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1.1 kR R 4

LIVPE K A 28 & [ Citrullus lanatus ( Thunb.)
Matsum. & Nakai var. lanatus ] 971037 Jy 3258,
CHE LS R GG AR, R RS R I B2 1l (CL/
Cm), I LAVE IR 971037 | MR I 32 1 (CL/CU) 1E X
W, SR TR B2k 54, T 28 °C /18 °C U /1)
JAH 12 h/12 h JE58] 300 pmol/(m* « ), &
T0%~85 X A T H W, BHEEK 2 4 1 1
Lo AT IR b B, MR EE R CE 10 C/5 C
O /%0 , Ho A Z R R X BEPRBE . IRIR AL 0.1.3,
5 dE Ve FEHE B LR BB B R i S R UL NG
B AR S HBOT IR R AR R IG R T —80 C
VKA RN, RANACEREE A AEREE VBN EEH 6 5K
VU R &)y 1 4
12 RERHEUZE
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1.3 HBRREERNE

R L T B % R I I E S B Hong %1 1Y
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mL,ZJE 25 °CF 200 r/min #65% 2 h, 5 &, N E B
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AN = RS AR E SRR R EL2, WL B
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MDA & & il £ 2% Hodges % {5 1k,
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43 2 56 6 S 5l ] Tmaging-PAM 8 141 94
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CO, & it 400 pL/L, i B (25+£1.5) C. 25K
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TRIRAL SR 5 d J5, 43 90 B 75 00 AE Bk Ml b 3 R0
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Gen, db 50 U B A5 3147 , 38 58 U 3 T 6 RNA
Kk, B AR RNA SR HisScrip 11 Q qRT
SuperMix 5 iR F) & (Vazyme, 7 7)) 5 315
# cDNA E 5 521 986 5 B PCR BIBIAR .
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pL, ZcE 0 94 CHUAEME 30 5395 “CAEME 5 5555 Cil
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CIEF1a .CIACT # CIUBCP™, 3N E£KKT-Z
o2 gk AT R AR AR B DL log, XK
TR,
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WA RN 4 RERE WV YE L R
(meantSE), & A Microsoft Excel B 4 4t i1 #
i SPSS 17.0 A X £t #4777 22 73 M7+ 38 Dun-
can’s B B 26 etk AT 22 % B H M (P <<0.05) K 5
JH Origin 7.5 A1 HemI 1.0.3 fEA.

S)v



%2 GRS ARG ARG B XTIIR T P8 NGl i 8 P O A VR B a0 B PR 3% 3k 1 52 i) 57
&1 oRT-PCREE#RIE3IW
Table 1  Gene-specific primers designed for qRT-PCR
E IS S H K 1D EmEI#G-3" K s (5'-3"
Gene name Gene 1D Forward primer Reverse primer
7L IR ML R 1 R i
BUIR I L A % Hi AL . Cla013927 TCCCTTCAGGAGGCATTATC CACCAAGGTTGCTGAGTTTG
CltAPX (thylakoid ascorbate peroxidase)
it LT U I PR i i i
H%E*AMEMLE%%. Cla013224 AATTGCTCGCTTTCTCGTTT GTAATGGAAGCTTTGACGCA
CIDHAR (dehydroascorbate reductase)
23 Skt %
ﬁﬂtﬁ% # *zﬁﬂ ‘. Cla007826 ATCCTCTGTTGCCTCGTGAT CCAACGAAGTTTCTCTTCTGG
CIGST (glutathione S-transferase)
NEiA ‘TJ' V=3 l 5 2 A
é%ﬁﬂt}hﬂﬂf‘mﬁﬁﬁu . Cla011457 TTGAGATTCTTGCATTTCCG GCATTGTTTCCATTCACGTC
CIGPX (glutathione peroxidase)
3 L
MEHEH . Cla018221 GAAGGAGCTTGGAGACAAGG CAGCTGCATCACCTCTTGAT
CIHSP70(heat shock protein gene)
j E
H%UJ(E HEDH . . Cla021949 GCGGAGTACGAGAACAAG ACGCCACTCTCTTGAACTC
CIERD10(early responsive dehydrin)
U )
ALl Cla023448 TGCCGATACTCAGAGACACC TCATGAAACCCTCGTGGTGA
CICAT (catalase)
2 5 Ak il 3 [
ﬁ%kﬂﬁ% iﬂﬁ@ﬁ?ﬂl ], Cla012125 CATCAGAGGCTCCATCCAGT GGACCTCCATGGTCCTTCTT
CISOD (superoxide dismutase)
5 Ik i JE it i TR
{T%H%LW.M%. Cla021430 GGTTGACGGTGTCACACAAA ACAGCGACTCCCTGCATAAT
CIGR (glutathione reductase)
Rubisc 2
‘u isco AW 2 2 B Cla003384 AGCCGCGGTATTTATTTCAC AAAGTTCCTCCACCGAATTG
ClrbcL (rbel)
i-1, 6- T R il 3 IR
AL VHRR S 2 I_‘, Cla018136 GATGGCGTGTAAACAAATCG TTGGAGAACACCTCATTGGA
ClFBPase (fructose-1, 6-bisphosphatase)
3- K Tisy 3 5 YAl it
AR H 1 2 G Cla013455 AAGAGGCCATTTGCTGCTAT ATTCCACCACCGAGGAGTAG

