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Analysis of trait variation and their correlationships in purple- orange

Chinese cabbage inbred lines

BAO Yongrong', MA Shigeng', MAO Mengting', GONG Ying', ZHANG Lugang"’, NIE Shanshan'

(1. College of Horticulture, Northwest A&F University, Yangling 712100, Shaanxi, China; 2. Shandong Laboratory of Advanced Agricul-
tural Sciences in Weifang, Weifang 261000, Shandong, China)

Abstract: In order to promote the development of purple-orange Chinese cabbage and provide reference for variety breed-
ing and germplasm resource innovation of purple-orange Chinese cabbage, the 35 horticulture traits of 34 purple-orange
Chinese cabbage samples were investigated on phenotypic identification of horticultural traits, genetic variation, correla-
tion analysis, and SSR genetic diversity analysis. The consistency between the clustering results of the phenotypic traits
and principal components, as well as molecular was compared. The results are as follows: The coefficient of variation of
19 quantitative traits ranged from 11.21% to 81.03%, with the highest coefficient of variation observed in the longitudinal
diameter of leafy head, indicating a significant breeding potential for leafy head height; The coefficient of variation for 16
quality traits ranges from 0 to 56.30%, with the highest coefficient of variation for cotyledon color, followed by outer leaf
color. Meanwhile, the coefficients of variation for leaf margin curvature, glossiness, midrib color, leaf vein freshness, and
leaf vein purple at the seedling stage were all greater than 34%, indicating that the pure lines had high potential for appear-
ance improvement. Relevant analysis showed that the leaf head height, leaf head width, length of the biggest outer leaf,
width of the biggest outer leaf, length of shorted stem, the length of the middle rib and the number of outer leaves are the
main related traits affecting plant gross mass and head mass. At the same time, the number of heading leaves have a signif-
icant impact on head mass. Cluster analysis showed that the results of phenotypic trait clustering were 55.9% consistent
with principal component clustering, and the results of phenotypic trait clustering and SSR molecular marker clustering
were hardly consistent. Therefore, phenotypic variation and SSR markers should be considered in the identification and
evaluation of crop germplasm resources.

Key words: Purple-orange Chinese cabbage; Agronomic character; SSR molecular marker; Principal component analysis
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KH ¥ (Brassica rapa L. ssp. pekinensis) j&—Ff
HBP AR, 2 N 5UE F7 A 27 41 4
AR I B R, 2 3 ] i L i B2 UG ) R 5K L
— AR IR E R N b A R S A . BEE
T BB T, A AT (5 1y B AR B 1 2 42
151 Y 9 3 0T 22 FE AL TR NS, FRAN L 1Y) 7 SR Bt 2
Wn. EaREETAEENAYE NRNEFTRD
JoT, X P A Jo AN A B IR LA, B- 2R A B
NERIE - NEDLTFE MR- 44 = A B FEZRIE,
6T 208 BT Pl Je i O IR0 , 14 9 o % R 4t
RE T AHIX PR o NARER TG B 5 & B, BRI 2
BRI MREAEE R W RSB N F F
FHHI B H R

1989 4F, H A & M %X & i Orange Queen 1
K ESEHT it Bl Y, R E S 0 Bk 6 F Fogh e b T 7
e, 2 E N E KA RS ) A Ak E AR
K AL TR 2008 it R 1 5 D555 i,
IHAE 2003 FFE I TR ER AR S, A
TFEE KA EREUE, 70 H SR H K AT
L PNEEZ Y N SANCDNS Bl O
o TKENIGEY B EH SR E S R E R
A B LIRS, B ISR BRI R AR R0
KA MR, FFREAT T A6 R 7070 KA R
R v b 5 DhRe S0 uE™ ", sRAE X EEHRIE 1k H
HETF ML AR EE 15NG28 Fiitkl. 5k € NI
SRR 8 K SN BEAS VR0 K SN AR AT
HRAT, MRS FOAGEZE A AEH BT RN & 2R %
DR AIETE 3 0SS K B S A i, it — 2
R T ROKERK B MBS

REMRBA B LU TR KSR
A BRI R AL, R EEMEYIEI FR R . XK
FEUIPE [N R R A o) 1A R O T SR AR
()R 22 5 o ) FH 2 100 0 i FH SR SIS 40 A it R A MR
BEAT VEAT , AE 3 R 2R g JIN R RR 1 R B B
PR e SR [l AR LR AR B R, diE
SEPO X AR FT R B AR A D B RS
TR AR HAT 7RI E R ZFEE 47

