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Abstract ; Brassica juncea (AABB, 2n=36) is one of the 3rd Brassica oil rape (the other two oil rapes are: B. rapa and

B. napus) in China, the species has many desirable traits, such as strong drought resistance and strong resistance to dis-
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ease and pest. As the important origin of B. juncea worldwide, China has rich valuable germplasm resources. In this stud-
y, we collected 34 B. juncea accessions from all over China, and planted all these accessions with three randomalized
replications in Guiyang environment. The fatty acids, including erucic acid, oleic acid, linolenic acid, linoleic acid and
stearic acid, was detected by NIR method in this study. All the detected fatty acids showed quantitative and normal dis-
tribution in Guiyang environment. Furthermore, we analyzed the correlations among the five above detected fatty acids,
the erucic acid and oleic acid are significantly negatively correlated, the linolenic acid and stearic acid are significantly
negative correlated, the linolenic acid and linoleic acid are negative correlated. To classify the 34 accessions for better u-
tilization in B. juncea breeding, the principal component analysis (PCA) was used and the results indicated that most of
the 34 accessions (30 accessions, about 88.2%) located on one same area, only several other accessions, that was
SL63, Lengjiao YC, T6342 and Changyanghuangjie, located on the separate areas. These scattered accessions had spe-
cial values in B. juncea breeding for their very different traits when comparied with the other accessions. Besides, we
BLAST two FAE1 gene sequences in NCBI website from B. napus (AACC, 2n=38) and B. oleracea (CC, 2n=18), re-
spectively, which were further used for designing specific primer for FAE1 gene, responsible for the regulation of erucic
acid in Brassica species. The primer showed a good amplyfication in the all the 34 B. juncea accessions. So, this study
proves that the B. juncea genome contains at least one FAE1 copy. In conclusion, the study detected the fatty acid con-

tent of 34 B. juncea accessions in Guiyang environment and also provides the useful FAE1 primer for the future gene

36 %

clone in B. juncea, all of which are valuble in the future B. juncea molecular breeding of China.
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H #5749 = ( Brassica napus, AACC, 2n=38) |
ﬁ%ﬂ{m%(f} Juncea, AABB, 2n=36)$ﬂﬁ%ﬂ?m
S (B. rapa, AA, 2n=20) 52Tk E 2= & & 1) — IR
VER) (] 42 3 55 ,2002) T 5+ T 23095 | BOFF U
Hu TSR AER S5E A R A P S T SR Bl SR Y B
BURHIE, FRERITSRANN S M BRI G, BA
FE AT, NGRS S Y BRI N A
FEAT R T HUIE L PR BEIRTE H i B S A SR B 5
H T, B2 AR L R M 1) 2 e o0 B ] vt e
A, ISR AR TR [V R M X A, Gt
VT 2= PR 73 ik PR R B L R g 1T,
DMER g, WA E R IR . R DR 2
IS SR B A B AR A G TR R AR TR | i
R MR AT RRIR S . o ST e R i 2
WA FERRIIR , K k& xhONLEr 4 & F ERT
A G E (R ABIN AR 2008) . T FE B AE H i A
SRR I R i < 3% (R R AR, 2003) i
IEIRANNRE th TR R Fh BT B IR Y B = | S BT
FRIT R BLMSE Sh a BT B, RE R AR 2 A A
12, A< 09 T AT A A Py I I st o (X0 S PR A%,
2005) o VHIR A FRASTRLRI AR 17 R, EL A 3% A1 I [ e |
IeE 00K , 28 TG 2 2 48 1 T (5K 4245, 2008 ), Uit
Hb SRR FVIM IR & T Z AN AR TR , BA Pl
N DA K e I QR (ER I S U /R i
B S A T 4 45 B 480 ( Tian et al, 2014)

