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Development and Application of High Efficiency KASP
Markers in Barley Based on High Throughput Chip
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Abstract: Molecular markers are the basic tools of genetic research, which are widely used in genetic
diversity research, germplasm identification, genetic map construction and gene mapping. In this study, Barley
SNP 50K chip was used to detect SNP in barley core resources with wide genetic background, and a series of
dimorphic SNPs with high polymorphism were selected, and 124 KASP markers were developed. 43 barley
germplasms from different geographical sources were used to test their effectiveness, and 56 KASP markers
were initially screened out. Eighteen high-quality KASP markers were selected based on MAF (minor allele
frequency )>0.40 and PIC (polymorphic information content)>0.45 criteria and applied to construct phylogenetic
trees of 98 Jiangsu barley varieties. The results showed that barley materials with the same geographical origin
and close relatives could be grouped into one class. These results indicate that KASP markers have guiding
significance and application value in barley variety identification genetic relationship analysis of barley resources
and population division. At the same time, the SNP fingerprint of 98 Jiangsu barley varieties was constructed,

which verified the feasibility of KASP technique in barley varieties identification in China. The developed KASP
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marker can identify barley varieties accurately and quickly , which is helpful to the scientific and standardized

management of barley germplasm resources and the study of genetic diversity.

Key words: barley ; KASP marker; genetic diversity analysis; fingerprint; cultivar identification
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Table 1 Details of experimental materials
G5 {%mﬁ% LR SR 5 Py {%mﬁ% 42 SR
No. Preservation Name Origin No. Preservation Name Origin
number number

1 M3A00500001 0222x0413 LM 34 M3A00500177 ££95119 VLSRRI
2 M3A00500003 6187x91-7112 LM 35 M3A00500204 ££ 96066 TR ERIK
3 M3A00500004 6508115 M 36 M3A00500205 96AC14-9 TR ek
4 M3A00500010 Kr88-91 VLR ERIR 37 M3A00500210 (135 10 ExXI21)x#ifz  TaRdmM
5 M3A00500017 T 22551 25 LM 38 M3A00500212 96-6404 VLR AR
6 M3A00500019 % 89-211 VLR 7 39 M3A00500218 98AC-5-2 VLI ERIK
7 M3A00500021 .60 TTIRER 40 M3A00500224 S252xH 4k 22 oM
8 M3A00500027 1310 bhawpiNzzRiiil 41 M3A00500237 £598051 TRk
9 M3A00500042 ££ 96219 TLIRER 42 M3A00500249 ££91022 VLTI
10 M3A00500044 2000 % 64 VLI ERIR 43 M3A00500256 91269 VLI ARk
11 M3A00500047 1 83-43 biwiNzzRi] 44 M3A00500267 H57 T ER Ik
12 M3A00500063 218 TR 45 M3A00500274 2000 % 25 TLIRER I
13 M3A00500079 95 TLIRERIR 46 M3A00500277 P55 VLI
14 M3A00500085 £5 89234 VLI ERIR 47 M3A00500280 £hoel16 VLSRRI
15 M3A00500087 K218 VLRI 48 M3A00500281 1% 89-35-1 HAiNEa ]
16 M3A00500097 95AC13-25 VLRI 49 M3A00500283 i = TLARER IR
17 M3A00500110 WL = H# TLIRE: 50 M3A00500285 Hi6 VLI ERIR
18 M3A00500111 98ACS TLIRER 51 M3A00500287 T3 VLSRRI
19 M3A00500113 98AC7 TR 52 M3A00500303 545 T ARk
20 M3A00500127 =855 PAIDISE Sl 53 M3A00500306 M7K 104-6 pANiNEapii]
21 M3A00500143 592112 VLRI 54 M3A00500308 g 88-38-1 AWiNEaR il
22 M3A00500145 592137 TLIRERIR 55 M3A00500311 N4 8-5 P INEaBE]
23 M3A00500147 £h92161 VLI 56 M3A00500318 96AC19-8 VLI ERIK
24 M3A00500149 £h91128 VLRI 57 M3A00500322 Un7g 5485 HAiNEa ]
25 M3A00500151 4591143 VLRI 58 M3A00500328 96AC19-28 TRk
26 M3A00500155 ££91253 TLIRERIR 59 M3A00500330 96AC19-14 VLI ER IR
27 M3A00500158 %101 TLIRERIR 60 M3A00500332 96AC1-17 TLIR ARk
28 M3A00500159 ££ 92001 VLRI 61 M3A00500334 96AC1-19 TR ARk
29 M3A00500160 50845 hiwis72l 62 M3A00500337 ££93039 TR ERIR
30 M3A00500161 ££95143 TLIRER IR 63 M3A00500339 4593031 LR LRk
31 M3A00500165 490508 TLIR3%E =i 64 M3A00500347 hE—E TLIRER I
32 M3A00500171 &= VLRI 65 M3A00500349 2000 fh 11 TR ARk
33 M3A00500175 ££ 95245 VLI 66 M3A00500350 ££ 95053 VLA Rk
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F1(4)
g RS i ST IR 4R R
No. Preservation Name Origin No. Preservation Name Origin
number number

