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QTL Analysis of Important Horticultural Traits
of Chinese Cabbage-pak-choi

WU Caiqun SHI Xiang LIU Dong-mei

( College of Agronomy Jiangxi Agricultural University Nanchang 330045 China )

Abstract: In order to exactly locate QTLs significantly affectting various characters their hereditary
effects and interacting rules at the transcription level in this study the inbred line ‘Aijiachuang 97 —3 =27 of
Chinese cabbage-pak-choi Brassica campestris L. ssp. chinensis Makino the inbred line ‘Baimanjing 001 - 24’
of turnip B. campesiris ssp. rapifera ( Matzg.) Sinsk and F¢ recombinant inbred( RIL) population were used
as the experimental materials adopting cDNA — AFLP and ¢cDNA-SRAP technique a high-desity transcription
map with 1 048.4 ¢M length comprised of 311 molecular markers and 14 linkage groups was constructed. And
using mapping analysis software of QTLmapper2.0 based on mixed linear model the QTL mapping analysis of
the F¢ group was conducted 42 QTLs controlling 12 horticultural traits including protein Ve plant height
stretch degrees etc were detected and located on the 14 linkage groups the hereditary effect of a single QTL
and interactions genetic effects of QTLs were figured out.

Key words: Chinese cabbage-pak—choi; high-density of transcriptome map; QTL; interacting genetic
effect

( Brassica campestris L. ssp. chinensis Makino; syn. B. rapa L)

. QTL

12011 -11 =28 12011 -12 - 14
: (30660109)
(1964—) E — mail: wucj12@ 126. com.



2 : QTL * 245 -

o

1-3

Brugmans S
mRNA o
N O . N 5
F, 8 24 QTLs. 0
o ! DH 9 QT1.37
o QTL o
RIL cDNA -
AFLP RNA cDNA - SRAP
QTL QTLmaper2.0  RIL QTL
1
1.1
(97 -3-2) (001 -24) Fs
RIL WF ( RIL) 2007 9 10
o F, RIL
2008 9 10 o
1.2
1.2.1 N TRIZOL
RNA cDNA Super SMARTTM PCR ¢DNA Synthesis Ki o c¢DNA - AFLP
c¢DNA - SRAP o cDNA - AFLP :

Taql adaptor: 5 — GACGATGAGTCCTGAC -3"; 5" — CGGTCAGGACTCAT -3~ Taql 57—
GACGATGAGTCCTGACCGA -3Tagql 15" = GATGAGTCCAGACCGANN -3,

Asel adaptor: 5° — GCGTAGACTGCGTACC -3, 5" - TAGGTACGCAGTC -3~ Asel 150 -
CTCGTAGACTGCGTACCTAAT -3"Asel :5" - GACTGCGTACCTAATNN -3~ N
ATCG 16 o

cDNA - SRAP 8 Me "M -ATA M-AGC M-AAT M-ACC M-AAG M -TAA
M-TCC M-TGC(M 5 TGAGTCCAAACCGG-37);11 Em :E-AAT E-TGC E-GAC E

-TGA E-AAC E-GCA E-CAA E-CTG E-CGA E-CAG E-CCA(E 5 GACTGCG-
TACGAATT -37) . o

F, ( RIL)
1:2:1¢( 3:1) f? o Mapmaker 3.0 o
1.2.2 QTLs :  RIL 183
F, RIL ( RIL )
8 9
SUG. PRO Ve o
QTL QTLmaper2.0 ' RIL QTL o

a=0.01 QTLs  QTL P<0.05 QTL



* 246 - 34

2
2.1
3:1 ¢DNA -AFLP  c¢DNA - SRAP 14 Mapmarker
1 048.4 cM cM 3.4 cM
14 311 .
c¢DNA - AFLP c¢DNA - SRAP %

(1) . ¢cDNA - AFLP.cDNA

ﬂ

R T A S T R T T

~ SRAP ;

: 311 164 i

147 :

1:1 o
RIL

QTL .