B AR P e NATVET KR ) 117 J5 8] 1Y
TR T & MR 73 FFR i di AT RAE, LLIRAME S
T H TR . g3 T AR ICAE B BT N H
)TV BN T ORI K ) Fy AR AZ R
e b, B T E MRS B AT,
5> #5115 RAPD.AFLP.SSR 1 SRAP %%, SSR
SRR AZEMEFEE CEEG SRR

R, B T N T AR A 2 A A, E
RS K 1 SR o B R K W T R B R b . %
T, EEERRAEE I 34 L R A O RH
K H AL A R TNIR 5 A2 7 0 S H A Sk
SRR b A 28 X SSR A% O brid Pk AT a8
e 2 FEIE 70 A1 » LU BCR RL IR o R 2K 0 7
PRICIRREE R — 2k, BN T ACH AR
IR L B 54 € K 1 S 0 38 4% 2 A R AR
FHSRAE , DAY S G K 1 S o G103 AN it A it &
RMES%,

1S

1.1 #H

LA L 34 1y, 3 o0 P AR AR BB K 22 [ 2
FhTFARREHE TN EBORAXARL R
(R 1,358 A A RS AR S 54T . 50
PEFF 2022 4E 8 H#EF,9 A e T bR MBHE
KM AN L7 A R I s Vi, SR FH BB ML IX 492538k
FT/NIXSE R, BRAT BE N 40 cmx 50 em, 2 47 20 £k, 2
WEE, HIRREAE T, 2023 FEHKEHEE HIFHRE
1.2 REMRI X

SR K S 3R AU IR I 7 2 3 EE DA
VT SRR S B A R e R AR R - K A
VPR ZERRAE, HE N T i BRES o T AR S K
LEMER, ERR N B R N TR, 7R
N T e R MR . 45 A A SRR oL, gD
S R RLAE 0 V30 3 0 40 L 45 BRI DA S WACER 4
PR R o 78 R I, 453 P b Ao i B K 34—
B 10 AREATLEE . TR R BCE OR3P
3 R A — AR H BRI &, 5%
P 0K 1 32 BR N KO TR R Imaged 33847 THI AR
M5
1.3 SSR#FIE

K 2 R ) CTAB 2% #2 U5 [Fl 41 DNA,
PCR J S Frffi ) 28 X} SSR 5l 2 &R H
PRI ATIE 10 2 Gk 09, 51 BiE B LR
2, 51 WA T A TR C ) A 5 PR A 7 e

PCR [ % #& % A 10 L, £ 5 DNA i)
(200 mg-L™) 1 uL, 1E[] 514 0.5 L, S [A] 514 0.5 uL,
Mix 5 puL F1 ddH.O 3 pL. # HFEFF : 94 °C il 48 14
4 min, 94 °CA&: 30 5,53 °CE 4 305,72 °CLEfH 30 s,
I 30 AMEFR, 72 °CZEH 10 min; 4 °CLRAF. 1"
YITE 120 g~ L 5 79 M T g 5 Jie b WLk o0 |, (RS
220 V, B 120 mA, I [E] 1.5 b)), X B yk ™= 4 ik 47

« 53 .



