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Preliminary study on Agrobacterium rhizogenes- mediated gene overex-

pression system in watermelon
WANG Pingyong', XU Yongyang', ZHAO Guangwei', HE Yuhua', KONG Weihu', ZHANG Jian', LIU
Shuimiao', HU Keyun'?, HOU Chong', WANG Lanju*, XU Zhihong"

('Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China, ’College of Horti-
culture of Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract: [ObjectivelWatermelon (Citrullus lanatus ) is a worldwide horticultural crop with a long his-
tory and extensive planting areas. China is the country with the largest watermelon planting area and
yield in the world and also at the forefront of the world in the study on watermelon genomics and func-
tional gene mining. Agrobacterium tumefaciens meditated transformation of watermelon has been suc-
cessfully conquered by Beijing Academy of Agricultural and Forestry Sciences. However, the watermel-
on transgenic technology is still difficult for most researchers, which is an important factor that restricts
the studying progress on watermelon genes. In this study, a rapid method of inducing adventitious roots
in watermelon was established. Through the mediation of Agrobacterium rhizogenes, the exogenous
genes could overexpress in adventitious roots.[Methods]The wild type 4. rhizogenes strain K599 and
watermelon variety ‘Sugar Baby’ were chosen to explore the operation method. Seedlings with two
just unfolded cotyledons were inoculated. A microsyringe needle was used to pick up a piece of 4. rhizo-
genes K599 colony and pierce through the cotyledon node. After inoculation, the seedlings were cov-

ered with plastic cups to maintain high air humidity and then cultured at 22 “C in dark for 8-12 h. After
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dark incubation, the bottoms of the cups were cut off, and then the cups were placed upward on the seed-
lings. Vermiculite was used to fill the cups until the seedling inoculation sites were covered. Pour the
vermiculite through with a spray pot. Seedlings were cultured in the light incubator with a 12 h light/12
h darkness photoperiod, and the day and night temperatures were set to 28/25 ‘C. Vermiculite was add-
ed and seedlings were watered daily to keep the inoculation site moist and in darkness. About 20 days
after inoculation, the adventitious roots appeared at the inoculation sites. The main roots and hypocotyls
were cut off. Then, the plants were buried in the nutrient soil and continued to grow. With this method,
the overexpression vectors pCAMBIA3301 and pCAMBIA1300-ProSuper containing GUS and EGFP
genes were introduced into A. rhizogenes K599 to infect ‘Sugar Baby’. The effect of the overexpres-
sion system was evaluated by common PCR. The reaction system of PCR was as follows: 1 puL. DNA
template, 0.5 pL of each upstream and downstream primers, 5 L. 2xPCR Master Mix, and 3 pL ddH.O.
The PCR reaction procedure for pPCAMBIA3301 vector detection was pre-denaturation at 95 C for 3
min, denaturation at 95 °C for 30 s, annealing at 50 C for 30 s, and extension at 72 ‘C for 50 s for 35 cy-
cles, and finally extension at 72 ‘C for 8 min and preservation at 4 ‘C. The PCR reaction procedure for
pCAMBIA1300- ProSuper vector detection was pre- denaturation at 95 ‘C for 3 min, denaturation at
95 °C for 30 s, annealing at 50 ‘C for 50 s, and extension at 72 ‘C for 1 min for 35 cycles, and finally ex-
tension at 72 ‘C for 10 min and preservation at 4 ‘C. PCR products were detected by 1% agarose gel
electrophoresis. To analyze the expression of GUS and EGFP in adventitious roots, qRT-PCR was con-
ducted. First strand cDNA was synthesized using a PrimeScript™ RT reagent Kit with gDNA Eraser (Ta-
kara, RR047A) following the manufacturer’ s protocol. PCR reactions were performed on a Roche
LightCycler® 480 RT-PCR System using the SYBR Premix Ex Taq™ Kit (Takara, RR420A). Expression
levels were analyzed following the 2 method. The expression of GUS and EGFP was also detected by
GUS staining and confocal laser microscopy. [ResultsJAfter seedlings were inoculated by the wild type
A. rhizogenes strain K599, adventitious roots were successfully induced at the inoculation site in ‘ Sugar
Baby’. This indicated the operation method of inducing adventitious roots in watermelon by A. rhizo-
genes K599 was feasible. Following this method, 4. rhizogenes K599 carrying pCAMBIA3301 and
pCAMBIA1300-ProSuper vectors successfully induced the adventitious roots in ‘Sugar Baby’. The in-
duction rate of adventitious roots was 70%-90%. PCR verification results showed that the positive rate
of adventitious roots was 100%. GUS and EGFP genes were detected to be highly expressed by qRT-
PCR and verified by GUS staining and confocal laser microscopy detection.[ Conclusion]Genetic trans-
formation is an important means to analyze gene function, but the research progress on cucurbita genet-
ic transformation is relatively slow. Although the transgenic technology of watermelon has been con-
quered by Beijing Academy of Agricultural and Forestry Sciences, it is still an important factor restrict-
ing many researchers to study the gene function of watermelon. In this study, 4. rhizogenes K599-medi-
ated gene overexpression system was established in watermelon. This system has the advantages of
short cycle, easy operation, high transformation rate, and can realize the rapid verification of gene func-
tion in watermelon roots. It will provide technical support for the research on the mechanism of genes
that specifically play roles in watermelon roots.