Ut , s AR MR F B ST T ST SR AL SR B R
B AT B AR HAT AR

TR T IR R 17 R P (4748 S SO TR]
] B AR e A e B S R SR P P R R 2 (k%
25,2013 TEHKAR 20145 XI55, 2014 5 T g P AN {4
2015, TAEIESE 2015) , 254575 (2013) 184E 192
13 H W RIS SRR A 22 R B RBHAR, BT AN TR
MR RR I FR S 5, %ot AN [ A Wi A 18] 118 4 6k %
RO HEAT T 434, TRl B iR 3R A5 T 5 5k 2 i MR
WIEDY SSR FIAFLP FRic, PR = (2014) Xf 488
3 N A= BRI 4R 11 H W5 B0 SR 0 b S IR T T R
R 5 AR SRR IR PR, N BB T R 248
KA EFARL, R 3RS T 5304 B A 2 AL
PEIRAEICHR 9 SNP #5ic, AR RISE (2010) X 117
0y B A H 8 A 3 32 AR SO R A AR TR A kAT TR
For b, IR T e Z Mg X R, Eid
SYRTARAS T KE S E AR, X, JF R
MR AR IR & A S I b

FAET 3 A2 9 9 1 B A5 5 R O 1R 5 1l 1Y) 3
, AR IR TR RE T 1 28 728 1 v Bl & BN 26 52 1
KA (James & Dooner, 1990; Lemieux et al, 1990) ,
1EH #5825, Fourmann et al (1998) MR U5 EG 7T
H FAEL BIFERFHT T #1518, IFxf it A
PEATY AR AR5 T 2 4 FAEL JER$5 DL, 5
52 BN-FAEL.1 F1 BN-FAE1.2, Barret et al (1998)
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Table 1  Serial numbers, accession names and origins of the B. juncea resources

EL RSN LY S e V5 b H5 ARFRARR SR b

Code  Accession name Origin Code  Accession name Origin
1 FEETNZE Guidingku YC FtM Guizhou 18 “FHi#IT Pinglu huangjie BV Shaanxi
2 BNTEINZE Guizhouku YC FI Guizhou 19  SL63 PUJI| Sichuan
3 # - H2% Huangpingku YC FtI Guizhou 20 JI| 163 Chuan 163 PUI| Sichuan
4 T B33 Longliku YC #M Guizhou 21 A7 BHIMZE Jianyang YC PUJI| Sichuan
5 1 BFEZE Shigianku YC FM Guizhou 22 BRfAINZE Lengjiao YC Pu)i| Sichuan
6 LA H S Zunyi niverduo HIN Guizhou 23 #AIM3E Shennong YC P4)1] Sichuan
7 JFBH3% Yuanyang kucai i Henan 24 RFEHESE Yufeng zhancai P4)1] Sichuan
8 T6342 Wt Hubei 25 EREIHEE Mawei YC VU3 Xizang
9 TEK/NERT Jushui xiaocaizi Wt Hubei 26 & URIME Fuyuan YC Z ¥ Yunnan
10 KPH#IT Changyang huangjie Wt Hubei 27 AEM3E Huaye kucai Z W Yunnan
11 KPH#JF Changyang huangjie Wt Hubei 28 B Kunming gaojiao 27 Yunnan
12 B FHWHEE Qianyangku YC 15 Hunan 29 EWIEER Kunming gaoke ZFj Yunnan
13 £ Jil3% Shimeng YC M Hunan 30 EAFHh3E Kunyang YC 2 ® Yunnan
14 EBEFHT3E Liyang kucai Y95 Jiangsu 31 mFRIMZE Nanchong YC % Yunnan
15 1 PR 5% Boyangku YC YLV Jiangxi 32 BLE RIS Qianjiang mawei YC K Chongging
16 5El3E Wushi YC %20 Inner Mongolia || 33 4FE U1K Tongliang huanglin YC K Chongging
17 WHEihsE Hanzhonggao YC Bk P4 Shaanxi 34 HIRSE Tongliang YC HE K Chongging

