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Development of SSR Polymorphic Markers at Genome—-wide Level in

Maize and Validation by PCR Amplification
SHI Dian-yi"?*, DENG Jia', SUN Ming—wei', WEN Xuan—tao', WANG Yang'
(1. College of Life Sciences, Neijiang Normal University, Neijiang 641100;
2. Sichuan Science and Technology Resources Sharing Service Platform of Special Agricultural
Resources in Tuojiang River Basin, Neijiang 641100, China)

Abstract: Simple sequence repeats(SSR) are abundant in eukaryotic genomes and are often randomly and uni-
formly distributed throughout the whole genome. SSR markers are widely used in animal and plant gene mapping,
population genetic diversity analysis, genetic linkage map construction, fingerprint map construction, germplasm
identification, molecular marker—assisted selection and other directions. With the publication of large numbers of
whole genome sequences, the sequence information available in databases such as NCBI has grown dramatically.
However, in conventional molecular biology research, the traditional small-scale marker development model is still
continuing, and the markers developed are very limited due to low efficiency. Combining MISA scripts, Primer3 and
e—PCR software to search SSR locus, design primers, and to analyze the specific amplification, and calculate their
length differences, high—density SSR markers in maize genome were successfully developed. Finally, through primer
synthesis, PCR amplification and agarose gel electrophoresis, the reliability of the developed marker was verified by
conventional methods of molecular biology.
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Fig.1  Analysis workflow for the development of genome—wide polymorphic SSR markers
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Table 1 = Chromosome length and corresponding number of SSR loci in maize inbred lines B73 and Mo17

i H FHE
Inbred Chr 1 Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chrl10
Item Mean value
LA IRK JE (Mb) B73  307.04 24444 23567 24699 22390 174.03 18238 181.12 159.77 150.98  210.63+49.12

Mol7 306.18 243.31 240.96 249.75 220.38 168.72 178.57 182.61 164.94 149.04  210.45+49.66
SSR A R (1Y) B73 29462 22919 21670 22399 20895 16354 16721 16513 14431 14218 19 558.20+4 785.31

Mol7 28611 22569 21873 22638 20694 15789 16243 16117 14872 13658 19 306.40+4 717.93
SSR /3 % BE(1~/Mb) - B73 9595 9376 9195 90.69 9332 9397 91.68 91.17 9032 94.17 92.701.81

Mol7 9345 9276 90.78 90.64 9390 93.58 90.96 88.26 90.17 91.64 91.61+1.80

®2 FEAREXRBTIZLBARSSREBRHSE

Table 2 Types and quantities of SSR loci on each chromosome of maize inbred line B73

TiH  Ttem Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chr10

Mono—nucleotide repeat 11153 8777 8245 8169 8208 6 390 6509 6470 5442 5249

Di—nucleotide repeat 10 284 8075 7731 8302 7264 5773 5939 5865 5252 5197
Tri-nucleotide repeat 7234 5393 5083 5283 4824 3725 3814 3759 3341 3365
Tetra—nucleotide repeat 505 404 422 405 373 295 303 248 247 282
Penta—nucleotide repeat 176 147 123 127 139 98 92 112 83 74
Hexa—nucleotide repeat 110 123 66 113 87 73 64 59 66 51
Compound SSRs 2956 1943 1685 1932 1566 1301 1288 1252 1145 1200

&3 EKRBXFEMo17 XL EKSSREBRHE

Table 3 Types and quantities of SSR loci on each chromosome of maize inbred line Mo17

TIH  Ttem Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chr10

Mono-nucleotide repeat 10914 8786 8477 8329 8237 6174 6199 6318 5853 5068

Di—nucleotide repeat 10 506 7881 7793 8419 7 100 5679 5915 5648 5253 4975
Tri—nucleotide repeat 6381 5231 4988 5268 4748 3516 3691 3724 3386 3226
Tetra—nucleotide repeat 495 437 428 390 384 276 281 256 252 262
Penta—nucleotide repeat 187 135 127 127 128 92 92 111 78 73
Hexa—nucleotide repeat 128 99 60 105 97 52 65 60 50 54
Compound SSRs 2273 1715 1624 1973 1550 1191 1283 1191 1171 1037
A B73 % P oam Mo17 %
30000 300
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8 - &
o B B oo * 5
@ 5 5 °
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5 : < :
3 § Z 1000 100 §
2 5000 50
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Chi  Ch2 Chd  Chd  ChS  Ch6  Ch7  Ch8  Ch®  Chi0 » pe SDiuleoiio mpesil ST Samesd T Secide ropest
mPonta-nucleotde rc;&ll-mnnudeob:t?:;m :Como«na ss’;:m :cmemowne un’v?“ mPunisnuclecide repast mmtexs-nuclsoide rapest mCompound SSfte —Chromosome length

T A TR FASER BT3 45 U4 SSRISH K HhE s B: FoK FIZE R Mol 745 Y 6 A SSR I R AL .
Note: A, Types and quantities of SSR loci on each chromosome of maize inbred line B73; B, Types and quantities of SSR loci on each chromosome of

maize inbred line Mo17.

