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Genetic Relationship Among Parents of Elite Soybean (Glycine max)
Cultivars Suinong14 Pedigree Revealed by SSR Markers

QIN Jun®?, L1 Ying-hui®, LIU Zhang-xiong*, GUAN Rong-xia', ZHANG Meng-chen®, CHANG Ru-zhen’,
LI Guang-min*®, MA Zhi-ying?, QIU Li-juan*

(*The National Key Facility for Crop Gene Resources and Genetic Improvement / Key Laboratory of Germplasm and Utilization,
Ministry of Agricuiture/Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081 2Deprtment of
Agronomy, Agricultural University of Hebei, Baoding 071000, Hebei; ® Hebei Academy of Agricultural and Forestry Science,

Shijiazhuang 050031, Heber)

Abstract: [Objective] Suinongl4 is the largest-scale grown soybean (Glycine max L.) cultivar and the typical elite cultivar in
China. Tracing its breeding pedigree, it was found that Suinongl14 was bred from five generations of recombination between 17
genotypes including five domestics and two overseas. The genetic structure of Suinongl4 pedigree was analyzed to provide useful
information for the selection of parents in soybean breeding. [Method] 550 SSR loci, distributed in 20 linkage groups were
analyzed to explain the evolvement and genetic relationship of Suinong 14 and its pedigree. [Result] SSR data were analyzed with
Treecon soft (Neighbour-joining method). The clustered results of the accessions were different because of the difference of parental
original and mating types. Parental inheritance and transmission of microsatellite alleles through the generations of the pedigrees
were analyzed. The results confirmed the occurrence of inconsistent alleles, 20.84% of all loci, which were not found in both parents.
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Most inconsistencies were found for ancestors Fengshou6 (21.85). Despite these difficulties approximately 47.72% of all loci were
informative for determining the parental inheritance and indicated two situations: either a predominant impact of one of the parents
was observed in the developed genotype. Alternatively, in some cases alleles have been transmitted to the new genotype from both
parents in equal, or close to equal ratios in cultivar Suinongl4. The genetic constitute of Suinong 14 is greatly changed compared
with ancestor through five generations of recombination. [Conclusion] The characteristics of the times and mating types led to
diversity of genetic structure of Suinong 14 pedigree. The results confirm the importance and informative value of microsatellite

markers for parental inheritance as well as for genetic relationship studies in soybean.
Key words: Suinong14; Pedigree; Microsatellite markers; Genetic relationship
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Table 1 Name, origin and type of Suinong 14 pedigree

AP AL R BT R AR AP J 7 1l
Cultivars National code Pedigree origin Ecological region Cultivar type Origin
gl 4 ZDD00087 S| FALFE K ES ANy e
Zihua4 Baimei NorthEast Spring soybean Selected pure lines Hailun
b ZDD00079 R T HAAFKE B R
Yuanbaojin HuangbaozhuxJinyuan NorthEast Spring soybean Developed cultivar Heilongjiang
Fl 6 ZDD00030 AL 4 X Tu RS [ e NS B Al ALl
Fengshou6 Zihua4xYuanbaojin NorthEast Spring soybean Developed cultivar Keshan
LIl YKL ZDD00200 AFEH] Unknown [ e NS Hb 5 FEAR
Keshansilijia NorthEast Spring soybean Landrace Baiquan
INRLE 9 ZDD00223 AFEH Unknown [ e NS Hb 5 Bl
Xiaolidou9 NorthEast Spring soybean Landrace Boli
Fi 10 ZDD00034 F2 6 5 x e L DY R FALFE K B Al ALl
Fengshoul0 Fengshou6xKeshansilijia NorthEast Spring soybean Developed cultivar Keshan
Tokachi nagaha WDD01252 A7 Unknown A Unknown EBEiR 3 HA
Plant introduced Japan
GFE2345 ZDD06821 /NKLEL 9 Y5 xF2 10 5 HRAAFKE B HIL
Hefeng23 Xiaolidou9xFengshoul0 NorthEast Spring soybean Developed cultivar Hejiang
5. 4430-20 ZDD22682 3. 69-5236xTokachi nagaha HRAAFKE B Al
Ke 4430-20 K69-5236xTokachi nagaha NorthEast Spring soybean Developed cultivar Keshan
Amsoy WDD00528 Adamsx Harosoy A1 E] Unknown G1BeiRA 3 F[H
Plant introduced America
@R 45 ZDD06834 2% 70-6xAmsoy RILHFKRE H I A a1k
Suinong4 Sui70-6xAmsoy NorthEast Spring soybean Developed cultivar Suihua
GFE255 ZDD06823 #7238 Fx 5 4430-20 HRAAFKE B HIL
Hefeng25 Hefeng23xKe4430-20 NorthEast Spring soybean Developed cultivar Hejiang
R85 ZDD17692 R 4 5 xFy RILEKE B ZAk
Suinong8 Suinong4xFy NorthEast Spring soybean Developed cultivar Suihua
Gk 145 ZDD22648 GF 25 GxZR 8T HRAAFKE B ZAk
Suinong14 Hefeng25xSuinong8 NorthEast Spring soybean Developed cultivar Suihua

