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A novel set of tri-allelic variant SNP loci suitable for maize variety identification
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printing and Molecular Breeding, Beijing 100097, China

Abstract: The rapid development of high-throughput sequencing, bioinformatics, and genotyping technologies has opened new
avenues for the precise identification of crop varieties. In this study, based on 780,000 initially mined multi-allelic variant SNPs
from the maize whole genome, a novel set of 40 tri-allelic SNP markers was evaluated and identified using bioinformatics ap-
proaches, statistical analysis, targeted sequencing validation, and optimal genetic algorithms. These 40 SNPs are evenly distrib-
uted across the 10 maize chromosome pairs, with four markers per chromosome. A comprehensive evaluation and comparison of
the 40 SNPs were conducted using genotype data from 200 hybrids and 270 inbred lines. The results showed that: (1) For both
hybrids and inbred lines, the PIC values of all loci exceeded the maximum value of 0.375 typical for bi-allelic SNP loci, with
average values of 0.470 and 0.480, and average discrimination power (DP) values of 0.68 and 0.57, respectively. (2) Pairwise
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comparisons using the 40 tri-allelic and 96 bi-allelic SNP markers revealed that the percentage of differential loci among hybrids
mainly ranged from 50% to 85% and 50% to 70%, respectively; for inbred lines, the ranges were 35% to 75% and 35% to 60%,
respectively. The average percentage of differential loci among varieties increased by 10% for tri-allelic SNPs compared to
bi-allelic SNPs. (3) For both hybrids and inbred lines, the average frequencies of the first, second, and third alleles at the 40
tri-allelic loci were 0.58 and 0.57, 0.31, and 0.11 and 0.12, respectively. (4) Clustering analysis showed that the 40 loci effectively
classified the 270 inbred lines into 10 heterotic groups, consistent with classifications based on high-density SNP chip data. In

summary, this study reports a high-quality, highly discriminative core set of tri-allelic SNP markers, providing a novel marker

type for maize variety identification. With their enhanced ability to resolve genetic variation, these markers are expected to com-
plement existing marker systems and contribute to the advancement of molecular identification technologies in crop breeding.

Keywords: maize; variety identification; SNP loci; tri-allelic; core loci set
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PN b b 128 TE FORRY DTSN ] F2AT 3
BB, Bt 90 FRIETHE —1UFRIC, 41 RFLP
(BRI R B BE 2 85) 1 RAPD (FALY 3 2 85)19
YTEHR, 21 2RI P4 YL T4 —AUhRIC SSR 1Y
MEBOR, DLRGE A 5T 0 A R T8 =AU
iC SNP (55 7 HAR P 4% i %8 5 HORTEAR TR BBt
AN TRV ARSI 5 SR b & T IR SAAE T, B v e
FIVHE PR 21 2 AR A PR 2 e, iy 1) D BE S B v R Y
o312 TE BORAT B M AN E Dy it A 2L T R
T, 32 2% 22 FF 1 56 R 20 v (0 B A 10 2 AL SRR
KN, 41 ma SNP . JFA) A AR EbRIC S . AT
BE T A B DR 2H ) B ) 20 IR VA 2 55 8 S
SNP FRic 7 it A 4 5 vh it 1 T g, s it FATS
TE 15— 28 1) W A A 8 AR A 14 )