El2 EFEXBZREB73FMMo17 B BRKER SSRAULHELLE

Fig.2 Comparison of chromosome length and number of SSR loci between maize inbred lines B73 and Mo17
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4% W 4E B73 Fl Mol7 3R 15 T V- 3 4 4% 4 (o {4k
(6 921.10+1 808.04) Fl1(6 813.90+1 765.09) 53
PG FRAC , P E A g ik bt [ A TR
(4 516.20+1 203.22) ¢ S PEY 1Y SSR 7 14 (R 4).

SSR FRIC I TUATTE 0 B 4 R e T, A 446 D5 E i)k

WP R K 22 R4 XHE=3 bp .=20 bp.=50 bp
() SSR ¢ S PEH™ 34 7 s, F B A QR Ok f
(1 737.50 £509.45) .(397.30+116.62)F1(143.50+41.72)

M4 K3 K4 KIEZEFLHIE=3 bp BI7 85
TE 10 2 fk b 1 o0 A 2 A i, S B E

P Y AR BETE 0.5 Mb LT, HLIK BB 7 8 fE 45 4
R oA AR B 2, e Qe R A7
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Table 4  Site—specific amplification and screening of polymorphic markers
moH FHIE
Chr 1 Chr2 Chr3 Chr 4 Chr5 Chr 6 Chr 7 Chr 8 Chr9 Chr 10
Item Mean value
B73 RSy B 8 10751 8094 7872 7571 7634 5628 5869 5810 5189 4793 6921.10+1 808.04
Mol 7 Hr vt s 5 10564 7792 7817 7570 7468 5547 5881 5600 5192 4708 6813.90+1 765.09
JEA R A S 6927 5155 5136 5165 5162 3575 3813 3941 3379 2909 4516.20+1203.22
3Eﬁé~‘i§ﬁ%§~+’¢$ﬁ A 6804 5051 5011 5057 5062 3490 3733 3866 3304 2844 4422201 184.24
MR (=3 bp) 2922 1940 2001 1880 1828 1457 1515 1354 1343 1135 1737.50+509.45
5* PEAZ 55.(=20 bp) 662 459 447 442 402 324 382 295 295 265 397.30+116.62
L SR (=50 bp) 237 177 150 163 144 111 131 119 106 97 143.50+41.72
Chr1 Chr2 Chr3 Chrd Chrs Chré Chro Chr10

300 20 280 270 260 250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 % 80 0 6 S 40 30 20 10 0
" " " sy A " s

= g 3 -

Ourshy esLocm)

T b ROR e (o A BRI B (M) 5 22 {ELAE 3 bp S LA
LB’J%*#%@R& EYATEIN N | E5 Y TVE Y Eotr )

Note: The scale indicates the physical distance of
chromosomes(Mb); the polymorphic SSR loci
with a difference of =3 bp were marked with

black horizontal lines on the chromosomes.

B3 ZEE&E3bp KU EEEMESSRURNIEEES
Fig.3  Chromosomal distribution of polymorphic SSR loci with a difference of =3 bp
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markers used for PCR amplification and elec-
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black bands showed where the centromere of

each chromosome is located.
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Note: A, Amplification results of SSR primers on the short and long arms of Chr 1 to Chr 5 chromosomes; B, Amplification results of SSR primers on the
short and long arms of Chr 6 to Chr 10 chromosomes; C, Electrophoresis results of some selected primers from A in the population samples; C,

Electrophoresis results of some selected primers from B in the population samples. The populations used for verification are B73, Mo17, F, (B73X

9 1011 12 13 14 1516 17 18 19

1314 1516 17 18 19 2

Mol7), F1(B73XB104), and F; (B104XMo17).

