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Correlation analysis of key phenotypic traits in the whole growth period

of Chinese cabbage germplasm resource

Zhao Dangqi, Zhang Haiyan, Han Zhijun, An Shibo, Zhang Xue, Xiao Jing, Wang Xishan, Chen Shu-
liang, Zhao Fushun, Yu Cuixiang

(Institute of Economic Botany, Jilin Academy of Agricultural Sciences/Northeast Innovation Center of China Agricultural Science and
Technology, Changchun 130000, Jilin, China)

Abstract: In order to explore the relationship between key phenotypic traits of Chinese cabbage germplasm resource
throughout the whole growth period, 50 key phenotypic traits of 67 Chinese cabbage germplasm resources from the Na-
tional Vegetable Germplasm Resources Mid-term Bank were determined, and variation degree analysis, correlation analy-
sis, principal component analysis and cluster analysis were performed. The results indicate that the phenotypic traits of 67
cabbage germplasm resources are significantly variable and the genetic diversity is rich. The qualitative variation coeffi-
cient of 30 traits is 13.89%-95.25%, with an average of 44.98%; the coefficient of variation of 20 quantitative traits is be-
tween 17.53% and 56.56%, with an average of 35.98%. Correlation analysis shows that there are complex correlations
among 50 phenotypic traits, with 28 pairs of traits being highly positively correlated and 3 pairs of traits being highly neg-
atively correlated. Principal component analysis shows that the cumulative contribution rate of the top 17 principal compo-
nents reached 80.59%, covering the main information such as yield, no duliness and leaf head characteristics, which could
reflect most of the information of all indicators. Cluster analysis aggregates 67 cabbage germplasm resources into 4 taxa,
and each group has unique phenotypic characteristics. These results of this study provide an important theoretical basis for
in-depth evaluation of cabbage germplasm resource and excellent germplasm innovation, which could help accelerate the
breeding process of cabbage.

