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The Use of Bulk DNA for Analysis of Genetic Diversity
in Maize Populations by SSR

WANG Tie-gu, CHEN Yan-hui, WU Lian-cheng, KU Li-xia, HOU Ben-jun
(Agronomy College, Henan Agricultural University, Zhengzhou 450002, China)

Abstract: By use of 90 individuals DNA from Gold Queen maize population, 6 inbred lines DNA, and 15
pair SSR primers, the effect of 4 kinds of DNA sample treatments of the individual DNA sample, the mixed
DNA sample with 3 individuals, with 10 individuals, and with 15 individuals for the genetic diversity in the
same population were compared and analyzed. The result indicated that using indilvidual DNA sample could get
comparatively complete genetic information including allele numbers, the gene frequency, the proportion of het-
erozygosity etc. It could applied to the analysis of genetic structure of a single or a few populations of maize. But
this method needs much more work than the bulk sample. The use of bulk DNA sample will make the genetic
information decrease. Comparison of detective result of 4 kinds of DNA sample treatments suggested that the de-
tective result of the mixed DNA sample with 15 individuals had a bigger error, but utilizing the mixed DNA
sample with 3 — 10 individuals could reflect allele numbers and difference of a maize population, because of con-
sumedly reducing the experiment workload, it can be applied to the comparison for genetic difference in the more
maize populations.
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Tab.1 SSR sequences of used 15 primers
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Codes  Names of primer Position of loci Base sequences
1 bnlg439 1.03 TTGACATCGCCATCTTGGTGACCA//TCTTAATGCGATCGTACGAAGTTGTGGAA
2 bnlg1811 1.04 ACACAAGCCGACCAAAAAAC//GTAGTAGGAACGGGCGATGA
3 umcl676 1.05 AGTCGTACGATGACGGAGGC//GCACCACCGACTGATCAAGA
4 phi011 1.09 TGTTGCTCGGTCACCATACC//GCACACACACAGGACGACAGT
5 bnlg125 2.02 GGGACAAAAGAAGAAGCAGAG//GAAATGGGACAGAGACAGACAAT
6 phi453121 3.00 ACCTTGCCTGTCCTTCTTTCT//CAAGCAAGACTTTTGATCAGC
7 phi049 3.01 CTTCTGTTCCGCCATCCAGTATGTT//GATTGCGATAACATTGCGGCAAGTTGT
8 phi053 . 3.05 CTGCCTCTCAGATTCAGAGATTGAC//AACCCAACGTACTCCGGCAG
9 bnlg1890 4.00 ACCGGAACAGACGAGCTCTA//GTCCTGCAAAGCAACCTAGC
0 bnlg278 5.06 CATGCATCAACGTAACTCCCT//CATGTCACGCGTTCCACTTG
i1 bnlgl61 6.00 GCTTTCGTCATACACACACATTCA//ATGGAGCATGAGCTTGCATATTT
12 phi299852 6.08 GATGTGGGTGCTACGAGCC//AGATCTCGGAGCTCGGCTA//
13 phillé 7.06 GCATACGGCCATGGATGGGA//TCCCTGCCGGGACTCCTG
14 bnlgl62 8.05 ACTAGCAGCAGTAAAACCTAATAAAGGGA//CAAGTAGCTAGCAGTCATTTGCAGTG
15 phil17 10.00 ATCGGATCGGCTGCCGTCAAA//AGACACGACGGTGTGTCCATC
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Tab.2 Amplification results of the sample with individual plant

