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Abstract

Several fungal pathogens have been identified in the past and have caused serious economic losses
in watermelon. The expression of both chitinase and glucanase genes was attempted to achieve
higher levels of fungal resistance and to broaden the spectrum of resistance against many fungal
pathogens. Chitinase and glucanase genes were successfully transferred into two inbred line of
watermelon W1-4 and W1-12 in different time by ovary injection in the greenhouse. The harvested
rate is in the highest at 20h after self-pollination, but the harvested rate is zero at 4 h after
self-pollination. Transgenic plants were obtained by kanamycin screening and PCR amplification.
The result of kanamycin screening showed that the sensitivity of seedling to kanamycin was sig-
nificantly different between W1-4 and W1-12. In cotyledon stage, the optimal screening concentra-
tion of W1-4 and W1-12 were 75 mg-L-1 and 50 mg-L-1, respectively. Chitinase and f-1,3-gluco- sa-
nase genes were confirmed to integrate into watermelon by PCR. The highest transformation effi-
ciency for Chitinase and glucanase genes of W1-4 was 2.15% and 3.19% at 20 h after self-pollina-
tion, respectively. And the highest transformation efficiency for Chitinase and glucanase genes of
W1-12 was 5.56% and 6.74% at 20 h after self-pollination, respectively. The research provided
some references for the application of ovary injection transformation technology in watermelon.
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MR FBEESE, E)KERRWI-4MWI-12 H1ER0 5 KA RIRTE, 23S JUT 5B F A R
BEEDH . RSLRRBUE A RFHATRE, SRER, EENE20 T FREFSBLRERRR. WNTARAHE
¥RiEEAT H BRI ERFEMPCREN, SERH, FARAEMRER R FHPEN EFRERBREFELRER
HAER, KA RWI-4MWI1-12KBEBREFHERE S HN75 mg-L- 1150 mg-L-1; FKER R
£ H XM 520 hkTSNEDNAS NG B HE PR, JUT B R A H RAEEEE N Xt w1-4 /5L = 4
BAN2.15%M3.19%, JLT FREEEFAERREREE X WI1-1205 L E 5 3)85.56%F16.74% . 2 RK
N R F RS R ARETE N E R PR T S8 .

XiA
R, THRES, HER

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

P8 JIN(Citrullus lanatus) i 2975 A2 P4 JIVAE 72 AR O 7 55 (1 B0 1A 19 2 [ 1], B AAE i A& v I 7= (X A
INSAEK R BN BISA KA. P00 ™ E 205 70 )R AE = (B2, PO IGBHR SR i A, M
B FITEFEA R BRI — [ R Tk, BEEEME N LR AR MK R, RAEERBEAR N
P VG SPUR M  HUagh P R o R G T AR AL T — SR EREE T AT 8 42 [2] [3]-

VP2 PR A ARAE ) 3 B o J LT JTURT T S0, LT o T R T SR g e 08 o i B B At PR R LT
JORRVR SR, A D R A K AR P LT PR R SRME B ) K R R A AR A P B e R i =
LAEH, PIAEEIEM O Z M HAAEKRE4]. WRR[5]. hR[6]5 2 FiEY L.

RIFBEN FECH) Z T2, AR T XM A 3R G0 75 B L 2 AR ) i 3 P AR A R AN
BUEACRR[T] [8], —LeAEWF Ak ZAMELLEE L, F HARM AT BB R H AL R GRS £ 5 R Vg%
HALBIZRAR[O] . T I vESHEBRAE R MARIRRR. A2 HEEBRE], BLC) 2N THfE. £k, 8K,
RS L A EY) £ [10] [11] [12] [13] [14].