Key words: Chinese cabbage; Germplasm resource; Phenotypic trait; Genetic diversity
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Tablel Informations of 67 Chinese cabbage germplasm resources
Py ARG AR Kt e ARG AR el
Number Code Name Source Number Code Name Source
1 BJl BRI B 35 BJ45  JRHET 3 Bt
Lianggezhuang cabbage Hebei Bailaosanye cabbage Guizhou
2 BI2 KA ik 36 BJ46 ISR RAS B
Wen'an Chinese cabbage Hebei Huatagaogan Chinese cabbage Guizhou
3 B4  BABAAX WEH 37 BJ47 BHEHH B
Huangyang cabbage Inner Mongolia Aoxiaoqingkoubai Guizhou
4 BJ5  /MRBEFRER SESL] 38 BJ48  ITFZERFT N AN o)l
Xiaogenhuangyang cabbage Inner Mongolia Pingzhaigaogan Chinese cabbage Guizhou
5 BJ6  JEFEHX b 39 BJ49  FEAR el
Fanzhuang cabbage Hebei Baisheng cabbage Guizhou
6 BI7T ERET/NAZE ik 40 BJ50 IR HK-2 e
Qianzhuangzi cabbage Hebei Hejing Chinese cabbage-2 Xinjiang
7 BIJ8  EJHM Baimaye Tk Hebei 41 BJ51 kS Walnut pattern T4k Hebei
8 BJ13 @& Gaoyibai T4k Hebei 42 BJ53 UK E4E Heyu Tianjin Green 111 %8 Shandong
9 BI15  XIWAHE WA e 43 BI54 A RHAZE %R
Liucigou Qingmaye Hebei Winter cabbage Shandong
10 BIl6 M HK S e 44 BI58 3K il
Xiangguzhuang Chinese cabbage Hebei Greens Qinghai
11 BI17 BEE_OR e 45 BJ59  BRANR Wi
Pipayingerbaojian Hebei Ush Chinese cabbage Xinjiang
12 BJ20  PEASHRIE L [ 46 BI60 MK b
West Lijiazhuang Dahuangxin Hebei Xinglu golden cabbage Hebei
13 BI21  HkFVAE A e 47 Bl64 K5I SE)
Gengjiagou old cabbage Hebei Dagingmaye Inner Mongolia
14 BJ22 SRR Ak 48 BI6S HLHA SE)
Guozhuang huoduliuqing Hebei Juanxinbai Inner Mongolia
15 BI23 AEEEMLK W5 49 BI66  #f3k FI3¢ ZEu)
Dongchujiaowang cabbage Inner Mongolia Baotou cabbage Inner Mongolia
16 BJ24 K[I2% Chinese cabbage 1] F§ Henan 50 BJ69 3¢ Cabbage VU)1l Sichuan
17 BJ25 i 13§ Jingyuan old cabbage Hf Gansu 51 BJ70 3¢ Cabbage V91| Sichuan
18 BI26 HFEE WEH 52 BI71 LKA man
Huangyangbai Inner Mongolia Xiaguoba Chinese cabbage Sichuan
19 BI27 HEFF e 53 BI72 HX% v
Cabbage seeds Inner Mongolia Cabbage Sichuan
20 BI28 Hi L/ I 54 BI74  AHiE Uyl
Xinxiang xiaobao Henan Native cabbage Sichuan
21 BI29 L/ EM T 55 BJ75  HBH yan
Maozhuang xiaoheiye Henan Huangyangbai Sichuan
22 BI30 AEME 903 N 56 BI76  BETHXK v
Cuizhuang cabbage 903 Henan Maowozi cabbage Sichuan
23 BI31 JKFERRAZE B 57 BI77  EHEA man
Yongfeng Village Chinese cabbage Heilongjiang Gaozhuangbai Sichuan
24 BI32 TR AR YA 58 BJ78 LFiE v
Dengta Village cabbage Heilongjiang Native cabbage Sichuan
25 BI33  HiaA A AT 59 BI79 T v
Xinhe Village cabbage Heilongjiang Xiaguoba Sichuan
26 BI34 LHNAHR A3E B 60 BISO 3¢ man
Anbanghe Village cabbage Heilongjiang Cabbage Sichuan
27 BI35  EAEHMRSE e 61 BI81  AHizE mn
Caolizhuang fast cabbage Hebei Native cabbage Sichuan
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Table 1 (Continued)
LRI AV U R i i SR AV R Y S
Number Code Name Source Number Code Name Source
28 BI37 BN T 62 BI83 MRS Uyl
Macun cabbage Henan Weizhubai Sichuan
29 BI38 NN SES] 63 BJ84 [ o
Inner Mongolian cabbage Inner Mongolia Cabbage Sichuan
30 BI40 TR e} 64 BI86 3K Uyl
Qingmaye Inner Mongolia Cabbage Sichuan
31 BI41 KRB ELA SES] 65 BI87  EIlIAZE v
Dashuwanjuanxinbai Inner Mongolia Alpine cabbage Sichuan
32 BJ42 {83kA W5 66 BI88 A3 Ll
Baotoubai Inner Mongolia Native cabbage Sichuan
33 BJ43 kS0 3K Walnut cabbage T4k Hebei 67 BJ89 AL 3% Local loose cabbage J4)1] Sichuan
34 BJ44  RITKHK B
Guankou Chinese cabbage Guizhou
®2 ABRMBRFEREMRS AL
Table 2 Classify of characteristics of Chinese cabbage germplasm resource
ARFY Code  PEIR Trait K7 Type A5 Code MEIR Trait 2K Type
X1 7% leaf-shaped FiE MR QL [|X26 25 Flower stem color FEMIR QL
X2 T JE AR Leaf apical shape FUEMEIR QL || X27 1t Petal color B EPER QL
X3 2% 40 Leaf margins corrugated JFUEPEIR QL || X28 AEHEIZAR Petal shape FUEPEIR QL
X4 2% IR Leaf margin tooth shape JFUEPEIR QL || X29 #f ' 2218 Horn fruit surface JEPER QL
X5 A28 %] The outer leaves cracked FEMIR QL |[X30 i R B Horn fruit color FiEPEIR QL
X6 €2 Leaf color FiE MR QL [|X31 HNH-% The number of outer leaves PR QN
X7 18 & Foliar burrs BUEPER QL |[X32 ¥k Plant height H PR QN
X8 I1f] Foliar FiEPEIR QL || X33 FRIE Plant width degree H= R QN
X9 2%+ The leaf edge rolled JEMEIR QL || X34 A4 Outer leaf length H PR QN
X10 I8 Rib color iR QL [[X35 AN B Outer leaf width HoE ik QN
X11 TR DT T TR JFUEEIR QL |[X36 R BT Ho PEIR QN
Midrib cross-sectional shape Total mass per plant
X12 25k % Head-forming B MR QL |[X37 I ER i & Leaf head mass HeEMIR QN
X13 HER AR Leaf head shape PR QL || X38 ¥R Z Leafhead longitudinal diameter £t VEIR QN
X14 HERTHEZAR Leaf dome shape FiE MR QL [|X39 I ERFE 1% Leaf head transverse diameter HEMR QN
X15 BRI & 257 Leaf head conjugation type iR & IR QL || X40 f K Midrib length HER QN
X16 M-Ik Leaf head heart FiEMIR QL |[X41 Il %5 Midrib width HEMR QN
X17 HERS 5 1 Leaf bulb exposed FEMR QL || X42 S EE Midrib thickness HEMER QN
X18 & a JBIEER QL (| X43 2 S HEIER ON
Superposition of the leaf head Bulbar midrib mass
X19 BRI Leaf head color iR QL || X44 K45 25 1% Shortened stem height HoE ek QN
X20 BRI iR QL || X45 HLAE AR He MEIR QN
The color of the inner lobe of the leaf head Shorten the transverse diameter of the stem
X21 IS EN ISV S BEPER QL || X46 FE45 257 & Shortened stem mass HE PR QN
Shortened stem lateral buds germinate
X22 FE45ZET2IR Shortened stem shape FiE MR QL || X47 F A4 ZEH The thick of main flower stem HOEMER QN
X23 IHER'ESL)Y Leaf head compactness JFUEPEIR QL || X48 FFAEAE I 1 Height of flowering plants £ MR QN
X24 3k XUk Leaf head flavor IR QL || X49 1 5K & Horn fruit length BrE Ik QN
X25 3R 7 Hh Leaf head texture JFEMIR QL |[X50 AR IEE Corner fruit width HEMIR QN
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Table 3 Classification and assignment of qualitative traits in Chinese cabagge germplasm resource

