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Dynamics of Starch Metabolism in the Rootstock Cotyledon
of Cucumber/Pumpkin Grafted Seedlings
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Abstract: In this study, the cucumber cultivar ‘Zhongnong 18’ and pumpkin cultivar ‘Jingxinzhen No. 5’
were used as materials, and the intact pumpkin seedlings (P) and the seedling with one cotyledon and api-
cal meristem being removed (-/P) were used as control, two grafting combinations including cucumber/
pumpkin (C/P) and pumpkin/pumpkin (P/P) were set up, using the one-cotyledon splice grafting meth-
od. The changes of the morphological indexes and starch metabolism in the rootstock cotyledon of grated
seedlings were detected, and the effects of removing rootstock cotyledon on the growth of grafted seedlings
were analyzed. The major purpose of this study is to reveal the role of starch metabolism of rootstock cot-
yledons in the growth of cucumber grafted seedlings, and thereby provide a theoretical basis for improving

the quality of cucumber grafted seedlings. The results revealed that: (1) after grafting, the fresh weight
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and area of rootstock cotyledon of C/P and P/P seedlings increased rapidly, and the net increase in fresh
weight and area decreased in this order: -/P > C/P > P/P > P. (2) After grafting, the starch content in
the rootstock cotyledons of C/P and P/P seedlings decreased during the early healing stage [0—3 days af-
ter grafting (dag)]. Then the starch accumulated rapidly until 13 dag, when starch was gradually de-
creased. The starch content and its starch branching enzyme (SBE, for starch synthesis) and B-amylase (-
AL, for starch hydrolysis) activities in C/P rootstock cotyledon were significantly higher than that in P/P
seedlings. (3) Removal of rootstock cotyledons at 0—10 day could significantly inhibit the growth of scion
and roots in C/P grafted seedlings. Also, the root vigor, as well as the soluble sugar content and CWIN
and HXK gene expression levels were significantly repressed. Removing the rootstock cotyledon at 0 dag
led to the strongest inhibition effect. These results suggested that in the C/P grafted seedlings, rootstock
cotyledon can serve as a storage organ. During early growth of grafted seedlings, the photosynthetic prod-
ucts can be stored as starch, and then the stored starch is hydrolyzed into monosaccharides, which can be
used for the rapid growth of scion and roots of grafted seedlings.
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% 1 Real-time PCR FT B3| ¥ 5 3

Table 1 Primer sequences for real-time PCR

R ISR FPo

31 %% Primer sequence(5'— 3")

Gene name Accession number

1E 8] Forward

JZ 18] Reverse

CmoActin CmoCh02G006200 AAGGTCGTTGCACCTCCTG TCCTGTGGACGATGGATGGA
CmoCWIN1 CmoCh01G017810 GGGGAGATTGGTGGTCAAGG GCACTCCCACATCCCAGTTT
CmoCWIN 6 CmoCh17G006930 CCACTCCACATCAACGGACT GAGAGGATTAGAATCGCCGGT
CmoHXK1 CmoCh11G006610 GAGCTCCTCGTTTCAATGACTC GTTGTGAGTCTTTTGCAGGC
CmoHXK?2 CmoCh10G007010 GGGAGAACAGTCTTCATCATTGC AAGGCAGCTTCTTCAGCCAT

& b m) AT B M cDNA 5 —#E G k. i
cDNA H F Real-time PCR E & 7 ¥7, i ] & N
Transstart® Top Green qPCR Kit(& R 4,4t 50),
1Y #% & LightCycler® 96 52 i 2% )% & & PCR Y
(Roche, Fi L) ,

Real-time PCR W & & (15 nL) 4 : cDNA #
M 0.8 pl, TransStart” Top Green qPCR Super-
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180 5;95 C 5 5,54 'C 10 5,72 °C 10 s, 3 50 4~1F
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AR SR R A AR A 1~7 dag WEHY

K, B K g1 73, 70%, BLAMHAE 10~18 dag #
(]t 1K s P/P RS A i i) s o i AR I R A S O
~1 dag Y BB K B 49. 08205 T-/P Y H By
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GH4% S5 R[] Time after grafting/d