WAEH RIS Y 4 T I IR IE R FAET 1)
2B DL CET (1647 bp, 4ih% 506 4~ 2 2L ) A
CES8(1 654 bp, %Wt 505 P& FEMR ) , FIFFiAE—4
UESE T HOE H IE AL SR th I IR A I #E HE ], Das et
al (2002) 7E A2 ( B. campestris, AA, 2n=20) FIH ¥
(B. oleracea CC, 2n=18) " 435l v b — > R ¥ T R
() FAET FEDI$E DL [a] i 4 B P AS 95 DL 45 1 i Y
MR FCRER) FAED B 98% P SRR I .
b, FAT T30 T HE T I 258 B 3R v AN (] ) 7 1R = 1]
FRAH DG | e H R 28 3 S5 vh I R ANl 1R 52 67 RH G
(JEZKBIFN X J5 A1), 1987 ) , Wi 4 -5 57 25 B i 3 1Y
B TAE, BRI NI & s 12
LTINS N e ) G =B e AL R 1 =
N FE 42 4R VT R AN (L, PR AT Y
B IR EA EEAE X,

ARBFFEEE ] 34 43k B A 25 1) T S AU =R
BT BEUR, 76 5t BH PR 25 A A O 00 € B AT AR
JOT PR 5 ik, [RY IR AN ) i 17 2 ) A AH SC A AT 20
AR XS PR HEE TR & R HE R AT TR0

1 #mE5F &
1.1 #

ARMWFFEBEFH Y 34 103 7 3 030 SR ot 92U 43 50
FHBM (6 M) W6 4y) .=/ (6 ) k(4
0y FEBE(30y) IR (2 ) BEVE (2 f3) R (1
) LI TEVE (L) SIS (1 1) | Pa
(1) (R 1), JF HE A F & 08B 58 5 5Pk
IRAESE . FRATTF 2014 4F 10 H G348 3% 34 13 5732 Al
TSR AT BT YRR T 5% M K2 A 3, B4 b4 % Fof
217, BRI AL BE LI 3 D kR E4E A

I H 22T
1.2 Fik

TR ITIALIIM I 3 g M A9 Fh 5, AT 4L
SRI5 LI E AT IR MR & i, Oy bR AN
SE 2 W IO ELAR D i 4 B e 28 03 B FH K dls
BRI & i L% .

TEVE ], >R 4 2wl bR 4 B A 42 B DNA
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(Somers et al,1998) , AR & 3¢ [E E 2 AW HF A B
HL» (NCBI, National Center for Biotechnology Infor-
mation, M3EA http ://www.ncbi.nlm.nih.gov/ ) 193
KT 9045 B, 43 0 48 & BT 1R 0 45 1Y O H 5 A
“FAE1” W SCHRFS SR RS 1 B HR A Primer
Premier 6 1T HAE 519, FH 72258 34 W 5E 44
BHHHEFT T PCR ¥4 . PCR PZ¥ITE 2% MBS
AN I REAH
1.3 Fit a4

JIrAs B A SPSS 20 AR HEAT 43 B, 4L 47
FATEGETE IR AT B RS

2 HERH4M

2.1 #EERTR

K H ST PHLASME 34 403 57 35 B 3 S o 5% 5 A
TRAE S IS 250 T B T ZENR TR . JT R L I R, fof
JER R AU RRIR & 2 R W EWIES
(ERRT) . AWEIRL T AT LA S BRI AR IF
R & YA R 52.5% , 28 5 R B 6.3% ; TR % &
PIE N 12.4% 2853 R B0N 27.1% ; BEIR IR & ¥ (H
] 0.1% , 725 5 2 BN 175.6% ; WAMBR & B ¥ N
16.0% , 75 5 280K 8.7% ; WRRIR & S MH M 9.2% ,
TR RN 2.7%,

