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Cloning and Analysis of ChsGene in Cabbage (Brassica rapa) Vegetables
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Abstract To explore the DNA polymorphism and evolution of Chs genes in Chinese cabbage vegetables, the Chs DNA
sequences from Brassica were cloned and sequenced. By aligning these sequences and analyzing DNA variations in Chs loci, no
insertion/deletion more than 3 bp occured in the Chs sequences, indicating a low level of DNA polymorphism in Chinese B. rapa
vegetables. A maximum likelihood analysis showed that the B. rapa sequences were separated into two well-supported groups. Clade
one included Shandong Chinese cabbage, broadbeaked mustard, Yaan Chinese cabbage, purplepakchoi, Chongging Chinese cabbage,
and Yili wild rapeseed, which were more evolutionary. Clade two included Guangxi flowering cabbage, pakchoi, Yaan Yellow
rapeseed, turnip, and Fuling wild rapeseed, which were ancestral types. Median-joining (MJ) network analysis showed that no
obvious star like structure was found. It indicated that no common ancestor was found among the B. rapa. A Splits Tree analysis
indicated that both tree and reticulate evolution existed among Chinese B. rapa and its related plants. This supported the evolution
hypothesis of “Differentiation Origin” model in Chinese cabbage. The modern Chinese cabbage vegetables were evolved from more
primitive ancestors. Many reticulate evolution events occured during the evolutionary of Chinese cabbage vegetables.

Keywords Cabbage vegetables, Chs gene, Genetic diversity
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BFEEZR. B, BRE. W, 0. FRA
JEH (a0 AR, 2002; AREENNSE, 2008). 4 T
T AR H IS K R, A 2508
R =5 1 SRR BR3P ot 2R, A I ot 2%
PR PEm BRSO RN TAE # L 1
oo MO TR SR KRB &
WL ZREE, AT DO B SRR IR S5 F A
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FRBHM BRI S . FMEIRZE(2001) F1EE
025(2002) 4> BRI AFLP AR89 T T AN 3824
PR Z AR R, BINAEE 5 EM R
FREREBAL P B . ] 42 5 55 (2003) W 7L A Ak
J7 /N SRR T T A SRR GG, A SR R T SR R
i, RpEF RN IR . RINESE(2006)
FIF RAPD Fricfs 64 4 K H S BEIR 53H 6 K3,
NSRRI & 125, 2T RAPD 4rFhrid,
MRER TN 55 (2008) K KGR i 2 K 10 41, Wl
R ISR AN TEE RN A SR BN R, KA
KA — T, X 41855 (2014)FH SSR 5
10K 191 MIANEEER I3 ik 6 95, SRR IR S5M k)
M SRR IR O . 7 2 55(2015) K A SSR AT InDel
FRich 19 17 F BRI B 2 RRHE. 4 N/ NEE.
445 (2015) F ] SSR 23 ThRic 0 73k E
FTH AN 20 NS MFPIRIFERG KRR, ¥ 20 M
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TN 3 A ) 58— B R IR, 7 /R
SREEERYER B, AR KIS, UV B,
PURALEISE 7 A & o> EEREH A H
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L Chs 2K . HE A= A1 Chs FFI# kR
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3. AL A A2 5304y A BRI Chs 771, Al
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BT AGTATGITATGTGTATAT
MNeTAGTATGTTATGTGTATAT,
MNETAGTATGTTATGTGTATAT,
12 G MNECAZL . . GTTATGTGTATAT,
e TOTCACTTTATATGTATIT.
MNETAGTATGTTATATGTATAT,

e TAGTATGTTATGTGTATAT.
MR TAGTATGTTATGTGTATAT.
e TAGTATGTTATGTGTATAT.
e TAGTATGTTATGTGTATAT.
e TAGTATGTTATGTGTATAT.
NN TAGTATGTTATGTGTATAT.
e TAGTATGTTATGTGTATAT.
ETAGTATGTTATGTGTATAT.

VED A RATE 996~1 054 bp 2 [HIFE N/, B KAETE 1297~1 378 bp 2 [A] (4G N /B 2K

Figurel Partial analysis of the Chs sequences comparison

Note: A. The insertion/deletion occured at 996~1 054 bp; B: The insertion/deletionoccuredat 1 297~1 378 bp
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Figure 2 Phylogenetic tree of Chinese cabbage vegetable
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Figure 4 Median-joining (MJ) network derived from the
sequences of Chs gene

Note: The numbers between points indicate the number of
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Figure 3 The reticulate evolution pattern based on Chs sequences
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intermediate haplotypes that were not found in the analyzed
individuals
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3.1 REA R

L 11 A BACKRYE K A SR BR e ab Al 1 6 st
RITabA S 2 40 H SRR AR 2 4 R A b
TR T RLCE 1),

3.2 DNA #E

ERE TR P AR AL R T, SRR
W2 3 g TR A HTEE, KA 2>CTAB 74
2 IF itk 3L K] DNA (Doyle and Doyle, 1986).