ARILRGHI T T8 SRR S R T R IA B A R SRR R R LT R AR R NP,
DAHHSRASHUAS 2200 10 R DR R R, g G 7 D470 350 T 0 5 T e B (R A o ol B2 05 o

2. M5 5%
2.1. {ER

SAATE TR R AR AP RS2 PG> 7 B s =42 i, 2 v E 22 & W1-4 A1 Wi-12,
ARl S RLAEL 5 A 27
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Figure 1. The diagram of pBI121-BG2
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Figure 2. The diagram of pBI-CH5B
[ 2. FikF 4 pBI121-CH5B HILEH4E
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B LR CHEB FH b Mk k2 52 52 3 T4, pBI121 HRA 2 F 06T 2 7] i I 2 I 5 5040F IR«
2.3. EEEHIRT

TagDNA 4. dNTP. RNaseA 04 H £ TRECKE)HIRA R FRPEN YIEF(Xhol, BamHI)
) 4 Fermentas /A 7] ; EasyPure™ Plasmid MiniPrep Kit 5 f #E BRI & EH TransGen Biotech /A #]; Hi4x
BRI A P o b Al

2.4. FREL DNA B9

FH sk /N 3R BORF S R EUTURL DNA,  FEHEAT XUBED %5 5 J 1) 26 75 A ZER 5k DNA SN, R
Hi DNA Y625 5 (5% Fl] OD260/0D280 > 1.8. OD260/0D230 > 2, FH NDIO00 HU i &4 45 6 ' B -
FERGRE FURL DNA ¥R 9 750~1000 ug/ml, bR 25 bR B FE i IR B AR R B 20 C UK FE TH R A7 45 FH o

25. FREHEWKSZE

# W1-4 F1 W1-12 FikE T AR AbRol k2 3 e 2 TRE O 1 SRR (R A =i H iR =), #
752 2 HR G BT B o S [15] 4 75 2%, FERRAEIARE R T 70X 55 R B TR AR AE 43 kA7 35
LSRR . FFAE R B 8 2 10 B, HHMT A T EAHM, MEEERFIHATIRE, JEEEMR SRR H M
] K N TR 250 i 5 2, #R2H 20 ocft, 70 ml Tk /e 4. 12, 20 F128 h, FH 70% I FG #2470 55
Ja 1 RO 2k B 13 364y, RIS 1 20 pl Sk 9 8 5 2 il DNA W, 7 DNA 1.5~2 g,
HERBE . WL, SRR GATATATALEE . 425 M7 VAT IR B, B 540 45 RIRSE#. R
SERGEAE TR A AL T AL B AR IR B RRAR To AREALF T

2.6. MR RERETREIEERK

KN E R R W1-4 Al W1-12 P75 150 RO FF IR, A 7RI, G 25 81 /KRS
R IR EF Z (Kan)iw R EE /> i 0, 25, 50, 75, 100 mg-L™, /NI mEHUAS [F) 9 BE B FE 1R TR 35 0
W SVRIRAE T I, B 20 %k, =IREH, ESRE - RKEBR—IKIL=IK 25T =0RRHEERE 2
Ry B4R H 6 RIFEIFLF TR

ZHEPLRIEE[16] 75 HR[1717775 (A D), K 78 I Xt Kan Ab 3R 1) s AR FERI 40 7 A5 4,
HEAT VG R R IR R PRI

BEALI5E B % AL B FRA To AR 7 4% 100 H0 4% A1 HH 18], PRt A 0 85 2% W S i ok P58 1A T a2
B IL SR E IR IS R DU AMAEL

2.7. B/KHF DNA B9H2EL

B g ki gniig TR AR R S8 9E, MK E 4-5 FEME, RIS 059, B
MRARTE. DNA REUTVEZHE Luan et al. [18] CTAB 5, 153119 DNA ¥ P 35 B it i B vk Al s 25 40
3N FE RGN HL R BE RN A S, DNA I L KRB BE N 30 ng-pl™t, B F—20CUKFE IR A7 4 .
2.8. #EEFHEKA PCR W

