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Correlation between floral characteristics, agronomic traits and oil content
of winter rapeseed ( Brassica rapa L.) in northern China

BAI Jing, SUN Wan-cang, MA Li, WU Jun-yan, PU Yuan-yuan, HE Hui-li, XU De-rong, YAN Jiang-mei,
CHANG Yu, XU Chun-mei, FANG Yan, LI Xue-cai, NIU Zao-xia, PAN Rong-de
( Gansu Provincial Engineering Research Center of Rapeseed, Gansu Provincial Key Laboratory of Arid Land Crop Sciences,

Improvement and Key Laboratory of Crop Genetics and Planting Innovation of Gansu Province, College of Agronomy,
Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: To study the correlation between the diameter of corolla and the 1000—grain weight and oil content
of winter rapeseed ( Brassica rapa L.) in northern China, twenty of different winter rapeseeds were used as
materials to measure flower size, agronomic traits, seed oil content and protein content, and real-time quantitative
PCR analysis was performed on the control gene mf 6, apetala and myb. The results showed that the diameter of the
corolla was greatly affected by the diameter of the pistil; The three principal components extracted from the princi-
pal component analysis could be integrated into the length of each trait of the flower, the diameter of the pistil, and
the width of each trait of the flower; Using the diameter of the corolla as an indicator, 20 Chinese cabbage-type
winter corollas were divided into three groups; Correlation analysis showed that the diameter of the corolla was sig-
nificantly positively correlated with the 1000 —grain weight, with a correlation coefficient of 0.663. 1000 - grain

weight was significantly positively correlated with oil content and significantly negatively correlated with protein con-
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tent. Compared with florets, the relative expression of mf 6 in large flowers were increased by 151.63% , while that

of apetala and myb were down by 83.80% and 72.70% , respectively. There was a significant difference in flower si-

zes among winter rapeseed ( Brassica rapa L.) varieties in northern China. In breeding, the 1000—grain weight can

be increased by increasing the diameter of the corolla, thereby increasing the oil production of rapeseed and cultiva-

ting the high oil content winter rapeseed ( Brassica rapa L.). mf 6, apetala and myb genes can regulate the growth

and development of floral of winter rape ( Brassica rapa L.)

Keywords: Brassica rapa L.; floral traits; agronomic traits; oil content; correlation analysis
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Table 1  Origin and characteristic of winter rapeseed ( Brassica rapa L.) materials
FBLZ FK Material AE7E EH A% Corolla diameter/mm R AFR Material T E L Corolla diameter/mm

Kl 4 %5 Tianyou 4 18.10~18.91 17QX47 20.69~22.1
P720 17.83~18.35 17QX91 16.97~17.83
12P1I-12 18.40~19.49 17QX94 15.48~16.83
KM 258 Tianyou 258 18.80~19.49 17QX125 16.88~17.77
KM 178 Tianyou 178 18.11~19.28 170X160 16.78~17.75
17PX14 16.86~17.64 17QX167 18.14~19.69
17PX17 16.01~16.76 17QX199 16.09~17.35
17PX31 15.19~16.46 17QX283 16.65~17.51
17PX37 17.27~17.70 17QX292 18.42~19.18
17GL63 17.95~18.42 17RTS10 18.85~20.86

E PR R il H R A ISR TR A O®EE .

Note: The materials in table were all selected by Gansu Provincial Engineering Reasearch Center of Rapeseed.

K H SYBR Green I YRl AT w9 E R 7.0~7.5 mm Z[8] (& 2F) ; MESE K (%) 4.71 ~6.39

mm ,40%7E 5.0~5.5 mm Z [0 (& 2G) ; HESE K 6.48
~8.73 mm,35% K BHHE 7.2~7.8 mm Z[8] (& 2H) ;
WS 42 0.59 ~0.83 mm, 65% #1 FHE 0.7 ~0.9 mm

PCR , BURAETR 4 ZIE B 1 dCT %
AR

Ratio(reference/target ) = 2C,( reference )—C,( target)
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Fig.2 The histogram of the main floral organ character frequency distribution of the participants
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4R 4 5 PZ20, 12P 1T - 12 Kl 258 K
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B 4 45 17PX14, 17PX17. 17PX31, 17PX37,
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Table 2 The characteristic value and variance contribution rate

of the three main constituent components of floral organ traits

F S e T 2R/ % BT 22 TR/ %
) FEAEE . .
Main R Variance Accumulated variance
K Eigenvalue L o
constituent contribution rate  contribution rate
1 4.103 41.026 41.026
2 1.485 14.854 55.880
3 1.104 11.036 66.916