3.3 PCR #"# & DNA JUif7

Z3d PCR Y14 )5, 521 v Befe Chs ZERH (1)
B LM 24NET, FHIKE R 1 200 bp 4.
Chs ZLNY #5454 ~: Chs-F: 5-CTTCATCTG
CCCGTCCATCATACC-3', Chs-R: 5-GGAACGCT
GTGCAAG AC-3'(Zhang %%, 2010), PCR #" 1k £
N: 12,5 pL 2xTaq MasterMix, . F54#% 2 uL,
DNA 1 uL, RNase Free Water 7.5 uL, #t25ul.
¥ PCR ¥ HEFEF N: 95°CAEME 5 min, 1 AMEE;
95°CAM: 60 s, 55°CIBK 60 s, 72°CZEfH 2 min,
35 MEIR; 72°CZEfH 10 min; 12°C{R7F. kG
FIH AxyPrep DNA %5 [FIRCGR R & X H (1) PCR 7=
VAT RIS ZliAL . R Atk 5 9 S8 = iE e 2
JFR KL AR PMD18-T(TaKaRa) I, P iz 2 KW
M B DHSa, fES AR NH & RMREFREE B3k
FEKIGFF B2 A TR, PR 3~5 NPAMESLRE, &%
JEFEHEAT DNA WP P i i sE TAEY) TR
PR F] 58 R

1 DNAman6.0 #EATFFIEXS, A E2E F
4 Chs FEH IR 519 . i 2] A ZERZHHE 5517
N 5-GCATTG ATC AAC CTC TTG TAACT-3' (|-
51%71), 5-GGA ACG CTG TGC AAG AC-3' (T35l
). B REHARREIH: 5-TTG CAT AAAGTC
ACA CAT CC-3'(_-51%1), 5-GGA ACG CTG TGC
AAG AC-3' (F514¥).
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% 1 APEISKIE % Chs B 518t 5

Table 1 Geographical origin of the Brassica rapa accessions and Genebank number of Chs sequences

W5 MRHAARR REOAE WT 4 MR IR Genbank & 3% 5

No. Name Chromosome  Latin name Source Accession No.

1 22 A3 (H ) AA B. rapa var. pekinensis VO 145 #E 22 T KP301145
Yaan Cabbage Yaan, Sichuan

2 AR BF(AZE) AA B. rapa var. pekinensis I AREGrEET KP301146
Shandong Cabbage Shandong, Jinan

3 HRAFE(E3R) AA B. rapa var. pekinensis FERMHIALX KP301147
Chongging Cabbage Yubei, Chongging

4 BB (CLE) AA B. rapa var. purpuraria VU148 22T KP301148
Purple Caitai Yaan, Sichuan

5 AR AA B. rapa var. narinosa VU148 22 T KP301149
Takecai Yaan, Sichuan

6 Hx AA B. rapa var. chinensis P48 74 BT KP301150
Qingcai Xichang, Sichuan

7 AN AA B. rapa var. parachinensis  J U EEMTH KP301151
Guangxi Caixin Guilin, Guangxi

8 S AA B. rapa var. rapa VY114 22 T KP301152
Wuging Yaan, Sichuan

9 M2 F MR (F 3R ER) AA B. rapa var. oleifera VU )1|48 #e 22 T KP301153
Yaan huangyoucai Yaan, Sichuan, China

10 AL A S AA B. rapa var. sinapis arvensis #9445 A T KP301155
Yili yueyoucai Yili, Xinjiang

11 IR ESEE RITPAE )] AA B. rapa var. oleifera HR T FE X KP301156
Fuling wild rape Fuling, Chongging

12 T BB B. nigra HEmA AT KP301157
Heijie Yili, Xinjiang

13 R H W (CH ) cc B. oleracea var. capitata R B i KP301158
Shandong Ganlan Shandong, Jinan

14 Viidryia e cc B. oleracea var. botrytis VU 1 48 22 T KP301162
Yaan Cauliflower Yaan, Sichuan

15 WX A0 RR Raphanus sativus BT X KP301240
Fulinghongxinluobo Fuling, Chongging

16 iR RR Raphanus sativus T FEHE KP301241

3.4 BESHT (Maximum likelihood, ML) R4 Rk B M, FIH

FIF ClustalX(2.0)%} 222K 2% Chs ZE[H 751
AT 2 B HEE F1F TR IE (Thompson et al., 1997),
KRG F51)_EAL 2 NCBI s, 3K45 A3EKI%E
] Genebank 5 (& 1). f#H DNAMAN % f} £l
(version 6.0; Lynnon Biosoft)i#k1T 5 Lb Xt 407« K
PAUP4.0b10(Swofford D L, Sinauer Associates,
http://www.sinauer.com) %X 4 1 1) & K 8L 2R 7%
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MrBayes3.1.2 1 73 #r 2 47 15 14 F 2 H Ak 1t
(Huelsenbeck and Ronquist, 2001). % & 4t MR E
% % (The phylogenetic network reconstruction
method) 73 A7 M i FRAR AU 1) RGO R . H S F A
HyPhy &4 1) GARD 5% 43 7l sl Chs 2 (K1 40
T WETLANET+NE THEARGE, 4580%
W] Chs P4 7 NIEHE A DNA J7 4 (Log
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Likelihood=-5816.39, AIC=47251.54), F|H 4 & T
FIECHE TR 2 N 2% 3 2 &l ((Bandelt et al., 1999;
Pond et al., 2005)). 3% Network 5.4.4.0 % fF (Fluxus
Technology Ltd, Clare, Suffoik, UK) (1) o414
2%7%(The median-joining network method)i3k47 I’k
LRI

(A

I i AT 7 ) S 6 e T AR S8 T 7 11 4k
TN TP i, RSN S fE
SRR @S 5Bt SRin s R whiaie
T H K EE LTt N, fe e seinielt, BdEay
B, WIXEESEE BRMFLHS S Chs 2P
SRS . AR E b 5 R R A & I SOR

e

AHEFE A B R A BT I H (22011143)
K m &L 8 BlOBA & Bt kil 88 B Bl H
(KJTD20132). # K 17 #2335 H (KJ121304) il 5
Ko ows B XORE & oot R B B B (FLKY,
2012ABB1085) 3% A % Bl .

SR
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