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Abstract: Plant flowering induction is strictly controlled by key regulatory factors of endogenous and environmental
signals, which consist of at least 6 closely interlinked but divergent genetic regulation pathways. As an important mem-
ber of the Phosphatidylethanolamine binding protein (PEBP) family, Flowering Locus T (FT), plays a key role in dif-
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ferent pathways. There are two FT genes in hevea, ectopic overexpression in both Arabidopsis thaliana and tobacco can
promote early flowering. Quantitative expression analysis of hevea leaves in different months of one year showed that
the expression of the two genes was different, and HbFT2 may be a candidate gene. In this study, 35S::HbFT1 and
35S::HbFT2 were transferred into rubber tree by the method of somatic embryo genetic transformation, and 2 and 3
positive embryos were obtained, respectively, and identified as positive by GUS staining. Plants that were directly re-
generated by positive embryos or regenerated after secondary somatic embryo propagation were expanded by bud
grafting. There were 4 and 7 overexpressing transgenic positive plants of HbFT1 and HbFT2, respectively, but no flow-
ering was seen after 7 years of field planting. The transgenic plants were confirmed as positive plants by both PCR and
GUS staining. qRT-PCR analysis of inducing flowering genes of HbFT1 and HbFT2 and inhibiting flowering genes of
HbTFL1/CEN showed that the expression of HOFT1 in 35S::HbFT1 positive plants was significantly higher than that of
wild-type control, and the expression of HbFT2 gene was relatively low. The expression results of HbFT2 in
35S::HbFT2 positive plants showed that only two were significantly higher than that in the control, and the other 5
plants were not different from the control, and the expression of HOFT1 gene was relatively low. Although the expres-
sion of HbFT1 in 35S::HbFT1 positive plants was significantly higher than that in the control, the differences between
the progeny obtained from the same positive embryos were also significant, and the expression of HbFT2 in two
35S::HbFT2 positive plants were significant too, which was speculated to be related to the chimerism of embryo trans-
formation. The expression analysis of inhibitory flowering genes showed that the expression of some inhibitory flower-
ing genes was significantly higher than that of FT genes. It was speculated that the early flowering phenotype was not
realized because of the high expression of inhibitory flowering genes, and the balanced regulation of FT/TFL1 also ex-

isted in hevea.
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Tab. 1 The positive plantlets of HOFT1 and HbFT2 trans-
formed into somatic embryos of rubber tree Reyan 87-6-62

FH P AE R

HME A HMIESE -

Explant Exogenous gene No. of polseltlve plant-
P 87-6-62 1R 2 Jfd it HbFT1 Ft2014604-2
A 87-6-62 A 4R AR HbFT1 Ft2014604-3
A 87-6-62 A 4R AR HbFT1 Ft2014557-2
A 87-6-62 MALR IR HbFT1 Ft2014557-3
AT 87-6-62 14 41l Jfu JI HbFT2 2014D276-2
AT 87-6-62 4R 4 Jifu JI HbFT2 2014D276-3
I 87-6-62 1R 2 Jfd it HbFT2 2014D214-1
P 87-6-62 M 4H AR HbFT2 2014D214-3
A 87-6-62 A 4H AR HbFT2 2014D187-1
A 87-6-62 MA4R IR HbFT2 2014D187-2
AT 87-6-62 14 20 ffd i HbFT2 2014D187-3

12 FHi&
1.2.1 Takisk PCR %52  ¥E# HOFTL A
HOFT2 3L H FH AR AR IR 2 9 0 |, DNA $2 1)
D7k I RARAE AR (dEae ) A B FI DNA
PBGRF & (DP320), & NanoDrop 2000 43¢
S RE T FIE I L UK AG I DNA R b il e JBE 1 5 4%
P, HR3E HbFT1 F1 HbFT2 ) CDS X %5 K Ay
B g8 (£ 2), #31 GUS I Npt RN 519 (%
2), R PCR %2 FHMEAR#R, PCR 94 (0 il ff 1]
TOLOBIO [ 2xMagic Green Taq SuperMix
(21502 ), PCR MW AKZ My : 2 uL DNA Bt , 5l
Y145 0.3 uL (10 umol/L ), 7.5 pL 2xMagic Green
Taq SuperMix, 4.9 uL ddH,O. PCR IV FEF 4 :
94 ‘CHiAE M 3 min; 94 C7AEME 30s, ¥ 58 CHE
£ 10s, 72 ‘CIEMH 1 min, 35 DMER; 72 CLIE