X ISR 5T

hOE R

38 %

*1 #HiEBEeERAXREXA

Table 1 Purple-orange Chinese cabbage inbred lines for testing

. Bk A Y - - Bk A Y
Wy HER SMHEIE T 2917 ET RTINS L) B <) N : 5,7
S Holding type of S Holding type of
Number {5 ILN  Outer leaf color Head shape|| Number 185 ILN  Outer leaf color Head shape
leafy head leafy head
1 23ZC13-1 % il TR 18 237811-1 % it Hus
Green Overlapping Globular Green Closed holding Cusp shape
2 237812-3 4R i faI% 19 23ZC16-5 Hi%t LEEi) eIk
Yellowish green  Closed holding Cylindrical Yellowish green Overlapping Globular
3 237820-3 %t =i faJE 20 237C19-2 % i R
Green Overlapping Cylindrical Green Overlapping Globular
4 237831-1 4t i IR 21 237C20-3 % G IR
Green Overlapping Globular Green Closed holding Globular
5 237835-1 %k B ek 22 237C20-4 % &t JER
Green Overlapping Globular Yellowish green Closed holding Globular
6 237836-1 L i) TR 23 237C22-4 % it Tk
Yellowish green  Overlapping Globular Green Closed holding Globular
7 237849-4 LR i Sk 24 2372C25-2 % i I FR
Yellowish green  Overlapping Globular Green Overlapping Globular
8 237849-5 %k s iUl SKER 25 237C25-10 #4¢ =5 KBk
Green Overlapping Globular Yellowish green Overlapping Globular
9 237C3-3 4 i SR 26 237C26-3 Hi4k i) TR
Green Overlapping Globular Yellowish green Overlapping Globular
10 237C7-3 W% i fajJE 27 237C28-4 Hi4t Ll Sk
Yellowish green  Overlapping Cylindrical Yellowish green Overlapping Globular
11 237C44-3 B il SKER 28 237C31-2 R4k 5 Tk
Yellowish green  Overlapping Globular Dark green Overlapping Globular
12 23ZC81-1 IR%E L5 Sk 29 237874 % i IR
Dark green Overlapping Globular Green Overlapping Globular
13 237C2-3 WL it SKER 30 23787-1 % =5l DR
Yellowish green  Overlapping Globular Green Overlapping Small globular
14 23ZC9-1 4k =it DS 31 23ZS146  Hi%E B2t Sk
Yellowish green  Overlapping Globular Yellowish green Overlapping Globular
15 23ZCl1-1  #%k &l DS 32 237S115-3 #4% il kEk
Yellowish green  Overlapping Globular Yellowish green Overlapping Globular
16 237C12-1 %t il SR 33 237S115-2 R4k i KA
Green Overlapping Globular Dark green Overlapping Long cylindrical
17 237C12-4 4 =5l KER 34 237S155-1 % B NS IR
Green Overlapping Globular Yellowish green Overlapping Small globular
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FI ] PopGene32 % %F SSR H ¥ kAT 844 2 bk
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Table 2 Core primer linkage groups and sequences
EBRE Linkage group J¥%(5"-3")Primer sequence(5'-3") ERE Linkage group /351 (5-3")Primer sequence(5-3"
AO01-1 F:GGCTTTAGCACTGTGATCCT A06-1 F:TTTCTGAATCACACTTCCTTG
R: TTGGGAGAGAAAACTATACG R:TTCAACATCTTCCATCAAAGT
A01-2 F: AAACGGCTTGCATTGTTCTC A06-2 F:GGAAGCCTCTGTGCGAAAAA
R:GGCTTGCTTGATCCAGTCTC R:TGCCGACGATTTGATAGAGGA
A01-3 F: AATTTAAACCTCATTTTCTTC A06-3 F:GGCACGTACATGGAGGATTC
R:ACCTCCATTGTGTCTGAT R:TGTTGGTCGAGCTGTTTCAG
A02-1 F:CCCTTTTCCCCTTCTATTGG A07-1 F:GGCATAATCACCATTAAACCCG
R:GTGCGACTTGGAATTTCTCC R:AGACCAGAGTGCTTGTAGGA
A02-2 F:GAAGAAGTGGCGCTTCAA A07-2 F:GCTGCCTAATAGGGTGCTTG
R:CTTAGCAGAGAGCAACCATC R: AGAGCGCATTCAAGTCTGGT
A02-3 F:CTGGTGATGGAGACGCTATTA A07-3 F:AGAGTACCTCTCTGGCAAGTC
R:ACTGTCCCAAAACCGCCTCTC R:AGACAGAAGGGTTTTGTTTTT
A03-1 F:GCGATGTTTTTTCTTCAGTGTC A08-1 F:GCAAAGATCGGCGAAGAAGA
R:TTAATCCCTACCCACAATTTCC R:TGCAGACACATTCGAACAAACA
A03-2 F:CATGTCGTCTTCTTTGCTG A08-2 F: AGAGAGATCGAGATCCACAA
R:CTTTTGCTTGAGCTTTGTGT R:GGCGAGAAAGTTAGTTGCTA
A03-3 F: TCAAGCATGTCCTTAAAACTCTGA A08-3 F:CCTCTTTTAATTCAAACAAGAAATCA
R:GCGTTCACGTTTCCCATATC R: TTCGGACAATGGCAGTGATA
A04-1 F:CCAGATCTCACAATTTCATTC A09-1 F:CATCAACCAGCAATGAAA
R: TCTTAACTGGTCGCTGAACT R: TTGGAAAGGTCAAGAAGGT
A04-2 F:CTTCCAGTAGCCATTGTTGA A09-2 F: TTCACATCTTCTTCATCTTCC
R:ATCGGGTTTTATACTCCTGAA R: TTGCTATTCGTTCTCAGTCTC
A05-1 F: GATCAAATAACGAACGGAGAGA A09-3 F: AAAGGACAAAGAGGAAGGGC
R:GAGCCAAGAAAGGACCTAAGAT R: TTGAAATCAAATGAGAGTGACG
A05-2 F: ACTTCTCTTTATTCACTTCCCA A010-1 F:TCTTTCTTCTCTCCGTCGT
R:GAGGGTGGTTGGTTCATT R:AAGGGGAATTGAGTAAAGCTA
A05-3 F:CAACTCTAACGAACGAGAGC A010-2 F:CCAAGATGATGCAGATACATT
R:CATGTATTCTGCGTGAAGTG R:TGATCTTATATGCCCTTTTGA