67 M3A00500354 ££93031 VLI R 83 M3A00500432 gL s VLI R
68 M3A00500356 ££98115 TTIRERIR 84 M3A00500438 ££92155 TR
69 M3A00500358 596157 VLRI 85 M3A00500448 ££96139 TLIRER I
70 M3A00500361 £598-3179 TLTRERIR 86 M3A00500449 ££92075 TLIRER IR
71 M3A00500364 2000 %26 TTHRERIR 87 M3A00500458 ££93025 TR
72 M3A00500366 2000 % 27 VLI R 88 M3A00500461 75 B0001 LM
73 M3A00500367 AT 15 TR M 89 M3A00500463 591048 TLIRERI
74 M3A00500378 ££98016 VLI 90 M3A00500470 1 VLI E =i
75 M3A00500392 it 89-054-3 AWwiNE e 91 M3A00500474 12K 1% =Hiproly LM
76 M3A00500393 N4 86-703 bwiN:aRii] 92 M3A00500496 $£93032 TT IRk
77 M3A00500397 74 TLIRERIR 93 M3A00500504 ££ 92076 TLARER IR
78 M3A00500398 195168 TR ERIR 94 M3A00500506 ££96112-1 TLIRER I
79 M3A00500403 H51 VLI 95 M3A00500509 iR 97-27 LM
80 M3A00500405 % 91-305 AW N= 3R] 96 M3A00500511 % 9985 LM
81 M3A00500429 98AC7 TLARERIR 97 M3A00500515 JEHL2-8 T ER Ik
82 M3A00500430 ££96134 TLIRERI 98 M3A00500518 K3 66-81 VLSRRI

1.2 KASP#RIEFE B IfiE

>k H] Tlumina 23 w] 7 % 1Y Barley SNP 50K .t:
F AL E 44040 4~ SNP FRiC, XiF 288 it i ZHEMEF
B K GRIR A T SR A0 R 4, ARAS LR 4y
RUEHE o X L DK A VB R4 T A R Ar , DA 56
<10%. fz /) % 1 FE K 4 %6 (MAF, minor allele
frequency) > 0.3 B9 A5 fE UE A7 2 8, KA B MM
SNP i 55 o Bt 38 J5 19 SNP AV 5 1 1 F I 4%

£2 KASPIRIEEER
Table 2 The information of KASP markers

200 bp 311401 bp DNA J¥41], 55k F 5 2% F [ 4Lk
THexT . B FIIT & KASPFRIC , 514 i Fg ot 4 4
B R A R A WA . B4 KASP 1Y) 2H 51X
T 2% SNP H:50E5 |9 (F1 A F2) Fl— 2538 FH 5 19
(R),F1 BB IEED 5 FAM 98625 & 09 45 51k
¥ 41 (5'-GAAGGTGACCAAGTTCATGCT-3" ) , F2
BB N RE 0% 5 HEX 28 6 45 & 09 5 5 1 )7 4]
(5'-GAAGGTCGGAGTCAACGGATT-3")(#2),