ClPGKase (glycerate-3-phosphate kinase)

0 T2 AT A 05t 2 TR

i Cla008848
ClPRKase (phosphoribulose kinase) a

CGACGCATATATCGATCCAC

TTCCTTCGTTGTCATTTGGA

2 HBREGM

IRl G 5 3 78 TR 4 4040 384K 0 4
T IR IR 45 XU R 361 199 W DO 1 50 4 e
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Fig.1 Effects of pumpkin rootstock grafting on the chilling

injury index of watermelon seedlings under chilling stress
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FAEMEG Y 5 d IWEEAGRFEAAE . 18 N A &1 %
FEAR L, IR AR IR AL FE 5 d BIAEI61.1%,
LR NAS ARG H AR R T 1.8 % .

22 BERBMAREMRETARYETYRRAE
op-A!

AL 3R 5 d B, PEJR A IR i K E o i
FOTT 5 10 e JINAG A 5 22 1 A DB R R S
TR A 25 40 (B 2) . B8 2 mTA, B IR R I 2
IERTE XN SN AN A MNP NN CE AR
TR TR A, RIRAH S d 5,0
JI B i LT T MR T R A Ak T R
5 E R IR BN RE T 61.3%.50.8% Al
61.0 %0 5 1M B JI Al A 0% 422 1 AE AR TR AR 28 5 d s b [
L0 T A L N i R T | Ry 7 S R I - DO
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Fig.2 Effects of pumpkin rootstock grafting on the chilling injury phenotypes of watermelon seedlings under chilling stress
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Table 2 Effects of pumpkin rootstock grafting on dry mass accumulation of watermelon seedlings under chilling stress

PR M BT R/ g

Shoot dry mass

PRk IR R/ g

Root dry mass

EbRT iR/ g

Total dry mass

R Lt

Root-shoot

RS A

Grafting combination

1B 4k 2

Treatment

per plant per plant per plant ratio
[P NERZd ﬁ'?‘?ﬂ Control (28 ‘C/18 C) 0.716+0.009a 0.122+0.010¢ 0.838+£0.011b 0.170+0.015b
cr/cb IR Chilling (10 °C/5 °C) 0.27720.048¢ 0.0602£0.009¢ 0.327£0.052¢  0.190£0.016b
MINES AR %R Control (28 °C/18 *C) 0.73740.082a 0.67140.046a 1.4084+0.126a  0.92240.05%a
(CL/Cm) K ¥ Chilling (10 °C/5 °C) 0.47940.082b 0.4614+0.067b 0.9404+0.113b  1.030-0.237a

AN RVNG FRE R O ] b B R 22 57 i 3 (P <<0.05),
treatments at P<C0.05.

HTEE 5353 R 1735.0%6 ,31.3 %01 33.2 %0 » i K T 7 I
I B AR ﬁiﬁzﬁi&ﬂﬁ%?ﬁ??%ﬁﬁ%ﬁ%
23 BEMBABRENRETANRNSEBBERS
ZIHA B (MDA) S =N

RT3 AT AR R 240 B PR S A M Y 2 e, 43 S5
SETHRRBERMN e, S5R WK 3A BT
7N 1B HIR B (28 °C /18 C) £ 14 F Vo NI 322 1 fL it
55 7 B EEA R FE AN S VU B K T iR BB R
290 15.2% , B RNAG R IR W g B E R A
11.1 %0 o AR IR AL 3475 5 v M 5 35 358 30 VSR 185, IR IR