1.2 REAHE
Bl B AR AR AIERRG 3 oM A

1.2.1
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Mb R G I IR 4 B0d E - Chittp://Soybase.org/resources/
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o

1.2.2 DNA R EL G4k JE[R4] DNA FIF2HCRH
SDS %, FERiA Msh?, SiAb R A S-S 5

1.2.3 PCR R G ikl 20 pl RMNVAKFRFIIA
30 ng KKK DNA, 2 ul PCR buffer, 2 ul 1.5
mmol-L™ Mg®*, 43#J% 4 0.15 mmol-L™ f¥] dNTP, 1U
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Fig. 1 The specific alleles of Suinong14 pedigree on site Satt487, Satt489 and Sat_069
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Fig. 3 The pedigree tree of Suinong14 (The conservation number of national genebank is shown under each cultivar name)
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Table 2 Percentage of genetic contribution in Suinong pedigree

LY B CP 7% Coefficient of parentage GC % Genetic contribution SC % Similarity coefficient
Cultivar Aoy x Aopy Aorex Ao s1 S2
1 6 5 Fengshou6 0.50 0.50 0.236 0.509 0.532 0.646
=i 10 5 Fengshoul0 0.50 0.50 0.386 0.426 0.600 0.620
£r=F 23 Hefeng23 0.50 0.50 0.450 0.468 0.683 0.692
£r=F 25 Hefeng25 0.50 0.50 0.349 0.502 0.563 0.651
2z 14 Suinong14 0.50 0.50 0.451 0.447 0.681 0.679
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Table 3 Inheritance of the 477 microsatellite loci in five cultivars from their immediate parents. Alleles not found in either parents

are designated as inconsistent

TREHAREA

S REAAL # 2 JE AR ML A7 £ 50 Number of corresponding loci

Accession with parents REA (T 43 %:%) (T 53 %) AHTF (71 53 %.%) AR (7T 23 #9%)
Female(Percentage) Male(Percentage) Consistant (Percentage)  Inconsistent(Percentage)

F L 6 5 (AL 4 SuH4£) 62(13.03) 117(24.58) 193(40.55) 104(21.85)

Fengshou6 (Zihua4/Yuanbaojin)

i 10 5 (Y 6 5/ 1L PR TE) 90(19.11) 128(27.18) 177(37.58) 76(16.14%)

Fengshoul0 (Fengshou6/Keshansilijia)

AR 23R 9 S/ 10 ) 108(22.98) 125(26.60) 208(44.26) 29(6.17)

Hefeng23 (Xiaolidou9/Fengshoul0)

&3 25(4r 3 23158 4430-20) 111(23.82) 152(32.62) 144(30.90) 59(12.67)

Hefeng25 (Hefeng23/K4430-20)

AR 14(5F 25142 8 F) 119(25.43) 110(23.50) 202(43.16) 37(7.91)