UNAT I 22 e B ma SNP 37 s 2 1 B 1 R Bk
o T Y LS RRE B 2 SRS R SNP i A,
e SR T . O R IR B 2 A A PR A DX ™
A AR BH PR S 6o 30K S ) e o 22 B DR 4
TR EE I P A0, 5 BT ARG HER A W15 A T e,
7 B BOE AR Y I IE SR, IR L AL
B, SO SFHRSE, T2l Sanger s ] 7
XL AT RAIE . PPAl— &S B ma SNP i si%R
B, I TR — 2D R T A S B AL AR
B o HIR, HES7 ma SNP FRic s S0 I L3 B0 65 0
FLAZE iz R A DGR . 4 T A AR S B AR AR,
BT BN UK R BB ET Y RS PCR R
(amplification refractory mutation system PCR,
ARMS-PCR)F13E 0 37 14 #81 [m] I )7 4 K (genotyping
by target sequencing, GBTS)R]{E A i ‘H ) 43 A
25921, ARMS-PCR AR S —FiiR#E SNP {75 1%
I 3K 5 SNP AL AU iR B AMSAS LY . K BEAN ]
RS PCR 514, il i i Pk 5 iR 58 7 My 1 K
JBE, T4 SNP P AL 5 . %07 ks T
il & ma SNP FricBYEER AL AY, JUHOZEHXT A
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RHRPAI A, BA R REE . SRR REIE
A ) 00 A AR R B AT ke AN 9 A B R 2 —,
X F X4 ma SNP N HN 3 & @ipnic 2B 8, I
HEBA @l n] AR A I B R AIE o Bt 5, ma SNP
FRICHYTESURAE | Goit X R/ B i Ife 7 0 &2 2 e,
T AT AR DM B SRR, 456 8 A i £
AR5 SSR. ba SNP ARic &gy, JFAMME ., &
BT ER A TR R A, a2 lis 8k
ENTE TR,

W H 2, BEENFEARENR. EWEEF
J7 BB AR BE 22 > B i W H, ma SNP FRic iz
SUPIZEHE . o RRCRE KRR T, B S 2
SHEMEREUERfFTRE )], 125 SSR. ba SNP,
InDel JE WU, HESNRAEY) o1 %@ #EA—1 208
RS HERTAC
4 it

ARSCHET LR AIZ 1 78 J1 A1 4h ma SNP
fiws, FIRAEDGEE . GEitadr . f0m Iy 56 0E L
B AR, e T — B8 40 M
B v SO B e N 0 = AN AR S SNP A A

o N R OK S SR T — R R AR e A, AT
MEEmm SSERENTRE ), A5 ARIC R RY
BCEAN, HESRIED R EHAR LR,
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Mkl ETERGMEEN—E=ZMNTF SNP ZLAEER

Table S1 Detailed information of the tri-allelic SNP core loci suitable for maize variety identification

(s @ WEMCE A F EHA b3 51 (60 bp) O3 T 51 (60 bp)
Lo;us IZN Physical ApSE 1 AR 2 AR5 3 Upstream flanking sequence (60 bp) Downstream flanking sequence (60 bp)
Chr. location Allele 1 Allele 2 Allele 3 (53" (5'-3")
TaSNPO1 1 26,694,070 A C G CCAGCCAGTCTGCTTCAACCTTT ATATCATTGGGGGTTTCCTCGAGT
GCCGGTGCCCTCGGCCATTTGG TGCTGGCAAATCTGTGATTTTGAC
AATGACATCTCCATA TGTGGTGAACAT
TaSNP02 1 70,264,325 C A G CCTCGATCCTTGAGAGATTTTCC GTGTCAATAAAACCTAGAGCCCCT
ATATCCATTTGACCAATAAGCAT AGTCTTTTGGCCTAGTTAGCATCT
TCATTCATCACCTG CCCACCTCGCCA
TaSNPO3 1 70,370,458 C T G CGGAACCCTCTGGAACGGAGCC GTTAGCAGATGCGATGACGACTA

TCGAACAAAAAAAAAGAATATA
GAACAATATAAGCACA

GAAGGGAATGGGAACCGGGACC
ACGGCAAGCAGACAC
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Chr.

Physical

location
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AR

Allele 1 Allele 2 Allele 3
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55

M3 551 (60 bp)

3 Upstream flanking sequence (60 bp)

(53"

T W3 FF 51 (60 bp)
Downstream flanking sequence (60 bp)
(53"

