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Construction of SSR Fingerprint and SRK Haplotype Distribution
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Abstract: Self-incompatibility in Cruciferous crop such as ornamental kale (Brassica oleracea var.
acephala) , is a critical reproductive barrier governed primarily by the multiple alleles at the S loci. Ornamental
kale is a typical self-incompatibility member of this family. In this study, we constructed the fingerprint map of
20 inbred lines of ornamental kale using 20 pairs of SSR primers, identified a total of 65 allelic variations,
averaging 3.25 variations per primer pair. The unweighted pair group method with arithmetic mean (UPGMA )
clustered these into three district genetic groups: OK1, OK2, and OK3. Group OKI is characterized by
wrinkled, wavy leaves, with red and purple as the dominant colors. In contrast, group OK2 features smooth

leaves that are either wavy or lobed, with white outer leaves. Group OK3 also presents smooth leaves, which
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may be wavy or lobed, with red and purple as the primary colors. Through the analysis of specific primers in the

kinase region of SRK gene, nine SRK haplotypes were identified in these inbred lines including eight class I SRK
haplotypes (SRK7, SRK13, SRK14, SRK16, SRK23, SRK36, SRK45, and SRK51) and one class II SRK
haplotype (SRK15). The SRK15 haplotype was predominant in the group OK1 (50%), followed by the SRK23
haplotype (20%). In group OK2, the SRK15 and SRK16 haplotype were both major (at 40% each). In group

OK3, the SRK23 was predominant (40% ). Further analysis of self-incompatible indices confirmed compatibility

among inbred lines from the same or different genetic groups, emphasizing the importance of considering both

genetic groups and SRK haplotypes in hybrid development.

Key words: ornamental kale; SSR marker fingerprint; self-incompatibility ; SRK haplotype
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Table 2 SSR polymorphism primers and SRK gene kinase region specific primers

i GIE/E20N EmEI57-3") Jmg(s-3")

No. Primer name Forward sequence(5'-3") Reverse sequence(5'-3")

#1 BoE188 CGACGATGGCGAGGAAACA CACATAACCCAAATACCCAAATCA
#2 BoE607 TCTATTCACAACGATTCAACTAAC CGGTACGGCTGGCTCTT

#3 BoE162 AGCAGCTTCGTTCAATCTCC CGGCAGCGTATACCTTCACA
#4 BoE966 TCGAATAAAGAAGAAAAAGAAGA TAATCCCTGGTAAGAGTAGT

#5 BoE222 ACTACCCTCTCCGTTTACTCCACA GCCCCATAGCTTTCTCAA

#6 BoE718 CAAGAAACGGACGTGGTGAAAG TCTCGCGTATGGGGCTGTCT
#7 BoE002 CGTCACGGTGGCGCTTTATTTT ACGACGTCGCCGCACTGAAC
#8 BoE450 TCTCGCCATGGCTGATAAG TCGGGGCGTTGATTCTCGTCTCT
#9 BoES882 CCGCTTCTTCCTTGCCTTCCT TTCGCCAGTAGATCCCCGTAATG
#10 BoE699 TCCCCACCCCCAAAAAGAGA AACGAGCCATCCGAAGAAGAGG
#11 BoE379 GCGGGGACTCTACCTCTA AGCAGCTCAGCATACAAG
#12 BoE761 CATTCAGCGACTTCCTTCAAACTT GGCGCACTTCTTCCCCTGTA
#13 BoE723 CGTTGAGGCCGAGAGTGAGAG ATGGACGCCGGAAATGAGAA
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No. Primer name Forward sequence(5’-3") Reverse sequence(5'-3")
#14 BoE209 ATCTATCCCATCCGCTCGTCA AACCCCTATTCGCTTACTCC
#15 BoES875 CCGACAATGGCTGGAGTAGG GATAAGCCGGTAGAGCATAAGGAG
#16 BoE237 AATCCCGAAAAGAGCGAAACC CTGGGGAGCCGAGAAGGAG
#17 BoE134 CTCTTATTTCTTGTAGGGCTTTTA CCGTTGGAGATGACTGACTG
#18 BoE734 TCATCCAAAGAAATCAGAGG ACAGGGAGAAAGAAAAAGAGA
#19 BoEO051 GAGTCTTCGTCTTCTTCTTCC AGTCGCCATTATTAACACCTCTA
#20 BoE917 AACAACCCTTTCCTGACAC AAAAACCAAAGAACTACAAAATA
#21 Class I SRK-K CAATTTCACAGAGAATAGTGA ACCATTCCGGATATCCGCATTT
#22 Class IT SRK-K GAGGGCGAGAAGATCTTAATT AAGACKATCATATTACCGAGC
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M 2510 2511 2512 2515 2519 2522 2523 2524 2526 2528 2533 2535 2536 2538 2542 2546 2549 2550 2551 2552
100 bp