E2
., TR LY/E VA R 2 N VA
fHid ST etk e, e SR (57-37)
AL (bp)  JEDgEE , .
Marker Chr. . [Z3 Primer sequence(5'-3")
SNP Position MAF
PIC
KASPI1-F1 T/C 1 21918164 0.49 0.50 GAAGGTGACCAAGTTCATGCTTGCCTTGGTGGCCTTTGCTTGCT
KASP1-F2 GAAGGTCGGAGTCAACGGATTGCCTTGGTGGCCTTTGCTTGCC
KASPI-R TAGTGCCTGACATACCTGCTGCATTGT
KASP2-F1 A/C 1 297997004 0.41 0.48 GAAGGTGACCAAGTTCATGCTTATAAAGCAACCATCACCGAACA
KASP2-F2 GAAGGTCGGAGTCAACGGATTATAAAGCAACCATCACCGAACC
KASP2-R GCTGCGCGTCTGTGTGTGTTTATATCG
KASP3-F1 T/C 1 352406056 0.48 0.50 GAAGGTGACCAAGTTCATGCTTACAGATCAACCATTGTCGAGCGAT
KASP3-F2 GAAGGTCGGAGTCAACGGATTACAGATCAACCATTGTCGAGCGAC

KASP3-R

TAAGACACTTGAGGGTAAAATTGGGATG
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®2 (%)
) R MG RS
Frid N ek fRE SIYFEs (57-37)
Marker W Chr. (b‘p-) A s Primer sequence(5'-3")
SNP Position MAF PIC

