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 E: BRI (Jatropha curcas ) FiF- 8 I 2R &, F - v iy 2840 03 TR Sl A S gk T & RURITT , S i 2
T A BTRE AN R 22— BRI ME e 5 46, 75 F AR A5 18 T i 4 50 3 5 28 T2 K T AL, 3 R KRR T
o~ R 8 7 DRI T R RROKOR 14 ) 73 5 48 7 0 AL B R BIF ¢ oA B S ST R B 10 SRR
P MADS-BOX 3£ K ( JeAGLL , JeAGL6 , JeAGLY | JeAGL11 , JeAGL15 | JeAGL61-3 | JeAGL62-1, JeAGL62-6 , JcA-
GL62-7, JeAGLBO-2) , $ HURRIKURS 101 i 75 25 > B B A E A A6 A, RNA, JF UG S B cDINA, R S5 if 0 Dl 1
T3 AR R R AN [ B B0 RO M A A (0 B R 93RRI 0 . 25 SRR I . H I B TR A R 7 R IR 1)
AL B3GR B 25, L JeAGLE Fl JeAGLLS FEIEAE H 363k s 227 T MEAE , T JCAGLL, JeAGLY F1 JeAGL11
FEMEAE T 1 2 3A B S T A X U R AE SRS v Y i R 8 8 4 2 B 0 2 U Tk S A AR O s FE 2
(R B AR H N 0 R A G DA ME AL T oA BT AN L BB B & &, I 5 DR L il 46 v %) 3Rk 1 2
FEAEAE 2200, 3 L H RIS I B A % & v H A BE R e ik A 1 i 25 55 Do Ah e Re & Hh e b B rh A4S H
FRHE PR SR A AE AR EIBE o W58 4 3R A it — 20 R 5 BRI M I A2 % 7 A G BE I iy e s 4 it 1 LR
it , R T R B A A NG K B B o FOLERZS 8 T FE it

KR O, MADS-BOX L[N, PE50b, FEEE, SERT9EEE i PCR
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Expression analysis on MADS-BOX genes in male
and female flowers of Jatropha curcas
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Abstract; The members of the MADS-BOX transcription factor family play essential roles in sex differentiation and flow-
er development in many plants. Jatropha curcas is a monoecious plant, which has been seen as one of the potential bio-
mass energy tree species because oil content in the seeds is high and it can be used as biodiesel. However, seed oil pro-
duction is mainly depended on seed yield, which is restricted by the low ratio of female flowers to male flowers. So the

number of female flowers is one of the key factors to increase seed yield, and it is of great significance to analyze the
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causes of the differences in the number of female and male flowers and to study the molecular mechanisms of sex differen-
tiation and flower development in J. curcas. In order to investigate the molecular mechanisms of sex differentiation and
flower development, we chose ten members of MADS-BOX family gene in J. curcas ( JeAGL1, JeAGL6, JcAGL9, JcA-
GL11, JeAGL15, JeAGL61-3, JcAGL62-1, JeAGL62-6, JeAGL62-7, JcAGLB0-2) , total RNA were extracted from female
and male flowers at different stages of early developments, cDNA were synthesized by using these RNA, and qRT-PCR
method was used to detect and analyze the expression of these genes in female and male flowers. The results were de-
scribed as below: The expression of target genes was different between pistillate and staminate at the beginning of devel-
opment, for example, the expression of JeAGL6 and JeAGL15 in staminate flowers was higher than that in pistillate flow-
ers, while the expression of JeAGL1, JeAGL9 and JcAGLI11 in pistillate flowers was higher than that in staminate flowers,
showing that the expression of target genes in floral primordia directly or indirectly determines the direction of sex differ-
entiation. Expression level of target genes was different between pistillate and staminate flowers in later development .
With flowers development, the variation of target genes expression in pistillate and staminate flowers was different, indi-
cating different expression patterns of target genes between pistillate and staminate flowers. In addition, it can be seen
that each target gene has different functions in the process. Our results provide theory evidence to further study the ex-

pression of genes related to the development of pistillate and staminate flowers, and lay the foundation for understanding

the molecular mechanism of sex differentiation and flower development in J. curcas.