Key words: Watermelon; Agrobacterium rhizogenes; K599; Overexpression
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5% K48 M SR AR Bt 7 T 25 B 1 158 . pCAMBIA3301
H1 pCAMBIA 1300-ProSuper % {4 Jif bir £ A [ 4 kK
W SO R A R 53 33 GUS (B-gluc-
uronidase) & [F| il EGFP (Enhanced Green Fluores-
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Table 1 Primers used for the positive adventitious roots
detection by PCR

a 7 i K pEE

‘JI%%*/ 3|95 5 Hbr b B e

Primer . Target fragment
Primer sequence .

name size/bp

3301-F GACGTAAGGGATGACGCACAATC 293

3301-R TCATCATCATAGACACACGA

1300-F  TCTTGATCCGCAGCCATTAACGACT 800

1300-R  CACCTTGATGCCGTTCTTCTGCTTG

(2)qRT-PCR # il = B AL BY HY 3 2% B A 7 K599
BHIRAER, RSG5 95 N K599:00, FEHL 8T H 3
2k 28 PCRASHN Ay A 14 1 43 ) 45 7 pPCAMBIA3301 1
pCAMBIA1300- ProSuper # & () A & 4R, 4i 5 A
K599:pCAMBIA3301+GUS-1,2,3 A1 K599: pCAM-
BIA1300-ProSuper+EGFP-1,2,3. LA F#E 5 456
AL, B EE R G E T80 CUKFERAE % H o
K F RNAprep Pure % §# 2 W FE 47) =t RNA $2& B 57
ORI, AL FO R B RNA, K H PrimeScript™ RT re-
agent Kit with gDNA Eraser Jz # 5% 71 £ (TaKaRa,
KIE) A M cDNA. R GUSE K EGFP %K ¥4
WIHRE R 91 (% 2) . KA SYBR Premix Ex Taq™
Kit(Takara, K3 ) 7 € #AXAF &, /£ 2 1K 480 %
5E B PCR X347 QRT-PCR )% o LA JK Actin 3& [H
Cla016178 YN 2 FE R, F KA X ik 7K 7 12 1R
2 IIERAT UL

(3)GUS Bt B B8 < 4 18 A 8 AR 7E Z8 1K o

%2 ARATERD GUS £FAF EGFP £E
qRT-PCR #3349

Table 2 Primers used for the expression analysis of GUS

and EGFP by qRT-PCR
- L |2
SsR A RN
. . Target fragment
Primer name Primer sequence .
size/bp
GUS-qPCR-F  GGTCAGTGGCAGTGAAGGG 187
GUS-qPCR-R  GCGTAAGGGTAATGCGAGGTA

EGFP-gPCR-F  GTGCTTCAGCCGCTACCC 104
EGFP-gPCR-R  CGTCGTCCTTGAAGAAGATGG
Actin-qQPCR-F ~ GAACTTGGCACCTGTCCTGT 147
Actin-qPCR-R ~ GAACAGTGCAACAGCCTCAA

TEVETIR IR TE GUS Yl (AR, Jb O, T
37 CHRBIS R E I E 5N 70% (@) L BT
HH I €8, A B 24 h S — IR L, E e 2~3 W, B
PEXT R R 2 0 IR B S R SR, B
g /N SRR GUS SE IR [ 3R IE A7 4

