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Identification of SNP core primer and establishment of high throughput detec-
tion scheme for purity identification in maize hybrids
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Abstract: Purity is one of the most important indexes of maize seed quality, especially for inbred seedlings in hybrids which is a
key factor affecting field yield. A new high-throughput and economical technology named KASP (Kompetitive allele specific
PCR) is suitable for seed purity detection. This study was based on 12 sets of triplet samples of hybrids with their parents and 335
SNP fingerprint data which was nationally approved as standard samples of maize hybrids. Sixty candidate loci were selected
from 384 SNP basic loci, and the success rate of transformation from chip to KASP primers was 95%. Considering comprehensive
elements including parental complementary rate, polymorphism and other indicators such as stability and genotyping effect of
primers, 20 core primers were finally determined for purity identification of maize hybrids. The results showed these core primers
were able to effectively identify the purity of 99.7% of tested samples. The purity of tested sample Jingke 968 was identified by
searching SNP-DNA fingerprint database and selecting parental complementary primers. One inbred seedling and two off-types
were detected in 110 individuals, and the purity value was 97.3%. Meanwhile, a high-throughput purity detection scheme was
established based on the core primers of purity identification for batch samples, which is fast, accurate, high-throughput and
low-cost, providing more options of purity identification for government regulatory agencies and enterprises.
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Table 1 Maize triplet sample information

No. Hybrid Maternal parent Paternal parent
1 335 Xianyu 335 PH6WC PH4CV
2 958 Zhengdan 958 58 Zheng 58 7-2 Chang 7-2
3 108 Nongda 108 X178 C Huang C
4 981 Ludan 981 319Qi 319 Lx 9801
5 16 Shendan 16 K12 137 Shen 137
6 60 Dongdan 60 A801 598 Dan 598
7 39 Danyu 39 C8605-2 598 Dan 598
8 2 Zhongdan 2 Mol7 330 Zi 330
9 13 Yedan 13 478 Ye 478 340 Dan 340
10 SC704 B73 Mo17
11 2000 Jingkenuo 2000 6 Jingnuo 6 6 Bainuo 6
12 101 Nonghua 101 NH60 S121
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Table 2 List of candidate primer for purity identification in maize hybrids

Primer ID Primer name Allelic variation Primer sequence (5'-3")