Suinong14 (Hefeng25/Suinong8)

it Sum 490(20.84) 632(26.88) 924(39.30) 305(12.97)
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Table 4 The special genetic contribution of Suinong14 parants to Suinong14 revealed by SSR markers

ESM SRA PR AR AL R R B AR 14 WAL i H
Parental generation Parents Average of Inheritance of the 477 microsatellite
similarity coefficient loci in Suinong14 from its parents
BAORA #1845 Zihuad 0.451 1
The first parental generation JEti4: Yuanbaojin 0
S ACRA F 6 %5 Fengshou 0.523 2
The second parental generation S PO 3 Keshansilijia 2
B=AORA /WHLEL 9 %5 Xiaolidou9 0.522 7
The third parental generation S0 10 % Fengshoul0 7
Takach nagaha 20
Amsoy 16
EHI N 7 23 Hefeng23 0.607 27
The fourth parental generation 1 4430-20 Ke 4430-20 31
224 4 %5 Suinong4 94
S IACRA 4 F 25 Hefeng25 0.680 119
The fifth parental generation 2%k 8 % Suinong8 110

FIANKT I A, oAk S H BB AR RSt e it 7
BR800 o AL T R ) 2 A
P AL LA IT, Pestsova 25 A Rl 6} 59 AN /N A2 b
Fir 2D Yt fR%E L0 Ppd-D1 BT Russell
SR SSR X RR I K Z2 f B Cooper 11 &R 1547 4317,
FEYta R 3H R SH RILT 4 ANehify 2P, Sjakste
FIH 65 /N SSR Aricxt 37 AN K ZE SR AT 8L 44T
WFFTR W SR A S 2R 4 R B AN A AT O, IEAMRYE
AR RIEICR, M T YR ALY, AT
FIFH 550 %} SSR 4r TRt /W K P4k 14 5 &
EHCRARIE L KR, G REXRZMNT LT
FREFAR) S AR AT A 14 (W54 DTk, 45 RK W]
FE SR B R R AR B 4 PRI AL B
Z3F3E 60 EM S FE T, S 14 SRR I A
WAL, BRAE TIRKIIZAR . R H AL BEA
XA AL DRI, RILFARTKRZ 12.97% {7
PATAE S SRR A R A A 5, HOX PS4
2 RAEAEE AR L s R b . Sjakste fERIFST 7 A
K2 P 5 LA BE AR ) 3t A% 4 o A% 3 ) Al R IR AT
13.93 7 A7 AL SCBEAS AN [7) fr) Sy A 529,

4 ZEig

4.1 FIFY1 Ao KRG 20 ASEBRER) 550 X} SSR
PRl TR 14 FRilk i, f4E Neighbour-joining
PR DR B 5 5 B RS AT, AP Ak 14 Rtk

PR BRI 2 3 AN B B AN RIS (1l
BRI A T AT G

4.2 AR 14 Rl ERSCRAST AREAL Y R K14
B HTRN, BREAK 14 32 SCREAST AR U 2 40,
He 4 A SR AAE SR IS, oK B A (RistAL ) 5
2 THREA

4.3 BACRAXEAR 14 HB A Tk iR ], 2t
1T 60 fEH AL R, 224k 14 S RAAHEL, Witk
PR B R A T BRI

References

[1] Gizlice Z T E, Carter J, Burton J W. Genetic base for North American
public soybean cultivars released between 1947-1988. Crop Science,
1994, 34: 1143-1151.

[2] HEFH, 549%, Thomas E, Carter J, DEx I, BEI4E. HEKEH
3t o B HC FR 0 4 T (1923-1995). kst A R R AL, 1998:
23-39.

Cui Z L, GaiJ Y, Thomas E, Carter J, QiuJ X, Zhao T J. The Released
Chinese Soybean Cultivars and Their Pedigree Analyses (1923-1995).
Beijing: China Agriculture Press, 1998: 23-39. (in Chinese)

[81 P ERNER BRI ST, Hh FE K G i B U5 H S (8
. ). dent hEAR B R, 1990, 1996.

