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Molecular cloning and expression analysis of
strigolactones-related genes in Brassica napus L.

ZHANG Lu, SONG Yan-Hong , XIE Yan-Fang , XIE Tian, WANG Mao-Lin
(College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract. Strigolactones(SLs) constitute the recently discovered group of plant hormones, they partici-
pate in inhibiting shoot branching. Three SLs-related genes were obtained from Brassica napus by ho-
mologous cloning, named BnMAX4, BnMAX1, BnD14; the length of CDS was 1707, 1593, 804 bp;
the putative protein function was -carotenoid oxygenase, cytochrome P450, «/B hydrolase, respective-
ly. Using roots, stems and leaves of wild type B. napus at two-euphylla one-bud and four-euphylla one-
bud stage, expression of the three genes was analyzed by RT-qPCR, the results showed that BnMA X4
mainly expressed in the roots at two-euphylla stage; BnMAX1 didn’t show expression advantage;
BnD14 significantly expressed in leaves at two-euphylla stage. Then expression of the three genes was
analyzed under the drought and salt stress, the expression of BnMAX4 suddenly decreased under both
stress conditions. The expression of BnMA X1 decreased under drought stress; under salt stress the ex-
pression decreased first and increased afterwards, after 9 h decreased again. The expression of BnD14
showed two high peaks at 3 h and 12 h under drought stress; under salt stess the expression showed one
high peak at 3 h.
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Jit JiE) 4= PN TR (Strigolactones, SLs) il & B
THAVAR B o3 W4y v, R R A AR AR W N Seriga
JE& ATl & s 2005 4 & B SLs BEARE HE AL T
#8 (Arbuscular Mycorrhiza, AM) H 5 F) B 22 73k
DA S S AM 194 25 3255 2008 4F SLs #
TIESE 0 25 40 A DT B I 2 S A
R

D e PN T R T 28 IR Ll T S5 R e =B
P A% 0y CABC BR) 308 1 4 Wt AT 322 T4 12 A i 248 (D
W HEWMFEREERD G T2 RS
MR .2 D27 Al SRy 9- M- HA % bR L
MR8 D 3R 2L XU ARG CCD7 7 A 9-Jiit X -p-
il FE-10" - 8 N Z W, iy CCDS = Ak et v = 4y
carlactone(CLOP, 2 J5 CL #t —#E 4k . | &
F7He SLs. SLs M8 A2 A KR VB TE IR L 1 A 2
AR

H Al A i A B AR R AR ROk AT
Xif D A 0 1) 1R G B/ 4y BE SR B IR R ¢ PLEE T
(Arabidopsis thaliana ) max ( more axillary
growth) .JK#5 (Oryza sativa) d (dwarf) | 57 4
(Petunia X hybrida) dad (decreased apical domi-

T

nance) . ¥ & ( Pisum sativum) rms (ramosus) [
WFSE. LIDL R I MUK A S 6, AH SC8E FA & s 12
B 5 M B¢ D27. CCD7 MAX3/D17. CCDS8
MAX4" /D10, 40 g 8 % P450 Hjm A EE/
CYP711A MAX1"™ 5 5 5 SR 12 (1 52 7R / 7K figt 1§
D14M, F-box & B MAX2/D3. fH & & H
D531 /SMX Ls £,

OIARCRAE YRR B PO E R B R AR b
P AR 2R 00 4 PN T R A M R SRR A
Tl RN 4 P TR A 43 A A o 4 SR A o
i — R R AE KRS B i ik TCP 4% 5% [
F OsTB1/PsBRCI 7¢ SLs F i #1 A 40 46l i 25 4h
A by — MR TERLE ST SLs fih S 25K 5T v E
20 S5 B A A G 3R bz a iR PIND PR 2 5l ok
> PATCEK R MMz . 38 B o B
I TAE AL E.

D 48 N R AE SR TR YIS AN 2 AR SCUAH
WAL S A A FE R G2, X SLs A G EE R AT T H)
A SR N B3R AT L JE X T 5 AR B a8 e R R AT 4
Br. R ok SLs £ b e 42 il 3 B 5 BrdE A= 9 g
75 AR TS A BRI Y S it — o Sl B S
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2.1 # #

H i R SR B AR A 3529 -l U 1| R 2R A A
27 B Tl S DR S B AL RO IO 5 AR K 0 I A
B HZUERE A ORI — 80 C IR A7 & .