2.2 QTL i
QTL- -

mapper2. 0 F QTL s
QTIA2 i

14 ( 1 1 N

2 3). QTL 4 ;

‘qPH-1-1.qPH -3 -2 .qPH
-3 -3.qPH -8 - 4

LG1.LG3 LG8 : —_—
qPH -3 -3 o T
6.63 cm X . E OTL
qPH -1 -1 Fig.1 Transcriptome map of F, population derived from the cross of
4.58 cmo B. campestris L. ssp. chinensis and B. campestris L. ssp. Rapifera and
qgpPH-3 -3  ¢PH -8 -4 the distribution of QTL for main horticultural characters in the map
2.46 cm.
QTL 3 :gqNL-1-1.gNL-4-2.qNL-11-3 LG1.LG4  LGI3
. gNL-1-1 gNL-4-2 4.26
gNL -4 -2 3.25 gNL -1 -1 gNL -4 -2
1.24,
QTL 8 :qWP-1-1.qWP-2-2.qWP -3 -3.qWP -1 -4.qWP -5 —-5.qWP
-6-6.qWP-7-7.qWP -9 -8 LG1.LG2.LG3.LG5.LG6.LG7 LG9S o
qWP -3 -3 36.62 ¢ qWP -3 -3
5.14 g.
QTL 3 :qLL-1-1.qLL-3-2.qLL-4-3 LG1.LG3 LG4
o qglL -4 -3 6.47 cm qglL -1 -1
1.12 e¢m,
QTL 2 :qLW-3-1.qLW-4-2 LG3 LG4 .

qgLW-3-1 LW -4 -2 4.95 cm;
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qgLW -3 -1 qLW-4-2 1.27 cm.
QTL 3 :qPL-13-1.qPL-12 -2.¢qPL -11 -3 LG13.LG12  LGl11
o qgPL -11 -3 5.43 cm;
gPL-13 -1 qgqPL-12-2 2.16 cm.
QTL 3 :qPW-10-2.qPW -7 -2.qPW -2 -3 LG10.LG7 LG2
o qgpW -10-2 qPW -7 -2 1.94 cm;
qPW -2 -3 0.61 cms.
1 QTL 2 :¢gPD,-7-1.qPD, -9-2 LG7 LGOS o
gPD, -7-1 gPD, -9 -2 1 9.17 cm;
1 gPD, -7-1 gPD, -9 -2 1 1.83 emo
2 QIL 2 :gqPD,-8-1.qPD,-2-2 LG8  LG2 o
qPD, -8 -1 2 4.61 cm; 2 qPD, -8 -1
2 1.25 cm.
Ve QTL 4 :qVe-13-1.qVe-10-2.qVe-1-3.qVe -2 -4 LG13.LG10.
LG1 LG2 o qVe-13-1 qVe-10-2 Ve
0.014 2 mg/g; Ve qVe -10 -2 Ve 0.002 2 mg/go
QTL 4 :¢SUG -8 -1.qSUG -3 -2.qSUG -6 -3.qSUG -1 -4 LG8,
1 X F, QTLs

Tab.1 Locations of QTLs of the main horticultural characters with F population derived from the cross of