Key words: Jatropha curcas, MADS-BOX genes, sex differentiation, flower development, qRT-PCR

RIS ( Jatropha curcas) 2R K EFHRRIKR J& A
Y, 24 RA T T 58 I BRGH Ml IX ) 7R 3R
A oA (b E R BEAE P SE T, 1979) o RS
Tl v 2 g, AT AR 7 A W R A 2z
F7E (Bahadur et al, 2013) ; BRI R FHh ik & F
BT ZRK 2R — SN oy o, A
A — KA R A (curcin) |, AT BEHRA HU
JFAVEF (Lin et al,2003) 5 73 4b, Fl Ak 9 — 2695
JA I BT LU A% ORI (Wei et al,2004)
I IBRIKUARS T8 A 77 2 W R Il A R B 3 AT - & AN
[F) e A 1) 15 247 77 | ELAR B0 ) A e TG 5

SRR J M T [R) A% 5 AE A 9 ( Negussie et al,
2014) y RS AGY ,— S ACT EERELE B9 HO (R
M1 10~1 2 20 (FRRNIAE, 20075 i 3 - 4%
2008) . Bl 1Y 77 T2 JRR PO 77l R YOG B
( Chikara & Jaworsky,2007) , T JFRICA HE A 1Y 20
LTS 22 T W A8 DU AR R i B il 1 b 0 7
W, J3 AT 3 RSO RR SRR M 6 o 2 S5 ) i PR D
TEJR RBP4k 5 48 & & 7 F WL WF 58 %
T R R BA EEE X,

MADS-BOX £ H 5 7E AR Y 1 59 73 A6 4L K
B LA T EZMVEH (Smaczniak et al,2012)

MADS-BOX Z ki F & — R E A 3 ] 1 (Pel-
legrini et al, 1995 ; Huang et al,2000) ,iZZEH H 1
FRUETE N Ui A — B LB SF (9 MADS 451
I, MADS-BOX # 1 I 7E 45 4 1 ) 22 5% 73 9
HK TR (Type L) FIO A (Typell ), T RIHSH
— B MADS-BOX [X 5, ( De Bodt et al, 2003 ; Kofuji
et al,2003 ; Parenicova et al,2003) , 1 I B & T N
Uit & A7 MADS-BOX X384, 3 75 H T i B AT 1
(intervening) Fl K ( keratin-like ) X 38, b AN 7E H: C
Ui 3 A — B e BE AT AR Y DX, 3 S X 4 A
i MIKC %544 ( Kaufmann et al,2005) , if LA 1T % X
iR A MIKC 78 ( MIKC-type) » T BUFE R LA 4K
Mo MB Al My =AM ; IR AT 43 MIKCE 2l
A1 MIKC ™ FU P Ff ( Henschel et al,2002) . HHJ, X}
T 1BV BIE ST e, AR SR I v A R 43 4
( Kohler et al,2003,2005 ; Portereiko et al, 2006 ; Yoo
et al,2006; Bemer et al, 2008 ; Colombo et al, 2008 ;
Kang et al, 2008 ; Steffen et al,2008) , H. HAK T fET

RIEA+4ri%E, T8 MADS-BOX & H #5845 g
Z BRI RV Z W) b As Bk sE, 1A
MADS-BOX 4 [ 513 431k A S A6 & B A K
It Bl 2 554 W) H Al A AR Al SN (BT AR
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2012), fE4ER T ABCDE Al 2 511 % &
FLH 43 h ABCDE .2, B A 28 AP2 Z Ak, Higx
JESEY A MADS-BOX FK % £ H ( Wollmann et al,
2010) , o] WHAEAE & & h A i 2R

AR 5% 38 i3 RT-PCR 7 AR X BRI A9 10 4
MADS-BOX & [H 75 Ml ifi: 48 57 A % B 19 AS =) B B 1
FIREBLHEAT 1A, W25 R 50 3k 26 5L ] 55 R
MEREAE R B S Z, IR T R IRORS B4 1 531) 43
L 518 % B 1 THLE AL B S AR 4

