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Abstract: [Objective]To clone some fragments of the almond AcCBF1 gene and construct the gene si-
lencing vector pTRV2-4cCBF I mediated by tobacco rattle virus , preliminary study was carried out on
the AcCBF'I regulation of flower organ development under low temperature conditions, so as to lay a
theoretical foundation for the breeding of hardy-resistant varieties and further study on gene function
verification.[Methods] The target gene fragment was cloned from the anther of ‘Zhipi’ almond by RT-
PCR. After the constructed expression vector was transfected into Agrobacterium GV3101, the anthers
were infected by means of injection and vacuum infection. The empty vector control and infested shoots
were placed in an artificial climate chamber with 70% relative humidity for hydroponics until the bud-
swell stage(16 h during the day, 23 ‘C, 8 000 Ix; 8 h at night, 15 C, 0 Ix). After the end of the night
mode, the artificial climate box was adjusted to 10 ‘C, 0 Ix, 12 h. Then, the anthers of 30 branches of
each treatment group were stripped and stored with liquid nitrogen. The remaining branches were trans-
fered to the gradient refrigerator at 4 'C -h' to 0 “C,0 'C 3 h and -2 ‘C 2 h. The remaining shoots were
warmed at 4 C - h'', and the culture was continued to observe the phenotypic changes of the branches.
Semi-quantitative and fluorescence quantitative analysis were performed with RNA using RT-PCR and
q RT-PCR, using PdActinl as an internal reference gene. The silencing effect of the VIGS system on the
AcCBF1 gene was evaluated by phenotypic observation, semi-quantitative and fluorescence quantitative
detection. [Results]1The results showed that: (1) The expression level of AcCBF 1 after low temperature

treatment was significantly higher than that before treatment, and there was a significant difference be-
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tween each treatment and the no-load control after low temperature treatment. The expression of Ac-
CBFI gene in almond anther was analyzed by real-time PCR. The results showed that the expression of
AcCBF1 gene was significantly up-regulated in anther after low temperature treatment, reaching 2.6
times more than that before treatment. This indicated that 4cCBFI may also played a role in regulating
the cold stress response to almond flower branches; (2) Four AcCBF1 gene fragments with different siz-
es were cloned and sequenced to construct subsequent vectors. The final sequencing result of the insert
of 750 bp, 350 bp and 250 bp was consistent with the published gene sequence and can be used to con-
struct a viral vector. The 450 bp sequence of the insert had only 30% homology with the original se-
quence, so that this fragment was not selected for subsequent vector construction; (3) The Agrobacteri-
um containing pTRV1:pTRV2 and pTRV1:pTRV2-4cCBF'l,., was mixed in equal amounts, and the amyg-
dala was infested by vacuum infestation and injection. The results showed that the flower buds were easi-
ly detached, and the subsequent experiments could not be continued. In the subsequent experiments the
injection method was used to infect the flower branches; (4) Verifying gene silencing efficiency was con-
ducted by semi-quantitative PCR and real-time PCR. The silencing of AcCBFI by pTRV2-4cCBF1, and
pTRV2-A4cCBF1, was better, and the expression level of the gene decreased by about 30% compared
with the control. Infecting flower branches by injection can effectively silence the expression of AcCBF'1
gene, and also prove that the Amygdalus VIGS system was successfully constructed. (5) After low-tem-
perature treatment of VIGS-treated almonds, the infecting pTRV2-4cCBF 1., could be found in the emp-
ty vector control petals that were less open and the petals were smaller. Further collection of various tis-
sues for quality determination revealed that the quality of the flower organs decreased after the AcCBF]
gene was silenced. The shape of the petals and anthers was also evaluated. It was found that the decrease
of the AcCBF1 gene caused the longitudinal diameter and diameter of the petals to decrease significantly
compared with the control; the longitudinal diameter, transverse diameter and lateral diameter of the an-
thers were also reduced. [Conclusion] In this study, the VIGS silencing system based on tobacco fragile
virus (TRV) was established on the almond flower organ for the first time. The amygdalin carrying
pTRV2-A4cCBF1 was successfully used to infect the almond flower organ and the silencing effect ap-
peared. The experiment initially proved that AcCBFI played an important role in flower organ develop-
ment due to the regulation of low temperature. The results can not only provide technical support for the
identification of the downstream regulatory genes of AcCBF 1 in almonds, but also lay a theoretical foun-
dation for the discovery of the mechanism of AcCBFI gene in the development of almond flower organs.
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GV3101 A SE5 % CRAF AR TRV 24K BURL R AR
PR 27 R 52 18 4 FE 0 5 v [ %K /& pEASY-Blunt Sim-
ple Cloning Kit 4 H b &= &AM EARFIRA A .
1.1.3 B R BAXFH  FREIME A VIR T, DNA &4
I E NEB (It 50) . 55— 8% cDNA Synthesis 187 & 14
F Thermo Fisher A 7] ( i) ; RNAprep Pure £ £
Ty AR ) A RNA $RHGR 7 & TR/ 32 BGA 7 &
I W 58 1 DNA [t 77 & %6 14 H Tiangen 2 H]
DNA Marker DL 2000 1% F b 5t 4 X & 4B 9 s HoAth
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1.2 R 7E

1.2.1 BayARE A L% RHE GenBank A i [
Jii bk AcCBF1 3K 4K 5 51 C& 5% 5 JQ317157) , %
M8 VIGS #4k H 195 K Be e £ 5 0], H Primer 5
BAF BT VIGS : AcCBF 15 5711 5190 8 Fr BEK /I
ANTE Y 4 %5, 76 B 51 PR R U SIS S 5l 5
A EcoR1 Fil BamH1 B V)AL &5, 51907 50 3K 1. LA
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Table 1 Primers used in this study