fift 10 min; 4 ‘CLRAF. PCR IR A 1% S5l Hit
FER VKA . Bk PCR RNt B, 435 LA
ddH,0 fias FIXT IR (CK), ARZH AL IR e it
AN 4] DNA N APEXTIR (CKT), &4 H 2
PRI 1) 22 25 280 R R Ay B X B ( CKC ),

% 2 HbFT1, HbFT2, GUS. Npt EE¥ 5|4
Tab. 2 The amplification primers of HbFT1, HbFT2,
GUS and Npt genes

A GIE/EA S 1 (5-3")
Gene Primer name Sequence (5'-3")
HbFT1 HbFT1-528-F1 ATGCCTAGTGACAGAGATCCTCTT

HbFT1-528-R1 TTAGCATCTTCTTCCCCCGG

HbFT2 HbFT2-528-F1 ATGCCTAGAGATCCTCTGGTTGT
HbFT2-528-R1 TTATTGTCCTCGCCTTCTTCCCC

GUS GUS-5M GGTGGGAAAGCGCGTTACAAG
GUS-6M GTTTACGCGTTGCTTCCGCCA

Npt Npt-F TCAGAAGAACTCGTCAAGAAG
Npt-R ATCATGGCTGATGCAATGCG

1.2.2 MMMtk GUS &5 4 F|H Biosharp
) GUS Je 50137 &1 ( BL622A )i {1 GUS %L fh
W4 B U 1 X-gluc 7 TR FIZE o i 4% BE L TR A5 i
B GUS 48 TAEWR , BUREAS Bbk 138 i i 8 1
1.5 mL (B0 H, I AL HI 47 1) GUS Ye e TAE
W, BT 37 CHEFAALH, RO, JHmARK
FER T5% MRS VR B B, R AR
ECERE A, FRRIEL

1.2.3  qRT-PCR 447  XJ i JE R BH P AR ik 2
T qRT-PCR BHiF , 43 B 4 2F A6 Fn4m il J1 £ 3 A
FEAS R BHPEAE AR A 2R A AR . AR IR ) A 5
HbFT1. HbFT2 F JF L3 K HTFLL .
HbTFL2. HbTFL3. HbCEN1. HbCEN2 %L K 41
JP5, WitHRER: RT-qPCR 514 (3 3 ). FIH KRR
AR (dta) AR R B RNAprep Pure 28
Z ) 5 RNA $2 B & (DP441) 42 B i
M RNA, 2K ] NanoDrop 2000 43366 - FIEE G
FEL VKRS I RINA R (i P e B R 50 3 L R 42 x4
2 %% 34 7 & ( TransScript® One-Step gDNA
Removal and cDNA Synthesis SuperMix ) 2 % 5% i,
cDNA, ¥ FiR 541551 cDNA fE B,
LI HbYLS8 N ZHEH, FIH 2xQ3 SYBR qPCR
Master Mix ( Universal ) ( 22204, TOLOBIO ) it
T qPCR, WA R 5188 74 UL 1T
SHWE 3 MERER R 27 RN
FRRE X e TR 7K
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Tab. 3 Primers for qRT-PCR

BlE/E2N J75 (5-3")