1 #HEF*

1.1 ##

JIt FIAH B DR T DU 145 78 B Tl 429 2 (26°56
N,101°68" E) A AR A KB RRSCH , F 5—7 A W]l
RAERRNOW B AL o O PRUEZE R 0 n] SE 1, 45 4k
SR R EE 1B, JER4E 20 45 MR 3G Wu et
al (2011 ) XoF JFRCR IHE B A€ A2 3 B BE A 834, 5 4
KA IR = A B B (5 — B BE SR B BE AR
= W), Ead AR (Olympus, SZ2 ) WLEE, 78
AR 108 B 50 — 5 5 = B B A AR (5]
1), T BOR RS BT, i [l S 3 % T - 80 C
RAFEH
1.2 ik

PEHC 10 A4~ N AT R ik 40 A, 2090 9 AGA-
MOUS-like 1 (JeAGL1, Gene 1D ;105629543 ) , AGA-
MOUS-like 6 ( JeAGL6, Gene 1D 105643077) , AGA-
MOUS-like 9 ( JcAGLY , Gene 1D :105644835) , AGA-
MOUS-like 11(JeAGL11,Gene ID;105635126) , AG-
AMOUS-like 15 ( JeAGL15, Gene ID: 105628766 ) ,
AGAMOUS-like 61-3( JcAGL61-3, Gene 1D 105634538) ,
AGAMOUS-like 62-1( JeAGL62-1, Gene 1D 105631663 ) ,
AGAMOUS-like 62-6( JeAGL62-6, Gene 1D 105639905 ) ,
AGAMOUS-like 62-7( JeAGL62-7, Gene 1D 105644754 ) ,
AGAMOUS-like 80-2( JcAGL80-2, Gene ID: 105636743 )
it NCBI B 22 3R AR5 10 A A BT 2 B4 26 14 1)
FIEMT S, R DNAman6.0 F %X 10 A2 1
ok 7 & I R 4 % He, NCBI %098 2 (hitp.//
www. nchi. hlm. nih. gov/Structure/cdd/wrpsb. cgi ) #
— 2o T HA B SR B OR ST A A R B

TAIX 10 DL MADS-BOX F kA .
1.2.1 % RNA 3 3= cDNA #53% 4% {#i ] TaKaRa
MiniBEST #64 RNA $2 HUi 5 & ( TaKaRa, K i% )
I3 AR I =A% F B BORR IR E B AE 1Y EL RNA
FH 19 3506 4 B8 A Uk A T RNA 58 3Pk 4
JH Nanovue 43 5% 9% B 11 ( Healthcare Bio-Sciences
AB, Hii 81 ) K  260/280nm 1 260/230nm "~ [ 1
JEAH LA Al RNA (265, HA OD g0 M 1.9 ~
2.1,0D,5,03, K T 2.0 HUFESL A REFH T )5 2250

i F PrimeScript™ RT reagents Kit with gDNA
Eraser( Perfect Real Time) it 7 & ( TaKaRa, X i%)
Xf Frde BURY RNA #E AT Sz e 5% 5 R 3R] & Ul B
A, SEXT A s AT S B 4 DNA [N, 2S5 R
17 B 5% SR LR 3R A% cDNA JFF-20 CAAAFRE .
1.2.2 B # 7 B ey438 PCR ¥ 3% MG Karuppaiya
et al (2017 ) X BRICH A 25 [H Y i L , 25 X EF (E-
longation factor 1-alpha) {E 7 SEIG (1) P S L A, ¢
e R PCR 593t =), F| H Primer Premier 6
A 11 AR E S PCR (£ 1), FT
A 51 W3 i A R EE R A R

BEAIL L 45 55 — I 309 1) fE 2k A6 1Y cDNA A S A
B L b5 k1735 38 PCR RN, W AR & 20
pL, H ' 2 x TSINGKE Master Mix ( blue )
(TSINGKE, dt35%) 10 pL, B | IE [ 514 | 52 1) 51
Y14 1 wl,ddH,0 7 wL; 58 PCR WAL F AN F .
94 °C 5 min;94 °C 30 5,58 C 305,72 C 15 s, 4
35 M ;72 C 10 min; 12 CHAF, PCR [V &S
W5 T 1% 35 IR WH B I L K A T ARG
1.2.3 Beg AR e 2 4 RH CFX Connect
system ( Bio-Rad ) X =~ B ] fE 2 A6 18 H 19 5 [
7 RT-PCR K, S SR & 25w, A g 200 2
xSYBR © Premix Ex TaqTM ( Tli RNaseH Plus)
12.5 pL, IEM 319 (10 pmol « L") 1 wL, K514
(10 pmol - L") 1 uL, ¢cDNA 1 pL, RNase Free
ddH,0 9.5 WL, PIICHEMUAR R AE R B4 &
din 3 ANEAL H AR ROV R R 4T RT-PCR B
95 CHWALTE 30 595 CAEME S5 5,60 C 30 s, A
TEER S 5 S 2 X 9615 & JE AT R 4R | 3L 40 N8
565 CH bR, LU 0.5 C B T+ 5 95 C
TR EEAESRF 5 s W RERAEAR S O A ith £ B
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Note: A. Male flowers in the first stage; B. Male flowers in the second stage; C. Male flowers in the third stage; D. Female