1R85 PEBR 1
Code Trait Assignment
X1 LISz UEB=1, K G0=2, TR0 =3 , =4 , Wh =5 , KA El=6
Leaf-shaped Nearly round=1, long ovate=2, wide inverted ovum=3, inverted ovate=4, ellipse=5, long el-
lipse=6
X2 B RIEGYIAN R=1,584:=2, =3, il [l=4
Leaf apical shape Pointed=1, blunt tip=2, round=3, wide circle=4
X3 2530 £ Te=0,/h=1,"%1=2, k=3
Leaf margins corrugated None=0, small=1, medium=2, large=3
X4 = QTSR A5=1,P0R=2, AR A=3, H i hi=4
Leaf margin tooth shape Hologenesis=1, wavy=2, single sawtooth=3, double sawtooth=4
X5 Hhmt2Z TR=0, k=1, 1xH=2
The outer leaves cracked No crack=0, shallow crack=1, deep crack=2
X6 I B L=,k 4=2, 5t=3 , K &t=4 , IR E%=5
Leaf color Yellow-green=1, light green=2, green=3, gray-green=4, dark green=>5
X7 LRTIEET F=0,/b=1, =2, £=3
Foliar burrs None=0, less=1, medium=2, more=3
X8 I SHT=1, =2, 95=3 , £ 4i=4
Foliar Smooth=1, slightly wrinkled=2, wrinkled=3, multi-wrinkled=4
X9 G WE=1,FH=2,/1E=3
The leaf edge Internal competition=1, straight=2, external competition=3
X10 ERIREER F=1,4[1=2, k4%=3, 5=4
Rib color White=1, green white=2, light green=3, green=4
X11 SRl VIIIIPIZIN BA=1,B=2, =311 = fi=4, Lk E=5
Midrib cross-sectional shape Crescent=1, semi-circle=2, flat=3, near triangle=4, multi-armed=5
X12 GEERTE ANEEIR=1, L5 IR=2, £ Tk=3
Head-forming None ball=1, half ball=2, ball=3
X13 HERIZAR JRIERTE=1, I B ERTE=2 , M3 =3, M =4, KR E=5, Wiz IE=6, B =7, Ui [ =
Leaf head shape 8, 1551 =9
Flat spherical=1, nearly spherical=2, projectile shaped=3, short tube shaped=4, long tube
shaped=5, high jar shaped=6, short pillar shape=7, oval shape=8, inverted oval shape=9
X14 HERTGEAR F=1,=2, [B=3
Leaf dome shape Flat=1, pointed=2, circle=3
X15 L2 S (IR it B=1, 5H=2, F7#1=3, B.L=4
Leaf head conjugation type Overlapping=1, hugging=2, twisting=3, turning heart=4
X16 M-3R ALL=1,180=2, F70>=3
Leaf head heart Wrap heart=1, flower heart=2, twist heart=3
X17 R4 a1 =1, 5=2, %F=3
Leaf head exposed No dew=1, light dew=2, dew=3
X18 Bt & A IERBE=, AIUASHE=2, A EA R E=3, T RfilE=4, BMEE&=5, TEZE=06,
Superposition of the leaf head B E=T
Outer volume does not overlap=1, upright does not superimpose=2, involution does not su-
perimpose=3, leaf tip contact=4, slight overlap=>5, medium overlap=6, complete overlap=7
X19 e (=1, e BER=2, 33, W =4, Het=s , =6
The color of the leaf head White=1, light yellow green=2, yellow=3, orange yellow=4, light green=>5, green=6
X20 IR P I Fi=1, =2, #=3, Ifi =4, ik 4E=5
The color of the inner lobe of the White=1, light yellow=2, yellow=3, orange yellow=4, light green=>5
leaf head
X21 JL 4 2502 F=0,15=1
Shortened stem lateral buds germinate ~ None=0, yes=1
X22 (TETESIZIN =1, 5l=2, KF=3, #F=4
Shortened stem shape Flat circle=1, circle=2, long circle=3, cone=4
X23 RS S FA=1, =2, B=3, K %=4
Leaf head compactness Loose=1, medium=2, tight=3, extremely tight=4
X24 BRI =1, =2, =3, 754
Leaf head flavor Pale=1, sweet=2, spicy=3, bitter=4
X25 R Mtl=1, F4%=2
Leaf head texture Crispy and tender=1, dry and soft=2
X26 PIE NN W ok=1, 1k 4=2, 4k=3 , L1 4%=4 , =5