T BF SR 8K 1 SR Hp e BR v R PR v AR
FAFEE. 16 MEMIRE T REAE 0~56.30%
Z 0], oA S R AR K B T i, GRSt
B (51.08% ) 5 e Ah , 75 57 & PR ok 2Rtk
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Table 3 Assigning standard of agronomic traits
PEAR FrifE Standard
Trait 1 2 3 4 5 6 7 9
T R R g ekt
Cotyledon color Yellowish green Light green  Green Dark green
B [EEIN B iSART &I S
Disease resistance High resistance Resistance Low resistance Susceptible Highly
susceptible
SR B e S R i) WRekts
Outer leaf color Yellowish green Light green  Green Dark green
ARSI IEWA EREMA TR
Growth habit Upright Semi-upright Spreading
H5FE Glossiness 55 o G
Weak Medium Strong
-2tk 59 el G
Waveform of leaf Weak Medium Strong
margin
W S e S [E 7 ik
Leaf margin Entire Crenation Serration
sawtooth
T Pk ficf: ) 2 AT B
Vein distinctness Obscure Obvious
BB 291 SKERIE fAE SENZ JaRE Y
Head shape Spherical Globular Cylindrical Long cylindrical Cusp shape
EiiE st 74t il =5l
Holding type Twist holding  Closed Overlapping
holding
I ERTGTREEAR EN e
Top shape of leaf head Pointed shape  Circular Flat
[ERGESI 2N i BT 7 KRB HETE
Stubby stem Oblate circle Round Elongated  Tapered
shapes round
EEILgs i) 7 q
Purple veins of None Have
seedling
I SR} e i) A Feta £ YAt
Inner leaf color White Light yellow Yellow Orange Purple Purple-
orange
SR i [SHEA gZAfm ekt s £
Petiole color of White Green-white Light green Green Green-purple
outer leaf
- ERAE I il
Leafy head bolting ~ None Have

£ 0.05 7KV L, A 9 X5t & VIR A] 202 35 1A

KEHAHRIR R TE 0.01 K L AU 7 SR )
AR FE AR, T B A AT BR AT
TR M2 IR OR, 5 O 24 3 A K 4R
KIS i Bkt B 2 B R OIS
G BCIR E A 2 AR 5 SRR v I e
0 R AR 2 IR OR BRI 5 M BR TGS IR S A 52 2
ARG IXREEARSCIE R DR A MRS A% 25 R B3t
AIMERZHE R . IR, EHER 7R XA R
J (R BARBLH L 38 75 EE0E— 28 (i FE AR BT
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Table 4 Classification standards of quantitative traits
VEI Trait 3% Class
1 3 5 7 9