=1
Table 1

flowers in the first stage; E. Female flowers in the second stage; F. Female flowers in the third stage.

K1 AR B B e 1L

Fig. 1 Early flower developmental stages

& PCR LK qPCR FTHS| ¥
Primers for normal PCR and real-time

quantitative PCR reactions

H bn gt

Target gene

TR B

IMFHI(5'-3") Pkdr;t
Primer sequence (5'-3") l:lgltl}:
(bp)

Elongation
Factor
AGAMOUS-
like 1

AGAMOUS-
like 6

AGAMOUS-
like 9

AGAMOUS-
like 11

AGAMOUS-
like 15

AGAMOUS-
like 61-3

AGAMOUS-
like 62-1

AGAMOUS-
like 62-6

AGAMOUS-
like 62-7

AGAMOUS-
like 80-2

: GTCTGTTGAGATGCACCATGAAG 108
: TAGAGGCAACAAAACCACGTTTC

:ACAGGAGCAGCAACAGCAACAG 133
: TGGGCGAGAGTAATGGTGATTGG

F

R

F

R

F:TCTGTTCTCTGCGATGCTGAAGTTG 157
R:AGCTCTGTGTCTCACGTTCAATGCT
F:TGACTGATCTACAACGCAAGGAACA 166
R:TGAAAGAAACCATCGCCCTGAGG
F:AGAGGATAGAGAACACAACGAATCG 129
R:CACGGCTGGAGAAGACAATGAG
F:GCAAACAGCAGGCAAGTTACATTCT 98
R:ATAACAGCAACCTCAGCATCACAGA

F

R

F

R

F

R

F

R

F

R

: TTCATTCGGTCACCCAGAAGTCG 89
: CGATTAAGTGGTGGCTGATGGAGTT

: CCGTAATCCTCTTCTCCGAGCAT 147
: CGGTCACAGCACTACTACTACTACT

": AAGCGACTTGTGGAACTTCAGATTC 111
: TTCACGAGGAGGAGCACCAATTC

: CGAAGACGAGCCGACGACCTTA 98
: ACTCCTTCACTGCCTCCTCATACTC

:ACTCTTTGTGGGGTTGTTGC 76
: AGGGAGAAGGCCAAACATCT

W P 5 3 3k 274" ( Livak ) 325 %o B8 30 17 4 B
13X A L5 R, GraphPad Prism 5 3 {44 il
HIEK

2 R 59

2.1 HWR By g

X EEICAY S RNA HEAT 19 3R B B2 Jg v 7k
FE A, B 2 25 IR 0D, 00 ITE 1.9~2.1 2
6] H. OD,g0050>2.0, Ut HH RNA Ji & 454 )5 28 52 56
Bk, DRI E M ERKE UL NS ER EF 519
X ¢cDNA #1755 PCR §" 34, 2005 A1 1% B Ag 4
P8 Mo P Pk 5 SR B R AR B UM G H ) R B
2.2 BT TE R AR R B B ER N EE ST

qPCR 53RN & 3 FioR, JeAGL1 Il JeAGLY F
PRI 7E eI A6 b 3R R AR GUAE B0, FEMEAE TR B 1Y
55— B AN R i i 23k BE S A8 & B R A
PEASE BB B S BE R AR BT
P J R 7 A6 % & 0 91 38 3k AE XTI, HL K
EWWEAT, KBEEBH LT, JAGL6 TGt &
TEMEAL IR SR AL T | Bl A A T 2 S I T Ry