[y
R/E Al%iefeifuflis E GerE frequﬁcy * MR & B mareE
Codes “HXE B Observed_ Expected.
- A 1 2 3 4 5 6 7 8 heterozygosity heterozygosity
Lines Population
1 3 3 0.111  0.211  0.678 0.511 0.483
2 4 5 0.244  0.072 0.328 0.350 0.006 0.700 0.705
3 2 2 0.017  0.983 0.033 0.033
4 3 3 0.108 0.335  0.557 0.500 0.566
5 3 3 0.351 0.172  0.477 0.172 0.620
6 3 3 0.330 0.458  0.212 0.271 0.636
7 2 2 0.611 0.389 0.467 0.475
8 - 3 3 0.311  0.089  0.600 0.533 0.535
9 3 6 0.309 0.112  0.247 0.152  0.028  0.152 0.326 0.784
10 2 8 0.028 0.006 0.072 0.033 0.394 0.350 0.056  0.067 0.656 0.708
11 5 6 0.028 0.072 0.022 0.378 0.461 0.039 0.600 0.637
12 3 4 0.378 0.194 0.350 0.078 0.678 0.691
13 3 5 0.195 0.506 0.126 0.121  0.052 0.356 0.673
14 4 5 0.072 0.406 0.067 0.078 0.378 0.672 0.677
15 3 3 0.124 0.421  0.455 0.449 0.600
Bt 46 61 6.930 8.820
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Amplification results of primer umc 1676



1%

-~

12345678910111213141516171819 20212223 24252627282930313233343536373839404142434445M 123456

12345678910111213141516171819202122232425262728293031 3233343536 373839404142434445M1 23456

12345 67 8 9{01112131151617]819202122.3-4-5;6A7L8~9~031 3233343536 37383 404]4?:4_4445M 654M

Ad8a,b,c BB 12,3 ARRHHGER
a,b,c¢ indicates amplification results of the first,second and third set of the materials
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Fig.2 Amplification results of primer bnlg 161
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Tab.3 The comparison the individua) samples with the bulk samples

\ »

5% N o e KRR HBAN
Codes Bx%  mE1  &E2  4E3  GE4 Bt Annceling - Sizes of
Lines Treat 1 Treat 2 Treat 3 Treat 4 Sum temp. ragments

1 3 3 3 3 3 3 57 205~230

2 4 5 5 5 5 5 54 175~202

3 2 2 1 1 1 3 55 160~ 165

4 3 3 3 3 3 3 56 210~230

5 3 3 3 3 3 3 55 235~270

6 3 3 3 3 3 3 55 215~225

7 2 2 2 2 2 2 55 140~ 145

8 3 3 3 3 2 4 57 165~195

9 3 6 6 6 6 7 55 144~192
10 2 8 8 6 7 8 55 78~ 102
11 5 6 5 4 4 7 55 146~ 196
12 3 4 4 4 4 4 55 115~145
13 3 5 5 5 4 5 55 150~170
14 4 5 5 4 4 6 56 215~240
15 3 3 3 3 3 3 55 105~115

St Sum 46 61 59 55 54 66
3 Mean 3.07 4.07 3.93 3.67 3.60 4.40




A C T A
AGRICULTURARE 10
] CA

£ & £ % & 20 %

22 RERSNEAKEREREE

155 SSREIYES BELEEFHN 4 Mb P
MRMERT TR, BREERMARERHEN
HRMEKEHBEFERANED  EREHERN
BMERPREFNMBEFNERNB RS E EEE
RERESY REMRAHELANEAERKEMH
BMMESR, 155197 90 M EBREE ML 1
BB 61 M FMNENR, PHBAKNSUERESY
4.07, F 4 b8p , RECEREMEYSAMER
YRR, MAESUIIE MR P EFEARRMK
(0.006)MZEE., A2 PREMBINSNEER N
59, B R P EMERNE N 3.93, 5408 1 M
AR EREASBRN S, & AR NP 8T
HEREM 3.28% , KM EETELFIH 0.017,
0.028(RFE2ME 1,2), B3I PKRMBHZN
BEEEN S5, B FYEMERECY 3.67, 54k
BMIAE2AELEAHNA 6 4N EEAREHR
B, AL EE 3 AR W A B B o B R AR T R0 B A9 BT
HEER9.84% , KEWBNM 6 MEEFRSHIN
0.017,0.028,0.006,0.022,0.033,0.078, A-3 4
TRMBIMEMNEEE Y 54, B FHSEMER
Wh3e 5AEIHEE AR EREE G
B, EMMEEBERES SN 0.052,0.089, 5% 10
BIR#E N 0.006 WERELE I FRERND, B
L4 PHEWD T, LEIKBWAHER LB
HHAEMNB A EERMN 11.48% RN DM 7
ANEEFE SR N 0.017,0.022,0.028, 0.033,
0.052,0.078,0.089,