M:2000 bp DNA Marker, 1 .2 13 35 3 A [F 95248 5 BB SR 1, T IR
Different allelic variants are represented by 1,2 and 3; Material numbers are the same as in Table 1, the same as below
E 1 SSRS|#BoE71831 20 PR EBEB X RAH LR
Fig. 1 Amplification results of SSR primer BoE718 on 20 kale inbred lines
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The blue and green square represent the value 1 and 0, respectively, numbers1-65 represent different mutation sites
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Fig.2 SSR finger-printing database of 20 kale inbred lines
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Genetic similarity coefficient
B3 PRHEBXZRITEREREE
Fig. 3 Binary matrix cluster of kale inbred lines

F3 20MPRBEEZRZNEFO,15EMH
Table 3 Digital 0, 1 matrix of 20 kale inbred lines

iiig:roup Niﬁmir B #2 #3 HA H5 H6 #T HS HO  #10 #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
OK1 2510 10_00111_0010011_001_10_100_10_01_010101_001000_10_01_0110_1100_10_10_100_010_001_10
2511 10_00111_1010100_001_10_100_10_01_010101_001000_10_10_0110_1100_10_10_100_010_001 01
2512 01_11100_1010100_001_10_001_10_01_010101_001000_10_10_1000_1100_01_10_100_100_001_10
2523 01_00110_1010100_100_10_001_10_10_010101_001000_10_10_0110_1100_01_10_100_100_001 10

2524 01_00110_1010100_100_10_001_10_01_010101_001000_10_10_1101_1100_10_10_100_100_001 01
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#z3(4)
iﬁﬁiow Niﬁmir H1H2  H#3 HA H5 H6 HT #8  #9  #10_ #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
OK1 2526 01_11100_0101010_001_10_100 10 _10_010101_001000_10 01 0110 _1100_10_10_100_100_010 10
2549 10_01100_1010100_011_10_100_01_01_010101_001000 01 10 _0110_1100_10_10_100_010_010_01
2550 10_00111_1010100_011_10_001_01_10_010101_010000_10 01 _1000 1111 _10_10_010_100_010_10
2551 10 01110_1010100_010_10_100 01 _01 010101 001000 01 10 0110_1000_10_10_100_100 010 01
2552 10_00110_1010100_010_10_100_01_10_010101_001000_10_10 1000 1111_10_10_100_010_010_10
OK2 2515 01_11100_1010100_001_01_010_01_01_101010_001000_10 _01_1000_1111_01_10_100_001 001 10
2519 01_11100_0101010_001 01 010 01 01 101010 001000 10 01 0110 1111 01 _10_100_010_001 01
2533 10_01110_0101010_010_01 010 _10_10_101010_110001_10 01 0110 _1111_01_10_100_001_001 01
2535 10_00111_1010100_001_10_010_01_01 101010 _110000_10 01 _0110_1111_01_10_100_001_001_10
2538 01_00111_1010100_001_10_010_01 01 101010 001000 10 01 1000 1111 _01_10_100_001 001 10
OK3 2522 10 00110_0101010_001_10 001 10 _10_101010_001000_00_10_0110_1100 _10_10_011_001_100_10
2528 10_00110_0101010_001_10 010 _10_10_101010_110001_10_10_0110_1111_10_10_011_001_100_10
2536 10_00111_0101010_010_10_010_10_01_010101_110111_10_01_0111_1111_01_10_100_010_100_10
2542 01_00110_1010100_010_10 001 10 01 101010 110001 10 10 0110 1111 10 01 _010_001_100_10
2546 01_00111_0101010_100 _10_010_10_01_101010_001000_10_01_0110_1001_10_10_010_010_010 01

~ #20 TS . 5222 Al R RIS L 20 XEARICHY 65 A48 A2 5, A8 SUb 7 25 M5 _0/1; 2068505 7R 4
Primers #1 to #20 are the same as in Table 2; Different columns represent 65 allelic variations across the 20 pairs of markers, the fingerprint

encoding format is primer-number 0/1; Seven unique fingerprint have been labeled in red
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Fig. 4 Correlation analysis of fingerprint and genetic group
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A FARiC PKCOF/PKCOR 5 Class 1% SRK #5631 13 434l 45 Class 175 SRK S50 Uk BRI 7 403 i 45

