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Abstract ; In order to explore the molecular function of NcEXPA8 gene, which is highly expressed in the cambium region
of N. cadamba, NcEXPA8 gene expression during seed germination of N. cadamba and the effect of its overexpression on
seed germination of Arabidopsis thaliana were studied. The seeds of Neolamarckia cadamba, Arabidopsis thaliana wild
type (WT, Col-0) and T3 homozygote of A. thaliana overexpressing NcEXPA8 gene were selected as experimental
materials. Quantitative real-time polymerase chain reaction (RT-qPCR) was used to analyze the expression of NeEXPAS8
gene in different stages during seed germination of Neolamarckia cadamba, and also its expression level and that of
endogenous related genes in the germinating seeds of A. thaliana WT and T3 transgenic homozygotes. Furthermore, the
germination rates of WT and T3 homozygous seeds of Arabidopsis thaliana were compared at different treatments and
different time. The results were as follows; The expression level of NcEXPA8 gene was different among different stages
during seed germination of Neolamarckia cadamba, and its expression level was the highest when the seed coat was
broken, and then decreased. Compared to wild type of Arabidopsis thaliana, the overexpression of NcEXPAS8 gene not
only significantly increased seed germination speed, but also increased the sensitivity to GA and reduced the sensitivity
to ABA, but did not affect the expression of endogenous related structural genes in A. thaliana. This study preliminarily

analyzes the function of NcEXPA8 gene in seed germination, but its final determination still need to be verified in

Neolamarckia cadamba.
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Y R 8 H (expansin, i #XK EXP) B K TE
BRI b o R 9, & — 2 ST RS T 4
B AV JR (%) 40 L i i 1, (E S 5 20 B K i 3
( Mcqueen-Mason et al., 1992) . XJAE¥ 1 & , 40 A
B — bl O T R 5 4 S AR ) BT B LA
SCRE, [ M) A 288 B AR K R B A T S
TP A K B e 2 2738 4 Y RN FDE AR 3X
LT X A0 M BE B ] 28 P E AT E T ( Marowa et
al., 2016) . X T 9 &E H A AE I HLE Y
TEAWE, BREEENIY REASS T
2 i W P A Y BRI SE A T U 4 RE R 4 22
5 L 5 a] i) S A0 T 0 RE AR Ak, Ao 1 AN i
BEZ2 Y (e A0 M R A R T < 0 3 5 Boan i s
fifiJf ( Cosgrove, 2000, 2015) . FEF BT AIRA,
AP REF X HEY &N HEVERK KB A EE
YEH, B an. AR ( Yu et al., 2011; Boron et al.,
2015) .Z£(Boron et al., 2015; Li et al., 2017) A}
(Devi et al., 2015; Zhou et al., 2015) FI Jf 3¢
( Minoia et al., 2016) I EKEZH .

5 32K ( Neolamarckia cadamba) , X 24 B IERT,
i J& 76 5B ( Rubiaceae ) B £ & ( Neolamarckia) |,
ERRTEA, I [ T 2R PG M 2 e R S A B
(R T IV ST 74 S R S W2 8 Sy ol 1B [ €
1972 RS -L T A AR R 25 | B 4s B & 0%

R RN T LR FObE BT A R S A 4T 4
R ) S i A A5 1 BILARL JEORE (B /M 45 2012) .
SORER] iR AIE 2 b R R YT R A
NcEXPAS , Ff ¥4 £ 1 3 38 3K Pbi121-NcEXPAS %
EAURE ST, & B NeEXPAS HE PR (13 1 Fe 3k {20k T
PURE T PR AR DL M ZE B AR A 40 M B A (Li et
al., 2017),