¥k 155 Plant height/cm 21.69 25.54 31.38 35.23 39.07
FEIE Plant width/cm 51.01 55.14 62.98
FJF B Gross mass/kg 1.96 2.85 3.26
4hH-%r Number of outer leaf 8.49 9.85 11.22
1) B Net mass/kg 1.21 1.50 1.78
- EREE Leafy head height/cm 21.92 26.10 30.28 34.47 38.65
M ER154% Leafy head diameter transversa/cm 16.37 18.66 20.96
B Max outer leaf length /cm 38.25 42.66 47.07
BN %E Max outer leaf width/cm 23.69 26.42 29.16
T Petiole length/cm 18.32 20.93 23.54
FIE%E Petiole width/cm 5.41 6.11 6.82
HF 1) Petiole thickness/cm 1.02 1.22 1.42
% Number of inner leaf 14.39 17.17 19.95
fE4i 25K Stubby stem length/cm 3.91 4.68 5.44
250 T A Purple core area of inner leaf/cm’ 41.21 68.46 95.71
TR Cotyledon area/cm’ 15.47 18.44 21.41
3K 1 Harvest period/d 5.50 6.87 8.24 9.61 10.98
HE % Pubescence density/Chairs - cm™) 0 1.14 2.76 4.38
R FE 2 %= Number of bubble/(No. - cm™?) 2.36 3.14 3.93

TE: X RARAE 1 <X - 20,10 X420, PR ZE 0.50, Hort X 9 SAERT (R, 6 JubrifE
Note: The grading standard as follows: Grade <X - 29, Grade 10 >X+20, with each intermediate grade differing by 0.5, where X represents

the mean value of each trait and o represents the standard deviation.

B, A R W B R R B BRIV S 4
MR R EE R, Hodh 23ZS11-1 R BT 5
KA, 232C7-3.232C28-4 B 7 83 B 7 K BR
AR A ,232S115-2 AT RK A KA.
24 ERSOH

TR T (PCAD I JEUHE 2 4 %2 e Kb i i %
o (1 7 2R I A 1 2 4y AT MK B i
RIVDEOOCHER T ZEE X 34 I KBt K H 38
32 AR EMAR D B S B AT T FE R e 19
AR MR PCA AT 5 AT 0 B stk %N
66.22% (% 8). PCI1 HITTHR % &% = 25.11%, H kK&
PC2.PC3.PC4 UL Jz PC5, F5 1 185 4> 5 N 2.556.
2.223.1.666+1.365, TTRRZ 73 118 13.46%11.70%
8.77%H 7.18%. [T PC1 4k, HoAth 4 A F /4%
IR 5 AT BB AR N B ZE AR B 19 A4S
BB MR A H B B EFE i %2, HLml 5 AN 4ERE
TR 5 MRHER -, BAR TR :PC1 H B it & 5 i
B HER R  OR ARG T IR e R e IX
R PCl HEG IS LA M T RKEA KA
AR REEMR GG R, RS R PC2
05 BRI A 2K RO R DT R

KYLE] PC2 RS M FEESHRERRERERA
S B 5T 5 R BRI AH O S R, BR8N I BR R
PC3 WAL & 1 E S H0h, #R A AR IR A i i AR
(1 af 45 B » DB PC3 AR 102 SR (K 8 1 AR
KAZ B MAE K T PC4 o P IH- 2800 T B ) 17
B, YL PC4 AR 12 B K SR Fr T
BUE B BONTAR R 7 s PCS Hob [l & 1) Ao 088 1
FRAH R

14 AR EMIRIET 5 A E R 10 B F ok
N 71.09% (3K 9). PCl BITTHRZ i mi A 21.93%, H:
X J& PC2. PC3.PC4 UL J PCS5, 51 Mk & 43 Jill N
17.02%+13.42%+10.99%.7.74%. PC1 7B,
-SRI B BRI L - rR R |
I i 58 0 P Ar 80 e A AR ) 1 OB RE
(AT & Y, BT PC1 = AR 2 i (K A3
RS B FONLEA B PC2 Hr okt
€8 PR A 25 5 v T B PC2 T 5 R € K SR
ARG, FRONBUE R £ PC3 I ERTE H & 288,
IR TR AR () 17 28 i PC3 F 25 8 (0
K S5 BRI AR A G, BRI BRA 7 s PC4
A ST PR BT BT, BB PC4 32 B RS K
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Table 5 Distribution frequency, coefficient of variation and genetic diversity index of agronomic traits of thirty-four