MR R MERGIE R BG2 A1 LT FiEE R CHBB [ Wit A& R 514, X To AR IEAT PCR 6
BRI EYE5I YN 5-TTTCTCGAGATGCTACGGGATGCATGGCGAT-3’, RNilf5I41 N 5°-AAAGG
ATCCTTAGTTGAAATTAACTTC-3’, ¥ 34 i Bt K 918 bp. JL T i B[R -3 51474 5’-AAACTCGA
GATGAAGAAGAATAGGATG-3’, Fili5l¥h 5°-AAAGGATCCTCACTGAGAGGTGACAAGGTC-3’,
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1 R BCK N 984bp. S0uL PCR M AA &R AL 45 ddH,0 38 uL, 10 x Buffer 5 uL, dNTP 3 uL, Upstream
PCR primer 1 uL, Downstream PCR primer 1 uL, #4 DNA 1 uL, TakaRa Taq™ 1 uL. /M 2#EU0F:
94°CTHAZE 5 min, 94°CARME 30s, 58°CIE-K 30s, 72°CHEfH 90's, FLHEAT 30 MEHR, 72°CHEfH 10 min,
4°CLRAE. HU 3 uL PCR F=HIEAT 1% I M i DAl

3. HREHHh
3.1 BRIHEIHSH

RSER R, BORFALIIPE IR SE, A7 A SHE A FIE I (8] 1 P RAL SRR (% 1).

B2 1A UG Y, NI T AL R A W R R . E820) 5 24 h WBEETE IS AR IEIR, AL RFIZ
g, mom AR R M BER S 20 he (HRLEEAJE 28 h AN DNA JEATER 7Bl , AR HRIFG
IR AR T30 E 12 h AR R BHIAEA R AR TR AE R 3285 20 h RSN DA 3 N P4 I R £
I Ta) . FERR S 4 hEEASNREE R AR SRR Ty 0, 7T Ae e LIS WIRIROR 76 52, YRR T S % ATV S A 8
WY Fhgk, W TAEE IR IS . WNE 1 IEr AT W1-12 (AR RE & T Wi-4, 2Ry Wi-12
HIPERS EE W1-4 K (14 3), FIUCRTES SEATIER NS, NS BRI T Hdik . WRPATLE N, S AbE Ak

RRL Y EART X ML) 75%, thubar W, PGS a5 34T 7 B Sy, ATt G 201 5 il i 1
SoMAL R

Table 1. Survey statistics of harvested rate by ovary injection in different time

F 1 FRESDETRIEAREIAMLRRIPEG TR

AR AR M JEEEART ] (h) LSEE(ES) ZRH) AR (%)
Materials Genes Time after self-pollination No.of flowers No.of fruits Fruiting rate

4 20 0 0.00
12 20 4 20.00

W1-4 BG2
20 20 6 30.00
28 20 2 10.00
4 20 0 0.00
12 20 4 20.00

W1-4 CH5B

20 20 6 30.00
28 20 1 5.00
4 20 0 0.00
12 20 3 15.00

W1-12 BG2
20 20 7 35.00
28 20 2 10.00
4 20 0 0.00
W1-12 CH5B 12 20 5 25.00
20 20 8 40.00
28 20 4 20.00
X A2 20 15 75.00
cK 20 15 75.00
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R %

32. FMBRREMFIE

SR 3 TN iR RAREE R, R 1K, 3L 39K 3 RIRIRIAIEE 2 RiEAT LGN, AbEin:
Fr EIFBCA I RAA, SR AR . B 4 RSN, — LR B AR L T s e,
P DLITIRME . 5 6 RIME ISR TH PG MAEIL(AR 2 M 3). Mk 2 2 3 W IE Y, 7

Figure 3. Ovary in different sizes
3. kAR Wi-4 F1wi-12 FEAMER

Table 2. Leaves of W1-4 resistance to kanamycin

2. KB A& W1-4 It R -RARE Hiitit e

WEHFE 5 6 KM i
ALFRREBR  The level of yellowing on the 6th day after the treatment  BEALFEEE /N T 3 2L B 44
The percentage of yellow
level less than level 3

RACE R IR (mg-L ™)
Concentration
of kanamycin

No.ofplants 0% 1% 2% 3% 4% 5% 64
level 0 level 1 level 2 level 3 level 4 level 5 level 6

100 60 0 0 0 13 15 20 12 0.00
75 60 0 0 0 14 13 27 6 0.00
50 60 0 3 11 18 10 13 5 23.30
25 60 7 14 19 9 7 4 0 66.70