M2 AT LAE ), TR &% S TE 44% ~ 48% ] 1)
MR 3 3, AT A BT 8.8%; JF IR % & AE
48% ~52% [l AT RLE 9 1, 5 A RHY 26.5% 5
IR Fr A 52% ~56% B AR BT 18 1, i &
B 52.9% ; IF R & 7 AE 56% ~ 60% [8) B B BL AT 4
Oy, (G AT AR 11.8%, i g AR &% & 7E 0.0% ~
0.2% [E IR BT 21 4y, 5 ARG 61.8% ; il i
iR 5 HETE 0.2% ~0.4% B AT EHG 8 407, o5 2 A1k
1) 23.5% ; B IR IR & i KT 0.4% MM RLA 4 17, 4
EBAPEHY 11.8% , WEIHR & HE7E 13% ~ 15% 0] 11
MRVE 10 6y, b7 28R B 29.4% ; T PR % & 7
15% ~17% [ fIRRAT 16 107, o5 4 5BA R 47.1%
WARER KT 17% R 8 4y, i 2 R Y
23.5% ., MR SHEAE 6% ~ 10% 81 M RLE 8 4y,
SEERAT B 23.5% 5 IR & - AE 10% ~ 14% (8] () #F
B 15 Oy, 5 MR 44. 1% TR & = A
14% ~18% B[ AT LG 8 17, 5 &AL 23.5% ;
RS KT 18% WA R 3 17, 5 & KLY
8.8% ., WJFKIR & HAE 8.4% ~8. 7% R IR RLA 1 147,

* 2 HMAREEEGETIFEREM ISR
SETRBERFGITR
Table 2 Conclusions of variations of the

detected fatty acids in Guiyang

B i 8 e
Fatty acid Range (%) No. Ratio (%)
IR 44~48 3 8.8
Erucic acid
48~52 9 26.5
52~56 18 52.9
56~60 4 11.8
R 6~10 8 23.5
Oleic acid
10~14 15 44.1
14~18 8 23.5
>18 3 8.8
TEERR 0.0~0.2 21 61.8
Stearic acid
0.2~0.4 8 23.5
>0.4 4 11.8
RIATH 7 13~15 10 29.4
Linoleic acid
15~17 16 47.1
>17 8 23.5
13~15 10 29.4
WHRIR 8.4~8.7 1 2.9
Linolenic acid
8.7~9.0 5 14.7
9.0~9.3 14 41.2
>9.3 14 41.2

*& 3 BERAERIE] Pearson HEXIES

Table 3 Pearson correlations among the detected fatty acids

LERIN IR Rliilivd TR IR R MR
Trait Erucic acid  Oleic acid ~Stearic acid Linoleic acid
TR -0.70""

Oleic acid (P=0.00)

W ARIR -0.28 0.34

Stearic acid (P=0.11) (P>0.05)

IR -0.15 -0.10 -0.21

Linoleic acid (P=0.38) (P=0.56) (P=0.24)

NARA 0.12 0.10 0.50" " -0.36"

Linolenic acid

(P=0.48) (P=0.59) (P=0.00) (P=0.04)

T o+ = 78 0.01 ACE R 1R, . 18 0.05 KF OB - 82
LEPSH
Note: # # Significant correlation at 0.01 level. * . Significant correlation at 0.05

level.

A B 2.9% 5 IR 5 1 1E 8.7% ~9.0% [8] 1)
MR 5 0y, 5 AR R 14.7% ; R & B 7E
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2 EFHSEF1 PCA1 (40. 0%)
=1 [/
L, FIRR T JF B P 6 A et 3 oo B TR
ﬁ /F Plate I PCA analysis of 34 B. juncea accessions
ERY
0 r .
5.0 10.0 15. 0 20 0 25.0
sHEE (C18: 1) & E Oleic acid content (%) kL 41.2%
10 C ’ °

