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Abstract: Self-incompatibility of Cruciferous crop is primarily controlled by the Multiple alleles of S locus. Ornamental kale

( Brassica oleracea var. acephala ) belongs to Brassica family, and is a typical self-incompatibility subspecies. In this study, the
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fingerprint map of 20 ornamental kale inbred lines was first constructed using 20 pairs of SSR primers. A total of 65 allelic variations
were identified by this set of primers, with an average of 3.25 variations per pair of primers. The unweighted pair group method with
arithmetic mean(UPGMA) clustered them into three genetic groups: OK1, OK2, and OK3. The leaf shape of genetic group OK1 is
compact or wrinkled leaves and wavy leaf margins, with red and purple as the dominant colors. In genetic group OK2, the leaves are
smooth and either wavy or lobed, with white outer leaves. Genetic group OK3 also has smooth leaves, which may be wavy or lobed,
with red and purple as the primary colors. A total of nine SRK haplotypes were identified in 20 ornamental kale inbred lines using
specific primers in the kinase region of SRK gene, including eight class T S haplotypes (SRK7, SRK13, SRK14, SRK16, SRK23,
SRK36, SRK45, and SRK51) and one class II S haplotype(SRK15). In the genetic group OKI, the major haplotype is SRK15
haplotype(50%) , followed by SRK23 haplotype(20%). In the genetic group OK2, the major haplotype is SRK15 and SRK16
haplotype(All are at 40%), respectively. In the genetic group OK3, the major haplotype is SRK23(40%). The determination of the
self-incompatible index further verified the compatibility among inbred lines from the same or different genetic groups, emphasizing
that the hybrid development should consider both the genetic groups and SRK haplotype.

Key words: ornamental kale; SSR marker fingerprint; self-incompatibility; SRK haplotype
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Table 1 Characterization of 20 kale inbred lines
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f47: 200 pg/ul HIFEHR DNA 1.0 uL, 2X 3G Taq Master Mix for PAGE 5.0 pL (R 50 MR A= MR IR
mD o, IERIAGIY) (5 mmol/L) % 0.5 uL (FRdN SR AR A R AR & O , ddH20 3.0 uL. PCR XM
FEJF: 95°CHIAEPE 3 min; 95°C7ZEE 155, 60°CIB/K 155, 72°CHEfH 30's, 72°CHIEKLESM 5 min, 35 MEI.
BC & 8% 5K N MEIL AL #EAT HK, fEIE 150V, B1E] 1h 10 min. HJ5X) page RIFEATHRGLR IR AT -
F* 2 SSR BAMS|HH SRK HEX R399

Table 2 SSR polymorphism primers and SRK gene kinase region specific primers
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No. Primer name Forward sequence Reverse sequence

#1 BoE188 5'CGACGATGGCGAGGAAACA'3 5S'CACATAACCCAAATACCCAAATCA'3
#2 BoE607 S'TCTATTCACAACGATTCAACTAAC'3 5'CGGTACGGCTGGCTCTT'3

#3 BoE162 5'AGCAGCTTCGTTCAATCTCC'3 5'CGGCAGCGTATACCTTCACA'3

#4 BoE966 STCGAATAAAGAAGAAAAAGAAGA'3 STAATCCCTGGTAAGAGTAGT'3

#5 BoE222 5'ACTACCCTCTCCGTTTACTCCACA'3 5'GCCCCATAGCTTTCTCAA'3

#6 BoE718 5'CAAGAAACGGACGTGGTGAAAG'3 S'TCTCGCGTATGGGGCTGTCT'3

#7 BoE002 5'CGTCACGGTGGCGCTTTATTTT'3 5'ACGACGTCGCCGCACTGAAC'3

#8 BoE450 S'TCTCGCCATGGCTGATAAG'3 S'TCGGGGCGTTGATTCTCGTCTCT'3
#9 BoEg882 5'CCGCTTCTTCCTTGCCTTCCT'3 S'TTCGCCAGTAGATCCCCGTAATG'3
#10 BoE699 5'TCCCCACCCCCAAAAAGAGA'3 5'AACGAGCCATCCGAAGAAGAGG'3
#11 BoE379 5'GCGGGGACTCTACCTCTA'3 5'AGCAGCTCAGCATACAAG'3