TaSNP04

TaSNPO5

TaSNP06

TaSNPO7

TaSNP08

TaSNP09

TaSNP10

TaSNP11

TaSNP12

TaSNP13

TaSNP14

TaSNP15

TaSNP16

TaSNP17

1

268,027,869

56,077,965

191,937,511

192,091,927

237,697,548

47,899,705

129,111,971

222,001,675

224,178,922

3,788,094

10,076,723

10,645,740

86,481,785

1,487,478

T

C

A

TTCTTGTGAATTGTGATAGAGCC
TTGTGAGAGTGCTAAAGAGAAG
AGTGTGTGCTGCGTT

TGCCAACCAGTAAACACCAAGT
TCTACAGGCAAGGCAGCATACA
AGACTTTCCTTTTGAG

AATATGTTCCATAGAATTACCTTA
GGTTTGTTCTCTCTTCACGCAGC
AGTTCTAATGATC

ACTATCTACACAGAGACGGATAG
CATTAGTTACAGCAGAACATGTA
CTGCAATATACTGT

GTTGATATTCTATTACGGATGTGG
TCACCACAACCGAATCTTTAGGC
ATGAACTCTTCCA

GAAGAGCAAGTAGCCATATTTTT
GCATGTCATAGGAAACAATGAG
CGATTTCGTGTCATT

AGTGCTGTTTCCTCACCTCAGCC
AGTCCACAAGTAGCAAGTAGCA
ACTATAGTCCTAAAG

CCAACATTTGAGTGGGGGCCTA
AATAGAGGCTAAATGACTACTAG
ACCTTTGTAGCTACA

TTGCACCTCCTCAATTTTGTTATA
GCTTCGTCATTTACTAGCACCGA
CGTGTCGTGCCCG

AAATAGAAATTCTTGACCTTCAG

TTGTGATCTTGATGCAAGACACCC
ATCCATTGTAAAGCTAGCATTAGC
CTTCAACGTGTG

ATAGAATTTGCGAAAGATAGCGCA
TATGGCGTGCAAAATTGGCTGTGA
TAAAGCAATTAC

TGTACTTCTTGACTGTTGCCATTC
TTAATAAGAAACCGTCCAGTCATT
TGATAATGCTTA

TGGAGAGAAGGGGGCATCAGCGC
GCGGAGTGGCAACAGATAAACGG
CATCCACGGCTGCT

GCTTCTTACTATGCCAGATCACAC
ACTAGATGATAATCGGTTATAACC
ATTCATCTATAA

CAATGTCCTTTCGCCGCTCTACCG
AGACAATTAGTCATTATTTCCAAG
AGGTCCTAGCAG

CTAAAGGTACTAACTACTAGCCAG
ACATAACTAATTCCATATGCTTTG
GGAGACAATGCA

TAAAATGTCCACTGAAACTAGAA
AATTGAGTGGGGGCCTGTGCCCC
CGCTAAGCCCAACG

TGACAAAAGAAATAGTGGAAGAA
GACCAGGAGCACGCTTGCGGTGG
TGGCCAGGTGCAAC

ACTTTATGCACATTTTTATTGTACA

CATCATGCTAAACAGGTGAACCA TATATTTTTTTCCTAATTAACTTCT

TGAACACTGTTAGA

GCATCCTCTCCTAGATGCTCTCT
TATGTTACTAGTATCAAGTTTCTA
GCCAAAATGATGC

TATAGAGGAGCATCAAACTGTAC
GATGGTCACTCGTGGACTATTCG
ACAGGCATCAAACC

CAAATATGAGAAATCACTATATG
TCATTCCTTATTTTGAGGCCTAG
GATTTTAGCTCATT

ACCCGCCCCCCTTCCGTGCGAC
GAATAGTTGGCGAACACTGCAT
CGAGTTACGAGACATT

GCCAGAGCCC

GGTCTTATTTCCTACAATACATAGT
GATGGCCACACTATAAATGCAGGT
GATGTGCTCTC

TGTGAATGATGCACGAGTCCTATC
CAACAAGCTCAAATCATAGGCATT
AGATAGTCCGAT

TGTGTAGCTACAACAAGTGTGAC
ACAATAGCTGTAGAAGGGGTCAG
TATGGATCATGATC

AGTCAAGACACGAGAAGGGGAA
AGCATCGGTCGACGCTAAGAACA
TCAAACAGTTGGGAT
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Chr. location