B. campestris ssp. chinensis and ssp. rapifera

i QTLi J QTL
Traits QT Q.
LG Marker interval Site Denoting of QTL LG Marker interval Site Denoting of QTL
PH 1 mel —em3 —185 ~me3 —em5 -242 5.0 qPH -1 -1 2 me2 -emb -408 ~me7 —em2 -257 6.2 qPH -3 -2
5 me7 —em5 —357 ~ A8T10 - 318 3.8 qPH -3 -3 9 A8T6 -258 ~ AI12T11 -262 6.5 qPH -8 -4
NL 1 me3 —em3 -198 ~ A17T4 - 108 24.4 gNL -1 -1 4 me3 —eml -367 ~ A17T14 -362 8.3 qNL -4 -2
11 me4 — em5 —-382 ~ A9T14 -327 21.2 gNL-11-3
WP 1 A15T16 - 126 ~ mel —emd -365  31.1 qWP -1 -1 2 A9T16 - 286 ~ A8T6 —262 27.0 qWP -2 -2
3 A18T9 -227 ~ A7T15 -223 26.4 qWP -3 -3 1 ATTI5 -212 ~ AI5T12 -314 134.4 qWP -1 -4
5 me3 —em5 -415 ~ A9T14 -221 18.9 qWP -5 -5 6 mel — em4 —283 ~ A8T16 -275 11.4 qWP -6 -6
7 A17T17 -253 ~ A10T7 -218 16.7 qWP -7 -7 9 A6T11 -274 ~ A17T14 -365 12.8 qWP -9 -8
LL 1 A11T8 -267 ~ A12T7 -246 61.3 qLL-1-1 3 A18T6 -232 ~ A11T8 -265 32.9 qLL-3 -2
4 me3 — em4 — 194 ~ A6T7 - 326 22.3 qLL -4 -3
Lw 3 A8T10 -267 ~ A12T11 - 102 58.0 qLW -3 -1 4 me5 —em5 -278 ~ A7T8 - 231 39.5 qLW -4 -2
PL 13 A11T17 -262 ~ A9T14 -274 2.8 qPL-13 -1 12 A10T7 =315 ~ me8 — em4 —296 7.2 qPL-12 -2
11 A8T10 - 283 ~ A8T6 - 258 7.3 qPL-11-3
PW 10 A8T6 —258 ~ me3 — em4 —263 4.3 qPW -10 -2 7  me2 -em3 -321 ~me7 —eml -426 2.7 qPW -7 -2
2 me2 —em5 -414 ~ A15T9 - 284 1.6 qPW -2 -3
IPD; 7 me2 —eml —384 ~ A6T7 -345 51.1 qPD1 -7 -1 9 A17T17 -258 ~ A16T13 -282 36.5 qPD1 -9 -2
2PD, 8 A12T11 -262 ~ A19T4 -252 24.3 qPD2 -8 -1 2 me6 — em5 —264 ~ A12T11 - 102 32.3 qPD2 -2 -2
CVe 13 A5T16 -216 ~ A9T10 - 324 27.4 qVe -13 -1 10 A5T16 -263 ~ A8T18 - 326 38.7 qVe -10 -2
1 A1IT10 -214 ~ me3 —em5 -406  57.2 qVe-1-3 2 A9T16 —286 ~ me2 — em8 —367 95.7 qVe -2 -4
SUG 8 mel —em3 -261 ~ A17T14 -365 81.2 qSUG -8 -1 3 A17T17 -253 ~ A7TT15 -223 21.8 qSUG -3 -2
6 A11T8 -267 ~ A11T7 - 106 44.5 qSUG -6 -3 1 me4 — em6 - 382 ~ A8T16 -315 115.4 qSUG -1 -4
PRO 12 me2 - em3 —276 ~ A11T17 - 281 36.2 qPRO -12 -1 14 me2 —em4 —462 ~me6 —em3 -384 2.6 qPRO - 14 -2
5 A6T7 -326 ~ A6TT - 345 65.7 qPRO -5 -3 2 me2 —em8 —367 ~ A18T4 - 185 110.3 qPRO -2 -4
QTLi QT QTL; QTL
cMo

QTLi and QTLj are a pair of putative QTLs in genetic model for two — dimentional search; Position here is the map distance

of QTL from the left marker interval in which the QTL located; unit is ¢M.
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LG3.LG6 LGl . qSUG -8 =1 ¢SUG -3 -2
0.001 8 g/g.