GIR/EA S SIFHI(5"—3") FBORAN
Name of primer Sequences of primers(5’—3") Fragment size/bp
AcCBFI-1F CGGAATTCATGAACAGGTTCTTCTCTCATTT 729
AcCBFI-1R CGGGATCCTTAATTGGAGAAACTCCACAATT

AcCBFI1-2F CGGAATTCTTGCCTGCCTCAACTTCCCTGAC 345
AcCBFI1-2R CGGGATCCTCCCAAATGTCGCCACCTAAGC

AcCBF1-3F CGGAATTCAGGAGGAACAATGACAAGTGGGTG 464
AcCBFI1-3R CGGGATCCCTAAGCATTGAGGTGGAGAAAG

AcCBFI-4F CGGAATTCACAACACAGTCACGACTCTAAG 270
AcCBFI-4R CGGGATCCGCTTCCCTCTAAACGCCAATGC

PdActinl-F1 AGCAAGGTCCAGACGAAGAA 385
PdActinl-R1 TGTAGGTGATGAAGCCCAATC

q Actinl-F1 GAGACCTTCAATGTGCCTGC 104

q Actinl-R1 ACACCATCACCAGAGTCCAG

q AcCBFI-F TGAGAGAGCCCAAGAAGACG 111

q AcCBFI1-R CAAGCTTCCCTCTAAACGCC

T RIZRE 0 B YIRS B 2E . Note: Underlined part is the enzyme cleavage site and protected base.
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Fig. 1 Target gene recombinant virus vector structure
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RAD CFX Connect™ #4177 ) 72 7 PCR A , 52 B
FEF N :95 “C 3 min; 95 ‘C 105,57 'C 205,72 C 20
$,75 C 55,40 MEM . HAFERM3NEE . RH
288 NF A T B

2 SR

EHEACCBFL.’H%H_EEEI‘]?EB%
L4652 7 Bk AE 245 cDNA AR, #E4T RT-PCR
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2.1
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Fig. 2 Different sizes of AcCBF1 gene fragments
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CBF1, .4

M. DNA Marker; 1. 2. 4. Double digested products of pEASY-
CBF1, ..,
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Fig. 3 Identification of recombinant vector pEASY-
CBF1,. .. , by double digestion
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Fig. 4 Identification of viral vector pTRV2-AcCBF1,. ;, , by

double digestion
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M. DNA Marker; 1. pTRV2-4cCBF1, ;2. pTRV2-AcCBF 1, ;4. pTRV2-AcCBF1,
&5 PCR%£E pTRV2-AcCBFI,.. . 55 NR#TE GV3101
Fig. 5 PCR identify pTRV2-AcCBF1,. .. , transferred into Agrobacterium
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Fig. 6 Semi-quantitative and qRT-PCR fluorescence

quantitative molecular detection of AcCBFI gene in almond
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Table 2 Analysis of the quality of infected flower organ

Ab 3 AL 2F e i
Deal with Flower bud quality/g

FALE At o
Single petal quality/g

TE24 e Ji
Anther quality/g

pTRV2:pTRV1 0.094 5+0.025 7 aA
pTRV2-4c¢CBF1, 0.075 6+0.013 4 bB
pTRV2-4c¢CBF1, 0.064 0+0.015 0 cB

0.006 4+0.002 4 aA
0.004 0+0.001 1 bB
0.003 0+0.001 1 cB

0.010 7+0.003 3 aA
0.008 4+0.001 6 bB
0.006 6+0.001 4 cC

W R AIAS A KNG FRER R AR FRAIZE p < 0.01 Al p < 0.05 EEFHEEME. FH.

Note: Different captial and small letters in the same column indicate significant difference at p << 0.01 and p << 0.05 between treatments.The same

below.
®3 REPEERHEREARREMER
Table 3 Infect flower branch phenotype characters

A3 i N TEME ELAR TELIE AR TEZ A%
Deal with Petal longitudinal/ Petal diameter/ Anther longitudinal/ Anther transverse Anther side

mm mm mm diameter/mm diameter/mm
pTRV2:pTRV1 12.19+2.14 aA 8.45+1.38 aA 1.71£0.22 aA 1.20£0.12 aA 0.58+0.13 aA
pTRV2-4cCBF1, 9.24+1.44 bB 6.64+0.84 bB 1.33+0.15 bB 0.96+0.13 cB 0.51+0.10 bAB
pTRV2-4cCBF1, 7.27+1.27 ¢C 4.4440.79 cC 1.32+0.14 bB 1.05+0.11 bA 0.50+0.09 bB

HREWEE, EE2FEACMMAET . Pedro 57
I R R I 528 B R & @12+ N CBF /i &
PHRIR(E S ERMIEE P ERRE T+
UE S 3% 2 2 4R AR R 2 AR TR AT I R R 3Rk 4y
Mr# B PACBF1, PACBF2 1 PADHN1 TE ¥ Y4 i 72
HEVEERI . CBFI J& 55— /NMEAE ) 2R 1A R ¥
I 35 PR, fih R VA NG A5 I B A A $E PR IR
B B A AR IR B8 5 R I, Bk A6 2 Ac-
CBFI RiL & 5% AL 5.2 L, i St B s 1
i Bk 24 AcCBF1 W 3Rk & 5 % FRAH LL 2 F [
AP RIR AT RIS B S . X T REJE AcCBFI
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