(D
Locus

L
AR

Allele 1 Allele 2 Allele 3

e
A2

S

AH3

M3 551 (60 bp)
Upstream flanking sequence (60 bp)
(5-3)

T W3 FF 51 (60 bp)
Downstream flanking sequence (60 bp)
(53"

TaSNP18 5 60,276,448

TaSNP19 5 91,897,631

TaSNP20 5 186,888,339

TaSNP21 6 75,706,844

TaSNP22 6 149,861,566

TaSNP23 6 151,920,452

TaSNP24 6 167,615,957

TaSNP25 7 20,793,475

TaSNP26 7 23,775,501

TaSNP27 7 25,104,386

TaSNP28 7 91,528,461

TaSNP29 8 117,427,483

TaSNP30 8 141,530,330

TaSNP31 8 141,766,718

G

C

T

CTCTGTCTCTTTTAGTCTTTTTGG
AGGAGGAACAAAGAACCAGTG
GGGTTTCGAAAGGAG

CCCACCAATGATATCCCTTATGC
TCAGCACTATACCCAAGAAAAA
GCACACTCAACTGAC

TACTCAGCAGGTAATGATGCTAT
AAAAGCATCAGACTGCCTGGGC
GCCATATCAGCCTTC

GGAATACTTCGGTTGAAGTCGTG
GAACTCGTTCCCTACGCGATGAA
TGGGTGGGGGAACA

TAGGCAAGTTAGTAGAGGTGTAT
TTCAATGACATTGTATTGAAAAC
ATGTGAGTCCAACA

AATTAAGTGTTTTGTTCACCAAA
ACACATACATTCAAAGTGTAAGA
CCAAATACCACCAC

GAATGAAGGAAACAATTAATTG
GACCTTCTGAGCCTGGCCTAATT
GCAGAGGTATGCAAT

GCTCTAAGTTACCCTCATTCATA
GTGAAAAACATTCTCATATTAAG
AGCAACAGCTCCTG

CGACATACTCGTCGCTGGTCTAC
ACCACATTTGTCCTCGAGTTCTT
CGCCGACAAGTACC

ATTTAGTTTTAAATTCCATATCAA
TCCACGCTATAATAACACATGTAT
AAGGAGTATATC

GATCCATTTTTTGAGGAACGGTG
GGTTGCTTCATCGTTGGTCCCTA
TAGTGTGGAGATTC

GCTTGTTCGAAAAGGCGAATCC
AAAGAAATGCTAACGTTGCAGA
AGAATGAAGGCCAATT

CTTCACCGCTCTCAAACTGACAT
CTATCTCCGAACAGAACATACAA
ATAATCAAACCAAT

TATAGCGAGGACAAGACATGAG
CAACTTCTGGTCAGGTAGAAAA
GTACGGTTGGACAGCA

AGTAGGCCGACAAGTAGCATCGC
ATCACGTTCTCCTAATGAATGACT
AGCATGAGTCAAA

GAGCAATCAACTTAGTGCGCTCAT
GAGGTGGGAGCAGCACATATAAA
CACAACTAGACAT

ACTGGTGCATATCAGCCACTGCTT
TCACCTCCCCCACCGTCTCACTCT
CACCTGATATCT

GTGGGACTTTTGGTTTTACATTCA
AACAAAAGATAGTGAAGGGGTTC
TGAGTCTGTCGTT

TCCCATTTGGGATCTTGAAACCGT
TTTTACAGCCTCCCCCCAAAACTG
CATCTTCAACAT

GAATGGTTGAAGCTACCCAGGGA
CATCCATAATTTAAGAACCAAAAA
CAAATAAAAGTAG

TGGACAGCAGTTGAGGCCATCAA
ACTCAGATTGAGAGGCCGGTTGG
AAACCGGTATGACG

CTTGACAACGAGGAAGGGTGTGT
GACCCGTGGCCTTTGTGGCTGAC
CTCAACTACGTAGA

TCGTCGCGCTCCTCTGGCGCCATC
GAGTCTCTTCATGTGTGTCGTAAC
TCTCACCGTTGC

AAACAGGCCCACACATGGAATGT