MSNPO1 MG002 A/G F1: GGAACTGTGCGTAGTTCCTGAGA
F2: GAACTGTGCGTAGTTCCTGAGG
R: TGATCGAGGAGGACCCCTGCAA

MSNPO02 MGO13 A/G F1: CCGGAGCTGGCTTCTGAATCAA
F2: CGGAGCTGGCTTCTGAATCAG
R: ACATCCCCATCCTGGGGAGGAA

MSNPO03 MGO16 T/C F1: GAGCGTCAACGACAAAGCCAAGT
F2: AGCGTCAACGACAAAGCCAAGC
R: CCTGTTAGGTTGTAAGAATTGAGCCTTAT

MSNP04 MGO035 A/G F1: GGAGATGCTCTACAAGTTTGTCA
F2: GGAGATGCTCTACAAGTTTGTCG
R: CCTTCGAGGAGGCCAAGGACTT

MSNPO5 MGO046 A/G F1: CCATGGTTTTAAGGAACTATCGAAAGA
F2: CATGGTTTTAAGGAACTATCGAAAGG
R: ATCAATGTACTCCCATAAGCAGCAACTTT

MSNP06 MGO049 C/T F1: CCGTATCATTTAGTGCATCAGAACC
F2: CCGTATCATTTAGTGCATCAGAACT
R: GAGAAATGCAATGCATCAGATCCGGAT

MSNPO07 MGO055 A/G F1: CATCGAATGGCTGATCATGTTGCAT
F2: ATCGAATGGCTGATCATGTTGCAC
R: CCATTCCCTGTATGACAGACACGAT

MSNPO8 MGO059 C/T F1: GCCCCTGCATTGTTTGCAGC
F2: CTGCCCCTGCATTGTTTGCAGT
R: GCCACTGCAAATCCAAAGAATCCGTA

MSNP09 MGO064 G/T F1: GACTAAACACACTCACTTTCCTGC
F2: CTGACTAAACACACTCACTTTCCTGA
R: AATCGGTGATGAGTGAGTGTCTAACTAAA

MSNP10 MG066 A/C F1: AGGATCACAATCCATCTGCTGCAAA
F2: GATCACAATCCATCTGCTGCAAC
R: CCTGCAGTTGCTACTGATAGTTCTCAA

MSNPI11 MGO067 A/G F1: ATGTTTCTCAGGACGGTAATAGTGAT
F2: GTTTCTCAGGACGGTAATAGTGAC
R: CCCATCCATTCCACATATTCGGCAA

MSNP12 MGO072 A/C F1: GAGTTGTGCTCTGATCCACCCT
F2: AGTTGTGCTCTGATCCACCCG
R: TATTGCGGCATTAAACAAGGGAAAGGAAA

MSNP13 MGO088 C/T F1: CGGCCTCCATGCTTGATGATG
F2: CCGGCCTCCATGCTTGATGATA
R: GTCGGTCGAGTCAAAATTCATTTTGGAT

MSNP14 MG092 C/T F1: ACGTCTGACTTGCACGAAACGG
F2: GACGTCTGACTTGCACGAAACGA
R: CTCCGGAGATGATCTCCCGTAATTT

MSNP15 MGO09%4 G/T F1: ATTCGAACTGCTGCCTTGACTAATC
F2: ATTCGAACTGCTGCCTTGACTAATA
R: GCAGCAGTGACTATCCTTCTGAAGAA

MSNP16 MG101 A/C F1: CAATTCCTCCCCTGCAATTTCAACAA
F2: AATTCCTCCCCTGCAATTTCAACAC
R: CAGCCTGGTCGTTGCTTCTGTAATT

MSNP17 MG106 C/T F1: CCAATCAAGGCGGCAACATACC
F2: ACCAATCAAGGCGGCAACATACT
R: GCGTTCATGTTCATGGAAGGCCAAA

MSNP18 MGl111 A/G F1: ATTCTGAATGTAAAACTTAACATGCTGCTA
F2: CTGAATGTAAAACTTAACATGCTGCTG
R: AAGTCCTTCCAACTTTCAGCATAAGCAAA

MSNP19 MG134 A/C F1: GGTTACACGACCAAATGAGTACCAT
F2: GTTACACGACCAAATGAGTACCAG
R: TAGGCAGAGCAGCCATTGACAAGTA
MSNP20 MG135 G/T F1: CGCATCCTAATAACATAATTACTCACG

F2: ACGCATCCTAATAACATAATTACTCACT
R: GCGAAACGGGGTGTTAGATAGAGTT
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Primer ID

Primer name

Allelic variation

Primer sequence (5'-3")