Tl 8 06 T TR K, S5 R T IR AR 5
ﬁ@%ﬂﬁﬂ/ﬂﬁ‘&(l\lonogaki, 2019) . B &Ry
N2AEEW LT M T E B AT s,
IR A B IR FLIE 2 S5 AR (Liu et al., 2005) , 2
TEIRFLIE 78 53 A0 JE A e B VAR AR K 52 B, i
bk % W & 1 A8 19 45 3 ( Nonogaki, 2019) . A A
WEFE R W] Fh 1 ok 72 b | 4 A48 1 4 i BE 2R 1
PR A7 5 Wl L 5% A% it/ K f B ( XTHs ) (97 e R
TERLFE IF (Arabidopsis thaliana) . 35 i ( Lycopersicon
esculentum) 1% ( Lepidium sativum ) B9 R FLME X 45
YN 5 323K (Chen et al., 2002; Voegele et al.,
2011; Sanchez-Montesino et al., 2019) , H GA fit=
MG (gib-1) T A TESMNE GA FE1E I A4 fE
Wik, WK 12 h 9 GA 5 LeEXP4 1) % ik
(Chen et al., 2002) , 15 B i 3=k 4 ff0 B2 46 1 5 | 7 e
LR DX A0 Ao b - i kS 3 1 {2 E AL B 8K
PR S
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CAMFE R, e T I R 5% 3
H  AtEXPA2 DR TE $U0FE I 0 & B R R S
Rk, ZH5F 7 & ( Yan et al., 2014; Sanchez-
Montesino et al., 2019) . 4, i A H Alh 25 44 3
LN AMANT (ATZFA 5025 1 Fh 11 & 1 2
B AaTZF4 X RD 7 B 8 & R 296 E A R
HRFBET AMANT £k L BT ATZF4 1 3%
ik ABA 15 AtTZF4 3238 L (BXT AtMANT 23K
oo ¥ AE H ( lglesias-Fernandez et al., 2011;
Iglesias-Fernandez et al., 2013; Bogamuwa et al.,
2013) . BRI, ARWFIE BT T NeEXPA8 3[R £ B
AR B & 2 B A [ B 300 9 A X Rk i, OF
G300 T AR IT WT Fl% JE PRI MR NeEXPA8 JE [
S 540w I B0 & 0 IR AH E S ALEXPA2 |
AtMANT 1 AtTZF4 7875 AL BRI A Y1 R GA, Fl
ABA b B A AH X R ik g, L RIRSE T GA, F
ABA XHULRG IT WT FilEG 5 D A 1 & 1Y 5% i, ik
R J5 8k F Y NeEXPAS 3 R 7E 3 G2 AR Fl 7l & vp
14 ) fil B4 S

ARG %

1.1 #

ABIEGE LAY AR AR 1 B R OR ) R BRSO
PFFA R WT( Col-0) DA S B 3RA5 B 4% NeEXPAS JE[H
AL I T3 AR 2lA R AP (Li et al., 2017) K
kL,

1.2 5 RNA HiRELE cDNA &5

FIHAEY) RNA 3257 & (Omega) #2 LS RNA
FH 40 pL % DEPC K%L RNA, F-80 C IR 74
H o PrimeScript TM RT Master Mix i 7] & ( Takara ,
KI%E) BEHT A5 K BL RNA (0.5 wg) 5% S5 %0 1 4k
¢DNA, T-20 CIR-AEEM .,

1.3 WHEEZ(RT-qPCR) 53 #7

B R A 1 BE cDNA i & 15 15 % 1, RT-
qPCR 7E% [ ( Roche ) LC480 & f& PCR Y b #E4T,
RASEE 3 W HBCEE BT, PA ddH, 0 A
MAE R S50 1 25 LA B, RT-qPCR 20 L 2 4
Z41F :2xSYBR Premix Ex Tag 11 10 pL, 514 F
(10 pmol + L) 1 pL, 5% R (10 pmol + L) 1

pL,cDNA 2 pL,ddH,0 6 wL, JZ M54 F ;95
°C 30 s;40 TMEH(95 C 55,58 C 30,72 C 30
s)372°C 2 min; #E1T 58 ~95 C HIME A Hh & 53 BT 540
CAREN30 s, FERARFLIRGIF I N S35 450 K
NcCyclophilin F1 AtPP2AA3 (Li et al., 2017) , 5
¥ ALEXPA2 ,AtIMANT 1 AtTZF4 ] RT-qPCR 5|
Y2 % B A B SCHk (Iglesias-Fernandez et al.
2013; Bogamuwa et al., 2013; Yan et al., 2014),
PSR 1,

1.4 #FA0IE R HE &R IE

HORAFP T T R IR A K R IR E T 37 ¢
TRAR 24 by ZE 85 % ML b SF- 5 U8 4001 IR R 2818 K %
DR UN 0 R a1 R 171 ol i i B e b 4
SREE M1 500 1x 16 h JGIR/8 h IS G 25 C
B R h g, 0 TR R 3.6.7 .8 d AR T,
HHE Yan et al. (2014) B9 532 W8T 25 C %5 AL
FH(/K) 10 wmol - L' GA,Fl ABA H1{27 24 h 1Y
PIREIT WT FI%E NeEXPA8 JLPA T3 A4l & 1K Fh 7,
AR 3 AN AW FER R CRE R AR
RE, BT -80 CUKFfGA#SH,