#12 BoE761 5'CATTCAGCGACTTCCTTCAAACTT'3 5'GGCGCACTTCTTCCCCTGTA'3

#13 BoE723 5'CGTTGAGGCCGAGAGTGAGAG'3 5'ATGGACGCCGGAAATGAGAA'3



#14 BoE209 S'ATCTATCCCATCCGCTCGTCA'3 5S'AACCCCTATTCGCTTACTCC'3

#15 BoE875 5'CCGACAATGGCTGGAGTAGG"3 5'GATAAGCCGGTAGAGCATAAGGAG'3
#16 BoE237 S'AATCCCGAAAAGAGCGAAACC3 5S'CTGGGGAGCCGAGAAGGAG'3

#17 BoE134 S'CTCTTATTTCTTGTAGGGCTTTTA'3 5S'CCGTTGGAGATGACTGACTG'3

#18 BoE734 STCATCCAAAGAAATCAGAGG'"3 S'ACAGGGAGAAAGAAAAAGAGA'3
#19 BoE051 S'GAGTCTTCGTCTTCTTCTTCC'3 5S'AGTCGCCATTATTAACACCTCTA'3
#20 BoE917 S'AACAACCCTTTCCTGACAC'3 S'AAAAACCAAAGAACTACAAAATA'3
#21 Class I SRK-K  S'CAATTTCACAGAGAATAGTGA'3 S'ACCATTCCGGATATCCGCATTT'3

#22 Class I SRK-K  5'GAGGGCGAGAAGATCTTAATT'3 5S'AAGACKATCATATTACCGAGC3
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100b;

M: 2000 bp DNA Marker, 1. 2 13 %R 3 NARMSEMLR; MERESRE L, FHE
Different allelic variants are represented by 1, 2 and 3; Material numbers are the same as in Table 1, the same applies below

B 1SSR 5|49 BoE718 Xt 20 ¥PARHEE X R HWER
Fig. 1 Amplification results of SSR primer BoE718 on 20 parts of 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

220 PRRBIEE X R SSR L EEBIRRE
Fig. 2 SSR finger-printing database of 20 kale cabbages
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Figure 3 Binary matrix cluster of kale inbred lines
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Table 3 Digital 0, 1 matrix of 20 kale inbred lines
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. #1 #2 #3 #4  #5 #6 #7 #8 #9 #10  #11 #12 #13 #14 #15 #16 #17 #18 #19 #20
Genetic group ~ Number - - - """ - 0 " =" = = = = =~

OK1 2510 1000111 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 0100110 1010100 100 10 001 10 01 010101 001000 10 10 1101 1100 10 10 100 100 001 01
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 0100110 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

#1~#20 A5 S, 55X 2 F: AEPAFINRL 20 WARIEH) 65 NMEMAL R, e x5 MFS_0/1; L6 7 M RIEL
Primers #1 to #20 are 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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The red portion represents fingerprints highly correlated with genetic groups
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Fig. 4 Fingerprint and genetic group correlation analysis
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279 480 bp, Class 1125 SRK # G 1 H (14674 1100 bp, ATERIAKH I HZ R %w s 13 hralis
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B 5 #5314 PKC6F/PKC6R 1 KD4/KD7 i) PCR ¥ 4R
Fig. 5 PCR amplification results of specific primers PKC6F/PKC6R and KD4/KD7
# PKC6F/PKC6R Al KD4/KD7 (R4 5™ Wik AT Ml F, £ NCBI #dfs = b k4T BLAST 708, i€ AN ]
MEHA SRK Focd . 45508, PIARH I 3 s &R ILEHE 9 NAFE M SRK HocH!, 8% 358 OK1 &
5 SRK7. SRK14. SRK15. SRK23 1 SRK45, %M OK2 4% SRK15. SRK16 Al SRK51, 4% KM
OK3 f#f SRK13. SRK23. SRK36 fil SRK45; [ SRK15. SRK23 il SRK45 4, FH 4% 6 /> SRK #.y0H

RSt o AAEA R AL SR (R 4)

R 4 ET UPGMA BESH 20 M PRHEAZRSE
Table 4 Grouping of 20 kale inbred lines based on UPGMA cluster analysis

eSS FE S o eSS FE S o

Cluster ~ Materials S haplotype || Cluster = Materials S haplotype

OK1 2510 SRK15 OK2 2515 SRKS1
2511 SRK15 2519 SRK15
2512 SRK23 2533 SRK15
2523 SRK23 2535 SRK16
2524 SRK 14 2538 SRK16
2526 SRK45 OK3 2522 SRK23
2549 SRK15 2528 SRK23
2550 SRK15 2536 SRK45
2551 SRK15 2542 SRK13
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SRK14. SRK23 1 SRK45) , 3t 5 fr A FK;: 1 FU Class 18 (SRK15) , A& 5 AMHKZ R, H OK1 K
(1) 50%. BAEEHE OK2 11 3 Fl S Boc B rfr, 45 SRK16 Al SRKS1 Hifl Class T AL S HocHd, 4045 2 4
M EA R, BRER ClassIBY S FouR b kLG 3 FHAZ, OK2 A AFF4E 1 Ff Class T AL S #op 7Y
(SRK15) . L2 OK3 1) 4 F S Hoc N Class [ 84, AL$E SRK13. SRK23. SRK36 fl SRK45, 1%
S5kE. Zib, EARARRASER R E R AE S ClassIIY S B nRLZHTE K, AR F4aRs [ BA A S
BT RSP TR S BT AL I R