Institute of Crop Germplasm Resource, Chinese Academy of
Agricultural Sciences. Catalog of Chinese Soybean Germplasm

Resources (Continued 1, 2). Beijing: China Agricultural Press, 1990,



4006

doOE kW R %

41 %

4

[3]

6]

[7]

(8l

[°]

[10]

[11]

[12]

1996. (in Chinese)

Cui Z L, Carter T E, Burton J W, Wells R. Phenotypic diversity of
modern Chinese and North American soybean cultivers. Crop Science,
2001, 41: 1954-1961.

BEKSE, A3, M W, BRMESR, 5k, RREAR, HEEIIT, XK
P MR KEM ORGSR EHCR, 2004, 24(6): 101-107.
CuiYS,AnRS, QuG Bi YR, Zhang J,Li FL,CuiMY, Liu CP.
Spectrum analysis of soybean varietis of Jilin Province. Agriculture &
Technology, 2004, 24(6): 101-107. (in Chinese)

Bernard R L, Gai A J, Edgear E H, Calton J E. Origins and pedigree of
public soybean varieties in the United States and Canada USDA.
Technical Bulletin, 1988: 1746.

Allen F L, Bhardwaj H L. Genetic relationship and selected pedigree
diagrams of North American soybean cultivars. University of
Tennessee. Agricultural Experiment Station. Bulletin, 1987: 52.

Carter T E Jr, Gizlice Z, Burton J W. Coefficient of parentage and
genetic similarity estimates for 258 North America soybean cultivars
by public agencies during 1945-1988. U. S. Department of Agriculture.
Technical Bulletin, 1993: 1814.

R, B, A, BN, FRE 1923-1995 4T MY 651
AR B R AL S, R E AR L A2, 1998, 31(5): 35-43.

Gai J Y, Zhao T J, Cui Z L, Qui J X. Nuclear and cytoplasmic
contributions of germplasm from distinct areas to soybean cultivars
released during 1923-1995 in China. Scientia Agricultura Sinica, 1998,
31(5): 35-43. (in Chinese)

w B, T, BHISE. KEmPt iR 49321 MK 113822 5
HATEH SR SR R R ICE M. BRI 2244,
1997, 20 (1): 1-8.

Gai J Y, Qiu J X, Zhao T J. Analysis of genetic relationship of
Nannong 493-1 and Nannong 1138-2 with their derivative cultivars
and their potential in future breeding. Journal of Nanjing Agicultual
University, 1997, 20(1): 1-8. (in Chinese)

RIS, R, St R R R VLR Rl 68-161
RtL ok, KGR, 1998, 17(2): 120-128.

Zhao T J, Cui Z L, Gai J Y. Nuclear and cytoplasmic contribution of
58-161 to the released soybean cultivars in China. Soybean Science,
1998, 17(2): 120-128. (in Chinese)

SN, X A4, R BRI DR S B Bt A ep g X R (g
FETTR, RN R E 274, 1997, 20(4): 1-8.

QiuJ X, Zhao T J, Gai J Y. The genetic contribution of the germplasm
from Jiangsu and Shanghai to soybean cultivar released during
1923-1995 in China. Journal of Nanjing Agricultural University, 1997,
20(4): 1-8. (in Chinese)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Dreisigacker S, Zhang P, Warburton M L, Ginkel M V, Hoisington D,
Bohn M, Melchinger A E. SSR and pedigree analysis of genetic
diversity among CIMMYT wheat lines targeted to different
megaenvironments. Crop Science, 2004, 44: 381-388.
Almanza-Pinz’on M I, Khairallah M, Fox M P N, Warburton L.
Comparison of molecular markers and coefficients of parentage for
the analysis of genetic diversity among spring bread wheat accessions.
Euphytica, 2003, 130: 77-86.

Ferndndez M E, Figueiras A M, Benito C. The use of ISSR and RAPD
markers for detecting DNA polymorphism, genotype identification
and genetic diversity among barley cultivars with known origin.
Theoretical and Applied Genetics, 2002, 104: 845-851.