& Wang et al. (2016) A5 1k, 7E 55 3= L
FHINELCIT A A MR ZE K (10 pmol -« L GA,FI
ABA KRG IT WT FIEE NeEXPAS JL[H T3 fR4li&
RAhF B TURAR b, B R 80 ~ 100 ALl ¥,
F T4 CHEEE A3 Jd, S T LI
FE M1 500 Ix R R 25 CHUBS M PR R . LUIR
MR AT AW A, 5 T 12,18 24 48 h ¢
TR R, AR 4 MY rER,
SR SPSS 19 it b i) o K50 vE A7 8 3 1 Bt
JEHEAAE 18 h I, GA,FI ABA X 4% 5 R 78 b 1 Hf
KRR HE RN ) 5

2 R 59

2.1 NcEXPAS BEEEERAMFHA LR PHEK
LD

HIRAF TR 6 d G, IR A B (K 1,
B) , 75 ¥ R B A 3 7R A9 A R B Bt , NeEXPA8
FEFMRIR K, FFAERS 3 d 5, RBEK
i 7ERE IR 6 d J5 , HERIA Sk Bl i fm , BLET IR AR I
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£ 1 RT-qPCR5|#)

Table 1  Primers in RT-qPCR
HE A EUF5IH(5'—-3") THFGIH(5'—3")
Gene Forward primer(5'—3") Reverse primer(5'—3")
AtEXPA2 CATAAACTCCGACGACAACG TACCCACAAGCACCACCCAT
AtMANT TCAGGGACAAGTTGGGAAAC AGCTGAGATCGTTCCATTCG
AtTZF4 AACTAACTCACCTCAGGCGAACT TCTTCCACCGAAATTTACATTCT
Pbi121-NcEXPAS TATCGTGAGGGTTTTCGTGAAG GGTTAGACTCTGAAGTTCTTTCCA
AtPP2AA3 TAACGTGGCCAAAATGATGC GTTCTCCACAACCGCTTGGT
NcEXPAS TAAATGTGTTTTGCTAAATAGTTGG TCACACTTTACTTTTACACTTCCCT
NecCyclophilin GACAGGAGGAGAATCTATCTATGG AACCTGCCCAAACACCACAT

. BfJE RARAETAER  H NeEXPAS JEPR 3%
IR 2 AL, FF AR A AR (B 1:A)
2.2 NcEXPAS AtEXPA2 AtMANT #1 AtTZF4 £
AE#EFRMEFFHRIE

R 52 B 98 9% 2 & RT-qPCR $ R & T
NeEXPAS (AtEXPA2 . AtMANT Rl AtTZF4 K 78 23
FIALEE (7K ) (10 wmol - L' GA, Fll ABA 4b# T )
FITF WT FUE L K NeEXPAS k2 0l & 1 Fh 1 (IR
HRRIEE PR B ) iy Rk, MR 2 %0, 78 4% 5L A
T3 fREEA R & R F i, &K R NeEXPAS 3E A
B AR = (&1 2:B, C, D), MAEMREIT WT
A RE (E 2.A), TEAHFALIETT , AtEXPA2 |
AtMANT Fl AtTZF4 FEPRIAE IR IT WT FI1 45 % JE A
PRAR (8] AH X R Gk 1 o 25 5. AtEXPA2 Fl AtMANT
AT ENF iR RE, S 507
B & ( Yan et al., 2014; Sanchez-Montesino et al.,
2019), S5 HAH (K) ML, 76 ABA Kb #ET
AtEXPA2 F AtIMANT S 7E L RS I WT Fil 45 e 5&
Rk R KM PR RE LB 2R, M
AtTZFA W) 3532 5 5 (0 7E GAL AL BEF , AtEXPA2 Al
AtMANT SR AE 25 2 RL B & Fh 7 1) 2k | B 3
PEET M ATZFA WK
23 MERMTFHERNST

%18 Wang et al. (2016) A9 5 15, JE47 Fh 1 85
KR E, MFE 2 AT, 4 CEBEA 3 45 (0
h) RS WT fil 3 5% NeEXPAS 3E[K T3 fR4li &
B TR 7 # AR & . 7625 CHREFFFTPH SR 12 h
J&,10 pmol - L ABA 43 () WT Fh 145 A& % |
FE BB A N G 0 & BB D, — A 85

Frll e 2 WA 4 L, H A b 3100 Fh 5 #5853
TFURWT &, AL LA T 1 W K R B Em T WT,
FER M PR FE 18 h J5 , B ABA A AL, HA4vab
PR R T WT G 3 PR Bl R 0 0 2 W 5 it
B2 (AR ER (7K ) BUFEFE R 3 AN bk R R T I & R D
W 2 M TR JT W 525 AR BR AR EE, 10
pmol « L ABA AbFH ) 45 & PR B o - i e 241, L
T EIF WT A 20.17% , i 10 wmol - L™ GA &b
HM SR o R R0 E R m, A& REN
Pl 20 e — 2K B R FR b B 43R i % . 1595 24
h J5 BR T ABA Ab B A b 3 A % i R AL b 1~ 42
TR, 5557 48 h JiT, 25 Ab LAY 4% 5 X L b7 4
BT %, R, B F ik NeEXPAS 3[R H & ik
Fh ¥ % .