Flower stem color

Yellow-green=1, light green=2, green=3, red green=4, purple=5
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Table 3 (Continued)

R RN IRE
Code Trait Assignment
X27 1t FI=1, 7k #=2, =3, K Hi=4, [ =5

Petal color White=1, light yellow=2, yellow=3, dark yellow=4, orange=5
X28 AR I RE=1, 5190 JF=2 , K55 =3

Petal shape Nearly round=1, obovate=2, long obovate=3
X29 FR AR et =1, WiR=2, BT A 4E=3

Horn fruit surface Smooth=1, wave=2, interseed-to-seed shrinkage=3
X30 FRBI =1, kA =2, IR G=3, R ht=4

Horn fruit color

Yellow-green=1, light green=2, dark green=3, purple green=4
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Table 4 Diversity analysis of quality traits of Chinese cabbage germplasm resource
RES FREMER . . .
Distribution frequency/% Coefficient of
Code Quality trait .
0 1 2 3 4 5 6 7 ] 9 variation/%

X1 7 Leaf shape 2090 5373  13.43 750 0.00 450 50.47

X2 RITEFIZIN 1044 32.83 4925  7.50 30.70
Leaf apical shape

X3 2 AL 1.50  71.64 2240 4.0 44.16
Leaf margins corrugated

X4 Utk 4480 4480 750 298 43.71
Leaf margin tooth shape

X5 A ZRZ 1791 5671  25.40 60.83
The outer leaves cracked

X6 (% Leaf color 7.50 2090 56.71 1.50 1343 35.10

X7 - TE B Foliar burrs 38.80 29.85 2540 597 95.25

X8 T Foliar 2390 5820 16.41 1.50 34.71

X9 IReSiEes 150 11.94  86.60 13.89
The leaf edge rolled

X10 €5 Rib color 5223 3432 750 597 51.04

X11 PR DT AR 19.40 11.94 3283 3283 298 40.02
Midrib cross-sectional shape

X12 Z5 3k Head-forming 1194 000 88.06 23.49

X13 AR 5.08 338  3.38 6.78 8.52 40.68 1695 5.08 10.17  50.91
Leaf head shape

X14 R TR 2542 5932 15.25 51.04
Leaf dome shape

X15 BRI A 2R 5932 11.86  0.00 2881 79.98
Leaf head conjugation type

X16 H-ER.C» Leaf head heart 71.19  28.81 52.53

X17 3R AR5 1 Leaf bulb exposed 3559 4237  22.03 56.38

X18 BRI B A 8 1525 18.64 678 27.12 678 678 18.64 67.37
Spherical blade superposition

X19 HERF Leaf head color 1343 1940 895  0.00 38.80 19.40 46.12

X20 HER P I 5 1492 2090 5970  0.00  4.50 34.86
The color of the inner lobe of
the leathead

X21 T4 25 ZF 0 4030 59.70 82.16
Shortened stem lateral
buds germinate

X22 VEEESIZN 26.90 4328 150 2835 49.66
Shortened stem shape

X23 IHER S 4780 2835 1791 597 51.03
Leaf head compactness

X24 HER XU Leaf head flavor 4925 4630 150 298 4251

X25 HERFi i Leaf head texture 88.05  11.94 28.97

X26 1625t Flower stem color 450 5522 4030 23.97

X27 1£{% Petal color 17.91 80.60 1.50 14.41

X28 TEMHLIR Petal shape 10.44  53.73  35.82 28.00

X29 ff SRR 1M Horn fruit surface 4030 3731 2240 4235

X30 £ B Eith Horn fruit color 88.06 11.94 15.30
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Table 5 Variation and diversity analysis of quantitative traits of cabbage germplasm resource