18 Mean=0. 1
TRAK CV=175.6

//m\m

o o]
1 1

$NZ Frequency
~
1

24
0
0 0.4 0.6
fEfgES (C18 : 0) ‘.:.'\g Stearic acid content (%)
1#1E Mean=16.0 D
> 6 | ZRHRY ov=8.7
g
g 44 N
w
# o
-HH?R' :

0 T + +
13.0 14.0 5.0 16.0 17.0 18.0 19.0
ThEg (C18:2) &E Linoleic acid content (%)

12. 54 & Mean=9.2 E
> TRAK v=2.7
510.0- \
g 7.5
[F
Eg: 5. 04
iy
= 2. 54 A

0 r
9.0 9 5 10 0

8 0 8.5
T REE (C18 : 3) &2 Linolenic acid content (%)

PR T T3 0 S B 98 AR ORI M 7R 75 1) IE 25
OME AL SRR B C. REISER; DL E. SRR,

Plate [ Normal distribution of the fatty acids of B. juncea
germplasm resoures A.Erucic acid; B. Oleic acid; C. Stearic

acid; D. Linoleic acid; E. Linolenic acid.

9.0% ~9.3% [8] B ¥ B A 14 6y, &5 4358 k)
41.2% MR SR T 9.3% MM BLA 14 4y, 2%

2.2 XS
XIITSEANMERAR IR JHIR AERRIR I RKFR
FUIE IR 2 (] (AR DG EEA T T 40T (% 3) . thaR 3
AR, ST TR R 1R (1) 92 390 L0 A0 2 7 AH DG, A G R 2K
h-0.70, P JRRR FEE i 1% 25 30t W I8 5 B A A G
FHSEZECHN 0.50, MV JRIR R IR S B0 4 3 T %,
R FRECN-0.36, MAM, IR S RENRER JT IR 5 i
PR TR IR A AR R -5 Y R 2 () ) 2 ARG,
(EAISEMEAR W28 SR S RE R IR TT IR 5 W R AR 3
1% 5 W R 2 [ 51 B2 AEAROG , HAR M 3
2.3 BESH
DISTSERNHSERE AR R R 7 R 5 i (IT IR A
NEIR IR JhER A IR ) R EZSEF5hR, X 34
PMRLHEAT T E WA o . Hoh, E R 1
(PCAL) REfRBERER AT R 40.09% il 26 80748 S5 117 3 i
ST 2( PCA2) REMFREREIAMIRL 31.7% 1R AIAS R |
ZH AT DR RL 71.79% R 5
DL PCAL N X %1, L PCA2 Y Slfsesos i (1
I ) o MR I AT L&k B, 46 3R 43 44 B (30 143,
7 88.2% ) 4 Hh 7 [ Hh e £k [ P JUT 7 114 DX 3k, T 2
HE B s e B A AT 53 5102 Te342 (Kl H 4
5.:8) KBHEIT(10) SL63(19) FkE M2 (22)
TSR S SRR I B AR B bR, R T SR AT SR 1Y
B UR R IRVE R
2.4 FAE1 EE5|¥i& 1t
ZEBRIITIR JHER A AR IR | PR IR I I R
AEFE [ — AR P 26 7 (Jadhay et al,2005) (&
RRI) . Horb, JFmR 25 FAEL BTEEE, i
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A T fIE BR (C18:0)
Stearic acid

THIR(C18:1)
Oleic acid

3H R (C18:2)
Linolgic acid

ZARRIBER(€20:1)

Eicosenoic 3cid

Erucic acid

12 345 67 891011121314151617

18 1920 2122232425262728293031323334

BRI R TR ACIHHE I R4 K FAEL LR BEROD 3 AL BERIRRAC I % ;
B. FAEL LR B4, 805 1-34 23 5 FRF% 34 D3I S8 B S R et
Plate ' Metaholism network for fatty acids and the amplification of FAE1 gene A. Metabolism

network for fatty acids; B. Amplification of FAE1 gene,number 1-34 indicates the 34 accessions of B. juncea.