GA,FIl ABA XHELRG I+ WT %% 5 (K Fl 1 8 &
BRI 25 L2 2, 22 10 pmol - L7 GA, 4b B ()
WT Fll 3 A6 LRI bR 2R A Rl 7 0 A0 25 4, HL
3 AN HE R bR &R 0 7 0 R AR R 31.47% ~
32.09% , K T HIF I+ WT A9 8 & {2 i % 20.92% ;
MZ: 10 pmol « L' ABA ZhH (1% 45 3 H AU Fp 7 5 &
D B AR, AH 5% 5 B Bl 1 B R 40 R (47
6% ~ 48.73% ) /N T HLFg % WT /9 8 & 77 il %
70.8% , 156 B i i R 3k NeEXPAS RN T GA,
XF W A A A 38 AR T ABA XA B &
=

3ot g AR

B FE KA 5 A1 2 EXP BB (hitps://
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A. Expression levels of NeEXPA8 at different seed germination stages; B. Seed morphology at different germination stages, Bar =100 pm;

Different capital letters in A indicate extremely significant differences in expression levels among different periods (Duncan test, P<0.01).

K1 B RORR T RS R BT S SR R NeEXPAS (R 2 Y Rk

Fig. 1

homes.bio.psu.edu/expansins/genes.htm ) , {5 7£ A~ [f]
ZHAAS B LA AR A Kk B BB, ik 26 5L P Y
RIXNKPAAEZE S FI e BRI e & A
25 QARG I Y ALEXPALO 3 R 7E &) B0 ot
R Rk Y A IR I i SCRE Bk R AR R R B
XA A EEAL T o A K /N (Cho & Cosgrove,
2000) ;AtEXPAT AtEXPA18 5 AtEXPA17 Lhis F
FIRTEAR B 1 4R FIAR B AR 1 ot 4 D PR 9 A
H (Cho & Cosgrove, 2002; Lee & Kim, 2013) ; 7F
R DR U204 S R IK Y ALEXPATL T i s O T
Y1 RE B 485 A I8 P8 S L IF 9 (Wed et al., 20115
Zhang et al., 2011); EHf A M P RER
AtEXPA2 . Z 5 Fh 7 1) 8§ & ( Yan et al., 2014;
Sanchez-Montesino et al., 2019) . M4k, 75 H At 44
AR H LGB U SOR R A K LB B B i 3k
L EXP R S SN HA R TN ERKEH,

Morphology and expression of NeEXPAS during germination of Neolamarckia cadamba seeds

175 5l (Rose et al., 2000; Chen et al., 2001) 7K
i (Cho & Kende, 1997; Choi et al., 2003; Ma et
al., 2013) 4,

XoF TR0 0 2 FRHR DL R AH 56 00 F M 4% B 4
Pz M SE, BT TR S 2 F YR GA
ABA 17 A TREORHR (4 I8 45 B 71 R 16 oK
SRR, S BORP 5T A 2 FeJs AR {1 i ( Finch-
Savage & Leubner-Metzger, 2006; Holdsworth et al.,
2008) . A& EXP X Bl & AE 89 40715 4 AN TE
AT AT IR UESE, 76 R0 0 A v 75 A M RE 1Y
BALLL B EXP 2 5 2R £L IR FLAY 21k AR AR A= K
(Morris et al., 2011; Voegele et al., 2011) ;[ EXP
A7 Ak a0 i BE S 8040 i b s (R A o B
( Cosgrove, 2000, 2015) , PRIk, ] LASFEWT EXP 74
T & b e %5 B AE . 7E B R OR B
KB FRET  NeEXPASFE R 1) 32 3K & 76 Fh Wil i &
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Pl 2 JEP NeEXPAS AtEXPA2 AMANT Rl AtTZF4 FER bR 5 rh it 255
Fig. 2 Expression of genes NcEXPAS, AtEXPA2, AtMANT and AtTZF4 in different lines