R S MPRBEERR S LBHHH
Table 5 Distribution of S haplotypes in 20 kale inbred lines

B SHTM KM Bkt

Cluster S haplotype ~ Type Quantity

OK1 SRK7 B 1
SRK14 e 1
SRK15 Y 5
SRK23 e 2
SRK45 B 1
OK2 SRK15 Y 2
SRK16 B 2
SRK51 e 1
OK3 SRK13 e 1
SRK23 e 2
SRK36 B 1
SRK45 e 1

I 3 B A, 1845 28 OK1 K 5 Fft SRK ST R 5 0 IIRAR, SRKIS B 045 5 4y H &8
% (2510, 2511, 2549, 2550 M12551) , 14 50%, b 2510 A1 2511 G2 9 860 5B 4, 2549 Al
2551 N EPELAE T, 2550 AR EgEnT; SRK23 HOnRAHE 2 fh HZ &R (2512 A1 2523) , 5 20%,
VPN R 49 SRK14. SRK7. SRK45 Bt HAHE 1 (hEHZHR (41504 2524, 2552, 2526)
B 10%, S8R KB, SRR A R . 18R 25 OK2 1 3 Bl SRK FLIGHLEY
FeiE I, SRK15 B tRIALE 2 iy A0 & (2519 H1 2533) H9iRuRH 28, 43 BB At F Ak (A 426
1 40%; SRK16 HICHAIEMA AR (2535 12538) , 2B At ZntH-2ps aam. SR
Kb, 15 40%; SRKS1 M CH HAHE 1 AR (2515 , 4 20%, ASFANEEM . BRRMZ. 5t
I8 OK3 1) 4 Fh SRK HLIT R AIEI, SRK23 HFonRAHEM ) H AR (2522 F12528) , 14 40%, 3
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B4 20%, AR L BRIRI 2, AR E R A BRIR A . R GR D .
2.4 PREEEAZREHBAZ/FZFNMEIE

EENAIEHR IR EE 0.5 B0 1 LR NS A AR R, 16 1~3 Z[HAS B ARMR, 3~10 Z
NEFESERA R, 10 LT AR MR, PR P H BEA [ B AL BB BT BRI AE, 30l 6
NRAEM 6 MEMIE AL (R 6) o 6 iy B RIMAHI E I ELE R RI, J&T 18 S Bl 5 HAERY
R EZAEM, J&T A S BT | 4 B REBINS HASEM, KAMEHOLT) 5.74. 1 BUAHE SRK
SR TCRIRRH B A AC R IEASEAM, ANF SRK HICRM RIS RN A, HFTA 1 8% SRK St ARk}
5118 SRK1S HIRA RIS E R BUNSSE R, Rk, 7ERCHPR R H 35 2 S A A1, (AR SE % FE A s pE
REFMATHE T, Mm% SRK HochY, AECHIAHRF T 3 SRK HouBUARHA 4458, LA SRK23 Afl, H 4
W PRHE T SRK23 Hothd, 4Bl 2 BE 258 OK1 1) 2512 2523 Fil OK3 (1) 2522, 2528, SEFRAaCH fld
P SLE X 4 AP RHIAE R P 220 . RS AHIR T AL SRK S oe B (M 4LA1BL (2526 #2536, 2535

1 2538) Nk AL H A .
*F 6 FREPKBEERXRRANBEIE. FXFMEH

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

N . "
fyi | i%ﬂk?iéﬂ% . 1%;4?%53# anﬁl:flof ﬁgij& %*ﬂi‘éﬁl
Inbred line or hybrid combination Genetic cluster flowers umber Compatible index
FASEY 2546 (SRK36) OK3 18 0 0i
Flowering self-pollination 2524 (SRK14) OK1 14 1 0.07i
2535 (SRK16) OK2 19 2 0.11i
2542 (SRK13) OK3 18 13 0.72¢g
2538 (SRK16) OK2 16 12 0.75¢g
2510 (SRK15) OK1 23 132 5.74f
HAL 2522x2528 (SRK23xSRK23) OK3x0K3 19 6 0.36h
Flowering cross-pollination ~ 2546x2515 (SRK36xSRKS51) OK3x0K2 17 414 24.35¢
25422551 (SRK13xSRK15) OK3xOK1 20 524 26.2d
2523%2519 (SRK23xSRK15) OK1xO0K2 15 491 32.73¢
2552%2549 (SRK7xSRK15) OK1xOK1 19 764 40.21b
2550%2549 (SRK15xSRK15) OK1xOK1 20 885 43.25a