TTGAGATATGCATTCAAATGCATT
CCTCCGCATCCTG

TGCTTTCCAAGGCAGTCAATTCAT
CCAACGGGAGTGACGACACATTT
CATCGAGGTAGTC

TGCCTTAGATTGCGTAAGCATGAG
AAAAGCAAGTGGCTACAGAAACG
ACCGCTACAGATA

AGTTTACTGAATCAAGTGCAATTC
GCCGTAAGAACAAACCTGTAAGG
TACGATATTTGTG

CATGAAGCACACAAAAAGGGATT
AGATAAAAATCATGGCTGCAGTA
GGTTGATTAGGTCT




55 4 3] FHZLIN % 3 T K b S8 (19— & =588 57 SNP B BlbRIC 4 & 1005
EME 1D
(i et LY/B KA EA7 &2 A W37 31 (60 bp) N 551 (60 bp)
L 7N Physical AR 1 AZSF 2 AFR 3 Upstream flanking sequence (60 bp) Downstream flanking sequence (60 bp)
ocus
Chr. location Allele 1 Allele 2 Allele 3 (5-3") (5'-3"
TaSNP32 8 172,879,909 A G C TCCAATGCCAGTCTCTCGAGGG CACTATTCTATGGACCAATGGATT
AACTAGAGTTTAGGCTAGCCTCT TATTCAGTGGTCCCTGGTTCCAAG
AGTTTCTATCTTGTT CACGAGAGCAAA
TaSNP33 9 46,962,286 T C A CTTATATTTATCACATTGCTGTTT TTGAGAACAACAGTGCAACATGC
TTTTTACTGTTGTGCGGACCAAT GTAACTTAGAGAAGGAGCAGCAA
GTTTTTTTAATTT GGTAATCCATGTCC
TaSNP34 9 88,827,030 T C A TGCAAAATTCTCACTCGCTAACC CGGACATGTCTGGTGCAGAAAGT
CTAATCCTCATTTCCTAAAATAAT GGACGAGCACCGAACATGTCCAA
CGTTGAGAAAGCA TGCACCCAACTGGG
TaSNP35 9 97,080,329 A T C ATGGGAAAATTCACAGCGAATC ACACCACTTAGATATGGAAACTGC
TGCTTTGCCCATAGGTAATGAAC CAGCCGACCAGCTGGGCTGGTTC
GAATGCCATCGATGG TTTCTAACTTCGC
TaSNP36 9 149,325,574 A G C ACTGGACTTCGAATCCCTTCTTC CAAGGAATTGCTCCTTCCTTCTAG
TGCTCTGCAATAATTGCAAGCAC AGGTCTTTGCGCTGGGACGTTGA
AAAAGAAGGCTAAA CGAAATTATCTCG
TaSNP37 10 16,222,443 A T G ATGATAGGGCTCCAACATATGGG TATTCGATGATTTTTTGTGAAATAA
GTCCTATATTTAGGACCTGAGAG GACCTCTGTTGGAGCAAGCTTTTA
GCTGAGTATTATAA GTGTTAGAGTC
TaSNP38 10 113,185,518 T G C AAAAAAGGATCAGGCACTCTGA CCTACTAAATCTGTAGATCTGTAC
TAAACTAATAGCAAGGTGATTGC ACAAAAATTGCAAAGGATGGCAT
AAATCAGTATGTCCA CTTAACAACGCAG
TaSNP39 10 145,237,355 C G A TAGTTGATCTGATCCCTAACCTT ATTGTAGCTTTTAAGAGCCAACTC
CAATCTTTGCACAAATGGGTAAT CAAGAATGACATGCAAAAGACCC
ACAAACTTCTGACT GAAGAAGTGTTTT
TaSNP40 10 146,434,632 G C T TGGTTATGGGCCTAACGGGCAG ACAGTACATATTAGACTCTCGCTG

AAGTATGTATATATAAAAATATTA
GAATATGTTCATCA

ACTGTTGTTGTACCATATATTTGTA
ATATAGATCAT