RIS SR IC KD4/KD7, 3PP 3 sG22I Class I8 SRK FRITHIBFRL

[F] A 22 RZ TP 4G, WK 5 BT, Class 15 SRK HG
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Fig. 5 PCR amplification results of specific primers PKC6F/PKC6R and KD4/KD7

# PKC6F/PKC6R Fll KD4/KD7 )4 14 7= #y ik
A, 76 NCBLEUE P2 iE 17 BLAST 434 , i
ANFERRHG SRK BACHY 5 5 & 30, B4 H 15 34
WIS BEIATE 9 N ARl A SRK G | it (£ 25 R
OK1{34% SRK7.SRK 14 .SRK15,SRK23 Fl SRK45,

x4 ETUPGMABELSHXM 20N PR BEBLENE

1915 258 OK2 f0.4% SRK 15 . SRK 16 1 SRK51, 8 /%
B OK3 1345 SRK 13 .SRK23 . SRK36 il SRK45 ; [
SRK15,SRK23 Fll SRK45 #b , H: 4% 6 4~ SRK 5.1 Y
SR MEAF B EAAE (R4) .

Table 4 Grouping of 20 kale inbred lines based on UPGMA cluster analysis

2K B Cluster F1 K} Materials SRK FiC SRK haplotype | 25Hf Cluster #1 B Materials SRK #iy0%I SRK haplotype

OK1 2510 SRK15 OK2 2515 SRKS51
2511 SRK15 2519 SRK15
2512 SRK23 2533 SRK15
2523 SRK23 2535 SRK16
2524 SRK14 2538 SRK16
2526 SRK45 OK3 2522 SRK23
2549 SRK15 2528 SRK23
2550 SRK15 2536 SRK45
2551 SRK15 2542 SRK13
2552 SRK7 2546 SRK36

24 PARBEAREIZEFELREE SRK BTi 57 K&

AUR=Y i

BT A S HE I H A 28 R 1Y SRK HL
JUEL A, 45 R R P, Class T8 SRK FAICRIF ClassIl
TS B CRIAEAN R BB P e I B 22 5 (3R 5) .
WAL OK 1Y 57 SRK FA CRIH A5 454 Class 1
%I (SRK7.SRK 14, SRK23 Fll SRK45) , £ 5 4y {52
% ; 1 B h Class AL (SRK15) , U & ST HAER L 5
OK1 ZEHE Y 50%. 35t 1% 25 HF OK2 (1% 3 # SRK HLoC
B {345 SRK16 F1 SRK51 P Class 175 SRK Ff.
JURL, B 245 F L6y B AE R IZZEHEH Class 18!
SRK HLICRIA B 32 S A7, OK2 H A7 76 1 Ff
Class [T SRK 0% (SRK15) . it fE2 4 OK3 1Y
4 Fh SRK HJC Y #4 fy Class 1Y, £ & SRK13,

SRK23,SRK36 1l SRK45, 3 5 k4 k. 45 b, At
H AN FN R B FP AT RE 22 Class 117 SRK LT Y
B AFT4EF Class B Fl Class 117 SRK Hf
JCHI ] SP- R0 SRK BAITHL I Z2REE

£S5 WM PREBEBXRSRK BTEH S
Table 5 Distribution of SRK haplotypes in 20 kale inbred

lines
ey S HILH FR Ko
Cluster S haplotype Type Quantity
OK1 SRK7 Class [ 1
SRK 14 Class 174 1
SRK15 Class 117 5
SRK23 Class 174 2
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x5(4)
el S HILHY g Kokt
Cluster S haplotype Type Quantity
SRK45 Class I £ 1
OK2 SRK15 Class 17! 2
SRK16 Class I £ 2
SRKS51 Class 17 1
OK3 SRK13 Class I 7Y 1
SRK23 Class 17 2
SRK36 Class [ Y 1
SRK45 Class 17 1