KASP4-F1 T/C 1 489070699 0.50 0.50 GAAGGTGACCAAGTTCATGCTTTTCAGGAGAAATATCTTACCGTAAT
KASP4-F2 GAAGGTCGGAGTCAACGGATTTTCAGGAGAAATATCTTACCGTAAC
KASP4-R ATGCACCCTGGTTGGAAGAACGACAAG
KASP5-F1 C/G 2 532195861 0.42 0.49 GAAGGTGACCAAGTTCATGCTGAGTACATGCGAGCTGAATCGTC
KASPS5-F2 GAAGGTCGGAGTCAACGGATTGAGTACATGCGAGCTGAATCGTG
KASP5-R TCTGAAGCAACCAAACACGTCAGACGTC
KASP6-F1 T/C 2 746329951 0.41 0.48 GAAGGTGACCAAGTTCATGCTTGATTATCTGTTCCTTTACTGTCTCT
KASP6-F2 GAAGGTCGGAGTCAACGGATTGATTATCTGTTCCTTTACTGTCTCC
KASP6-R CAACAAGGACTGGTCAAYAAATCAAATG
KASP7-F1 T/C 3 1135724 0.49 0.50 GAAGGTGACCAAGTTCATGCTATAATACTCCTAAGGTCAGTGCACCT
KASP7-F2 GAAGGTCGGAGTCAACGGATTTAATACTCCTAAGGTCAGTGCACCC
KASP7-R CAACCACAGAAAGTTACCAAATGGAACTC
KASPS-F1 C/G 3 27740093 0.42 0.49 GAAGGTGACCAAGTTCATGCTTGTAATTTTCTCATGAATAGTCTTC
KASPS8-F2 GAAGGTCGGAGTCAACGGATTTGTAATTTTCTCATGAATAGTCTTG
KASPS8-R CACAAACCGTTCGTGTTTTCTCTAGGCTG
KASP9-F1 A/C 3 78306376 0.45 0.50 GAAGGTGACCAAGTTCATGCTCATCCTTGTMAGAGTAACTCTAGA
KASP9-F2 GAAGGTCGGAGTCAACGGATTCATCCTTGTMAGAGTAACTCTAGC
KASP9-R GATTTCTGGGATGGACGTTTATCGGATC
KASP10-F1 T/G 3 307955242 0.42 0.49 GAAGGTGACCAAGTTCATGCTACACCATCTGTTCATCCTGTTCAT
KASP10-F2 GAAGGTCGGAGTCAACGGATTCACCATCTGTTCATCCTGTTCAG
KASP10-R GCAGTTNAATTTGAACTGCCAAAACATCT
KASPI11-F1  A/G 3 334518553 0.40 048 GAAGGTGACCAAGTTCATGCTACAAGACGATTGAAGATATGCATTCA
KASPI1-F2 GAAGGTCGGAGTCAACGGATTCAAGACGATTGAAGATATGCATTCG
KASPI11-R TTAGRGACTTGTGCCAAGATACAAGAAC
KASPI2-F1  T/G 3 562269534 0.42 049 GAAGGTGACCAAGTTCATGCTACGTACCTCCTTTCTGGTTTAAAAGT
KASP12-F2 GAAGGTCGGAGTCAACGGATTACGTACCTCCTTTCTGGTTTAAAAGG
KASP12-R GTCGAATTATCAATCTAGGTACACATGTG
KASPI3-FI  T/G 4 1090248 0.45 0.50 GAAGGTGACCAAGTTCATGCTTCTTGTCGCCGACGGGTCCGACCTTT
KASP13-F2 GAAGGTCGGAGTCAACGGATTCTTGTCGCCGACGGGTCCGACCTTG
KASPI13-R CACCTGCTTCCGCGCCCATCTCTCCGAC
KASPI4-FI A/C 4 566810803 0.44 0.49 GAAGGTGACCAAGTTCATGCTTGCTAAGTTTAGTTTCAATTTTAAATA
KASP14-F2 GAAGGTCGGAGTCAACGGATTGCTAAGTTTAGTTTCAATTTTAAATC
KASP14-R CGGAATACAGGAATCCGCATGGCGGGAC
KASP15-F1 T/C 5 156367557 0.47 0.50 GAAGGTGACCAAGTTCATGCTATAGCTGGTTCTTTTCTTCATTCCAT
KASPI15-F2 GAAGGTCGGAGTCAACGGATTTAGCTGGTTCTTTTCTTCATTCCAC
KASPI15-R TATGTAGTTCATAATGAGAGAAAGGCCAC
KASPl16-F1  T/C 5 348789450 0.44 049 GAAGGTGACCAAGTTCATGCTACTACACCACTATGGAATCAGGAGAAT
KASP16-F2 GAAGGTCGGAGTCAACGGATTCTACACCACTATGGAATCAGGAGAAC
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F2 (%)
A 5 LY/BL ALY N Z5
. A2 , H{7 /NN

fRie O fafk " 158 IHFAI (57-37)

i (bp)  HERMR T .
Marker Chr. . [ERE Primer sequence(5’-3")

SNP Position MAF

PIC

KASP16-R TGCTATGTTTATAACTCTATTACGCGATC

KASP17-F1  T/C 6 41293406 0.47 0.50

GAAGGTGACCAAGTTCATGCTGGATAATCTTATATGTTAAGCACAGT

KASP17-F2

GAAGGTCGGAGTCAACGGATTGATAATCTTATATGTTAAGCACAGC

KASP17-R

KASP18-F1 A/G 6 92431471 0.50 0.50

TCGCGGAGTAGATAAGATGCTTAACTAGG

GAAGGTGACCAAGTTCATGCTAGCTCGTAGCTACGGAAATACTCGA

KASP18-F2

GAAGGTCGGAGTCAACGGATTGCTCGTAGCTACGGAAATACTCGG

KASP18-R

GATAAGATTGTCATAAATTGACCGATCAG

F1H FRIZAR 9 F 51 (5" -GAAGGTGACCAAGTTCATGCT-3" ) fEflS 5 FAM 9645 A s F2 o FRIZAR 751 (5" -GAAGGTCGGAGTCA

ACGGATT-3" )RS 5 HEX %4 &, FIF

The underlined sequence (5'-GAAGGTGACCAAGTTCATGCT-3’ ) in F1 can bind to FAM fluorescence ; The underlined sequence in F2
(5'-GAAGGTCGGAGTCAACGGATT-3" ) can bind to HEX fluorescence; MAF : Minor allele frequency ; PIC: Polymorphic information content;