0 60 58 2 0 0 0 0 0 100.00

Table 3. Leaves of W1-12 resistance to kanamycin

3. AMARER WI-12 HAX-FREZmn MRS

LS E 6 R AR
ALPEFEFR  The level of yellowing on the 6th day after the treatment  FALFREE /N T 3 I E 43 3
£ The percentage of yellow
level less than level 3

RACE R IR (mg-L ™)
Concentration
of kanamycin

No.ofplants O0%% 12 22 3% 4% 5% 6%
level 0 level 1 level 2 level 3 level 4 level 5 level 6

100 60 0 0 0 7 11 13 29 0.00
75 60 0 0 0 11 16 19 14 0.00
50 60 0 0 0 4 21 23 12 0.00
25 60 3 8 11 16 9 7 6 36.70
0 60 56 4 0 0 0 0 0 100.00
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R 28 %2 W1-4 F1 W1-12 I F 38 & S0k i B A 3 IO SE AL 22 5%, 43 1A 75 mg- L™ AT 50 mg-L e
W1-4 [ FORE IR B = T W1-12, X SRk B G0 R E = A gus i A 6.

TERAESNE DNA ENFAET, WA G0 TO SRR I A0 2, 3 0%t W1-4 AT W1-12 (1) 94 fi
A1 89 A ENEEAT T B R AR R R RS, A AR BT R AR O BRAT 13 Ak WA PETO0 LT R B
12, SRR Wi-4 F1 W1-12 1] 93 31 90 A4 BHEAT T i AR AIR & R ik i, 20l 13 2Pk ra vk 6
PRAT 9 BR(EE 4).

3.3. FHEFEHEMR PCR &M

W 4 fizs, REL CTAB VEFREUFE R - DNA, 7EHFESME DNA FEANZAF R, W 70 76 IO 3 SR b
fig (R 3L A0 3R, 43 DR W1-4 R W1-12 1] 94 43 F1 89 {3 A4 KLHEAT PCR 4738, 43 45 21 3 #RAN 6 AREH I Ak,
BHE 2533011 9 3.19%A1 6.74%: BIF 78 P8 TN JL T BLBg LA, J3 3%t W1-4 A1 W1-12 ) 93 73 F1 90 {344
BHEAT PCR Y1, 43152 2 #RAN 5 PRI PESAR, BHIEZE50 58 2.15%F1 5.56%. W3 4 ifLLEH, TG
W ANE DNA 2 1T RS R0 2 4 BB L [, W1-12 IR BT Wi-4, HUbal W, 75 vE s
AL RS R B S8 KN R, JEde KIEYIRAL R0 . K 4 TR, 8 -RIBE R
AT PCR A I 78 IV JE LR Bk, Hoar i 85 SRR A — 8, BI-RIPE R IRIE RPN, PCR 45 R4
—E IR, RN R IR @R, PCR 45 RAlfeth S RBUNMME. TR RAE R 7 st
EFNSNE DNA i fE i, —S6R R (: R E S0 RIS R Pt B BISE R AN 56 B0 Fr B s
T RIS 5 FANEE R ) IR R IA
4. W1ig

T SHE R R AR J5 BT B R SRAE Ry T8I, F /MR DNA SNSZRE O 40 L, 4t
— BB EGBZAEMMIEE R A, DOk BB AR B B[18]. ARSI R L, PEIRER 5 AN [F I 18] F N
HME DNA, A SR FNFAL R ERA IR R X o B DA€ 1 B NI R], 21 P ik 3R A5 i e A e i i
IR DG . BT A FERE SR VR, Bt AR e, 2 BN Fh 2EAS [ 1
Table 4. The test results of T, seedlings
R4 ToREVRENLER
MR SR EMEEARIE(N) AR Kan" f b4 PCR BT A2 (%)

Materials  Genes  Time after self-pollination No. of plants Plants resistant to kanamycin  No. of PCR-positive Conversion rate