184 OO0 M W

38 &

e M. A FRFRUE; 1. JAGL YIGE5 58, 2. JeAGLO U G455 : 3. JeAGLY P45 5, 4. JeAGL11 ¥ I445 5%,
5. JCAGL1S 94 B . 6. JeAGLO1-3 T HGLE 5. 7. JeAGLO2-1 U445 B . 8. JeAGLO2-6 T 45 5,
9. JCAGL62-7 ¥ #2455 10. JCAGL8O-2 ¥ H 25 R ; 11. EF ¥ #2511
Note: M. Molecular standard; 1. Result of JeAGL] amplification; 2. Result of JcAGL6 amplification; 3. Result of JeAGL9 amplification;
4. Result of JeAGL11 amplification; 5. Result of JeAGL1S amplification; 6. Result of JcAGL61-3 amplification; 7. Result of
JeAGL62-1 amplification; 8. Result of JeAGL62-6 amplification; 9. Result of JeAGL62-7 amplification ;
10. Result of JeAGL80-2 amplification; 11. Result of EF amplification.

K2 il PCR & 4%
Fig.2 Results of normal PCR reactions

B (HRLAR IR ) 2608 B B T AL . JeA-
GL1T e MERFEAE v i) 22 35 175 100 B S AN [R) B 9% fE 76
KB AR S B BEAR T TR — o BEA BT R R,
H =B Be 3 Ak T LA s 10 3R 58 KOF 5 i A48 v
SRS By B T A A By B 9 ik = A BT
Fh AR R FERAL FAARFIE MR . JeAGLLS JE
HTEMEAE & B 0 = A B Bt — B R £ ik,
HFRRBEEATR G EMARE T, B BRRIA
oA RS, B T A A B RS, HEE
S BLR B AL KO, JCAGLO1-3 TEME AL T Y
FIRUNE JeAGL1 F1 JeAGLY , ¥) W 26 ik AR v, it
T JAGL 1 JeAGLY FE M 4E & B 5 — B Be i 3=
ki, 2 S Rl A (] 3 0 i A W A (AR IH A 5 i
(2R IR AT TEHEAE 5 — B B i 2k i A AT
MEAEAR , 2058 — B BoA B B FHEAR T M4, 32156
BT L JeAGL62-1 TE MEAE T il TR BE Kk
BAETKE LT, E B REERE,HE =M
FHEL SRS — B Bt B BT 1 FHER B8 — B Bk A
TEREAE Hh 26 35 /2 W J2 08 BTG T RE ., JcAGL62-6
FEMEAE 0 2R 3K i AR PR R AR UE 1Y, AR A AR R
FR R E B W LT, JAGL62-T T I 46 v 323k

HIB W I TEMEAE T KA R BE R RS S R
IG, A58 B B 3Rk i fie i . JcAGL80-2 1 AL
hRBE S NG BT, 58 = B BoRsE — B B3k
IRAKCPARRL FEREAE A B W BT (A By
BB =B Be EFHIEBEAR K (I 3)

3otk g

FRIE Wu et al (2011 ) XF RIS I AE & 75 FO 4
AR 3 3 A I U X R M AR A T T A A5
WEE KR AR BN B AL T & 8 100 0 JRR IR hfE e 4 4%
KBRS — 55— S B, BB
TERE WAL, ¥ in f 8 R AR K AR Bl AR K A
FEIFEE M BOE Tt R B . R oe R B, b i 731k
SEAEJR L 3 B PE K H 245 3 (Delong et al, 1993
Grant et al,1994)  7£43F /K sl 22 B0 R A0 e 3k
PR ) e PP 2R3, DAL I R ORS A8 30 % B i 55— By
BURE R Y 22 57 3R 5K 0 TR RO A6 M ) 1
BHE, NERGERT AN, B - B~ H
1) 35 R ZE ME B AR P 1 SRk R DL — e i 25 5%, 1
1 JeAGL1, JeAGLY, JeAGLA1, JeAGL15, JeAGL61-3,
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(5]
- 3 A g 2.0 1 M#E Female
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;H{(E;) 9 Male ﬂﬁ5515
= 2 § 2 4 ®e g
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23 =i o
& 14 +
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(5]
o o
0 li T ll 00 T T
1 2 3 1 2 3
% BRTHA Developmental stages s ZBRTHA Developmental stages
g AGL62-7 ' AGL80-2
'8 |:| HETE Female -8 1 M44E Female
N LETE Male N 5 Male
KT s 2 4 K g §1.01
S BEw
= 23 ®re3
< 1. oo -
T 2oy *2%o0s5
2 5
E i E
0 T T 0.0