The same as below

KASP 52 ] A& %2 4175 DNA 545 1 uL (i JEE 4
25~30 ng/uL) ,2xKASP master mix 2.5 pL ([R5 514
it EYRH A BR A ] ) , KASP Assay Mix (F1 4 i
5 umol/L \F2 ¥ 1 5 pmol/L R 24 15 pmol/L)
0.125 pL, i1 ddH,0 % W AR R A S ule BT IR
(NTC, no template control ) 52 W 14 25 H Jim A 4 A 2
ddH,0. PCR T : 55— 95°C 10 min; 55—
95°C 20's,61~55%C 1 min, 3£ 10 /MEIR, FAEIRFE
0.6°C ; %5 =4 95°C 20 s,55°C 1 min, 3 35 PMFIR;
HPUA25%C 30's. PCR“Wiiiad KASP 25640 Hr{X
(LGC 7~ A] , FLUOstar Omega fluorescent plate
reader) J4H 73 Hr 4k
1.3 #HESW

FR P 22 o A KASP 5 3] 19 3 DR 49 7Y &
R R /N AL AR R 28 B & (PIC,
polymorphic information content) ', #k %% 4 %L 11
KASP #7ict . | Fil TASSEL v5.0 % 1 48 4 53 1
(N-J, neighbor-joining method ) 15 K 22 W% Ji 2 [A]
Ay fE B8, FH Figtree v1.4.3 f H#E R 2R A,

TE Excel H , W4 IT & 19 KASP 73 F-Hn 0 #2 B e
AN HES |, AH R e €A B 04 5] 4 I AR 41 4 2
A7 E M /NE R HES o AR 4 5 ] 23 28 404 Tt
HE5R, S RESHILFA -8 LEAC 1,
AN LR R IE Ry 2 A A SR I R E O 3, kR
WA 0, K HE VL 95 48 K 22 i Bl (% SNP 43 ¥ 4 4C
Kl

2 HRESH

2.1 SNP{ISHTFIEF KASP 2 FHRIEHIF L

TSR SOKGE A X AU BEIAR 1) 288 A~ K F2 b4
BHEA T A B R A F4, T34 T 44040 4> SNP 37 15 .
EBREIRHE>10% , 5o/ NFAFE IR #8<0.3 1) SNP fif
S, Rk 24435 4 SNP 7 5 . #E— L RE D 1
FRiC B RI#% 200 bp, 3401 bp J5515% | xRk 2
HRRA , BRI SE S DL SNP AV A |
7200 bp N, ASAEFE LA SNP 37 5 S 25 B N Sk
TR T AR AR AR YL A 5T IR
SNP #5ic , 2L 3R B 3] 124 4> SNP 7 5, I F1
PolyMarker 4% 124 4~ SNP v/ 55 s 1 H X 7
1124~ KASPFRic (K 1)
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Fig.1 Distribution of KASP primers in barley genome
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AFNB: 235 FRIC KASP1 AT KASP3 (YEE PR 70U b £1 6 A (0 BRI HA FAM BUAN HEX FL A0 1 BRI ) i ift s NTC - AN SR 19 25 P
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Fig.2 The genotyping map of KASP markers and analysis of polymorphism information content and minimum allele frequency
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Fig. 3 Cluster analysis of 98 cultultivars based
on KASP markers
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Fig.4 KASP finger-printing database of 98 barley cultivars in Jiangsu



1512 Mo ow fE

O ¥ iR 25 4

®3 HREBRAERMNS FEYLEEZER

Table 3 Molecular fingerprinting information of barley varieties with the same name