MSNP21

MSNP22

MSNP23

MSNP24

MSNP25

MSNP26

MSNP27

MSNP28

MSNP29

MSNP30

MSNP31

MSNP32

MSNP33

MSNP34

MSNP35

MSNP36

MSNP37

MSNP38

MSNP39

MSNP40

MSNP41

MG143

MG148

MG155

MG157

MG175

MG181

MG186

MG191

MG195

MG207

MG215

MG216

MG221

MG230

MG236

MG240

MG262

MG270

MG271

MG277

MG278

G/T

G/T

A/G

A/G

C/T

A/G

C/T

A/G

C/T

A/G

T/C

G/T

G/T

C/T

C/T

G/T

G/T

A/C

A/G

A/G

A/G

F1: TATCACTTGTGGATCTATATCTGTG
F2: GCTTATCACTTGTGGATCTATATCTGTT
R: TGAACCCAAAGCCTCGGTGTTCTTT

F1: AGCTTAGCAGAGCTGCATCTG
F2: CTAGCTTAGCAGAGCTGCATCTT
R: CCCACGTCACCTAGATAAGCCAAAA

F1: ATACAGTGAAACAGCTTGCACTGGA
F2: CAGTGAAACAGCTTGCACTGGG
R: TTAATTTTTGGAAGAGCTTGCGTTGGGAA

F1: AGTTACCTGTCATCGATCTCTGGAT
F2: ACCTGTCATCGATCTCTGGAC
R: AAAGCCCTCTGACAATGCTCCAGTA

F1: GATATTTCTGCAACTAAACATGGCAAG
F2: GGATATTTCTGCAACTAAACATGGCAAA
R: ATACTGGGGTTGTGGGGATAGGATT

F1: CCTCTGTAAGCGCAGTACTGGT
F2: CTCTGTAAGCGCAGTACTGGC
R: AAATTGCTATGCAAACAGGTTCTGGAGTA

F1: GAGCTAGTAAATATTGTTGTTGTTCCTC
F2: AGAGCTAGTAAATATTGTTGTTGTTCCTT
R: CGCCGACGGGACGACGGAT

F1: CATAAACAGTAGGTTTATCGCTGACATAA
F2: AAACAGTAGGTTTATCGCTGACATAG
R: GTGATAACCGATGCAAAATGCTGCTTAAT

F1: CCAAAGGATAGCACATCTTGGTG
F2: GTCCAAAGGATAGCACATCTTGGTA
R: TGTCAACCGCATCCTGGCAGATAAT

F1: ACTTCTCCATCCTCTTCCAACATATTA
F2: CTTCTCCATCCTCTTCCAACATATTG
R: AGCTGTCCACCATCAGTACTGGAAT

F1: AGATGGCATTGTGATCTGTGCACA
F2: GATGGCATTGTGATCTGTGCACG
R: AGCCGAAGGATTGATCCTCCTCAT

F1: GACGACGACTCCATCGTGACC
F2: GACGACGACTCCATCGTGACA
R: TCAACCCATGGCTGCTCACATGTAA

F1: GGCATTCTGATTTGACAGCCCAC
F2: GGCATTCTGATTTGACAGCCCAA
R: TCCTGATTCTGTACTTGATTGGACCAAA

F1: GCAGCTGAGAAACAATTGCAAAGTG
F2: GCAGCTGAGAAACAATTGCAAAGTA
R: GTACTCTCAGATGGTTTTGTGACATCAA

F1: GTGCTCGAACGAATCGACCAG
F2: CGTGCTCGAACGAATCGACCAA
R: CATCCATGGCGAAGCTCATGAACAA

F1: GAAACATGAATGCCCTAAATCCTTCG
F2: AGAAACATGAATGCCCTAAATCCTTCT
R: ATTATGTTCACCAAGTATCCAGATGGCAT

F1: GTAGCGTGTCTCTACGCTCTG
F2: ATGTAGCGTGTCTCTACGCTCTT
R: CAGCGCGTTACGACGAACTCCAA

F1: GGTTCCATGGCTACCTGACAAGT
F2: GTTCCATGGCTACCTGACAAGG
R: TAGGAGCTAGCCAAGAGCCTACTA

F1: CAGCGACCTCAAGAAGTTGAAGTAA
F2: AGCGACCTCAAGAAGTTGAAGTAG
R: GTACGACATGCAGTTTGACATCAAGTAT

F1: GAAGCTACTATTAGCAATGATCTATATGAT
F2: AAGCTACTATTAGCAATGATCTATATGAC
R: ACAGGATTGATAAACATTACCTGCAGGAA

F1: GATCGTTGTCTTCACAAATGAAGAATAGT
F2: CGTTGTCTTCACAAATGAAGAATAGC
R: GCGAGATATTGAAAGCTAGTGGTGCTA
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MSNP42