MBIt s B R B, 8% 25 OK L 19 5 Fl SRK
BT M- A I IRR , SRKS BAOC R4 3% 5 43 A
AL Z(2510.2511.2549 2550 #12551) , 5 50%, Hip
2510 F12511 A g i JE R 21 55 68 B0 4l i, 2549
F12551 S 21 €8 B J Ak i, 2550 Ay 4 £ P #0a
SRK23 HLIC ARG 5 2 iy H 28 7 (2512 F12523) , Y
20%, $) R 415 0 KR 4 ; SRK 14, SRK7 . SRK45
TR HALHE 1y B 38 & (43 318 25242552,
2526) , 3415 10%, 73 5 R 41 8 (0 K 4l -, sk (el
A I R T 68 R B A iR S A OK2 1Y 3
SRK BG4 Ay i, SRK 15 B C R4 2 3
2 F (2519 F12533) B R i IRAR I 2%, 29501 R v 11 62
- FIAN T N 22, 5 40% ; SRK16 257 R4, 3% 9
1y A 28 2 (2535 F12538) , 433l Ay F1 A it S 25
At BIRIRM S, 40%; SRKS1 HLITHY
G 1 A &R (2515) , 15 20%, A -

®6 FAEPRHEBXRMAR . HEIFMEL

PNOIR 2% . 8L 251 OK3 11 4 Fil SRK B LRI HY
SOt I, SRK23 FRoC B AL 5 W 7y F 58 & (2522 1
2528), 1 40% , 4 Ll e o nt PIRAR I 2% ; SRK 13
SRK36.SRK45 HLyp I HALHE 1y H A2 R (430118
2542 .2546.2536) , ¥ i 20%, 43 B by 41 2 4o i
TRARITZ AL i BIRAR ISR 48 (et 2
Mt (R 1),
25 PRHEBLZRZEHEZ/RELFMEIGIE
HE AR A EE 0.5 5 1 LUR i B
LAGEMZAR FE 1~3 Z 55 A A EM AR, 3~10
ZIE R85 A S EME, 10 L s A s fmE,
PRI PIA T WA st SR R EA T B SE 2458,
G35 6 A6 MET 28 (32 6) . 613 AR
HAEI B 22 e 45 5 & B, J& T Class 15 SRK ¥JC
B 540y A A2 R IR I B A EH, J& T Class 1T
R SRK HLIGRI | oy A 28 R RIS A S, 5B
T8 H0GEF 5.74. Class THIAH[R] SRK HLICHY AR 4
SEFEIR MRS G, R[] SRK FRICRISH R A ey
o5, HEFEA Class T8I SRK B CHAIAF £ 5 Class T8
SRK 15 HICH bR A s ¥ e Bl R o A, IR, 78
B il P 5 Ze s A i 2RI e FER Tl g A5 26
RERY AT R, 05 % J& SRK 250 AU, AN e il 41 ]
Class 14 SRK B o B RHA 445840 A . L SRK23
6], AT 443 RS T SRK23 BRITHL, 43 Il R (425
HEOK 1 92512.2523 F1OK3 1) 2522 2528, SEFRgess
B P R v 3B G 4 A AR R 2 AE .
A A7 M Class 155 SRK S50 A W 2 A4 R (2526
125362535 12538 ) thhy kG i hil 24 5c 2 A o

Table 6 Compatible index of self-pollination or cross-pollination with different kale inbred lines

, e e e TEAEL LU "
e FASR B IR RaGIER
. . . . Number of Seed L
Type Inbred line or hybrid combination ~ Genetic cluster Compatible index
flowers number
A 2546(SRK36) OK3 18 0 0i
Flowering self-pollination .
2524(SRK14) OK1 14 1 0.071
2535(SRK16) OK2 19 2 0.11i
2542(SRK13) OK3 18 13 0.72g
2538(SRK16) OK2 16 12 0.75g
2510(SRK15) OK1 23 132 5.74f
HeAL 2522x2528(SRK23xSRK23) OK3x0K3 19 6 0.36h
Flowering cross-pollination
2546x2515(SRK36xSRK51) OK3x0K2 17 414 24.35¢
2542x2551(SRK13xSRK15) OK3xOK1 20 524 26.2d
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®o(z)
e e e TESREL % .
eSi] FIAS R B b * SRR
. . L . Number of Seed L
Type Inbred line or hybrid combination  Genetic cluster Compatible index
flowers number
el 2523%2519(SRK23*xSRK15) OK1x0K2 15 491 32.73¢
Flowering cross-pollination
2552%2549(SRK7xSRK15) OK1xOK1 19 764 40.21b
2550%2549(SRK15%SRK15) OK1xOK1 20 885 43.25a

A TEER R 22 53 184 (P<0.05)
Different letters indicate a significant difference (P<0.05)