Smith J S C, Chin E C L, Shu H, Smith O S, Wall S J, Senior M L,
Mitchell S E, Kresovich S, Ziegle J. An evaluation of the utility of
SSR loci as molecular markers in maize (Zea mays L.) comparisons
with data from RFLPs and pedigree. Theoretical and Applied Genetics,
1997, 95: 163-173.

R, FAERE. NS, deat hERREEBOR 1R
#t, 2007: 42-43.

Zhai H Q, Wang J K. dpplication of Quantitative Inheritance. Beijing:
Agricultural Sci & Tech Press, 2007: 42-43. (in Chinese)

KA. AR 14 5 KEREE RS BRI, Rl RGR S
ZEAITSY, 1997, 13(4): 319-320.

Zhang X S. Study on select breeding and culture technology of
soybean cultivars Suinong 14. System Sciences and Comprehensive
Studies in Agriculture, 1997, 13(4): 319-320. (in Chinese)

MReEoc, RS, £ME, AT RER, AHFU. ZR5KE
MR, PRI ARMLR, 2004, (4): 9-12.

Chen WY, Li D C, Jiang C X, Fu Y S, Jing Y L, Fu C X. Pedigree
analysis of soybean cultivars named by Suinong. Heilongjiang
Agricultural Sciences, 2004, (4): 9-12. (in Chinese)

HEAS. REMMER 14 Kk E & Esair. BliLRlREE,
2002, (3): 47-48.

Fu Y S. Analysis on select breeding of soybean cultivars Suinong 14.
Heilongjiang Agricultural Sciences, 2002, (3): 47-48. (in Chinese)

Qin J, Chen WY, Guan R X, Jiang C X, Li Y H, Fu Y S, Liu Z X,
Zhang M C, Chang R Z, Qiu L J. Genetic contribution of foreign
germplasm to elite Chinese soybean (Glycine max) cultivars revealed
by SSR markers. Chinese Science Bulletin, 2006, 9: 1078-1084.

Song Q J, Marek L F, Shoemaker R C, Lark K G, Concibido V C,
Delannay X, Specht J E, Cregan P B. A new integrated genetic linkage
map of the soybean. Theoretical and Applied Genetics, 2004, 109 (1):
122-128.



12 1 7 B4 H SSR 4 TARILMENT KT SRR 14 5 RGN gL LR 4007
[23] e, Wk, TEOiesE. W20 ik Gt o3RI, KGRk, [27] Pestsova E, Roder M. Microsatellite analysis of wheat chromosome

[24]

[25]

[26]

2003, 21(1): 73-74.

Guan R X, Chang R Z, Qiu L J. Rapid isolation of soybean DNA for
SSR analysis. Soybean Science, 2003, 21(1): 73-74. (in Chinese)

Nei M, Li W H. Mathematical model for studying genetic variation in
terms of restriction endonucleases. Proceedings of the National
Academy of Sciences of the USA, 1979, 76: 5269-5273.

RohlIf F J. NTSYS-pc Numerical Taxonomy and Multivariate Analysis
System. New York: State University of New York, 1992.

Van PY, De W R. TREECON for windows: a software package for the
construction and drawing of evolutionary trees for the Microsoft
windows environment. Computer Application in the Biosciences, 1994,

10(5): 569-570.

[28]

[29]

2D allows the reconstruction of chromosomal inheritance in pedigrees
of breeding programmes. Theoretical and Applied Genetics, 2002, 106:
84-91.

Russell J R, Ellis R P, Thomas W T B, Waugh R, Provan J, Booth A,
Fuller J, Lawrence P, Yoang G, Powell W. A retospective analysis of
spring barley germplasm development from ‘foundation genotypes' to
currently successful cultivars. Molecular Breeding, 2000, 6: 553-568.
Sjakste T G, Rashal I, Réder M S. Ineritance of microsatellite alleles
in pedigrees of latvian barley varieties and related European ancestors
Theoretical and Applied Genetics, 2003, 106: 539-549.

(SefEgiE T 30