purple-orange Chinese cabbages

3 AR Frequency/%

BRAK TR

PR Trait ] 2 3 4 5 6 7 9 CVM%  Diversity index
TR H = Number of bubble 47.06 41.18 11.76 32.19 0.95
Kk Plant height 79.41 20.59 58.14 1.61
FEIE Plant width 26.47 58.82 14.71 26.88 1.92
EJ5 & Gross mass 47.06 44.12 8.82 30.00 1.23
445 Number of outer leaf 97.06 2.94 11.21 1.88
% i & Net mass 3235 67.65 21.82 1.93
Ik ¥ Leafy head height 73.53 20.59 2.94 20.59 81.03 1.95
I ER1Hi42 Leafy head transverse diameter 76.47 23.53 24.81 2.06
R AMHK Max outer leaf length 11.76 44.12 44.12 24.23 1.79
KA 5E Max outer leaf width 26.47 58.82 14.71 26.88 1.91
N % Number of inner leaf 26.47 44.12 29.41 29.98 1.95
FIK Petiole length 26.47 55.88 20.59 27.26 1.83
% Petiole width 5.88 73.53 20.59 18.91 1.99
H I JE Petiole thickness 11.76 88.24 13.73 1.57
Fi%i 25K Stubby stem length 58.82 41.18 26.13 2.03
T F Cotyledon area 41.18 58.82 16.18 0.79
HE% % Pubescence density 38.24 35.29 26.47 58.43 1.08
i3k 9] Harvest period 5.88 85.29 294 588 22.04 0.54
20 AR Purple core area of inner leaf 20.59 61.76 17.65 25.38 0.93
FIH it Cotyledon color 64.71 2353 5.8 5.88 56.30 1.05
$Ui Tk Disease resistance 88.24 8.82 2.94 26.45 0.40
AL Outer leaf color 47.06 44.12 8.82 51.08 0.93
A I M Growth habits 294 8529 882 2.94 22.56 0.52
JEEFE Glossiness 75.68 23.53 41.28 0.74
2531k Waveform of leaf margin 61.76 8.82 29.41 41.90 0.91
245 U7 Leaf margin sawtooth 100.00 0.00 0.00
Rk &£ Vein distinctness 76.47 23.53 34.86 0.55
BRI Head shape 91.18  2.94 294 294 28.77 0.29
14257 Holding type 88.24  11.76 11.35 0.36
THiFB IR Top shape 294 58.82 2647 22.19 0.77
Gt i Petiole color of outer leaf 588 44.12 35.29 294 1176 39.16 123
KR ZEIIR Stubby stem shape 588 8.82 23.53 61.76 29.26 1.06
HERIEH Leafy head bolting 76.47 23.53 23.53  34.86 0.52
Wit Core color of inner 100.00 0.00 0.00
T KL €4 Purple veins of seedling 64.71 3529 35.85 0.65

FSE A KA DL, O A K IR T PCS v 4 4 25
AR, Ui PCS 55008 €0 K A S i 22 vk
RIS, RO EE R T

o 5 B MR R R MR AT 5 AN R 1S
I3 1E DU 34 4y KA B R SR AT S R IR BR
P 4.6 4borh 4 DB 3D BIREER S 7
P AERL, A B G BRI T TR (38 s SE TR
1L A RE, 9 B GKBR A K 138 SRR 7
B AERL, o AL ER B T K A3 SRV 9
. 58 .

N

B IR, R 53 9 B Gk BR ALK 3, H 23ZS7-4
B BGLERAY K 32 ,232C9-1 MG L Bk ALK
F3%. LA LLE H, 3% PC {H 1 R 4s B HER
o INT I I SN A s Vs 291 VD N . ST )
ZR,BMT MRS, BRMRERE TR
ERBE LRIV E N 55.9%
2.5 SSRHIFIZEES

DA 34 4 2548 (5 K 52 H 22 5 DNA SHBERR, {8
H 28 XF Z B MEFEE W5 AT e ey 3,
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Fig. 1 Cluster analysis of purple-orange Chinese cabbage based on thirty-five agronomic traits

237C28-4

VE: AL SBEIEEHCERARL B, SBIEREHMRRAEL C. SRR EM R D. SBIVISHHCE M HL

Note: A. Representative material of group I; B. Representative material of group II; C. Representative material of group III; D. Representative

material of group IV.