Primers name Sequence (5'-3")
HbYLSS8-F CCTCGTCGTCATCCGATTC
HbYLSS8-R CAGGCACCTCAGTGATGTC
HbFT1-F TACACATCAACGGTACACACCAGTC
HbFT1-R CCAAAACATCCCCTATCACACG
HbFT2-F ATCTTTCTACCATTTGACCCCATA
HbFT2-R ATAACTCGCCCGCTTGTAATCT
HbTFLI-F CCTCCTTAATCCCTGGCTACG
HbTFL1-R ACATCGCCTACAACTCTCCCT
HbTFL2-F GCCACATTTGGAAGGGAGATAG
HbTFL2-R TAACACTTATTATTGAAGGCCACTTG
HbTFL3-F ATACACCTCTTAGCCAGACGCTC
HbTFL3-R TGTCGCCTCCTTGGACCTCA
HbCENI1-F CTAATGGCGAAGACAACAGAT
HbCENI1-R CACCTCCCTGGACCTCAAC
HbCEN2-F GAAACAGCAGCAAGGAGACG
HbCEN2-R ATTGGTGCGACTGATACGAC

CKCK CK'4 5 6 7 M CK CK" CK'4 5

HbFTI GUS

CKCKCK4 5 6 789 10 M

HDbFT2 GUS

CKCK'CK4 5 6 789 10M
E

Yo Nl St ! ! N o Nt

2 HREHH
2.1 % HbFT1 #1 HbFT2 PHMHEHRAT PCR £ &
FIH 3 X%F PCR 575 | Wy %t LA i 2 i PR AT ik
PEATYHE, R 1R, 7RSS EXTER (CK ).
BAMEXT IR (CKT) sk 348 AR R BER /N
PRy, MIZEPREEXS B (CK™) 143 Bk bk
YIREY AT & HARIER ) 7 BER /N, 7 L I T
GESRLFN] BT I HDFTL F1 HOFT2 FHPEAE RS
W45 535 R B
2.2 % HDFT1 #0 HbFT2 PRI RRE) GUS P
BOH
MR GUS Y i i I B (5 1y 45 SR an &l 2 fr
N, GUS R fent gt B £, JIf H4#nt
RIS TR, TR L LA AR B i G
et ZERFEM, GUS REHTE XLt F b %
ik, X5 PCR RN 25 - —3, i B X Se 55 f A
PRAf 20 BHPERE R

7 M CKCK CK'4 5 6 7 M

1000 bp

Npt

CKCKCK'4 5 6 78 9 10 M

1000 bp
500 bp

Npt

M: 2K Plus DNA marker; A, B, C i 4~7 JFE3E R FH M AEFE Ft2014604-2, Ft2014604-3, Ft2014557-2, Ft2014557-3;
D. E. F 1 4~10 A5 EL P PR 2014D276-2, 2014D276-3, 2014D214-1., 2014D214-3, 2014D187-1., 2014D187-2, 2014D187-3,
M: 2K Plus DNA marker; 4-7 is the transgenic positive plants of Ft2014604-2, Ft2014604-3, Ft2014557-2 and Ft2014557-3

in picture A, B and C; 4-10 is transgenic positive plants 2014D276-2, 2014D276-3, 2014D214-1, 2014D214-3,
2014D187-1,2014D187-2 and 2014D187-3 in picture D, E and F.

B 1 3% PCR#EFFSIMMEERBERNTIBER
Fig. 1 PCR amplification results of transgenic plants by three pairs of PCR specific primers
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R HRAAGIT 87-6-62 , I Fe ik AP Ak 5 10 A5 A 1 3¢
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Fig. 2 The GUS staining of different positive plantlets

AN FRIAE
Relative expression

xR R
Relative expression

AR/ NG FREFR IR AL BRI 22 5 % (P<0.05 ),
Different lowercase letters indicate significant difference among treatments (P<0.05).

3 HDFT1 7 HbFT2 EEEBRIAEKPRIRIAS
Fig. 3 The qRT-PCR analysis of HDFT1 and HbFT2 in over-expressed plantlets
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TR BRI T ] AL I R 0 3850 B , 45 S an &l
4 fit, 75 HOFTL @B RIA AR, ] I 4 i 2
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Fig. 4 The qRT-PCR analysis of flowering genes in over-expressed HbFT1 plantlets
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B 5 HOFT2 ERMAEEKFARFEEERNRIE
Fig. 5 The qRT-PCR analysis of flowering genes in over-expressed HbFT2 plantlets
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