G 31 Grafted seedling

C/P. HJK/F NG T P/P. BN/ BRI /P, 20— F 7oA KOS iR R B AR T 5P, FIJR E AR T
dag. BHJEREL. b I0 AR /NE T8 3 5% A KR R IR0 1] 22 57 B 2 (P << 0. 05) 5 T
Bl 1 C/PH P/PIEEHRNAF I 14 K G B

C/P. Cucumber/pumpkin grafted seedling; P/P. Pumpkin/pumpkin grafted seedling;-/P. Pumpkin seedling with one cotyledon

and apical meristem removed;P. Intact pumpkin seedling. dag. Days after grafting. Different normal letters within each treatment

indicate the significant differences among various times at 0. 05 level (P <Z 0. 05); The same as below

Fig. 1
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Bl A K AR 4
Fig. 2 Changes of starch content in cotyledons during
growth of C/P and P/P grafted seedlings
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Growth of rootstock cotyledon in C/P and P/P grafted seedlings
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SSS ik T C/P; P A MR E 1 rf SSS i 1 2 +F
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1 15.13% (3, M),
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fili R F-0 v SBE 16 ¥E7E 3~7 dag I 4 47 75 8K K
-, 7E 10 dag BHAT B T e, (R4S S 35K F IR C/P 1%
W -/P AW F b SBE G EFE 3~7 dag B & T
FEAR T AE 10~25 dag BB T+ & P B AR T 7 i
SBE #fiPE7E 0~10 dag BfAHXTFS 2 , (HFE 25 dag ) i
HIEAE, HA 0 dag B Y 44. 04 % (] 3.B).,

FANC/P M P/P I HEE AL AR T 1Y B-UE K il
(B-AL) I P2 AL FLAEAH AL, B7E 3 dag BT+, IF7E
7 dag BFFEAR, 7 25 dag BHIE AR, HA 0 dag
14y 53. 86 % ; fE 10 dag I, C/P fili K Tt B-AL
WA - TREFEHLRE, AR ES TR P/P
IEHEH . /P AR T b b B-AL W HE7E 3 dag B
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Fig. 3 Enzyme activities related to starch metabolism
in the rootstock cotyledon of C/P and P/P

grafted seedlings

FH LY C/P I35 B H B 43 1) 6 57 4 7F 0~ 3dag. T
JiitfE 0~5 dag. Mt A S FAE 0~ 13 dag B &
WA L B MR 22 0 R 17, 99% ~ 21, 08% .18, 44 % ~
23.15% .12, 46 % ~36. 57 % . 1 F i A 35 43 () 6 ki
TE 0~13 dag. T Bt 7E 0~5 dag 3 FBEAL, 1%
W 331 A 32,096 ~42.0%.28.80%~39.16%.
2.4.2 RMEFAREWVNBEUEREEE BKBEE LR
fili A T X 4 G 452 14 (25 dag) B 2R T 1 A A R 14 5%
M B 40 FHorp, A B L BRAGR F it X P/P %
BET AR R 06 ¥ J0 B S L I X T C/P I
R ZR 6 F1 7 LR AN R 5 i, FL 2% (o 1sF i) i 7 52 31 5% g
T, C/P IR R ) LI IR &, 76 0~10
dag 2% BRAili AR I 2 25 9 U 45 W AR R G ) o 3 R
I, IELL 0 dag B K BR T 52 0 B K (R &R 406 71 1
X} HEAY 30. 64 %) s7E 1~10 dag B B AG A T AR &
T TR T 29 45% ;46 13~18 dag I EER GG A T
X AR ZR I 1 BRI/ L A RS TR E] 10% .

) B 35 B2 5 2 R Al R I X 0 0 T AR R T O
PR WA AU R (B 5), Horp, & &
BR A A X5 P/P IG5 AR R rf a] i PR Y
TG 25 T C/P IR AR R T M i
PR E I, FEAE 0~ 10 dag I 25 B Al A F i34
5| S 2 ARG, LIS AR 2R R M A A 2 S X IR
66 % AT M AE 18 dag W L BRAGA T AR 5 nl i o4
BEESMBILEEZES.