12 92 7 1 1.09
W1-4 BG2 20 94 9 3 3.19
28 91 3 0 0.00
12 95 11 1 1.05
W1-4 CH5B 20 93 6 2 2.15
28 73 7 0 0.00
12 91 10 2 2.19
W1-12 BG2 20 89 13 6 6.74
28 86 8 1 1.16
12 88 16 2 2.27
W1-12 CHS5B 20 90 9 5 5.56
28 87 5 0 0.00
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MSIRZROR4rtrGea8I9ston M 123456 78910

(D (AED
e KB ToARJLT R AGHEE (984 bp) AL, M 25 DL2000 Marker; 1 JgFHPEXTHE, 2 ABIMEXTIE, 3 728 FK
TR, 4~10 AFFRTIERR: A3 B To % SRMETNG 52 4 (918 bp) Al . M g DL2000 Marker; 1 975 /KX HE, 2 A1
PEXTIR, 3 YBHPEXTIR, 4~10 NFFR I bR

Figure 4. PCR analysis of T, seedlings
& 4. To REBFE R EHEHREY PCR 42

AES . —FREEMER RN R ERE, BRGSO EXH AR K. 7Rk
BRI () SRR AE T K B 08 2 R AL 1) 52 K Bok R R TR AR [16] [19]

LI R, BERE 4 h I ASMEIE A AL RN 0, I H AR EE NS E DNA A4 53R 5 K
TAHATAATACEE BN B o BLBRTEREAT T 5 0T, IR T 745, 72t S8k g sier s,
WAk, FREa s B 1 GG IR R B G A, R A R AR R . BT DR AT T T
SF IR B el R (0 4 RS k1]

A FEBAT I AR IR EE R BT R A LI, PERNE AR W1-4 1 W1-12 R IREE 2= S 18 i FE 43
BA 75 mg-L A1 50 mg-L Y, REPERE A R TN RIS R MBURE AR E RN ER, X528
WHESE[20], AFMSSE 21408 — 8. a0 R A RAPE R PUPETREF PCR BH A I X Ik [K] 75 JIC Rk ik
%5, HOoMraRIEA—8, I-RIERERIAPER, PCR &REA—w KoM, R
B ITE A, PCR 4R Reth 2 RIUAMAME . X 5P SE[16]. 77 HER[17]. #RI5 K [22] 5k
E—8; ERARIEVCN RIS RIS PCR il 45 58 4 —#[23].

HH IS I 45 AN — B0 J5 R T BB A2 7E DNA $REUEFE A, R 40 9 3 25905 55 DNA T A T 3 g
HEY, IMsEmseasst By s & R A 7S A MNE DNA SEFEH, 52 2HE 0k A% R I 4 i »
A AT REAS H A R BObR e R R T BRAS 528 5 7, AT S0 T R R ) 1 3R [15]

TR ESHERI S AT 7R JRIEBRE], ATUEARFERL J&. FrEEY T Z e G R R, R E Fh
HRZE 2 A Tt AN ZE, e RAEYI MR, B B R SR ek Qs A i b Ru& 12 [24] [25] [26] -

TRHESHEWAE — @ /IR, (EEH T Iy, B RGE U TR E . A, wi-12
XA R AR i T WL-4, 2R WL-12 16285 W1-4 K, RS 8 5 NSMNE DNA B, A
GRS 4EK . IR L, F i ahaACE H TAER R MRRAE. 3R, &R, PO REEY) . Th3sE
INIIINGE S KRB SRR B AR B B I8 VR AT AR A AN IE & F 7 i G

R F S — R BR Y, (EJ2 SRR T 7 I AR 1k 2R v 52 S5 DR PR R ) A AR A 55 PR
I HERAERIE, MAMK, ZNEMEER, & M7 EG RN E gt
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5. &hig

KRS T PHESHERRINRAT T 23 PRELIED VU IR, 0 5E 1 b i SHEAEEAT 70 TGS AR F AL i B AR

[AFEAE H AL A 20 h, JF HLAERGE B LAl N 8% AR 10 3k DA e A 2080 B A ik DR R 1 23 A6
E&WmE

RALL R =2 AR T H (15XG05).
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