2 ZPEABARREMRBEF AR LRI ERFSFEER

Fig. 2 Leaf heads and characteristic traits of different groups in the clustering of horticultural traits of purple-orange

Chinese cabbage
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Table 8 The loads of nineteen quantitative traits on the
top five principal components and their eigenvalue,
contribution rate and cumulative contribution rate

PR Trait PC1 PC2 PC3 PC4 PC5
I 3] 0.046  -0.014  0.386 —0.135 -0.451
Plant height

PRI 0.034 0249 0344 -0.140 -0.071
Plant width

EEY b 0.364 0.158 -0.073 -0.033 0.292
Gross mass

LA 0.220 0.139  -0.099 0.278 0.040
Number of outer leaf

1 i 0.356 0.246 -0.006 -0.002 0.210
Net mass

IER = 0.331 -0.056 -0.197 0.274 —0.187
Leafy head height

R AR 0.304  -0.096 0259 -0.090 -0.310
Leafy head transverse

diameter

SN NN 0374  -0.190 -0.030 0.015 0.021
Max outer leaf length

T KA 5 0.334  -0.191 -0.069 0.032 -0.003
Max outer leaf width

LRVIRIS 0.395 -0.178  0.061 0.057 0.050
Petiole length

T e 0.002  -0258 0237 -0.331 0314
Petiole width

L E 0.027  -0234  0.190 -0.316 0.461
Petiole thickness

A -4 0.026 0.517 0214 -0.093 -0.069
Number of inner leaf

JSEESS 0.162 0.439 -0.079 -0.263 0.088
Stubby stem length

PR T80 THT A -0.149  -0.033 -0.022 0418 0.077
Purple core area of

inner leaf

TR -0.024  -0247 0419 0290 0.036
Cotyledon area

kA -0.111 0244 0224 0406 0.357
Harvest period

HEHE 0.119 0.081 0244 0.122 -0.175
Pubescence density

R A -0.055 -0.026 -0.412 -0.260 —0.185

Number of bubble

FRMEME Eigenvalue — 4.771 2,556 2223 1.666 1.365

TTHRE 25.11 13.46 1170 877  7.18
Contribution rate/%

Rt Tk 25.11 3857 5027 59.04 66.22
Cumulative

contribution rate/%

FHER T

Feature factor

ZAEWT WERETAEK S mA

Composite Leafy T T T

factor head Growth Area  Leafrib
factor  factor factor factor

&9 MANREMIRTET S NEM IR EFFEE.
G €IS gy
Table 9 The loads of fourteen quality traits on the top five
principal components and their eigenvalue, contribution
rate and cumulative contribution rate

IR Trait PCI PC2 PC3 PC4  PC5
T 0.416 0.288 —0.041 0.073 -0.159
Cotyledon color

Ptk -0.082 0.083 0.156  —0.601 0.385
Disease resistance

Ahmgita, 0.108 0.518 0.133 0.161 —0.266
Outer leaf color

R 0.115  -0.123 0.250 0.621 0.124
Growth habit

DARE S 0202  -0.506 -0.016  —0.101 -0.174
Glossiness

IR TR AR 0.354  -0.345 0210 -0.235 -0.028
Waveform of leaf margin

Ik def B R 0.339 0.077 0.063  —0.037 0.156
Vein distinctness

BB 0.326 0.246 0353  -0.184 0.231
Head shape

EUREE At -0.355 0.104 0.365 0.088 0.118
Holding type

BRI T AR -0.118  -0.010 0.444 0.178 0.378
Top shape of leaf head

At e 0.387 0.269 -0.179  -0.033  0.120
Petiole color of outer leaf

VSEGESIZIN 0.094  -0.071 -0.330 0.208 0.585
Stubby stem shapes

HERTERE 0.077  -0.033 -0.401 0.126  0.338
Leaty head bolting

T 0315 -0.304 0.285 0.137 -0.038
Purple veins of seedling

FFE{H Eigenvalue 3.070 2.382 1.878 1.538  1.082
TUER % 21.93 17.02 13.42 1099  7.74
Contribution rate/%