(DB R E RN B —/NEAERE
THEI A b, MR B > =K, 5 LR
P i 3 R e 5 4 78 o AR B R M AR B0 i b AR B
JE BBLAS LA SO, A B 0 3k R A I B AR
EGFP B RTEA AR P R IA TG B -

2 GRGHH

21 ERRTFEKSIFSANRZERER

B 5N AR 24k 1) BT A R K599 B Ak, 75 LB
[l 4 1% 72 5L (Str 50 mg - L) 0 R 2k 5, B T 55 9%
Fir 28 CRIEREFR48 h g H THFh. #:F05 20 d,
PO 5 40 7= A KB A B R D, =R S5
155 S I %N 80%~85% (K 3) . Pt HAAI A ik 7y

AR AT K599 TGRS 8 5 B. A 71 K599 741
4T -
A. Watermelon seeding not inoculated with wild type K599; B. Wa-
termelon seeding inoculated with wild type K599.
E1 FERKSFESENZERER
Fig. 1 Adventitious roots of watermelon induced
by wild type K599
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Table 3 Test results of adventitious roots 20 days after inoculation
gz‘g\h ﬁi}n{“i{;&dti K599:00 K599:pCAMBIA3301 K599:pCAMBIA1300-ProSuper
-t RAR LI 80 75 70
First batch Proportion of seedlings with adventitious roots/%  (16/20) (15/20) (14200
ANTERR AR 100 100
Rate of positive roots/%
gt 14 AR LA 85 80 80
Second batch  Proportion of seedlings with adventitious roots/%  (17/20) (16/20) (16/20>
ANREAR B R 100 100
Rate of positive roots/%
=t RAR LI 85 90 90
Third batch Proportion of seedlings with adventitious roots/%  (17/20) (18/20) (18/20)
ANTERPH P 2R 100 100
Rate of positive roots/%
i AT PR 5 I A T AR o
22 B pCAMBIA3301 AEHFEET LR KT E . g 100000
K599 & GUS £ R T RIE X 5 80000
; . R 5
i B A 7 K599 i 5 N5 A MU GUS B IR 87 gy 60000
o .5
& pCAMBIA3301, 5 7 JIUT- 45 4b K A 2 1R *E“j 40000 ¢
) . . " 20000
T B ) e S 2 AR 75 R P, D 26 X | |
KN A293 bpe SR EIR, =HIXLHAETIRIFE S K599:00  K599:  K599:  K599:

BN T5%~90% , A~ 7€ AR 1 BH M 25 100% (B 2, &
3). qRT-PCR 43 #1278 GUS K £ A e M K &
ik, EBARAER T GUS KN RIEER E 7
(E3). GUSIHEHI Gt ] BN, AN e IR gt
T 5 4 e SR 8 B AN TR AS B AR M G B IR VR 22
F(E 4,

L B R L R

300 bp ettt T gr——

M. Marker; 1. B 4= B K599 % 3 77 £ {9 A € W 5 2. pCAM-
BIA3301 &5 ki 3~12. #77 pCAMBIA3301 # &M K599 %S
PR A EM

M. Marker; 1. Adventitious roots induced by wild type K599;
2. pCAMBIA3301 vector; 3-12. Adventitious roots induced by K599
containing pPCAMBIA3301 vector.

2 5 pCAMBIA3301 #HKxHIF K
T ER PCR MR
Fig. 2 PCR detection of adventitious roots induced by
K599 containing pCAMBIA3301 vector

pCAMBIA pCAMBIA pCAMBIA
3301+ 3301+ 3301+
GUS-1 GUS-2 GUS-3
K599:00 7R 8 EM K599 5 FINAEMR T GUS FEH X 2%
5 ; K599:pCAMBIA3301+GUS-1,2,3 £~ N pCAMBIA3301
AR K599 551 3 SKBIVEAEMR T GUS R R AR X Ik & .
K599:00. Relative expression of GUS gene in adventitious roots in-
duced by wild type K599; K599:pCAMBIA3301+GUS-1, 2, 3. Rela-
tive expression of GUS gene in three positive adventitious roots in-
duced by K599 containing pPCAMBIA3301 vector.
3 AMFERF GUS HEMEX RIS
Fig. 3 Relative expression of GUS gene in watermelon

