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Genetic diversity analysis and breeding application of 190 high inbred

lines of Chinese cabbage

ZHANG Wenjing', FENG lJianqi*’, SU Henan', WANG Peiyun®’, MA Ji*, DING Cong’’, WEI Xiaoc-
hun', ZHANG Xiaowei', YUAN Yuxiang'

(1. Vegetable Research Institute, Henan Academy of Agricultural Sciences, Zhengzhou 450002, Henan, China, 2. Kaifeng Academy of
Agriculture and Forestry Sciences, Kaifeng 475004, Henan, China; 3. Kaifeng Seed Industry Laboratory, Kaifeng 475004, Henan, China)
Abstract: In order to analyze the major phenotypic traits and genetic diversity of 190 high-generation inbred lines derived
from 26 parental lines, and evaluate their potential for breeding applications, this study conducted variation and correla-
tion analysis on 27 major phenotypic traits of the test materials, along with genetic diversity analysis based on 27 pairs In-
Del markers. The results showed that the variation coefficient of the 27 phenotypic traits ranged from 10.10% to 90.36%,
indicating substantial variability, with significant correlations observed among multiple traits. The InDel marker analysis
revealed that the polymorphism information content ranged from 0.01 to 0.37, and the genetic similarity coefficient
among the 190 high-generation inbred lines varied between 0.57 and 1.00, with an average of 0.65, suggesting consider-
able genetic variation within the population. Based on InDel markers and population structure analysis, the test materials
could be divided into three subgroups, with the progeny derived from 16-Autumn introduced from eastern suburbs B and
Kaishu No. 7 exhibiting greater segregation. In conclusion, the 190 Chinese cabbage inbred lines used in this study exhib-
it broad phenotypic variation and rich genetic diversity, providing valuable germplasm resources and theroetical support
for parental selection and the development of superior trait combinations in Chinese cabbage breeding.

Key words: Chinese cabbage; Phenotypic trait; Genetic diversity; InDel marker
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Table 1 Sources of inbred lines of tested Chinese cabbage

i EEE /3 g e R

Number Inbred line source Material No.

1 17 54 (Hot) KF-1, KF-2, KF-6
17-Springwood (Early Proterozoic)

2 17 B (KD KF-3, KF-4, KF-5
17-Springwood (Late growth)

3 19 KA 2 KF-9, KF-10
19-Daqing parent 2

4 16 FKAALE] A KF-11, KF-12, KF-13, KF-14, KF-15, KF-17, KF-18, KF-19, KF-21, KF-22, KF-24
16-Autumn eastern suburbs A

5 16 FKARZB5] B KF-25, KF-26, KF-28, KF-29, KF-30, KF-32, KF-33, KF-34, KF-36, KF-37, KF-38, KF-40,
16-Autumn eastern suburbs B KF-41, KF-43, KF-44, KF-45, KF-47, KF-48

6 17 BB S| A KF-50, KF-51
17-Autumn eastern suburbs A

7 17 BKAAE5] B KF-52, KF-53, KF-54
17-Autumn eastern suburbs B

8 %454 70 Green shoots 70 KF-55, KF-56, KF-57, KF-58

9 14 ##1 14-Autumnwood KF-59, KF-60, KF-61, KF-62, KF-63, KF-64, KF-65, KF-66

10 15 ##4 15-Autumnwood KF-67, KF-68, KF-69, KF-70, KF-71, KF-72, KF-73, KF-74, KF-75, KF-76, KF-77

11 16 #K#4 16-Autumnwood KF-78, KF-79, KF-80, KF-81, KF-82, KF-83, KF-84, KF-85

12 15 BKF#5 15-Autumnwood #5 KF-86, KF-87, KF-88, KF-89, KF-90, KF-91, KF-92, KF-93, KF-94, KF-95

13 K IEHMGLL 62 Tianzheng Orange 62 KF-96, KF-97, KF-98, KF-99, KF-100, KF-101, KF-102, KF-103, KF-104

14 KRIERGLL 65 KF-105, KF-106, KF-107, KF-108, KF-109, KF-110, KF-111, KF-112, KF-113, KF-115,
Tianzheng Orange 65 KF-116, KF-117, KF-118, KF-119, KF-120

15 bEtsa 2 5 KF-121, KF-122, KF-123, KF-124, KF-125, KF-126, KF-127, KF-128, KF-129, KF-130,
Beijing Orange No. 2 KF-131, KF-132