Rt vk 21.93 38.95 5237 63.36  71.09
Cumulative

contribution rate/%

KRR T oty gt HEREE A dhE
Feature factor S A Leafy K+ HF

Compos- Color head Growth Sprouts

ite factor factor factor factor factor

B 1 23ZS115-2 5 HARM RLEAL B S B RS0, Rk
MRL 2 100383 4% BE B R BN IE SR, %A B R 2K
BRIy 2k . fERZMEIRE KA, 23Z8115-2 5
237C7-3.23ZS11-1 T A—3, 7£ SSR fric R K
237S115-2 B 5 237C7-3 1 23ZS11-1 ¥7E4E — K
B HPE B A . HE— DRI, A 2R R
5 SSR i id B 2K — B M 1R K (Kappa & %=
0.09).
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Fig. 3 Cluster plots of the top five principal component scores of 34 purple-orange Chineses cabbage
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Fig. 4 Cluster diagram of SSR molecular markers in 34 purple-orange Chinese cabbages
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B AL B VS E RS . AR —EREE
S8 Rk R B (¥ ik ity , K 22 BUTE 8B RS IR T3S
REAE WL AR T, R 2 B, Bk 35 MR
BUPEAR XS 34 13 606 6K E S AT T R %558 W AH
KM AT, 5 33 AR A MHRIEAT T 32 8440 i A
FERGE R Z T, WA T 8RR (0 K 1 38 = BRI
75 S T AN [R) P AR D) R AE G 5% 2R 5 3K S o 5
BIFIASEARIE G IEEZER TR S

A S FR B 7 02 A A R 1 7 S i A A
B, ZREMEIR BRI MR FE TR, =&
A RFIR M E B bR, AR, BR
FRHE Z R BN EBCR , 2R R
i BET UL B AR AR TR I Z AR . A RIE TR AR
FRERT 10%, ZFEPEFRECR T 1.000 BN £
PEFERE = P00 FEARHIE T, BRI R 1 R BR Y
B AL, AR MR 7 REGI KT 10%. BRIl
RIS H B - T R WACER R P 0 T AR 4B
(1 15 MEMR ZFEERECI KT 1, REMR
HRR T I AR U R 4E 2 TR I 2 R
PEFREOR T 1, AT WA H TEA 50 A I FH 1) 34 145
PR MR SR A+ E R B 2

F 5 o3 T RN AN AR B E I 4 M AR ek
BN HEEB BN —MZ st o ik, 38
2 TR R BUER B PR A0 43 2809, 235 % PC
B4 34 R K AR HZ R R 4 AR
S B 2 B K)oy W 6, a0 B /D 8 11 32 A 00 v B O
GTRZHERMZHEE . "a TR ZHESR
PELEHR RGBSR 2R R R — S K
(Kappa Z%(=0.384), H1 It 1 PC 18 F2K 45 R 54k
SRR e A A A (A 2 5 50, BRI
DRt 2 ik A feit— i gt .

AHEFiH, SSR FRid KM 34 B 0K H
KERLRMERI AT 3 NEE, TR EHIRE
R RT 4 A KEE B 1 — BRI (Kappa &
$=0.09) , 1% 5 Z2 A TE 45 R — 8. A
BHE) Z 18 k5 7T LUK B, SSR Anicd BSH K 2 Hok
WEAR TR B A & AMRLRI A 75 T 1R — 288, X R B
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RORAE T UK I R A A S AL AR 57, BRI R B
REVERIEA SSR FRit R BA—F., HIF
RITET, BAAAGRIG BT I SSR bR #5034 21 H oy A

FERE M) 10 s34k B (BTG E SSR Frid

f) DNA 2 51t — 5 5 A I 1 & 1) R A R A

IR, IR [FAEAFAE T S0 BRI 2 22 P35

e RIS 7 2 T A S I BF AT I T K

FI SRR 7 R BPER 1T SSR AR i) DNA A g &

55 i e BRUPR) 2 24 PO PR AH SR MEAR BRAN AR DG 1 B B, 1A

2 FHERME RS SSR Arid M4 K=+

Z 5 WAk, ZHERAEIRE B 2 2 R S A e 1Y

B | B DR E e gk R oA A — 8 350, A

G BT I 28 X SSR Aric karilll i) AT 5E 2
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BB AL 2 5, e rh AR T AR B R L AR S A T R Y

AR 5, PO 45 R — SO IO T 5 R A SR

SSR FRiC 122 2D, R L AE A P ot B3 Y 468 % TR o

%4557 FE YA 7l SSR FRid P A &5
25 L RTIR , 34 4 SR 10K M o B BT R

FEMRM SR FE R P 2RSS & F

B O, MR b B ) AR R R AR,

BHABKE A R 770 Bk BE L i BR A

1 BOR A IR R AP REAR 25 R

AN B 5 i B J R N9 5 R I T AR G R

RUEMREBRG IR BRER G RE S, 5

SSR 7 T Fric R M 45 R — BUEIRAC, ZEAE VR BT

BEUE A VRN Hh N 45 S 25 IR R AL AR 5 A SSR R

WCMRhEE R .

SR
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