2.2 /&

2.2.1 RNA # B f= cDNA 4 RNA # U
H OMEGA A4 E. Z. N. A. Plant RNA Kit, #f
RO 0 2 B R R B A B B SR R R
ffi ] TransGen 2\ &) B TranScript One-Step gD-
NA Removal and cDNA Synthesis SuperMix.
2.2.2 3lHhixit 5L K CDS¥y £ % B. napus
(AACC, n=19) K ZFh B. rapa (AA, n=10),
B. oleracea (CC, n=9) B 5 M &3 FHMF. 2
A B0 9% i 4% & Brassica napus Genome Resources,
BRAD, Bolbase, 5 # § J¥ % N & TAIR i 17
BLAST Fexf 5 #2140 oL [F] 95 56 5 AR 4l DNA
J¥ 3 Oligo7. 37 Beit 54 (& 1), PCR K i
TransGen 2\ &) B TansStart FastPfu DNA Poly-
merase, K & 50pL, [ W R P & S 95°C i A8 P
2min; 95°C 28 4 20s,55°C (BnMAX4) /51°C (Bn-
MAX1, BnD14) iR k 20s, 72°C %E ffi 30s ( Bn-
MAX4, BnMAX1) / 1min(BnD14),40 1§ ¥ ;
72°C FHAEfR Smin. PCR ¥ #E4T 1. 006 Bl i 4 ik
JEe Pk » 1 Bio-Rad Tmage Lab %5 A%R 5 58 L4
455, PCR JZ ¥ i ¢ TIANGEN 7 &l i 38 F %
DNA gl [nl il ) & 41k )5 5 TransGen 23 W) (1)
pEASY-Blunt Simple 58 B #5322, ¥ 1b Trans-
TUEZSMM. 3% T AT IPTG il X-gal . &
MR A LB A b3 R i, Pk ik P& v B 47
PV PCR, BH M o2 [ 3% 28 AR R IR w0 P
2.2.3 BRI ot sismd KA T
DNAMANS %128 73 1, 5 Wi ] BLAST 14 2 ) [7]
WY B HE AT A% R 5 24 JE R L. 3d i ExPASy
B ProtParam X & H Bt 17 70 1 & & LR A
JSURN A H A5 B AR 4 BT 43 s ] InterPro Scan 5
R EE K 3 T SignalP 4. 1 #EAT (5 5 IR HT0 2047 5
FH TargetP $5I0 5. 44 A 2 437 4 25 H BT 41 76 NC-
BI i tblastn 2. 3. 0+ (E f{<<0. 001, nr/nt &) 4
RE ZZEmRFE) . HH MEGASG. 06 L) ClustalW &
B2zl NJ &R Ge .

2.2.4 ZwE&ARG AR RESH  HIFEFH
T A BUER 2 k0 91— 1 2
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R A R H A SR AR 25 L R RNA AT
RT-qPCR. /] Oligo7. 37 & it S 5l (F
., N & i A Bactin ( GenBank # % 5
AF111812). ik 7 % /] TransGen A &) 1y Trans-
Start Tip Green gPCR SuperMix, 20, L & I & &
2 X qPCR SuperMix 10pL, Bl 1pL,10uM 5]
Y4 0. 4pl, 1 ddH,O #b . {¥ #§ 4 Bio-Rad
CFX96,PCR %} 94°C 30s;94°C 5s.56°C (Bn-
MAX4, BnD14) / 55°C (BnMAX1) 30s R & 1(&
40 M. LR EE =K, AACE IR A
%t 2 ik, A OriginPro 8.5 4 H.

*1 BnMAX4, BnMAX1, BnD14 & =ER

qPCR 3|4

Tab. 1 Primers for cloning and qPCR of BnMAX4, Bn-
MAX1, and BnD14 genes

GIE7E% 7 Gkl
Primer name Primer sequence(5'—3")
BnMAXA-F ATGGCTTCGTTGATCACAGCCAA
BnMAX4-R TCAGTGCTTGGGGATCCAGCAA
BanMAXI1-F ATGAAGACGCAACATTTATGCTGG
BnMAXI1-R TTAGAATCTTTTGATGGCTCTGAG
BnD14-F ATGAGTCAACACAACATCCTCG
BnD14-R TCACCGAGGAAGTGCACG
BnMAXA4-qF CCGTCTCCACACATTACGTTC
BanMAX4-qR TCCAGTTTCCCGTACTTGC
BnMAX1-qF AACCGCTATGCCTCTTGTTG
BnMAX1-qR AACTACTATCAATGGTTGCCTC
BnD14-qF TTTCTGTTCCTGCTTCGGTG
BnD14-qR CACTAAGATGCGGCAAATGACC
Bnpactin-qF TCTTCCTCACGCTATCCTCCG