R E/E LN 75 S5 B T E ik 5 R

Code Quantitative trait Variation Average Standard deviation ~ CV/%

X31 AMH-% Number of outer leaves 4.00~18.00 8.46 2.33 27.60

X32 Pk Plant height/cm 29.50~91.00 51.73 13.10 2533

X33 FiiliE Plant width degree/cm 30.00~86.00 62.97 12.32 19.57

X34 HMHK: Outer leaf length/cm 32.00~81.00 51.13 11.13 21.76

X35 AR5 Outer leaf width/cm 18.00~48.60 3111 6.07 19.51

X36 Pk S5 Total mass per plant/kg 1.15~10.70 432 2.09 48.36

X37 H-ER i i Leaf head mass/kg 0.85~5.35 2.62 1.17 44.45

X38 HERE 0.00~69.50 34.82 16.93 48.62
Leafthead longitudinal diameter/cm

X39 Bk 0.00~28.00 13.11 6.02 45.92
Leaf head transverse diameter/cm

X40 FHK: Midrib length/cm 0.50~14.30 5.95 2.82 47.44

X41 H % Midrib width/cm 2.40~13.00 7.17 1.83 25.55

X42 FFY RS Midrib thickness/cm 0.60~6.20 1.17 0.65 55.94

X43 B e 1) o 0.15~1.19 0.52 0.21 40.39
Bulbar midrib mass/kg

X44 Ve 1.20~18.00 5.01 2.83 56.56
Shortened stem height/cm

X45 FLAE AT 2.10~8.50 4.62 1.20 25.94
Transverse diameter of shortened stem/cm

X46 JE4EZEF & Shortened stem mass/kg 0.05~0.55 0.20 0.09 42.85

X47 FAE M 0.50~5.90 2.06 0.91 44.38
The thickness of main flower stem/cm

X48 TEAERE M e 58.00~170.00 118.67 29.43 24.80
Height of flowering plants/cm

X49 #A FH S Horn fruit length/cm 3.10~9.80 6.33 1.11 17.53

X50 £ H %6 % Corner fruit width/mm 1.50~10.00 5.84 1.68 28.80

BRI R B R R SRR BT T
FERE R = B 2 e B AR G, BRI 5 R 2
TP AR A von JBE 22 veh B AR 5%, R 5 A A I B
IR TR ERE MR, =585 2 H0E% 2
th AR S b B IR AR R

TIHTIE R SRR DL, i K R A 2
e B AR AR G s AN S I ER AR R T K 2 R IR
RS o T M R4 S AH SRR I, R4 =5 TR 5
ENC SN N PP S EN S SEP R EY D
S NS PN SR SRR P TR E N A e
PR B R BEIEAR G . oM AR SRR B
PR IR 5 it B AAR R 4 =5 v L L 4 2
BEREZIEMRK. eI R, 5
PR AN BRI R OO EAEE S
TFAERERR i B S IR A K
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B, Bk 6 from. DURHIE(E KT 1 N3 HUSR
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ZTTHR R > BN 14.06%  10.90% « 8.62%  5.52% -
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Fig. 1 Correlationan alysis of 67 cabbage germplasm resources based on 50 phenotypic traits
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Table 6 Principal component analysis of phenotypic

traits of Chinese cabbage

L FHIEAE - .
Principal . Contribution ~ Cumulative
Eigenvalue .
component rate/% contribution rate/%
1 7.03 14.06 14.06
2 5.45 10.90 24.96
3 4.31 8.62 33.58
4 2.76 5.52 39.10
5 2.60 5.19 44.29
6 2.29 4.59 48.88
7 1.95 3.90 52.78
8 1.94 3.88 56.66
9 1.80 3.60 60.26
10 1.62 3.25 63.50
11 1.48 2.96 66.46
12 1.36 2.72 69.18
13 1.25 2.51 71.69
14 1.20 2.40 74.09
15 1.18 2.35 76.44
16 1.06 2.11 78.56
17 1.02 2.04 80.59
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Fig. 2 Cluster analysis of 67 Chinese cabbage germplasm resources based on 50 phenotypic traits
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Note: A-D represents typical germplasm of the four categories, respectively.
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Fig. 3 Represent pictures of germplasm resources of Chinese cabbage in the four categories
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