ARFERREREE (P<0.05)

Different letters indicate a significant difference (P<0.05)
3 iTig

RN SRR, S BOTRURIE IS 2 AEE B IO R, S BTG AL R (1 58 A3 Ak 1
SAHERE, CAIRL TR R AL (0 2 B, FERETRE R MRS 2 IR RS RIRE LY, T3 25 S SRR
AN IR PR, LR BRI | AL 2 R DA AR RS BFSCRI, S WAL AN R A9 5 O 0



Fhep B 51040, WA S HICE I REFAIE B AR, ST S HoBER LT P TIRAMT
W25y, AFERBALT SO e S ECH IR AR R R R RS S Baoc oA, ANTTSE IR [ SE AR AP IR I
[0 B A7 A 2 AR R R 555 S spon R mAR RAR S, S spon e, Rk, FRfE S Bl ik
T 5 AR R0 T8 7 H W B AN SR AR 38 A WL AT S S o SRR I 58 7T LAt — D AR AN [ it
s o0t S ST A I RE IR, S AR H S B A h 4ERF S BT A 2 R ¥ B AN

SSR dric R A R4 A1) iz . B w . BN, 28 a. LR BARRE S 2 5
FI T RGN A3 T+ 88 A Pl e Ay S B T 7 S 9012 22250, A G (Vs A 1 048 S8 T VR R B T M R AR
RUZESE, AFAE SR 57 D RIBDRI R 2 22 S /NI 6 s R M R, TR SSR 3 A 10 AT Rl vl 5 () S DA
BT S ST . 1H RS RORIZE TSN 55 IR F 20 X1 46 X SSR BIA%HFIACH Wl fFh AT T 2550 R A
B 2RV, HREAT E AR AT S BRI e . AWETE 1 JE R 20 %F SSR 514 20 43 IR H
HAZRBATY 1, EUME T 20 PR HIE A RIMBFIRECE L B, JHEid UPGMA RIT7 24 H 5
HR 3 ABAEREE (OK1. OK2 1 OK3) , IEAEIHE OK1 MRS A4, 4L 58 OK2 F1 OK3 I KL
Byt HA TR AR R RAE — R, J5 2L R H PKC6F/PKC6R il KD4/KD7 514 % &
) 20 PR EEMEAG 9 Fh S BT, NP H R ARFES B AR R A ST E R T 2%

TP B A SR A& 73 N R R AE S8 H ZZASSE AT (Homomorphic self-incompatibility ) 17
RIFE M [ ASEM (Heteromorphic self-incompatibility) 281, [F]%4E &5 R [ &8 AN A S A] 20 N EE TR 5
AN 3E 1 (GSI, gametophytic self-incompatibility ) Al 41 1 & & § 2 A~ 5% fil ( SSI, saprophytic
self-incompatibility) ), PIAH i /0 7 AR B A ARAEY), AT QS ARAUR AR, JE8 S5 EE
Sk AL YN B 2 8] 23 T B OK 5 1) B ISR 061 5251200, SRK 52 5 S AN AIAL s BB 3 NSRRI 2 —, ol
TR A AT AR R I A AR, 241k, HIE R SRK JER %52 S S HocAAT 50 24, Jlid
SRK FE R T FRic ALK 252 8 1 S ASEAE 2> A Class 1 BUAT Class 11, i B, J5# HAZH B,
HHEEPAIH SRK 45 4ric PK1/PK4. KD4/KD7 %f 23 1 H i H A RMREAT T S soc Bl % e, KIM 7 H
Class I. Class IR & 41K}, 16 6 Class T B4iA bR}, [F— B AR R AE N BEA S AR R B AR AU RS AE
Ja LA B R Z R R ILR . Chen 253315 Bl PK1/PK4 S| MITEAEAFAE SN, TFR T SRK 3 K Hr 5
Class I 24 5|4 PKC6F/PKC6R, 454 A AJF R I Class 12 5 %) KD4/KD7 %} 58 it & HEMRLEAT T S
PRGNS, ORI T 1S 4y 1128 S HICAUMRERT 43 43 125 S MM R, FACH Wb S BT S 4R
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