ABFFEIT RS T BR AR 1Y 3 T HILEE M e BT
g o P R, RN AR R R B IR AU 3R
(GU325731.1) #isk @ H # (HM362927.1) ' FAE1
FHPFRB PRI T FAEL FEH R 51
(1E X% 5'-CAACAAGGAGACGATGAGA-3"; 2 X
% .5'-CAACAAGGAGACGATGAGA-3") , A, i F
BEE 19 X B AR v T 3 78 5 S 1 b R R IR R AT T
PCR ¥4, SR HE R W78 M5 | P07 488 34 4 41 kL
HERREY 3G th 378 bp B A&k, HACR BT (E R
I :B HAYEE 1~34 3KiE ) , HIEBIERAE A F1 C
SR, mHERSA C A, Wik, U E5Y
TEFFSRANMSE Y B 1Y FAEL ¥ D1 () —3R 4> % [ T
W CREF W FAEL ¥ 01, AWFFEHRIESS,
s B EH A FAEL BERPE DL

3 Wit E5 4%

IRBE S AT LA S 2 b 5 e 3 S ) b TR 491
WEFE (R 4,2004) AKX 25 (EH%,2015)
A GAE (F = HE 2014, #AEE% 2015) H b
PRI (RXARRR,2014) 45 T 5% BH H XCELAT AR 9 <
i Z5 A, a0 B 2 i IRNAR K i K, AN AR IR I I35
RIMSEAE ST RHIAR T 15 S R AN A T HOR U
REEE, R, AT BE 22 48 42 [ 9 Ah AT R R

GV, 0 TS o 5 9 U A AN ] i DX B [ 3R
Ba 2 1 0 5 TAE (I AR ARG %2, 2007 ), & JF
SEALMSE B T R IEA TA/E, AW N2 13
BT T 34 T2 AV SE M FR T 9 IR, 78 52 BH
BT SR Eeb BRI T 4 & IR R A 5%,
FEARARER 30T LTI R E A TR S8, I
A FRATTHR IO i A S 5 P N T A T, 3
D5 AU AR AR (A0 EMS) (FMIFIFS 2015) W)
PR R (AN 585 IR A ) o0 TR (UEARAE, 20125 5
A, 2013) FIR 2 B RS

IRIR IR AN 2 | S JRR 15 ARSIV 3 2 174 ik Ji 7
E AR T 18 4, 3 R KRR 7 R, HL AL ¢ R —
BRI R A W o i v, ASHIFSE S BRI S AT S A G
PR R R R R 2 2 5t B 3 BRUMH OGO R LSRR IR A1
R R R 7 ekt W I AH DG G R L U JRR R R I YR 7R
T SOAHOCOC R X 5 H i B 9 S A L Rl
YEYI T AR AT 0 4570 40 — B0l 7 2 55 20045 AR T
4 ,2015; i85, 2015) . AS[R)HS I IR 1) 5 25 0 A4 1Y
FHSEME (X 2418 45, 1981) , A5 ) T3 32 4% 2 19 5 FD
HARE T, I TF R A IR R 7 b, M R B b,
&R FIE SRR B A (W4 245 ,2007) . &
AT 3 WA E A A FEAS [R50 9% 5 2 U AR AL rr)—
FEE T H W LU 0] 40 5 5% I 04 2 A 6 1)
SRR RIS 2015 5 35 0B 45 20155 F
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A ,2015) o ABIEE I 32 A3 4B, 3R T AN
FRBTGE IR AR R SC R | Rl 3545 T #r L R &
FAPEL, BR T RAEAE T LU T E 105 bbb, 5
T TR IC A L PR Bt T DL A [ o 9 9
TEHE R ZHIKF B AL PE A5 3% 26 0 FARic HOR
£345 . AFLP SSR .RFLP .SNP RAPD,
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