedata. cn/variety/.

[7] Z4e%, i & BtEZ R NEI S %M o .
HTTLRR 2 HOR A, 1999 1-7.

[8] Z=r, fREL4%, BRsefl, . FI SSRAmiciPAG 7R b =& /K Ritf
TR AL 2 REECT ] o KRR, 2009,23(4) ; 383-390.
LI H Y, HOU Y M, CHEN Y H, et al. Evaluation on genet-
ic diversity of the commercial rice varieties in Northeast China
by microsatellite markers[ J]. Chinese Journal of Rice Sci-
ence , 2009,23(4): 383-390.

[9] LIUD, WANGJ Y, WANG X X, et al. Genetic diversity and

RUML S, R AR =48 AN [R) b DX A 0 S A4S Rl 28 s [
WA AT T R = A A0 SR AR RS SR F
KNIy A =T > R X T RE S
TR R R b B R AR AR AR

Lf LR IR RO SR A AR AR ALK RS & A T AR P Rk
HEWHEZMMEM . S5 . A0 34 3 v K A
B AL SR AR I AL T 5 20 B AL SR AR BT
SHEIE ot o A B AR AE AT A A — T TR
L2 fifp PR 2R AL AR b R 7 B R M Y S
JITAE

elite gene introgression reveal the Japonica rice breeding in
Northern China [J]. Journal of Integrative Agriculture,
2015,14(5) . 811-822.

[10] LB, EEE, o 00, F. LTHE 15 FH 5K E

F it Bl BT Y A (SSR) Z A ME ML) ], AL A PR
i, 2007,43(1): 69-72.
JIANG S K, WANG Z H, ZHONG M, et al. Simple se-
quence repeat (SSR) analysis of main rice (Oryza sativa L.)
cultivars in Liaoning Province in the last 15 years[ ]J]. Plant
Physiology Communications, 2007,43(1): 69-72.

[11] 3 B, #0fE, S8, . BIBVLA UL 4R @ K FF i Fh

ST SSR pRiC R A Z R AT ()], A W 34 IR AR AR
2016,17(3): 447-454.
ZHANG K, WEI H F, ZHUO D L, et al. Genetic diversity
analysis of registered rice (Oryza sativa L. )varieties in Hei-
longjiang Province based on SSR markers[ J]. Journal of
Plant Genetic Resources, 2016,17(3): 447-454.

[12] SUN]J, LIU D, WANG ] Y, et al. The contribution of in-
tersubspecific hybridization to the breeding of super-high-
yielding Japonica rice in Northeast Chinal[J]. Theor Appl
Genet , 2012,125(6): 1 149-1 157,

(130 w5 T, Ak W, #h 4, S5 JEO5REALE GRS PRI 2 S
TUHRA 43 F LR ]. PEPRAO RS54, 2012,43(4) : 394-400.
GAO H, LIN H, SUNJ, et al. Molecular basis of utilization
of Indica-Japonica hybridization to Japonica super-rice
breeding in North China[J]. Jowrnal of Shenyang Agricul-
tural University, 2012,43(4); 394-400.

C14] X1 P E5T. 9 . % FIA InDel A1 SSILP bRic 20 7

Jb 75 R B G AR s A AR LT ). K REBE #2014, 28
(2): 148-154.
LIU D, WANG J Y, SUN J, er al. Genetic components
analysis on super Japonica rice using InDel and SSILP molec-
ular markers[J]. Chinese Journal of Rice Science, 2014,28
(2): 148-154.

(157 Brni. 20 A. KR ILP bric & B )], ik,
2008,30(2): 225-230.

ZHAO X Q. WU W R. Construction of a genetic map based on
ILP markers in rice[]]. Hereditas, 2008,30(2): 225-230.
[16] /s, SERE, & &% R ACER Y & 00 7 50 ik



6 14 X PR A RAL =4 2021 AEOKFE B SRR IO RO SR A AR 2 R S OROEE 23 4L 961
R EAEKAE 7 AR BEAL BT TS 9 B LT A AR R, ZENG X S, PENG D, SHI Y Y, et al. Fingerprinting con-
2009,19(6): 628-638. struction of rice core parental lines with SSR markers[ ] ].
LU B R, CAI X X, JIN X. Efficient molecular identification Crop Research . 2016,30(5); 481-486.
methods between indica and japonica rice and its significance (28] ®—. LMK, I, . LT H KRG TRABEAE &
in rice breeding and evolution research [J]. Progress in Nat- WG ZREE AT MR AR F . 2014,43(12) : 28-33.
ural Science s 2009,19(6): 628-638. ZHAO Y Z, L1Z M, LU H B, et al. Evolution and genetic

[17] #EEE, X &, Rk, %, kiR 93-11 RRE RS H A K diversity of rice founder parents in Liaoning Province[ ] ].
DNA i Al 2 22 5 B Brdg s Bk fbl-HE 20 B[], & H2E ) Journal of Henan Agricultural Sciences, 2014,43(12) ; 28-33.
(AR . 2006,45(3) : 309-315. [29] ZEfB~F, x| BL, 8 20, 5. 8 MR A Ab T 08 IR 5 15 2 4
CAIX X, LIUJ, QIU Y Q. et al. Differentiation of Indica-ja- PRI, A FHIE R, 2021,19(16) : 5 528-5 534,
ponica rice revealed by insertion/deletion fragments obtained from LI X P, LTU Q. SHAO H, et al. Analysis of genetic diversi-
comparative genomic study of DNA sequences between 93-11 (in- ty of rice germplasm resources in cold region[J]. Molecular
dica) and Nipponbare (japonica)[J]. Journal of Fudan Univer- Plant Breeding , 2021,19(16): 5 528-5 534.
sity (Natural Science) , 2006,45(3); 309-315. [30] FFK3C, sk&F, skibse, S5 IR KRS oL 7 a6 Al st % Z R0