BnBactin-qR AGCCGTCTCCAGCTCTTGC

2.2.5 Fpriafeidmia THRREEX >N B
HFHE 20% (m/v) PEG 1) 1/2 Hoagland & i &%
L, #0038 F & 200uM NaCl 9 1/2 Hoagland %
LGOS &y €7/ 32 NN Ut 1 TN <5y N N S 2 2
Rl 4ok B A= BUAR AR T 1/2 Hoagland 3 W . i
AOCHREE TR A b (B FR 48 24°C, 16 h ok 8 h
) 2% Vi AL BRI K 5 B AW B . TR E 0,36,
9.12.24 .48 h I} 2 B T B ARFE L 42 B0 RNA B
47 RT-qPCR.
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3.1 2K CDSHRESFEIISH

DI A AU H 5 B3 32 cDNA S BAR B 3 L 15
AT R B E DTG a5 4, 45 R 45 Bn-
MAX4 K 1707bp, 5 BnaA01g04140D #H Bl &
98.77%, 5 AT4G32810 #H Ll J& 88. 54%; Bn-

MAX1 K 1593bp, 5 BnaC03g26960D #H {l Bf
99.75% ., 5 AT2G26170 AL 88. 65% ; BnD14
£ 804bp. 5 Bra036416 #1 L & 99. 00%, 5
ATAG32810 A BE 83. 96 %.

bp M | BuMAX4 2 BnMAX] 3 BnDI14 M bp

2000

1000
750
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B 1 BanMAX4, BnMAX1, BnD14 A B A& ¥ CDS
o 3%
M. DL2000; 1-3. LLBEFA: B #k cDNA B HL I 534 7 1
Fig. 1 Amplification of the full-length CDS of Bn-
MAX4, BnMAX1, and BnD14 genes
M. DL2000; 1-3. PCR products with ¢cDNA of wild-type

plants as template

3.2 EARREGHASW

BnMAX4 iy g % 85 1 & 568 A E KRR, 4y F
it 63886. 9Da, pl HIB{H 7. 36, N KM 5 @3-
FEAE DR INE G K TR 5 I AL T i Ak
(A5 2 9. BAMAX]1 i 4% 26 11 & 530 4
FEWR 4 1B 60351, 4Da, pl BB AH 9. 24, K K
PEAE 1 R AN 3R P450, E class, group [ %815 ;7
{5 50K B Tl A2 (n[ {5 B 2 9. BnD14 fif 4
R & 267 DME R 4 T 29462, 7Da, pl 1P
{H 5.33, B KMEE; & o/ B /KNG fold 1 4544
B AR 5 I AN TR (BRI B A3 Wb i A% (]
5 EE 3 90. % H GenBank 48 R 312k H A [/ 15 1)
JE DR BRIy 2 B R 7 91 I AT R R SR S A AT, 4
il A E AR UL ] 2. AR B d T A SR ) = A
& TR B IT iSRS O R, RAE R —
S LM SR P KR RS RE LR
TG 43 S AR A e . A = e R ) e R R R
F i D14 AHXT RS
3.3 AE_HHASEALARHRIEST

M & 3A.BnMAXA FEEAE i —.0 8 AR
Feak , HYTE PU i — 0 0 0 AR K T U A 2K it
FR BN B E 3B, BaMAX1 o W] 1§ 36 5k 1 #4
A AE a0 W Y I e R IR KR R
BAKE T i E 3C, BnD14 W i AF — if—
O 1 P v i S 3R YR I i — 0 S Y i, Al
HE B KR A,
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Solanum lycopersicum CCD8 LOC101254620
Petunia x hybrida DAD1

Glycine max CCD8
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100

100
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100
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L Brassica napus BnD14a

Gossypium barbadense D14
Petunia x hybrida DAD2

100

U —
0.05

Striga hermonthica D14
Hordeum vulgare D14-like

99
—‘——Oryzasativa D14 050390203200

Saccharum hybrid HTD2

100 [: Zea mays rsbQ

B 2 BaMAX4(A), BnMAX1(B), BnD14(C) # % % 3t LA o 47
i R B AR R B 1 B 4 % 5 43 3 B 07 A3 Bootstrap B iE 1 2 T 1000 WAy 1 42 3% 15 20T 15 B2
Fig. 2 Phylogenetic tree analysis of BuMAX4(A), BnMAX1(B), BnD14(C)
The numbers in the ruler indicated the substitution rate of base; The numbers on the branches mean the relia-
bility percent of bootstraps value based on 1000 replications
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M & 4A . BnMAXA {E MR E AL BER 3 h If 3R
W ZJm dERr R s . di & 4B, BaMAXT 15 5
AP 3 h RIA RN KR, ZJE 4R AR Fh a4k
HUNRREAE 3 h R RS, ZFE 9 h BT,
BEJS BT B #e. i & 4C, BaD14 16 5 il
040 BT S PR S TH R R R A A R
12 h F1 3 hs 7ERR B AL PR AE 3 h kiR EE T