Note: Different letters indicate the significant differences among various

¥R 5 d OB VE RN B K R BT BB R R 2

1556 HeXS HESG T 1.0 4% 5 ma JICAE A 60 22 1 AEAIK
AL H 5 d BN 17.4% . U X BB N T 0.7 5.
[R5 18 TREE R, 8 I I T R0 g TR AR I 422 T
MDA & 5433 %) 4 0.07.,0.09 pmol/g. MK T H#E
Hafm.s d mFL K A 8 # MDA & R 2 0.22
pmol/ g, SR R 3.1 A . T b R i TR Ay A 2 T 11
F N 0.20 pmol/g, AXTRRY 2.2 £5 (& 3B), B &
IR FVHK A 51 .
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Different letters indicate the significant differences among

various treatments at the same time point (P <C 0.05).The same as follows.
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Fig.3

Effects of pumpkin rootstock grafting on the electrolyte leakage(A) and MDA content(B)

under chilling stress in watermelon seedlings
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W F./F . @psu-qP Ml ETR i F [, PS 1T $it 45 i&
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Qs qP F1 ETR 5 %I B AH L 43 5 F B 93.6% .
92.9%.100.0 % F1 92.9 % , it i FEARFE T 5 17 LA _E ot
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SAHTRIE AL B 5 d J5 PS I 177 40 e 55 i
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(Do) FETE I [ 16 1 R R TR A 065 42 1 b 1 40 T L
B, RIRALE 5 d J5, PR F 5B @ sy Al @ g
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280.0 %4 5 111 B JINAl AR KA B D s 1 D g 5 X HEAH
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PS I 4 472 B i AR T V9K A &l (K 5) .,
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s A
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P2 R 4R 5 KO ok A g O i A e iR R Y
CO, [A fb 3 2 (AL 70 531 29 R 8.56 F1 9. 55
s) [ B R IR A I 2 1 3 B o A
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FIZE I R (Tr ) #H F F AR AREE 5 d JRPE KA
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E AR b 5 d B S X REORE L 43 R 1.3,
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Fig.4 Effects of pumpkin rootstock grafting on the chlorophyll fluorescence parameters

under chilling stress in watermelon seedlings
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Fig.5 Effects of pumpkin rootstock grafting

on the quantum yield of PS Il under chilling
stress in watermelon seedlings
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Fig.6  Effects of pumpkin rootstock grafting on the photosynthetic gas exchange under chilling stress in watermelon seedlings
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Effects of pumpkin rootstock grafting on cold tolerance,
photosynthesis and expression of stress-tolerance genes of

watermelon seedlings under chilling stress

LU Junyang GAO Min WEI Nannan CHENG Fei BIE Zhilong

Key Laboratory of Horticultural Plant Biology ,Ministry of Education/
College of Horticulture and Forestry Sciences s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract The effects of pumpkin rootstock (*Qingyan No.1’) grafting on growth,chlorophyll flu-
orescence,photosynthetic gas exchange, expression of Calvin cycle and stress-tolerance genes of water-
melon (‘97103”) seedlings under chilling stress (10 °C/5 ‘C) were studied to clarify the mechanism of
photosynthetic adaptation involved in chilling tolerance in pumpkin rootstock-grafted watermelon seed-
lings. The results showed that the chlorophyll fluorescence parameter such as maximum quantum yield of
PSIl (F,/F,) in self-grafted watermelon decreased significantly under chilling stress in comparison
with control.After 5 days of chilling stress,the effective quantum yield of PSI (®Ppg;) in self-grafted
watermelon seedlings and pumpkin rootstock-grafted seedlings decreased by 92.9% and 59.2% compared
with the control.Pumpkin rootstock grafting effectively delayed the damage of PSIl induced by chilling
and promoted the expression of key genes including Rubisco large subunit (rbcL) ,glycerate-3-phosphate
kinase (PGK ) ,phosphoribulose kinase (PRK ), and Fructose-1,6-bisphosphatase (FBPase) involved in
Calvin cycle. A higher CO, assimilation rate (A,) in pumpkin rootstock-grafted seedlings under chilling
stress was observed.which was attributed to the enhanced expression of 9 stress-tolerance genes inclu-
ding GPX, tAPX, GR, and ERD10.After 5 days of chilling treatment, the chilling injury index of self-
grafted watermelon seedlings and pumpkin rootstock-grafted scedlings were 61.1% and 22.2% , respec-
tively. The whole plant dry weight was decreased by 61.0% and 33.2% ,respectively compared with the
control.It is indicated that pumpkin rootstock grafting reduces the water loss by regulating transpira-
tion,up-regulates the expression of key genes involved in Calvin cycle and stress-tolerance, thus allevi-
ates photoinhibition of PS I and reduces the damage of membrane lipid peroxidation to enhance the a-
daptability of watermelon under chilling stress.

Keywords watermelon; pumpkin rootstock; grafting; chilling stress; photosynthesis; chlorophyll

fluorescence parameters; stressftolerance genes
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