EREREZRN, SHRELMEL, MIARBASRER
MUKMBIHENRZBESEMNERNER, EH0T
AR BB R RB G R T, BB R & B ok e
mo B R REER MBS EHEMNER
WHREE TR,

3 i

3.1 FIA RS DNA 317 SSR EX Bkt

ERSMRE—ERBH
AMRERB N, Pl HBE A DNA #47

SSR AT EXBEREERAEFHLBMYE, —RTL

RBERBEPFERY EEAE EFEULE

BEREEW, A F T o B RS AT L 802 I 08 1%

AP ZRATUEI B BANERBEMOESHE
BEHRE, B Hardy-Weinberg E 1, LB A H

—FHERER,E - REERARBE, A
VA28 W , P-4 R B (1 - 2q,2q,0), BP B tE &
HELF2RURERRNFETRIED, EXHE
FOE R 3 HREEENE 0.017, AL
DI RAHH, et WEEEE 0.033 5HER
AE0.033 -, ERRERLTFFHERSHEET
Bk, 5 B A A vk BE & DNA, BT AR W 3 B 4K
WAL FREREMEREMRERZR,

AR B Bk A & DNA, #47 SSR St Bk # &
BEZHERRAA - SRBE, BERRTXNRA
EAN IR, B BRI SR DNA #4020
K- EHREARBRBHENREER, EB K
DNA BA KA LRESRREMARH TR, X
AT AER B BT E MR B SSR BFSE E K B iR 6 A
RO EERBEE, BIE Crossa EHEHE
FESERFEEXREMAR n> logl1 -PV™] -
log(k—1)}log(1-py) (XBE n ERH¥AEKEE,PR
KMEERAEEEOERE, m ARk HEN
REPHEMERE, p BREABEENTE),
48 15k DNA/ENEEA , RWIBEE K 0.95 1
OF, TR B BENHMERN .05 KWER,
Marilyn %6 % R Al 48 I Hi 8k DNA /E R BRI B A
BT ENERBERBRESHEENTIR .48 18K
DNABAMHRRELY TSI EAXEHTFEN LA
B EHZIMBEZI S YMAN TERBAS
IRZE . B Crossa FM AR, FHH 24 THHKH
B, RMBRPE 0.95 R T, B4 0B 6 K5
BEFMTRER N 0.12, HrEX%EY A SSR HF
RTRUEBMHEYN 4 T ERBENREEH, &
BRI R R A B4 5k 20,22,31,23, ARE
HYTF 96 MAXAM TR, BRRXBERESE
W REE —EMBHRE. B, w4 BRm b
THE  NERRNBAREEEROERE, 21
B 15 B 35 B9 R B
3.2 BAKMRDNAZLEFIASSRARTEXBER
T RWTITHE

HRERY, 5apiaMEL, AIRREAEARR
BB KR 125 B A Brwi A, (B30T LU W 2 8% 4%
WARZHEMEF WA R, Z A 0T LR B8 & 0 it
R, FEER SRS, &0 B 5K
EEAPMEM R FHSUEELIER TR, 3
TEKRBEMESHESEHRESNRENS RE
HESMNERKB LA 3. 28%MER, RXI4%



1% EHE%E: MAZFERRSRRDNA F 2R 47 5 KB4k SSR 69 947

A C T &
11  ABRICULTURAE
REALI-SINICA

T EO0.05MBEEKFE, H3INMEKBEHMIRERR
PRERBIAFH N EEMEERN 0.017,0.028, #F
EREEEROBAEE BUHERINSUER
BHOERMBEARSNEEFRHERN,RA
STMEABBEMBESRRETITH,