A i fe , 1T 7 R AR A0 A K bt 2 BRI, IR A
TERAR K, XS gs LR NeEXPAS & [H 1] B
S5 THPAM TR L, U HIE I FL0E X 5L

ik,
NTRERNIGE, HFRENEREEHNE
BFBLZ —, T H R X g I AR R 8 FE A

T A AL R i R gL/ AR KR e
R/NGEDL A5, X2 5y R AT R AV | A= B AR Ak 45
Bl i DL B i R iR R I, 9k 32 o PR A
IIREAYKE I ( Zhang et al., 2011; Lu et al., 2013;
2014; Boron et al., 2015) . 7ZEFK AT
HOHAT IS, © AR 1S 1 i IR 8RR NeEXPAS %&
A HA R 2T T3 AREEA AT+ (Li et al., 2017)

Bae et al.,

TEAHF ST H , NeEXPAS 3[R 7E 3 AN %% 3 4 bk
R R B A AR TEAR g R Gk, H SR IA K
WE T EM 0 & AR RIAH AEXPA2
AtMANT F1 AtTZF4 52 B 58 I WT A L, %
FEHIFR A X LN IR Rk, S 5F i
KBS IR FE R AtEXPA2  AtMANT 1 AtTZF4 | Horp
AtTZF4 X510 8 & 2 2040 §i 76 H ( Bogamuwa et
al., 2013) , 76 GA AL B # & Fp 7 AtEXPA2
FTAIMANT B9 R XT3 35 5 32 5, ALTZF4 1 3R 3k 9k
i 7 ABA KbFER  AiTZF4 (AR & HX
AtEXPA2 F1 AtMANT B 3RIKTCHH S sg e, L Ah, 78
GAALBETR | B 3L PR 9 i % 42 1 52 B i =5 401
FiJF WT; Wife ABA AbHR R, 55 3L K Fp 1 AY 5 &
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Table 2 Germination rate of Arabidopsis thaliana seeds

B % % Germination rate (%) -
R Aha i

Promoting rate
Genotype  Treatment J

0h 12 h 18 h 24 h 48 h (%)

WT H,0 0+0 9.4+0.77 69.08+1.34 100+0 1000 —
10 pmol - L' GA, 0+0 11.59+0.52+ 83.54+1.31++ 100+0 100+0 20.92
10 wmol - L ABA 0+0 0+0++ 20.17+2.6++ 54.79+2.33++ 100+0 -70.80

Line 1 H,0 0+0 10.63+0.48 * 75.25+1.63 == 100+0 100+0 —
10 pmol - L™ GA, 0+0  14.29+0.63 = ++  98.93+1.24 s ++ 100+0 100+0 31.47
10 pmol - L' ABA 0+0 2.84+0.94 *% ++ 38.58+1.68 #x ++ 69.41+£2.4 %% ++ 100+0 -48.73

Line 2 H,0 0+0 11.33+£0.69 =* 74.64+0.79 == 100+0 100+0 —
10 pmol « L' GA, 0+£0  15.28+1.08 = ++ 98.59£1.7 #% ++ 100+0 100+0 32.09
10 pmol - L' ABA 0+0 1.38+1.06++ 39.11+£1.24 #% ++  69.55+1.05 #* ++ 100+0 -47.60

Line 3 H,0 0+0 11.47+0.52 #= 74.22+0.77 == 100+0 100+0 —
10 pmol - L' GA, 0+0 15.15+£1.14 #% ++ 97.6+2.78 #* ++ 100+0 100+0 31.50
10 wmol - L ABA 0+0 1.62+£1.08++ 38.29£1.49 #% ++  67.66+0.62 ** ++ 100+0 -48.41

T8 SBT3 R P B 4 W RIS EAR DR 5 o A s S350 200 [l — Kb SR ) — WP S92 S DU B R 5 WIT b7
RARMZEFILE T 3 (P<0.05) FIHR L3 (P<0.01) /K- (¢ K6 ) 5 +F1++ 43 590 3 73 1) — ok DR B0 AR (] i 40 15 2 | ) e Ak D -7~
KW ZFIEB] T B (P<0.05) AR (P<0.01) K (¢ Kil) .

Note: Negative number are inhibition rate; The data in the table are the (x+ s.) of the four replicates; * and #** respectively indicate that the
differences of the germination rate between transgenic lines and WT seeds at the same time and same treatment reached significant (P<0.05) and
extremely significant (P <0.01) levels ( i-test); + and ++ respectively indicate that the differences of the germination rate between different
treatments at the same genotype of seeds and same time reached significant (P <0.05) and extremely significant (P <0.01) levels ( i-test).

R BALTR T WT, XS5 SR R 78 KR (Lietal., 2019), Ry 7E 8 F2 AR i i 5[5 1)
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