M.9~24 hg A I FFZE 6 h K25 T k.
4 1

M4 R (SLs)ME Ry — 2K B E Y i R
Z5MYWEE L L EIRAT G R PR A A
oA 56 2L B LA 43 Az oAy L 451) £ S Ak 250 f) ) 4%

HArfE L m J7 v 2 W 58 9 A0 C L I 5 MAXS,
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Fig. 3 Gene expression of BnMAX4(A), BnMAX1(B), BnD14(C) in roots, stems and leaves of wild type Brassica
na pus at two-euphylla one-bud and four-euphylla one-bud stage
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Fig. 4 Gene expression of BaMAX4(A),BnMAX1(B).BnD14(C) under stress

MAX4 5 7 T B, #8055 I+ h MAX4 78R
I UL I AL A FIAE Sk A 2R T SRR KT 5 7R 2
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YR CCD8 figfk 7= A= CL A Af VI AL A5 A B, 4 )
HAEA— R S 20 5 AL IR S kA L s 52 4]
4 K N E HE (3% Baeyer-Villiger )P, MAX1
PN 5 B4 L P01 T MA XY A 445 A SE 4141
Kt GERI Xz ik R AUE X Z i)
kR B MAXT g% CL 2824 carlactonic acid
(CLA) , CLA #F— 20 Bl AR J g B E i SL-like
L4 MeCLAYY JKFg T D14 761 25 2 AR
50 JEL 161 A v B A4 i b 32 360, D14 2R (1 RE R N i
SLs K4 GR24 /K fif . 3w 5+ D14 & 1A 2544 fif
WESE T EAETEREA N IF K i SLs Y4 b 25 B, K
fift BT R oy DR S B fb = Bk 4A S-H-D (Ser-His-
Asp) /G0 HEM SLs 454 D14 5y 35 2k 7 5 5%
SLs 7K fift T Bk B A= 840 . D14-SLs £ 54
AE5 MAX2 HAE. 7K A i — DAL D3

Wi SLs 5 D14 HAE, B8 & 1 D53 & iy SCFY
AW F AR

TEM 4 N IR 5 R A 4 W 38 19 AH OGP L Bu
G NHWEFE B BRI max2 58745 PR 51 30
JEE U Ll B AR AU 2R R T 220K, R 5T )2 T RAL A
BERJE X5 ABA Wi i e R 9 175 5 0 20 5 (8L 45 1 58
AR maxl, max3, maxd I EANER (T FEAD,
7R SLs A2 5 B i g 421 i Ha 48 A 1) #F
HRWUFEIT max3, mazxd & ARXS R HE 5
TR A T AL BE LG AE 225 Ah it GR24
RE PR 52 5 700 1A 1 B SR P | o e i v B A AR 1Y i
PR, M SLs 78 me i 5 3 W 38 iR OE R 4 AR
FHE. P35 R R B A R E— AR, S AN E
B A Y & Bk AR (Lotus japonicus) # & 1 SLs
i A R TE IE W OB 3 W38 A T AL RS L HiT
S SZ A0 e iz 5 7 R 1) AL OGP B AR 5 98 3 ik A
T B A TR RO AR ZH 20 R W i ) SLs Ve B i
TR T [ 3% Rl A T G R 34 4 i 1A
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(18 27 SR ST BRI 7 LT AR S 25 S 0 B LR T 2 Ak B
3hEt, &I BnMAX4, BaMAX1 253k F B&
(5 Ha 5519 qPCR 25 840 2, (05 Liu 55 (4 %5 4
AL » AZ KL BrnD14 3k ETF. 2B SLs M1 %
LD R T 3 e R A G, RN B R, {H SLs
A BURE ) AT RERR AR 1. W A R A T A SR
VB 5 U5 DU A5 44, — AN JE PR T BB 38 A H B[R] 2 45 67
FE DR AR AR5 A 2 O I — 0 09 Bk R AT a8, e
ARWIN = A SLs I H KRB O LB
3), ARz — & SLs O A &R FEMEA
M) R LG AT REAE DU i —.0 iR HE T
AR FEH R K-k .

RS2 4 N R T RE S AR A M ia A 6. H
HIOCT SLs 72 T A Ak T B Rl R R B Bt , SLs
8 R St A DG R IR A R 2 0 JF R AT D RE 5T L 324 v
FE 1 52 F AT RE.
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