(181 B e, migfe, BV, %, FIH SNP Ric #E47 K b B G 50 AR AL F [T, Bhafdidl . 2006.51(6): 693-699.
AEE % 2 (1], VEWEIR . 2022,48(2) : 342-352. QI Y W, ZHANG D L, ZHANG H L, et al. Genetic diversity
ZHENG X H, YE ] H, CHENG C P, et al. Xian-geng iden- and change trend in recent 50 years of breeding rice varieties in
tification by SNP markers in Oryza sativa L[]]. Acta Agro- China [J]. Chinese Science Bulletin, 2006,51(6); 693-699.
nomica Sinica , 2022,48(2) ; 342-352. [31] g, ARACAS [ 4F A7 4 A0l 55 AIEE I 2% 19 ¢ R (D],

[19] £ M.t i, e, 5 R SSR 43 Fhric TR Rkl LB s TEBHAE R, 2015,

PR R BRG] At 24, 2009.24(1) : 119-124, [32] W dm. MEFP) S X AR ALBERS B & R ST ERL D], B 3k
MAO T, XU H, GUO Y H, et al. Establishment of sub species BEA . 2%, 2013,

classification of indica and japonica system by SSR markers[]]. [33] M, ke, s, % = FNERMMBREIEZE M
Acta Agriculturae Boreali-Sinica, 2009,24(1): 119-124. PRI ST Rk LT ], TR PHAR L K 2= 2442, 1987,18(3) : 3-9.

[20] DOYLE]J ], DOYLE J L. A rapid DNA isolation procedure YANG S R, ZHANG L B, SHEN Y Y, et al. Research on
for small quantities of fresh leaf tissue[J]. Phytochem Bull , rice breeding through crossing indica and japonica and its
1987,19. 11-15. evolution in the past thirty six years[J]. Journal of Sheny-

[21] LIUK ], MUSE S V. PowerMarker: an integrated analysis ang Agricultural University, 1987,18(3): 3-9.
environment for genetic marker analysis[J]. Bioinformatics [34] #PA=. HBERS 2 52 & A ik Ji Reip 0], EAR ML BL27
2005,21(9): 2 128-2 129. 1986,19(5): 15-18.

[22] KUMAR S, STECHER G, TAMURA K. MEGA?7: molecular YANG S R. Advances in rice cross breeding between indica
evolutionary genetics analysis version 7. 0 for bigger datasets[]]. and japonica and its prospect[ J]. Scientia Agricultura Sini-
Molecular Biology and Evolution, 2016,33(7). 1 870-1 874. ca, 1986,19(5): 15-18.

[23] EVANNO G, REGNAUT S, GOUDET J. Detecting the number (351 Wit fRIESE. sde 4, 45, b7 B RURS 8w 7 7 Fh g
of clusters of individuals using the software structure; A simulation HazgR[1], spEALNE:, 2007.40(5) ; 869-874.
study[J]. Molecular Ecology s 2005,14(8); 2 611-2 620. CHEN W F, XU Z J, ZHANG L B, et al. Theories and

[247 sk, WH:==, whess. R SSR bRic #5 7 Hh EDRE S i 7 practices of breeding japonica rice for super high yield[ J].
fhAh AL 2R R ERIE R, 2012,45(3) ; 405-413. Scientia Agricultura Sinica , 2007,40(5) . 869-874.

ZHANG LN, CAO G L, HAN L Z. Analysis of genetic diversi- [36] MRIEHE, BRELAR. SROCH . S5 b0 RERE B bk B8 w5 7 7 A
ty of Japonica rice Landrace in China with microsatellite marker Mgt L], R E& LB E, 2004,37C10): 1 407-1 413,
[J]. Scientia Agricultura Sinica , 2012,45(3) : 405-413. XU ZJ, CHEN W F, ZHANG W Z, et al. New plant type

[25] HZEHE. EHR N 0. P EF AR SRS breeding for super-high yielding northern japonica ricel J].
BFREAMR]. PEALE, 2012.45(8): 1 455-1 464, Scientia Agricultura Sinica s 2004,37(10); 1 407-1 413.
TANG S X, WANG X D, LIU X. Study on the renewed tendency [37] x| i, 2205, #h  fi, 5. B SSR 4F THRic i AR
and key backbone-parents of inbred rice varieties (O. sativa L.) in AEARAR G = 8 R R R A A R R[] . Je A B2
Chinal J]. Scientia Agricultura Sinica, 2012,45(8): 1 455-1 464, 2011,(7): 1-6.

[26] MI5H. Tdkss, PhVME. 6. 2010—2014 4F B IJp VT8 2K LIUD, LIH Y, SUNJ, et al. Evaluation on genome struc-
Ea A e FEASH]. PERFK, 2019,25(2) . 46-49. ture in different periods Northeast China rice (Oryza sativa
CHENG FY, WANG ] L, SUN Y X, et a/. Analysis of the back- L. var. japonica) by SSR marker[]J]. Heilongjiang Agri-
bone parents of rice varieties registered in Heilongjiang Province be- cultural Sciences, 2011,(7): 1-6.
tween 2010 and 2014[J]. China Rice, 2019.25(2): 46-49.

[27] ®wedh, % Jb, FIUERE, %, RN SSR biic a8 K R0 (% . REP)

SEARTELEELT]. fEMRFSE . 2016,30(5) ; 481-486.