2
& BHAtHA Developmental stages

& BRTHA Developmental stages

T BEARAREY 1.2 3 20BN RANAE R & B8 — B B S8 B BL SR =B, iR 3 fLEK,
B e JBE 7 S PR R N s e Y s A, bR 2R TE I AR

Note :

1, 2, and 3 of the abscissa in this figure represent the first, second and third stages of early flower development,
respectively. Each experiment was repeated three times, the height of the column indicates the level of relative expression

of the gene and standard errors of analysis are indicated by the vertical bars.

Kl 3 oPCR Al

Fig. 3 Results of real-time quantitative PCR reactions
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JAGL62-1 255 B W ik, SR B By 3E A Y 25 5 3=
K] RE St i e | AR R L 19 1

TER B VI P A8 IR B PE s, 254 H i 3%
PRI 2R 35 7K T 1) 728 A S 02 ] 422 5 i) A £ 1) 38
— K EE ., JAGLL T JeAGLY T M if 16 iy
FERMEM S, FE MEAE T B A R B AR Tk R TR
1%, BEHA X MEAE & B A TR VR e A6 b U] 2
BT U A BE IF A W P EAE K B . JAGLI
FEAL KT A BOMEAE 0 26 5k & 3 B g v T
1, X R ZE R AN AN R EE LB R %
FEAEH . JeAGL1S TE55— 55 B BeiffE h 3R ik
HEDE & T IR L F R & RS
AR I A TR ) A 5 Ak 5 B = B B i B R A
WAL ik B T AR Rk KO HR
UL JeAGL1S Al ] LA 32F Ml 2 35 00 i — 25 Wi 2k
FERLRE IT H ALAGLLS 25 5 MG & A R 52
M (Heck et al, 1995 ; Fernandez et al,2000; Harding
et al,2003) , JeAGL15 F£ 575 = By Bt i 2 1K 1% 100 7T fig
SETE IR IG B K A AR &, X 5 RS O T D R A
L, JeAGL61-3 Fl JeAGL62-1 TE4 — B B R T v M
AE ) IA w0 i T AL, Rk ] LU S 1
JF L[ AL R F 25 JeAGL61-3 16 MEAE H By ik
B WTREAR, S B0 SOJE A 0 JeAGL62-1 1E
WEAE 2 38 e R T R AR A 2 R kK
W, AT RE AR PO IZ I R B R AE A BRI X —
SE WAL FEDI e, AT M D) A8 5 (8 1R Sk &2 & OEF
K, JeAGLO2-6 FEREAL H 3% 35 1t 3B Wi FH i , 1 W]
AR MR R F AR TEMEAE T I A ] AR 4k
VLIRS 5 HER M R T 5 i H IJCi8 2 76 i fE 18 2
e Rk m A b m, A T ER A 2 53k
M & E W E KM B, JAGLE2-T Fl
JeAGL80-2 TEMEAL T 3k 1 B Wi T i, F B0 1 1E
VR FEMEAE R SE — R B W B JcAGLO2-T =ik
AR At WA By Bt B9, T JeAGL80-2 W2
A, VR A S R A MRS — I B R B R &
VERS R WA L, 10 R 1B IR % I & R R s
JeAGL6 TEMEMEAE Hh Rk 22 F A K, KK H &
BRWIEM, TR EES SR E T, 5k
S L N

AW 58 B qRT-PCR Xt KR KA B 9 10 4

MADS-BOX & X (1) & ik A7 1 & A0 43 A, 45
T H 05 N 2 5 RO e E 5 1k DL KA &
F, 0 HS N KR ERAR, WHE 4 A &
FEARTR Dy B, 187 & #5 19 2R ) g LA B A C L
P ARV 2, iR T 2t — 2% B B 3
M T RE TR ST .
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