MSNP43

MSNP44

MSNP45

MSNP46

MSNP47

MSNP48

MSNP49

MSNP50

MSNP51

MSNP52

MSNP53

MSNP54

MSNPS55

MSNP56

MSNP57

MSNP58

MSNP59

MSNP60

MG279

MG288

MG292

MG293

MG298

MG304

MG311

MG328

MG331

MG334

MG347

MG349

MG353

MG356

MG361

MG364

MG369

MG371

MG382

A/G

A/C

A/G

A/C

A/G

C/T

C/T

A/G

C/T

G/T

A/G

A/G

A/G

A/C

C/T

A/G

A/G

G/T

C/T

F1: AACGTATGAGATGAACTCACCAGAAA
F2: ACGTATGAGATGAACTCACCAGAAG
R: CTCCGCCGCTGGTGGAGCTA

F1: GAACTAACTGAGTGTTAAAGGAGCTTAT

F2: AACTAACTGAGTGTTAAAGGAGCTTAG
R: CCTTGACACAACCGCTCTCCTTAAA

F1: AACCATTCCCTTCATACTTCTTCTCT

F2: ACCATTCCCTTCATACTTCTTCTCC

R: GGGAGTATCTTTTAGGAAGATGTACAGAT

F1: GACCTGAAATGCTTGGCGAGTCA

F2: ACCTGAAATGCTTGGCGAGTCC
R: GCAGGAGCCTTAGCGTGGCTAT

F1: CAATCCAAAGCAGAAAGAAGTTGTTCT
F2: AATCCAAAGCAGAAAGAAGTTGTTCC
R: CCAAAACAGTGAAGTGACCGCCAT

F1: CAAAGTGGTGTAAATGGATGGATCG
F2: CAAAGTGGTGTAAATGGATGGATCA
R: TTGGACACTCCAGGGGATCCTATA

F1: CCTCAGATCTCATCTATGCTGCC
F2: CCTCAGATCTCATCTATGCTGCT

R: CGTTTCCACATTTTCTGAAGGTTTCACAA

F1: GCCTCACACATCCATATACGTAGAA

F2: CCTCACACATCCATATACGTAGAG
R: CTTCCATGCATCGCCCTATGGATAT

F1: AACACTCATGTCTGCTCCAGGG

F2: AAACACTCATGTCTGCTCCAGGA
R: TCGATGTTTTCGATCCCAAGTTCAACATT

F1: CCACTTCTGCTCGTATGATCTTC

F2: GCCACTTCTGCTCGTATGATCTTA
R: TCCCGTAATCATCTGCTCGTCTGTA

F1: AACACGAGCTGGTTGATGGATTAGT

F2: CACGAGCTGGTTGATGGATTAGC
R: GCCTCTGGTACGTTAGTTTGCAGTT

F1: TACTGACCGAGCGATGCTGCT

F2: CTGACCGAGCGATGCTGCC
R: CGCTGATGGTCACAGAAACATCGTT

F1: ATACCCTCTCCACCAGTTGTTGAT

F2: ACCCTCTCCACCAGTTGTTGAC

R: TCGCAGGGAGGCGTCGTTCAA

F1: AAAAGTGCAGTTCCTTGCTGTTCATTT
F2: AAGTGCAGTTCCTTGCTGTTCATTG

R: CCCAATGAGCAAAAAGAATAGCACCAAA

F1: GAAGCAATCCTTCCGGAGGAATG
F2: GAAGCAATCCTTCCGGAGGAATA
R: GAATGTGCAGATTGGATTTGAGGGATAAA

F1: TGTTCCGAATAGCAAGTGATCTCTTT
F2: GTTCCGAATAGCAAGTGATCTCTTC
R: GGGAAACCTGCAGAATGCTGTTGAT

F1: GGTTGACATGAGACTTGCAGAGA
F2: GGTTGACATGAGACTTGCAGAGG
R: TCGGGAAGCCATACTTCACATGCAT

F1: CAAGTGCGCAGCAAGCCAAAAG

F2: AAACAAGTGCGCAGCAAGCCAAAAT
R: CCGTTCTTAAGCGCTCCATCCTTTT

F1: CACGAAGCTCTCGCGCTCTTC

F2: CACGAAGCTCTCGCGCTCTTT

R: GGCATGGAGCCCCTATCCTTGAT

1.4 PCR

: 1.5 uL DNA (

(LGC Genomic, 1536

0.486 pL

, 0.014 pL

>

), 0.5 uL 2xKASP PCR

ROX,

)7

61~55 o1
2 :61~55 10 ,
20s, 55 60 s, 26 ,
(Hydrocycler 64, LGC Genomic)

1 94

15 min, 94

0.6

b}

3

20 s,
1 94
PCR
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Kraken (V16.3.16.16288) , 24.2%~65.6% , MAF
SNP-DNA (V1.0.0, 0.32~0.50 , PIC 0.34~0.38
2018SR043088, ) 40%, MAF=0.33, PIC=
0.35, 60 (2) KASP
1.6 KASP s 12
SNP (V1.0, 57
2018SR026743, ) R s R
MAF PIC ( 1-A); 3
( 1-C, F),
, KASP 95% (3) DNA
DNA s s
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CTAB 3 s
( 1-D), 48
2 HRE5SH .9 CTAB ,
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Fig.1 Genotyping of tested primers
A,B,C,F CTAB ;D,E A,D MG279, CTAB ; B,
E MG304, CTAB s ; C MG262, KASP 3 F
MGO067, 1 , 2 )