Chromosomal distribution of polymorphic SSR loci with a difference of =50 bp
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E5 M SSR5|#A)PCRY IEIE
Fig.5 PCR amplification and validation of polymorphic SSR markers
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AT PCRYIG AR (SR 5)0 BRERI I IACRA OB AJLX S, (e 58 FAUHHA P #E T 50IE, 2
AL, KR 5 1 WIAE BT FI Mol 7 PIREAS RGP I 26 R IR BCUF A BRI Y X 3 R8CR
A AF AR 22 5 (] 5) . e A ] 2

&5 HTPCRYH#IGIER 20 % SSRARICEB73 ERATMIER
Table 5 The genomic information of 20 pairs of SSR markers used for PCR amplification and validation in B73 inbred

® 5 W ) B  SSRAKI S bp)
No. Upstream and downstream primer sequences Chromosome location SSR repeat units ~ Theoretical amplification length
5’=CACATGTGATATGTTAGCGGGT-3’ Chrl:

1 (AT)10 190
5’=AACGAGTACCCGAAAATGGATA-3’ 12553090-12553280
5’-TCAAACCTAAGGGCAAACTGAG-3’ Chrl:

2 (TTA)5 264
5’=AATCAGTTTGGTCATGATGCAG-3’ 286999283-286999547
5’-TGGGATACGTGGCTATCCTATG-3’ Chr2:

3 , , (TA)40 227
5"-TCAGGGTGTTATAGTCGCTGAA-3 254032-254259
5’ -TCTGCATGACAATGCTAGACCT-3’ Chr2:

4 (CTT)32 352
5’=AGTTCATCACATCCAAGTGTGC-3’ 244297474-244297826
5’=ACCACCATGTTAACACCATGTC-3’ Chr3:

5 , , (TC)7 342
5’-GATGGTGAGATCTCTTTGGAGG-3 2132722-2133064
5’ -AAGAAAAGAGGGTGACTGATGC-3’ Chr3:

6 , , (ATGC)5 445
5’-ACTAAAGTGCGCGTTAGCTAGG-3 230887862-230888307
5’-TTGAGAGAGCCAACATCACAGT-3’ Chr4:

7 , , (CCCCTC)5 236
5’~GTCAATCTTCCGAAGGTGTTTC-3 8121773-8122009
5’-GGTGGTCTTTGAGGATTTCTTG-3’ Chr4:

8 (CG)6 400
5’-CCTATCTTAGGGATGGGTGATG-3’ 11759529-11759929
5’-GAGGGGTTAACAGTTAGCGTTG-3’ Chr5:

9 , , (TTTGA)S 278
5’-GCCACTTCTCGTTCTCGATACT-3 1963575-1963853
5’-GTTAGGGTCCAAGCCTAAAACC-3’ Chr5:

10 (AG)T 341
5’=GTCGTACCCTCTTTCACCAAAC-3’ 166647943-166648284
5’=CATTGATCAGCTCTGTACCAGG-3’ Chré:

11 , , (AT)45 205
5" =GAATCTTTTGAGGATGGTGGTC-3 4343716-4343921
5’-GCCTCACTAGTGTCGTGATTGA-3’ Chr6:

12 , , (TCC)5 305
5’-ACGTCGTGTCTCCCATAGAACT-3 169232207-169232512
5’-GTGTTTAGGAGTGTTGGGGGTA-3’ Chr7:

13 , , (ACAT)8 316
5’-TTTTATAGACATCCGGACCTGG-3 309533-309849
5’-AAAGAAGAGAGAGGGAAATGCC-3’ Chr7:

14 , , (AG)41 209
5’ =CATATATGGTCTGCGTGTTTCG-3 169184507-169184716
5’-TTCCACTTCATGTCTCTTCCCT-3’ Chr8:

15 , , (TA)50 180
5'-TATACTTGTGGATAGCGCGAGA-3 11855755-11855935
5’=ATCAGCTTGTTCCTCACATGAA-3’ Chr8:

16 , , (GA)Y46 148
5’-AACTTTGTAAAGCAGGGGATGA-3 171842786-171842934
5’=GCATGTTGCGATGCTAAATAGA-3’ Chr9:

17 (TAA)28 168
5’=CGTGGATATTCCTCAAAATGGT-3’ 10838884—-10839052
5’=CGTTGTACACTCGTGTCTGGAT-3" Chr9:

18 , , (TC)35 222
5’-TGCTAATAAGCTTGCTTTGCTG-3 148901961-148902183
5’ -TGCTCTGACGATTCTCGAATAA-3’ Chrl0:

19 , , (TA)80 197
5’—ACTATTGGAAAAACAGGGCTCC-3 4915077-4915274
5’-TACATCTAATGGGCTGATGCTG-3’ Chr10:

20 (AG)22 320

5

-GAAGAAGAATCCAAGCTCATGC-3’

131918813-131919133
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