16 1724 K-1 17-Z4 Large-1 KF-133, KF-134, KF-135, KF-137, KF-138, KF-139, KF-140, KF-141

17 1774 /-1 17-Z4 Small-1 KF-142, KF-143, KF-144, KF-160

18 17 B X 1724 /) KF-145, KF-146, KF-147, KF-148, KF-149, KF-150, KF-151, KF-152, KF-153
17-Provincial district 17Z4 Small

19 1724 -2 17-Z4 Large-2 KF-154, KF-155, KF-156, KF-157, KF-158, KF-159

20 21 [X 3 W7 21-Regional test W7 KF-161, KF-162, KF-163, KF-164

21 %% Kaishu No. 7 KF-165, KF-166, KF-167, KF-168

22 18 #k 32-2 KF-169, KF-170, KF-171, KF-172, KF-173, KF-174, KF-175, KF-176, KF-177, KF-178,
18-Autumn 32-2 KF-179, KF-180, KF-181

23 18 £k 37-1 18-Autumn 37-1 KF-182, KF-183, KF-184, KF-185, KF-186, KF-187

24 18 K 44 18-Autumn 44 KF-188, KF-189, KF-190, KF-191, KF-192, KF-193

25 18 #X 45 18-Autumn 45 KF-194, KF-195, KF-196, KF-197, KF-198, KF-199

26 L 50 Premature 50 KF-200, KF-201, KF-202, KF-203, KF-204
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Table 2 Main traits and evaluation criteria of Chinese cabbage at maturity stage
PEIRZE A PR PN FRiE
Trait type Character Evaluation criterion
EAER RN Pk Plant height cm
Quantitative trait — gfp-K: Quter leaf length cm
A58 Outer leaf width cm
Il Midrib length cm
A1 5% Midrib width cm
i1 & Midrib thickness cm
I ER & Leaf head height cm
IFER % Leaf head width cm
I3k £ 7 i Gross mass of leaf head kg
I3k 34t 53 i Net mass of leaf head kg
F4H 2K Dwarf stem length cm
FE46 2555 Dwarf stem width cm
AMH%Z Number of outer leaves F Piece
JEPER A& 3] Growth habits 1. 57 Upright; 2. - E 7. Semi-upright; 3. *F-Ji¢ Spreading
Quality trait {2 Lateral buds 1. & Without; 2. 5 With
AR 1. 31 [ J& Subrounded; 2. % {8 U} J& Broadly obovate; 3. %] Ji J& Obovate;
Outer leaves shape 4. KAF|UTE Obovate-oblong; 5. K[ Oblong
1 ER €4 Midrib color 1. [t White; 2. 4% 14 Greenish white; 3. 78 4% 4 Light green; 4. HH454¢ 4
Medium green
HFPRE DD TR 1. '] Concave; 2. °F Flat

Transverse section shape of mid rib
I BRI P14 958 Leaf ball top closure type
I BRI A 257 Leaf ball hugging type

IFER_L 5 i 5 Upper color of the leaf ball
I ER_E 8 4E £ Green upper part of the leaf ball

1
1
I ERTI TR Leaf ball top shape 1.
1
1

. FFJH Open; 2. 2-FFJi Semi-open; 3. 414 Closed

. ¥4 Twisted overlapping; 2. #5541 Closed overlapping; 3. &3 Imbricate
2R Pointed; 2. [# Rounded; 3. *F* Truncate

. 18 White; 2. £ Green; 3. T84 Yellow; 4. 52 Purple

. Mo Very light; 2. B % £ Very light to light; 3. ¥ Light; 4. ¥ £ b

Light to medium; 5. #' Medium; 6. H1 F|7% Medium to dark; 7. ¥ Dark; 8. I
FIHIR Dark to very dark; 9. HIE Very dark

IFERFZAR Leaf ball shape 1

. BR Globe- shaped; 2. 3k Bk Round- headed; 3. 4 Cylindrical; 4. K &

Long-cylindrical; 5. 413 Drum-shaped

TH-BR P H-Eil s, Leaf color inside the leaf ball 1

. At White; 2. ¥ 7% (1 Pale yellow; 3. 11253 (5, Medium yellow; 4. 15 &

Orange; 5. % {4 Purple

FEAE 220K Short stem shape 1. Jw B J% Oblate; 2. JT [ 7 Suborbicular; 3. T4 [ JE Subelliptic; 4. #E
Conical
147 Flower bud 1. J& Without; 2. &5 With