B0dag R ldag B=E3dag m@S5dag
@10dag E13dag BI18dag @XfE CK

W 7 dag

crp P/P
5451 Grafted seedling

ARG F8E R A B ] 2 [ 76 0. 05 /K- 5%
BEMP <0.05; FH

K4 IS BEREEAR T X C/P A P/P G I
R 1 B R e

Different normal letters indicate the significant differences

in different treatment times at 0. 05 level (P <C 0. 05);
The same as below

Fig. 4 Effects of removing rootstock cotyledon on

root vigor of C/P and P/P grafted seedlings
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Table 2 Effects of removing rootstock cotyledon on growth indexes of C/P and P/P grafted seedlings
HAEHR4r Scion fiti R 43 Rootstock
[ i) F B i b ]
Grafted Time of removing i T T i A TR i T T i
seedling  rootstock cotyledon Fresh weight Dry weight Total leaf area Fresh weight Dry weight
/(g * plant”’ /(mg + plant™ ") /em® /(g plant™ ") /(mg + plant '
0 dag 3.07£0.45b 223.80+31. 30c 57.2146.56d 0.29+0.03b 18.80+£3. 30c
1 dag 3.16-+0. 30b 235.20+20. 40be 60.8146.05d 0.31£0.03b 19.40+3. 70bc
3 dag 3.19-£0. 40b 234.00+28. 00be 67.81413.03cd 0.3240.05b 21.004+1. 80be
5 dag 3.227+0.50ab 237.50434., 70bc 73.86+8.57cd 0.317+0.05b 22.00+3.80b
C/P 7 dag 3.30-£0. 40ab 250. 50+33. 70ab 74.5247.98cd 0.34-0.04b 22.3044. 00ab
10 dag 3.20-£0. 28b 259.90+17. 10ab 79.66+4.71b 0.32-+0.05b 23.80%+3. 10ab
13 dag 3.25%+0. 24ab 251.40421. 20ab 78.96+6. 24bc 0.34=+0.05b 25.6043.60a
18 dag 3.97+0.48a 288.60+35. 60a 92.85+ 14, 41a 0.45%+0. 04a 27.4042.00a
CK 3.89£0. 40a 291.20+31.10a 90. 20412, 29a 0.50=£0. 09a 30.9044. 10a
0 dag 5.11£0. 70c 441.00+55. 00a 120. 11420. 10b 0.48=+0. 06c 30.3042.90b
1 dag 5.397+0. 40bc 451.00+61. 70a 127.20+30. 52ab 0.527+0.07bc 32.507+7. 80ab
3 dag 5.41-0. 86bc 454.20+53. 80a 131. 61421, 74ab 0.51£0. 06bc 31.4049. 00ab
5 dag 5.26%+0.27c 441.50+22. 60a 128.48419. 66ab 0.50=+0.07bc 31.60=%3. 20b
P/P 7 dag 5.58+0. 98abc 453.50+82. 50a 134.18+22.01ab 0.56=+0.09ab 35.5046. 10ab
10 dag 5.57-+0. 49abc 464. 60+ 36. 20a 131.66+14.02ab 0.53+0.08b 34,7047, 30ab
13 dag 5.87+£0.76a 471.00+69. 10a 134.19433. 99ab 0.54=+0.06b 33.8045. 00ab
18 dag 5.93+0. 40a 468.30+34.70a 136.32+12. 93ab 0.594+0. 04ab 37.10%2. 40ab
CK 5.82+0. 62a 443.40+72.00a 142.51423. 49a 0.68-+0.09a 41.60438. 20a

Y0~ 18 dag FORIGHEIT 0~18 d £ BRAREA T I CK Rb IO A AT R[5 PR /NS 5 b e A BRI E 0. 05 K P A2 7E 135

225 (P <<0.05)

Note:0—18 dag stand for removing rootstock cotyledon after grafting for 0—

yldeon), the same as below;

18 days, while CK stand for control (Retaining rootstock cot-

Different normal letters in the same column indicate the significant differences among treatments at 0. 05 level (P
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Fig. 5 Effects of removing rootstock cotyledon

on the soluble sugar content in roots of C/P and

P/P grafted seedlings
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Fig. 6 Effects of removing rootstock cotyledon on CWIN and HXK genes expression

in roots of C/P and P/P grafted seedlings
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