QTL 4 :qPRO-12-1.qPRO - 14 -2.qPRO -5 —=3.qPRO -2 -4
LGI2.LG14.1LG5  LG2 . qPRO-12-1 qPRO -14 -2

12. 34% DW; gPRO-12 -1 ¢PRO -14 -2

2.67%DW.
2 x F, QTLs

Tab.2 Genetic effects of QTLs of the main horticultural characters with F; population derived from the cross of

B. campestris ssp. chinensis and ssp. rapifera

Traits iQTLi JQTLj iAi iDi iAj i Dj AAij ADij DAij DD
PH  qPH-1-1 qPH-3-2 2.63 4.58 -0.34 2.57
qPH-3-3  PH-8-4 3.44 6.63 1.52 -2.46
NL  gNL-1-1  qNL-4-2 1.84 -1.16 3.25 4.26 -1.24
GNL-11 -3 2.34 2.17
WP qWP-1-1 qWP-2-2 -1.56 9.18 4.35 -2.16
qWP-3-3  qWP-1-4 36.62 -5.14 3.42
qWP-5-5 qWP-6-6 -2.19 7.04 5.15 7.34 5.38
qWP-7-7 qWP-9-8 27.28 4.56 12.3 8.75
LL qlL-1-1 gLL-3-2 -1.12 4.25 2.86 -0.96 2.08 0.46
qlL-4-3 3.55 6.47
LW qLW-3-1 qLW-4-2 3.42 -1.05 2.84 1.28 -1.27 4.95
PL  qPL-13-1 qPL-12-2 3.16 3.86 1.76 -2.16 -1.56
qPL-11 -3 0.66 5.43
PW PW-10-2 qPW-7-2 1.02 0.64 1.34 0.98 0.65 1.94
qPW -2 -3 1.25 -0.61
1PD; qPD;-7-1 qPD,-9-2 5.26 7.04 4.16 2.02 3.26 -1.83 9.17
2PD, qPD,-8-1 qPD,-2-2 4.61 ~1.25 2.86 2.86 2.15
C  qVe-13-1 qVe-10-2 0.58 0.25 1.03 -0.22 1.42 0.47
Ve qVe-1-3  qVe-2-4 0.36 0.58 0.83 0.13 0.89
SUG  ¢SUG-8-1 qSUG-3-2 0.12 0.03 0.08 0.18
qSUG -6 -3 qSUG -1 -4 0.09 0.05 0.14 0.06 0.16
qPRO =12 -1 qPRO -14 -2 8.45 5.34 4.82 2.45 12.34 -2.67
PRO qPRO-5-3 qPRO-2-4 4.56 6.31 5.23 11.12
AP Aj QTLi  QTLj Dj QTLi  QTLj : AAij. ADij \DAij  DDjj
QTLi  QTLj . 0.05 .

Ai and Aj are the additive effects of QTLi and QTLj respectively; Di and Dj are the dominance effects of QTLi and QTLj re—

spectively; AAij ADij DAij and DDij are the epistatic effects of additive by additive additive by dominance dominance by addi-

tive and dominance by dominance between QTLi and QTLj respectively; the data of table 4 marks significance level at 0. 05.
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Tab.3 Parents values and distribution in RIL population for horticultural traits of Brassica campestris ssp. chinensis

Values of parents RIL Distribution in RIL population
Traits Aijiao Baiman
huang jing Mean SD Rang Skewness Kurtosis
/em PH 20.12 34.56 28.43 6.64 32.62 -0.56 0.28
NL 13.64 8.52 12.35 2.83 16.34 0.96 0.72
/g WP 198.57 123.46 185.26 138.24 462.57 0.73 -0.23
/em LL 16.32 25.45 21.23 3.68 20.52 0.21 -0.27
/em LW 11.05 15.67 13.28 3.04 18.46 -0.37 0.83
/em PL 8.43 14.58 11.65 2.46 12.84 0.48 -0.38
/em PW 2.37 1.36 2.02 0.68 3.10 0.24 -0.70
1/cm PD, 22.32 41.28 36.63 7.97 41.23 2.14 3.56
2/c¢m PD, 24.56 34.14 31.67 5.73 28.64 -0.43 0.28
C( mg/100g) Ve 4.53 5.24 4.96 1.36 2.56 -0.72 0.58
(g/100g) SUG 0.58 0.46 0.52 3.28 0.34 0.67 0.45
/% DW 18.63 23.68 21.56 8.61 11.23 0.84 -0.34
PRO
QTL °
3% QTLs.
QTLs QTLs
QTLs o Eshed "
QTLs o “
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