3 g

TERIYIHY F A E AR, S BoC R s AL 7Y
S A B YIS 2, S BT RUEHIY) A S A 3%
FIPE G SR DR 28, AT DAL T A2 35 DR A v A o
S IR R AE A FNME S 2 R A S R s
SR T AR A F B, G SE R 5t fe 2
REME DL St AE a5 4 . RS 3 MH , S BAOCRIAE AN [H]
A S B AL A R ROR YA 40, TR [R] S B
JCHI R TR A AR, 80T S oC AT 15
et B TS24 RIRI L 5
AE S BCH W AR LA R A O3 S FROC AL A, A
SO S A SEFIPE R e 30, [R5 A5 s AN )
S ffiH S I e 55 44 S BT AL I AR 243 S BT
AU R L, B S HLUOCH L S e R
X T8 8 W A ASAS 36 R A s AL L ) ELA R
B AR AIEIE AT LA — B R [  AL 15 5
Xt S BTG AN (52, S HAE B S F R R 4ERE S
FAOTIY Z2 AR 1 E B
SSRAMCIH EA EHA 1) 2 B e &
S 2R 3L AR AR O s )
12N oR G R T AL G A A I R R 7
SRS ARG AL T S T RS TT
R F I 22 5 A7AE DRI 2% 1AM L 30 25 5/ Nk
e TE PRMESE I 5, TR SSR 40 FAic il peisk nf 5
(1) 52 B A B A5 15 s S . IR AR RS T
AT 50 53 ) FH 20 X6 11 46 % SSR 5116 SPIA H 4
FPUEAT TSR 26 R AL ZREE 0T, AR T B
EASEHN S BT S0 o ASWFSE 1 SEFH 20 X
SSR 591X 20 153 P14 H i B 58 REATYHE B
T 2043 P4 H A 22 R HR BaR L EE 5
i UPGMA J2 7 Pl LR 2k 3 At A& S i
(OK1.0K2 Fl1OK3) , istf& 251 OK 1 W4 kL4 4
-, AL OK2 1 OK3 A B4R R e i, B
TE AL A B RAE— R a3, I 2k SR

PKCG6F/PKC6R 1 KD4/KD7 5| ) % 7 H} 20 3 34
WA R 9 Flr SRK FLoC Y, Ay P14 H Wi ) 24 Fh L
AEMPAsCAGTCERA TS5,
TN A SEASER AR A RIE S 53 R R R AR
1 {22 A 3£ A1 (Homomorphic self-incompatibility ) 1
S5 BAE 5 B H &2 AN S A (Heteromorphic self-
incompatibility) > [A] Y fE Y [ S8 26 1 AT 43
JBE TR B H 22 A 5% A (GSI, gametophytic self-
incompatibility) F1 1 + {& & [ 5¢ A 2% Fl (SSI,
saprophytic self-incompatibility ) . 4 H 4 J& 7
TR [ A ERAEY) , SRR [ SRR Rk
AL, B A Sk LSS A 2 R) 23 T8 R i A RAIG
Frili S 6> . SRK &5 A AR AESI 3
AL Z — o Rk gl AR AT bR R I B AR
R Y24k T T SRK R 4 e B 1)
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B2 JE H A SE RS> M Class 17U A Class 117,
HIE A A ER, J5 & A SRR A
SRK 47 5 1 ic PK1/PK4 KD4/KD7 *F 23 3 H # A
LAFEFIFRIAT T SRKHICRIKEE , LI 717 Class 1,
Class A2 & 4 4L, 16 10 Class 1 RS 4li& 44 K}, [A]—
H SEA R R AE W BEA 5OR A BRAS RUM R A8 I
HIZEFP R 22 RIS . Chen 557 & 8L PK1/
PK4 5| WIAETEA R E TGO, T 181 SRK A
5t Class 1 5] 4] PKC6F/PKC6R, Jf- 45 & Hif AT &
1] Class I 5 |4 KD4/KD7 X} 58 (4 H s b4 kit
177 SRK HICRISEE , R T 15 Class 115 SRK
FTRIR BT 43 47y Class 17 SRK HICHRIAS AL, 17 2P
AH W SRK HLoc RIS @ B A . AF5E A
FH 2 %68 SRK J PRI X5 7 5 | %) SR H WA Rl st
A SR FROCAYFA T T %8 , KB SRK 15 55
Y 2 B AE AL JHE OKL /38 1 SR FEE 0oy
Br, A BR 1A SRK FICRIB R A A2 RN A LR, 1T
AU SRK 15 FROTHIATRL A 28 R IW M 251, AN [F] SRK .
JURIM R s R IH R S5, BT A Class 17 SRK HL
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