R3 ABFUEREEIHSERTFHFERDE

Table 3 The feature vectors of the main constituent
of the floral organ traits
[EZTN F a4 Main constituent
Character 1 2 3
EEEZ Corolla diameter 0.488  0.226  0.030
AEIFK: Petal length 0.416 -0.139  0.189
HHESE Petal width 0.196 0.256 0.371
AE#E K Calyx long 0.373  0.075  0.011
HTE Calyx wide 0.096 0.139  0.712
MR K () Stamen length (length) — 0.334 -0.503  0.069
HEFEK (JE) Stamens length (short) 0.358 -0.452 0.060
MR K Pistil long 0271 -0.112 -0.418
HEEE A% Pistil diameter 0.300 0.375 -0.071
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4) , BLBHAETE AR R /N 51638 45 AR 1 KN 1)
A, L AZ MRS AR R
23 TEBRERERZERIEXME
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Fig.3 The corolla size dendrogram of 20 materials

of winter rapeseed ( Brassica rape L.)
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Fig.4 Regression analysis between Corolla diameter and other floral organ characters of tested materials
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Table 4 The correlation coefficients of floral organ traits and agronomic traits

WAL B R g ppugy TEROOMEROD pewr g ke

e b .
e ﬁl{k . Corolla  Petal Petal Calyx Calyx Stamen Stamen Pistil Pistil Bud
Agronomic traits diamet leneth dth lone i length length | diamet leneth
1ameter  lengtl Wi ong wide (length) (short) ong lameter eng
W #5 Protein content 0.199 -0.040 0.126 0.016 0.159  -0.006  -0.034 -0.220" 0.164 -0.057
43RBT Branch height 0.111  0.100  0.053  0.077 -0.002  0.162 0.181 0.137 0.129 0.045
—RIMAEEL Primary number 0.103  0.107  0.039 -0.096 0.069  0.070 0.065 0.010 0.071 0.008
RSB Secondary number  —0.240*  -0.078  -0.131 -0.160 0.083  -0.040  -0.065  -0.122 0.005 -0.067
) -
IWEJ“E 0.071 -0.085 -0.139 0.062  0.013 0.008 -0.033  -0.023  -0.149  -0.050
Length of main florescence
. "
. Iﬁa’%f”fﬁﬁI 0.117 -0.122 0.004 0.059 0.238* -0.065 -0.052  -0.057 0.097 0.048
Siliquae of main florescence
.
.. IR 0.196* =-0.117 =-0.117 0.257* 0.187  -0.016  -0.023  -0.170  -0.035  -0.050
Siliquae of complete stool
TR E 1000-seed weight 0.663"* 0.115 0.295** 0.292** 0.107 0.060 0.091 -0.145  0.419** 0.092
YRR 42 Yield per plant 0.123  0.100 -0.015 0.093 0.288** -0.109 0.058  0.294** 0.152 0.102
FIRKE Pod length 0.042 -0.002 0.019 0.172  0.088 0.078 0.139 0.070 0.091 -0.119
FRIEL Grain number per pod 0.029 0.131  0.032 -0.001 0.109  0.207 0.157 -0.024 0.177 -0.090

TE: = " FORTE P<0.05 AKF-BEARIC, “ =« "FIRTE P<0.01 KB EAR, T,

Note: “ * 7 indicates that it is significant correlated at the P<0.05 level, and “ * * ” indicates that it is significant correlated at the P<0.01 level.

The same below.

2.5 mf6.apetala T myb BEFRIEE XA e BT 151.63% , 11 apetala Fl myb 435 T
VR 4 S5 RAE (RAR) BT 5O E R T 83.80%.72.70%, mf 6 .apetala Tl myb TE/NEH

PCR 737, I 5 A, [ — B PIFE RN R e ST BOAHXS Rk B TC 25 22 5k MITE AL  mf 6 55 ap-

rhAEXS Rk AN R H 2255 53 mf 6 78 KAEH B P A etala 1 myb 225 5.3  apetala F1 myb Tl EVEZES
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Table 5 The correlation coefficients of agronomic traits with oil content and protein content

FyF R

o NN —K4 . " Xy~ o - o .
e mE o oawme S ke amm SR pmm o ommem sk s memes
. - Plant Branch . Length of Siliquae of 1000—grain  Yield per Pod Seeds Protein
Content . . Primary . . Number . e
height height main main . weight plant length siliquae content
number of strains
florescence florescence
Ao 3yl
-E it 0.029 0.046 -0.042 0.018 -0.042 -0.217  0.321°* 0.044 0.167 0.057 -0.856" *
Oil content
PN =N
ﬁa}ﬁ FER 0,040 0.012 0.072 -0.005 0.170 0.280 " -0.232" 0.043 -0.087 -0.085 1
Protein content
RIAM SR AL FAE I 58 15 15 AR ERCRN T4 1
. m T4 i T4 FIEARDC, JUHAE W B AR A B AR S TR )
2 a T4 floretapparatu T4 large flower apparatu o . N . N —
LE15f W IERSE MR A (0.663.,0.419)  BEHIIETE
I . S FME S 0 LA AR T 3 TR T LA
=1
5 I b ‘, A
i T HEMEM, EERS IR, H RS
TEZo05 o sk e N o N
k KEREMARECE D& B, 5 TR 52 AHC,
-4
e - . PSS AR B TE R, 5 TR R
$£ 4 Genes

TE ARR P EAR TR 5k B35 KF (P<0.05) .
Note; Different letters on the histograms capped represent sig-

nificant difference at P<0.05.
B 5 mf6.apetala T myb TEHIFRFHIRIZE S
Fig.5 Expression Analysis of mf'6, apetala

and myb in floral organ
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