10 B BRIE & RIR & 8 & 5 3 0R R 4 0 4 )
BRML,ESMNERKELE 9.84% WER
EZW6NEEYPER 1 AENR0.078 5, HAM
BMEMKT0.05, A EMHAANERERSIR+
W, R 10 M EREAMREHBHRTTT
#o

ISP BEERMBESEMSERERHENS R
M, AFMEERE LS 11.48%MER, AR
BMBM 2 MERNEEST 0.05, Bk 15 4
BRULHRSHSSBHRELHRNERER KR
=, BRATH,

BZ,EFAHSSRATEXRBEEMREER
Bt EMAREREREEFEHIHRNTURAR
B DNA B ENARERERFR T EHAET,
HTREBL TR, XERFRAFHEBEER
BT ERRTE, R 3~ 10 M EBREARE R ET
o, XA ARAEY AT HARBEERHARRE
T A fe, X —FREIEERBEX A A SSR R H
B ED R Y AREEE—ENELEE
o

% 3T :

(1] RMEE BFHhBREEIM] L R BEH,
1981. 365 — 390.

(2] EXREFE. FFREBREESHARIM] LT R0
Hi R4 ,1983. 235 -297.

[3] BEAHfF, MBYE, Warburton M, %, | Al RFLP.SSR.
AFLP Ml RAPDHFiEA T EXRER R BESHEMK
BBIT(]]. #EER, 2000, 27(8): 725 - 733.

(4] HR%E, EFE,BEWH, %S, H SSR 5K 5 REBE Aok
feeity(]]. MR, 2001, 43(4). 409 -712.

(5] ZHE, ML, %kitiE, % fAHSSRIRIEHREXK
BZFHBREZR(I]. PERLHE, 2000, 33(2):

(6]

(7]

(8]

(10]

[11]

(12]

(13]

[15]

1-9.
Millar C I, Westfall R D. Allozyme markers in forest ge-
netic conservation{ J] . New Forests, 1992, 6: 347 —
371.
Marshall D R. Crop genetic resources: current and e-
merging issues{A]. Brown A HD, Clegg M T, Kahler
A L,et al. Plant Population Genetics, Breeding and Ge-
netic Resourcel M]. Sunderland: Sinauer, 1989. 367 —
388.
Smith ] S C. An evaluation of the utility of SSR loci as
molecular markers in Maize ( Zea mays L.): comparision
with data from RFLPs and pedigree[J]. Theor Appl
Genet, 1997, 95: 163 -173.
Senior M L, Heun M. Mapping maize microsatellites and
polymerase-chain-reaction confirmation of the targeted re-
peats using a CT primer[J]. Genome, 1993, 36: 884 —
889.
Chin E C, Senior M L, Shu H, et a/. Maize simple re-
peative DNA sequences: abundance and allele variation.
Genome(J]. 1996, 39: 866 — 873.
Marilyn L, Warburton, Xia Xian-chun, et a/. Genetic
characterization of CIMMYT inbred maize lines and
open pollinated populations using large scale fingerspring
methods[J]. Crop Sci, 2002, 42: 1832 — 1840.
Senior M L, Murphy J P, Goodman M M, et al. Ultility
of SSRs for determing genetic similarities and relation-
ships in maize using an agrose gel system[J]. Crop Sci,
1998, 38: 1088 - 1098.
Pejic L, Ajmone Marson P, Morgante M, et al. Com-
parative analysis of genetic similarity among maize in-
bred lines detected by RFLPs, RAPD, SSRs and
AFLPs[]J]. Theor Appl Genet, 1998, 97: 1248 ~
1255.
Marshall D R, Brown A H D. Optimum sampling
strategies in genetic conservation]{ A]. In: Frankel O
H, Hawkes ] D (eds). Crop Genetic Resources for To-
day and Tomorrow[M]. Cambridge Cambridge Uni-
versity Press,1998.53 — 80.
Crossa J, Hernandes C M, Bretting P, et al. Statistical
genetic considerations for maintaining germ plasm collec-

tions[J]. Theor Appl Genet, 1993, 86: 673 — 678.