MR 5040 22K AR e R K (90.36%) , i
BRI BRI E P KA R R A ERCOR,
SN 35.51%+29.32%29.14% , 5 45 25 55 19 48 7 &
B /N(16.52%) o LEFTEMEAR P, HEBR A (A
5 2B K (50.89%) , HHER EEBEE (4 AR
AR ZZTAR S ERTEAR L A €0 5548 S REUBOR, 40
AN 49.67%47.99%45.79%41.33%43.73% , I
PR DT AR 1738 5 R 50/ (10.10%)

T A RE AN [ R PR 382 A 22 A 1k 48 HOR 3 &) B2
FeHHEAT 0T, S5 R 190t KEAERACE L R

(75 A 2 FETE TR B ME N 2.25, 351 E FR 01
B4 0.43, KU Z M B EE Z R E 395
FER o AE 27 B iR v, o R D) TSR
AR Z PRI B =, 2,28,
2.2 KAFRBMKEXMST

SRR NIS Bl 7 ISP SN IE SN
IR v 2 v I A O (M R R %0=0.6) , AH K R L
435128 0.86.0.80 1 0.80; #h K 5 bk i« K
3k i 2 v B T AH O, A DR R 093 i 0.86,0.87
0.73 3 #5855 op B 5 A ) JE S IR R T OE A
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Table 3 The information of primers
ST R 59 F(53) RIS R(553)
Primer name Chromosome No. Forward primer F (5-3") Reverse primer R (5-3")
BrID10433 A01 CGTCACTTATACGGTTCACA AACCCACTACTCGCTCTTCT
BrID10437 A01 CCCTCCTATGATTTGGAGTT TTGGGTCAAGAAAGATATGG
BrID10415 A02 GACTGAACTCAGCCTATTGC GGAACAAAATTGCAGAAGAC
BrID10447 A02 CACCTGCTCAGGAGTATTTT ATTTGACTGCAGATGTCACC
BrID10291 A03 GGTTGACATAACCAACCAAG TCAAGTAAGAAGTCTCTGATGC
BrID10401 A03 GTCGGATTTCTTTCTACACG TGAACCTATCTTCCTCAACG
BrID90029 A03 TGTTCATTGTTAGATAATGTTTTTG TGGTCAACATAGATTTGCACG
BrID90039 A03 TTTTTGGCTAACAAAGTGTAAGG TTGAGAAAGCTTAAAATTGCCAC
BrID90107 A03 TCCGTCGGTTTCTAGTTCAAA TTGTTGTGGTCCATTATGCAG
BrID90430 A03 GCACAAGTATTTTTCCTGCATC TAGCATTGCACGATGTCAAA
BrID90057 A05 AACGTCATCCCACTCTACAAAAA TCAACACTATCCAGACCCCA
BrID10375 A06 TAGAACATGTTGTCCGTGAA GGTAGATTTGGTTGATCCTG
BrID10395 A06 GCTGACATGTACCTTTTGAA CATCTAAGACCGAGTCAAGC
BrID10941 A06 CAGAGTTTTGTTGGTTTTGG TATCTTTTCGTTGTTCTCGC
BrID90005 A06 GCCATATGTCTGCAAAAGAAA TCTAATCCATTGCCCACAAA
BrID90105 A06 GAAATACTACACATTTTCCAAAAC TCGATAGGTAGGGTGCATTTTC
BrID10329 A07 AACCTGGATAAAGACTGCAT TCTTCGTCAACTCACTTCCT
BrID90043 A07 TCGCACATCACATTTCTG AAGGAAATGATTCACAACACT
BRMS005 A07 ACCTCCTGCAGATTCGTGTC GCTGACCTTTCTTACCGCTC
BrID90464 A07 TTTGACTGAATGAAAGACTTTTGC CGGGAAAACGATAAACGAAA
BrID10109 A07 TGCATAAGATAAGCTCCCAC GGAAGCTTTTTGTGGTGTAG
BrID90111 A08 GCTCGTTCGCTAGGTTGACT TTAGCGCTTCATCAGTGTGC
BrID10667 A09 TTCCGTGGAGTATCAGAGAT GAAACTAGGGATTCGTTTCT
BrID90367 A09 TTTCCATTGCTACCAGAGCC GAAGTCGTGTCCATGCTTCA
BrID90069 A09 TCGAAATGATATTATGATGTTAGC TTTCCCGTTGGTCTACTTGA
BrID90319 A09 TCCGAGGTCATCTCCTTAGC ACACACGCTTTCATTGGGTT
BrID90147 Al0 CGTCCCTCTTAAAGTTGCGT AAGCCGACGTTTACAAGATAATT