adventitious roots

2.3 L pCAMBIA1300-ProSuper J3 £ {&if it % 1R
RITFAKSI NS EGFPERER T FTIX

) B A2 K599 3 N B A SNIE EGEP 2[R 1)
# A& pPCAMBIA1300-ProSuper. 13 P8 JIL- 45 &b K
A E AR S I Bk 51 ks A s AR 2 75 A e
H 4675 K /N A 800 bp. 45 B 7, = HER S A
TE AR TN 70%~90% » AN 52 AR 1 BH M5 4 100%
(K]5,%3). qRT-PCR 7} #13K #] EGFP B[R {EA 2
AR B R IE  HA R A E R EGFP £ A 1) K ik
BAHZER(E 6. MidBOLILRERME TEASE
AR OV 52 3 B 2 (1) 2% 6,75 ', (AN [E) AN 58 A KR HE Y
RNIRER 27 (B,
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K599:00 K599: K599: K599:
i _ ) N pCAMBIAI3 pCAMBI pCAMBIA
A BFAER K599 i S AN EMR M Gt 4h R B, #51 pCAMBIA3301 00-ProSupert  A1300- 1300-
AR K599 15 FAE ML Jeta 2 2L EGFP-1 ProSuper ProSuper+
+EGFP-2  EGFP-3

A. GUS staining of adventitious roots induced by wild type K599;
B. GUS staining of adventitious roots induced by K599 containing
pCAMBIA3301 vector.

4 BRTERK GUS LBLE

Fig. 4 GUS staining result of watermelon adventitious roots

M. Marker; 1. B £ 0 K599 i 3 77 4 (9 A & 4R s 2. pCAM-
BIA1300-ProSuper # {4 Jifi ¥i ; 3~12. #77 pCAMBIA1300-ProSuper
WA K599 S AR A ER

M. Marker; 1. Adventitious roots induced by wild type K599; 2.
pCAMBIA1300-ProSuper vector; 3-12. Adventitious roots induced by
K599 containing pPCAMBIA1300-ProSuper vector.

5 5 pCAMBIA1300-ProSuper AN EHR
PCR &5 R
Fig. 5 PCR detection of adventitious roots induced by K599
containing pCAMBIA1300-ProSuper vector

3%

EF LT — MR AN R S 8N A
ER I 7. BTz Oy vk, R AR AR R
K599 w5 N\ 3[R i 3R I8 2 1k pCAMBIA3301 1
pCAMBIA1300-ProSuper, 1% 2 SE 3L T 4 GUS il
EGFPHERTEF EAER P R RIE . Hefh iy A4 A
K599 FHHFf 5 5 A A AR 1K K599 J5 » 75 )R &)1 1 1)
REWREF TN T0%~90% . S e KRB, v
YISy U SR e R VA E 5 i B NS e s B2 /NI TR
ASURAENR . MEHARWEAES G, 217
PR R K EAN MR . W SRS s A 3 5,

K599:00 R - HFAER K599 5 A EMR P EGFP S K IIAIR 2
& 7 5 K599:pCAMBIA1300- ProSuper + EGFP-1,2,3 £/~ 5§ A
pCAMBIA1300-ProSupe #14& 11 K599 i T 1 3 45 BH M A2 AR
EGFP JEN X 2k &

K599:00. Relative expression of EGFP gene in adventitious roots in-
duced by wild type K599; K599:pCAMBIA1300-ProSuper+EGFP-1,
2, 3. Relative expression of EGFP gene in three positive adventitious
roots induced by K599 containing pPCAMBIA1300-ProSuper vector.

6 FANTERT EGFP BRI RIEE

Fig. 6 Relative expression of EGFP gene in watermelon

adventitious roots

D

A B AT K599 i 5 A AR I B A 45 R 5 B~D. #54l7 pCAM-
BIA1300-ProSuper A& K599 i AR EMR A Bk 45 5
A. LSCM detection of adventitious roots induced by wild type K599;
B-D. LSCM detection of different adventitious roots induced by K599
containing pPCAMBIA1300-ProSuper vector.
7 ARATERTD EGFP EEMRKLER
Fig. 7 LSCM detection of EGFP gene in watermelon

adventitious roots
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