Fric 19 81 63 67 Frid 19 81 63 67
Marker (98ACT) (98ACT7)  (£93031)  (3£93031) Marker (98AC7) (98AC7)  (#£93031)  (3£93031)
KASP1 1 2 1 2 KASP10 2 1 2 2
KASP2 1 1 1 1 KASP11 1 3 1 1
KASP3 2 2 2 2 KASP12 1 2 1 1
KASP4 1 1 1 3 KASP13 2 2 2 2
KASP5 1 1 1 1 KASP14 1 1 1 1
KASP6 2 3 2 1 KASP15 2 1 1 1
KASP7 2 2 2 2 KASP16 1 2 2 2
KASPS 2 1 2 2 KASP17 2 1 1 1
KASP9 2 1 2 2 KASP18 1 1 2 2

LREGSH IR B SR, 2 R G RESHSEUA—BUY SR, 3 RRA G IR T 155 0 b R4 R

1 represents genotype that is consistent with the reference genotype, 2 represents genotype that is inconsistent with the barley reference genome,

and 3 represents heterozygous genotype; The material name is in parentheses
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O 240 19 F K32 S R % 72 1) DNA 43 T
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Schedule 1 The information of 288 barley germplasms and 43 barley materials used to detect the effectiveness of KASP molecular markers in present study

W5 E KU HE IR TRAF G E S
R1F %5 Preservation number

No. Name Origin No Preservation number Name Origin
1 M3A00500006 AC Bacon PN 145 M3A00501968 BN DY oz W 7 AR [ i
2 M3A00500008 JUM =% HA 146 M3A00501970 N RE CHH0 Hh [ PY |
3 M3A00500012 DU [ # 89 5 HA 147 M3A00501979 VEUAR4L ZDM7701 ] 75 5
4 M3A00500014 AC Burman JIEPN 148 M3A00501985 KK 98-714 (5) SRTHE
5 M3A00500016 ZHw= T 149 M3A00501986 BARE R i ] 75 5
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127 M3A00501720 HE15 FETSE | 271 M3Y00500661 RUSSIA E[H
128 M3A00501815 RH 95 HE D) 272 M3Y00500668 KHEMUS LRI
129 M3A00501820 Bt 14 TEER | 273 M3Y00500671 WHITE NAKED ATLAS - SUSPECT!! BIEMR LI
130 M3A00501909 A KT R rp i 274 M3Y00500681 JASPIS (SPRING) o
131 M3A00501919 B0 7 B HEERE | 275 M3Y00500683 LUKJANOVAE AT S50k
132 M3A00501925 TR TR TEERE | 276 M3Y00500684 CHEPUA JEIH/R
133 M3A00501928 [liifepEan 3/ hEEE | 277 M3Y00500706 AKHELOL 1 LRI
134 M3A00501929 THEFHR CHED PETHIR | 278 M3Y00500707 H.VULG. VAR PALLIDUM R 7R B I
135 M3A00501930 HHANE rFE P )| 279 M3Y00500711 LAND RACE 3832/29 RHAE
136 M3A00501933 HRE LS TEEE | 280 M3Y00500716 KIMALUNG JEIH/R
137 M3A00501938 ATEEAHE R HE T | 281 M3Y00500720 7 85 [ 75 5
138 M3A00501941 KEHTHR (B TEERE | 282 M3Y00500723 g K rh E WL
139 M3A00501942 % 830563 PETEE | 283 M3Y00500727 2P 8425 W E VT
140 M3A00501949 ARFHER CHHB0 SRR 284 M3Y00500737 RIHANE'S' RUHE
141 M3A00501953 Hl5 FEHIR | 285 M3Y00500743 PUSA RI ERE
142 M3A00501954 LR TEEE | 286 M3Y00500747 SPONTANEUM 2 B
143 M3A00501957 AL BT R pEEE | 287 M3Y00500756 KELT LA
144 M3A00501962 BT HEFEE | 288 M3Y00500759 CHALUS B

e PREFEAKENZRMUIERIE. ATRNGIEBIMER 43 HREMRA TRIZRTR.

Note: “

»

means that the geographical origin of the species was not found.43 barley germplasms were underlined to detect primer validity.
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