XK, MR R B AN 0.63.0.66.0.65; 71 il K 5 Bk
AN ER R R R A O, R RN
0.800.87.0.80; {1 il i 5 Ah i 5« o il B L EER B
T 4 25 05 5 v FE I AH O, AH 98 R i N 0.63
0.70.0.62.0.65 ; 11 & 5 Hh 58 L A i B R FE 2
i B IR AR OG, #HOC R 205 2N 0.66.0.70.0.60 ; 2K
RS TN AN ST NG S =N S S SV N U SE
JoR B R AR 25 TR R AE DG, MO8 R R 0.65.
0.62.0.60.0.670.69.0.65 ; M3k F Jii & 5 -3k 55
TR o AR 220 R m FEAH G FHR RN 0.67.
0.88.0.62; #1 & FS AL FIH- BR TGS P & 8 5 = 2 IE
FHIG, AH R RECN 0.865 3K 36 22, 55 i 25k py
B 5 5 FE A O AR R R 0.71.
2.3 BXZHI InDel FRiE O

X190 4y K H A8 & 2T 27 % InDel F5ic
HEAT PCR ¥4, MYk 45 S R, Bt 5 M35 ey 1
. 30 .

HE M) 0~2 £ (& 2) . FJH] PowerMarker #44:
XA REGE ik ¥ InDel it 347 4T, &5 R 8w, B
ANFRIC I BEA I 2 2 AN S A7 HE R 5 B bRC 1 S5 4L
FLRARALE 0.51~0.98, P Y A7 FE RS R N 0.745
I bR LI BHE 2 TR 0.01~0.50, P35 18 4% 2 A
PN 0.34; bR M 1 2 S MR B & EWPIO
AMETE 0.01~0.37, 358 0.27, R FTIE S ¥ 2 &
PR (GR 5,
24 KBXBXAREREEEES

FIH 27 % InDel 51#%} 190 43 K 2% H 28 &
HEAT PCR 38 , 50 7R 445 Tk frig 4 JI2 PR vy AL 45 2R 6
s BIRBIIAE N E AL R 2 AN 100% . F
F NTSYS X} 190 3K 3¢ 5 28 SM BT 8 4% 4
M R BT, K A S B RS & TR I8 AR AR LT R EL
(GS)TE 0.57~1.00, F31EH N 0.65, B AL AR MR K.
F MEGA-X # AR @0 m, i 3 frr , ok
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Table 4 Differences statisticsin of phenotypic traits in Chinese cabbage
PR I Luffing TR e 33 S s i s
Characters m Mean  Variance CV/% in daer;nzn- tener irige?(u JS
¥k Plant height/cm 55.00  17.50 32.69  46.16 20.78 227 0.43
HhH-K: Outer leaf length/cm 5400  19.50 33.62  39.64 18.73 227 0.43
AMHFE Outer leaf width/cm 39.80 1420 25.16  19.56 17.58 227 0.43
K Midrib length/cm 30.00 6.50 1556 20.56 29.14 2.26 0.43
il 58 Midrib width/cm 11.80 3.90 638 117 16.98 227 0.43
i) )& Midrib thickness/cm 12.90 5.00 8.63 2.38 17.87 227 0.43
IH-ER % Leaf head height/cm 42,00  11.00 2417 3622 24.90 227 0.43
-3k % Leaf head width/cm 24.70 8.20 1464 894 20.42 227 0.43
I3k E 7 i Gross mass of leaf head/kg 3.05 0.50 1.73 0.26 29.32 2.26 0.43
-3k 74 2 Net mass of leaf head/kg 1.95 0.15 101 0.13 35.51 2.25 0.43
Fi 46 25K Dwarf stem length/cm 23.40 1.00 5.03  20.68 90.36 2.14 0.41
46 25 %% Dwarf stem width/cm 5.20 2.10 3.65 036 16.52 227 0.43
445 Number of outer leaves 15.00 3.00 10.05 5.33 22.96 2.26 0.43
A K 21 Growth habits 3.00 1.00 144 027 36.00 225 0.43
il 2 Lateral buds 2.00 1.00 1.10  0.09 27.29 227 0.43
HRHTZIR Outer leaves shape 5.00 1.00 215 1.07 47.99 223 0.43
L Midrib color 4.00 1.00 174 0.58 43.73 224 0.43
DT R Midrib cross-sectional shape 2.00 1.00 1.01 0.01 10.10 2.28 0.43
BRI 4] 4 257 Leaf bulb top closure type  3.00 1.00 271 027 19.13 227 0.43
BRI 4267 Leaf ball hugging type 3.00 2.00 273 020 16.36 227 0.43
HERTGERIZIR Leaf bulb top shape 3.00 1.00 1.69 032 33.65 2.26 0.43
HER_E i Upper color of the leaf bulb 3.00 1.00 197 042 32.64 2.26 0.43
3k - HB4E S Green upper part of the leaf bulb ~ 6.00 1.00 2.11 1.10 49.67 2.23 0.42
IHERFZAR Leaf ball shape 5.00 1.00 2.87 1.41 41.33 2.23 0.43
HEER Py I 4.00 1.00 2.18 1.23 50.89 222 0.42
Leaf color inside the leaf bulb
FH4E 2L TR Short stem shape 4.00 1.00 2.99 1.87 45.79 2.23 0.42
167 Flower bud 2.00 1.00 129 021 35.25 226 0.43
J{H Mean 31.51 2.25 0.43
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T LR 5 20 AN 3. AN BE 4 A S P B s 6. S 7. BR8P ERTE 59, I EREFUAE 5 10, BRI AL 11 ARG 12, AR TE 13,
S ER s 14 AR S S 15, DIEF 5 16 SRR 5 17, RS € 5 18, PR DI T AR 5 19, WFERTHUAS AT 45 S8 70 5 20, BRI A ST 5 20, W ERTSTATE AR 5 22. HEER _F 340
Pt 23, I ER b A AR 24, R ERTBAR 25, 1 BR Y I 306 5 26, AR £ TR 5 27, 1638