El >

A, B, C, and F are the genotyping of CTAB method; D and E are the genotyping of fast extraction method. A and D are primer MG279, which
have clear and close genotyping effect both by CTAB method and rapid extraction method; B and E are primer MG304, which has normal
genotyping by CTAB method, but abnormal genotyping by rapid extraction method; C is primer MG262, of which KASP primer genotyping
effect is monomorphic; F is primer MG067, of which KASP primer genotyping effect is wide and has high missing data rate. Each point
represents the result of one reaction well, of which blue and red points represent two homozygous genotype, green points represent parental
complementary genotype, pink points represent unused genotype and black points represent non-template control.
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Table 3 SNP core primer information for purity identification in maize hybrids
Primer ID Primer name Chromosome  Chromosome position Parentalr(;)errz[o)/tsmentary MAF PIC
MSNPO1 MGO002 1 8974336 51.1 0.50 0.38
MSNP06 MG049 1 289408285 58.0 0.46 0.37
MSNP09 MG064 2 109563976 55.8 0.34 0.35
MSNP12 MGO072 2 186339948 53.6 0.47 0.37
MSNP14 MG092 3 27775731 62.3 0.47 0.37
MSNP16 MG101 3 118083714 65.6 0.49 0.38
MSNP20 MG135 4 20077010 51.6 0.39 0.36
MSNP22 MG148 4 128874466 46.9 0.33 0.35
MSNP25 MG175 5 13402375 53.6 0.45 0.37
MSNP30 MG207 5 204879476 53.7 0.39 0.36
MSNP31 MG215 6 39822979 62.4 0.50 0.38
MSNP36 MG240 6 141476300 51.1 0.43 0.37
MSNP38 MG270 7 126677146 47.5 0.33 0.35
MSNP42 MG279 7 155821714 50.3 0.42 0.37
MSNP45 MG293 8 20978845 51.4 0.45 0.37
MSNP48 MG311 8 118299376 56.5 0.36 0.35
MSNP52 MG347 9 104695670 60.4 0.42 0.37
MSNP53 MG349 9 127197714 61.5 0.50 0.38
MSNP56 MG361 10 39960289 57.6 0.48 0.38
MSNP58 MG369 10 109396730 53.3 0.50 0.38
MAF: minimum allele frequency; PIC: polymorphic information content.
2.2 15 s
, MGO072 MGI135 MG175 MG215 4
20
46.9%~65.6% , 55.2%, s 3) 110
46.4% 53.8%, R 4 s 1
83.6% 2 R 97.3% s
( 2-A) 96.0%,
MAF 0.33~0.50 s 0.43, PIC
0.35~0.38 s 0.37, s
335 , 99.7% s
10%,
( 2-B) ,20 s
> 20 SNP-DNA s
2.3 SNP
SNP 968 >
SNP-DNA 20 DNA

s
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Fig.2 Statistical chart of the parental complementary genotype information of samples
A

‘B 10%

bl bl
A is the comparison chart of parental complementary genotype rate of sample between three loci set, of which the abscissa is the parental
complementary genotype rate of sample sorted from low to high according to the core primes and the ordinate is the parental complementary

genotype rate of sample; B is the histogram of the parental complementary genotype rate of sample, of which the histogram shows the number
of samples for each 10% rise in parental complementary.
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KASP SNP
s DNA PCR 3
DNA >
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Fig. 3 Genotyping of purity identification of Jingke 968 (fast
extraction method, primer MG072)
1 1 , , ,
2 ’ ; , PCR
’ 100 ,

Each point represents the result of single seed, of which blue and
red points represent two homozygous genotype, green points repre- 100 , KASP 4
sent parental complementary genotype, black points represent

non-template control and triangle points represent parental inbred 4 > >
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96 R 25 PCR 100
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