Note: 1. Plant height; 2. Outer leaf length; 3. Outer leaf width; 4. Midrib length; 5. Midrib width; 6. Midrib thickness; 7. Leaf head height; 8. Leaf head width; 9.
Gross mass of leaf head; 10. Net mass of leaf head; 11. Dwarf stem length; 12. Dwarf stem width; 13. Number of outer leaves; 14. Growth habits; 15. Lateral buds; 16.
Outer leaves shape; 17. Midrib color; 18. Midrib cross-sectional shape; 19. Leaf bulb top closure type; 20. Leaf ball hugging type; 21. Leaf bulb top shape; 22. Upper
color of the leaf bulb; 23. Green upper part of the leaf bulb; 24. Leaf ball shape; 25. Leaf color inside the leaf bulb; 26. Short stem shape; 27. Flower bud.
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Fig. 1 Heatmap of phenotypic trait correlation of Chinese cabbage inbred lines
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Fig. 2 Amplification of Chinese cabbage inbred lines by marker BrID10395
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Table 5 Parameters of polymorphism of InDel marker

Frid T A R S HE R R AL ZFEE ZHEMEREE
Marker Major allele frequency Number of alleles Genetic diversity Polymorphism information content
BrID10291 0.57 2.00 0.49 0.37
BrID10329 0.98 2.00 0.03 0.03
BrID10375 0.51 2.00 0.50 0.37
BrID10395 0.83 2.00 0.29 0.25
BriD10401 0.92 2.00 0.15 0.14
BrID10415 0.66 2.00 0.45 0.35
BriD10433 0.53 2.00 0.50 0.37
BrID10437 0.83 2.00 0.28 0.24
BriD10447 0.86 2.00 0.24 0.21
BrID10667 0.88 2.00 0.21 0.19
BriD10941 0.74 2.00 0.38 0.31
BrID90005 0.55 2.00 0.50 0.37
BrID90029 0.65 2.00 0.46 0.35
BrID90039 0.66 2.00 0.45 0.35
BrID90105 0.88 2.00 0.20 0.18
BrID90107 0.67 2.00 0.44 0.35
BrID90147 0.62 2.00 0.47 0.36
BrID90367 0.55 2.00 0.50 0.37
BrID90430 0.83 2.00 0.28 0.24
BrID90057 0.99 2.00 0.01 0.01
BrID90043 0.61 2.00 0.48 0.36
BrID90464 0.57 2.00 0.49 0.37
BrID10109 0.92 2.00 0.14 0.13
BrID90111 0.88 2.00 0.21 0.19
BrID90069 0.79 2.00 0.33 0.27
BrID90319 0.77 2.00 0.36 0.29
BrID90071 0.70 2.00 0.42 0.33
I #J{H Mean 0.74 2.00 0.34 0.27
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Fig. 3 Cluster analysis of Chinese cabbage inbred lines
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Fig. 4 Structure analysis of Chinese cabbage inbred lines
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