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Study on micro-grafting in vitro of pomegranate
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Abstract: [Objective]Pomegranate (Punica granatum L.) originates from central Asia, is an economi-
cally important deciduous fruit crop, cultivates for its delicious edible fruits. In addition, pomegranate
fruit has higher levels of antioxidants than the other fruit crops, such as orange (Citrus sinensis), apple
(Malus domestica), grape (Vitis vinifera) and kiwifruit (Actinidia chinensis). Antioxidants are potential-
ly beneficial in preventing cardiovascular disease, diabetes, and prostate cancer. ‘ Tunisa soft-seed” was
introduced to China from Tunisa was popular with customers. While low temperature is a limited factor
as the ‘ Tunisa soft-seed’ cultivation in northern China. Cold which impaired plant growth and develop-
ment and reduced productivity is one of the most devastating abiotic stresses in ‘ Tunisa soft-seed’.
Therefore, enhancement of cold tolerance becomes a major subject of considerable research interest
over a long period. Some manual measures could be used to enhance cold tolerance, while creating cold-
resistant cultivars can be an optimal choice. The improvement of cold-resistance of ‘ Tunisa soft-seed’
by traditional breeding techniques has been constrained by complex biology and long period. Genetic
engineering as a supplementation for traditional breeding has been proven to be an effective approach
for creating novel germplasms with elevated stress tolerance. Establishment of an efficient and stable re-

generation and transformation system is basis of genetic engineering. However, in the pomegranate
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transformation system, the regeneration of adventitious buds was limited due to the influence of Agro-
bacterium tumefaciens, antibiotics and other factors involved in the transformation process. Moreover,
the induction of adventitious roots was also difficult. In this study, in vitro grafting method was attempt-
ed to establish an efficient pomegranate test-tube grafting system in order to solve the problem which
the regenerated adventitious buds were difficult to regenerate adventitious roots and ultimately obtain
the whole transgenic plantlets. [Methods] In this experiment, the seedlings obtained from seeds of
‘Tunisa soft-seed” and ‘Yudazi’ were used as experimental materials. Different combinations of root-
stock and scion were conducted to test the effect on the rate of the grafting survival. The seedlings of
“Yudazi’ as rootstocks were divided into two types, including with and without cotyledons. While the
seedlings of ‘Tunisa soft-seed” as scions were divided into four types, including without leaf, two-leaf,
four-leaf and six-leaf tips. Stem tip without leaf blade was as control. In order to obtain the optimal mix-
ture of hormone in MS for pomegranate tube grafting in vitro, the grafted seedlings were then placed in
MS supplemented with different concentrations of 6-Benzylaminopurine (6-BA) and 0.1 mg-L" 1-Naph-
thaleneacetic (NAA). The grafted- seedlings were transplanted and acclimatized. The survival rate of
grafting and transplanting were analyzed, respectively. [Results]In the study of the effects of different
treat combinations of stock and scion on survival rate of grafting plants in vitro, the results showed that
the survival rate of grafting with the stem tip with leaf blade was higher than without leaf blade. The sur-
vival rate of grafting was increased with increasing the number of stem tip with leaf blades. And the
highest survival rate of grafting was obtained when the number of the scion attached blades was four,
then the survival rate of grafting decreased with the increasing of the number of blades in both two
types of rootstocks. When the scion was the four-leaf stem tip type, the survival rate of grafting with
non-cotyledon rootstock was obviously higher than that of cotyledon rootstock. Therefore, the optimal
combination of pomegranate tube grafting which the survival rate of grafting was reached 73.33% was
to use the stem tip with four blades as scion and the seedlings without cotyledon as rootstock. The ef-
fects of 6-BA on survival rate of grafting was significantly different in different treatments. The results
indicated that the survival rate of grafting with 6-BA added to the MS medium was higher than the cul-
ture medium without 6-BA. And the survival rate of grafting increased with the increasing the concen-
tration of 6-BA. The highest of the survival rate of grafting was reached 96.67% when 1.5 mg-L"' 6-BA
was supplemented into the MS medium. And then the survival rate of grafting decreased when 2.0 mg- L'
6-BA was supplemented into the MS medium. The same phenomenon was also observed in the process
of acclimatization and transplantation. The survival rate of transplanting increased with the increasing
of the 6-BA concentration, and the highest survival rate of transplanting was reached 75.86% when 1.5
mg - L' 6-BA was supplemented into the MS medium. Moreover, the grafted seedlings grew well and
healthy. Therefore, the optimal grafting and growth medium after transplanting were both MS supple-
mented 1.5 mg-L"' 6-BA and 0.1 mg-L"' NAA. [Conclusion]In this study, the grafting system of pome-
granate tube in vitro was established. It provided a new way to solve the transforming adventitious buds
difficult to regenerate adventitious roots in the transformation process of pomegranate. Meanwhile, it
provided technical support for germplasm improvement through genetic engineering in pomegranate.
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Table 1 Effects of different treat combinations of stock and

scion on survival rate of in vitro grafting plants

HEHRY B R ZSE RIS

Scion types No. of survived Survival rate of grafting/%
CK, 7 23.3340.03 cd

CK, 3 10.00+0.06 d

A 10 33.33+0.03 ¢

B 22 73.33+0.07 a

C 16 53.33+0.09 b

D 7 23.33+0.07 cd

E 16 53.33+0.03 b

F 8 26.67+0.03 cd

s R EARE S A IR 15 d RS TE, B3 3 IREE
SEIME B G BEAS R R R AL BRI ZE 0.05 AKF 2R EE. T

Note: All results were recorded after grafting for 15 d, values repre-
sent means in three independent experiments. Data in the same column
followed by different letters are significantly different at 0.05 level. The

same below.
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CK, and A-C are the grafted seedlings without cotyledon; CK, and D-F are the grafted seedlings with cotyledon. CK, and CK.. stem tip as scion; A

and D. stem tip with two leaves as scion; B and E. stem tip with four leaves as scion; C and F. Stem tip with six leaves as scion. Scale bars =1 cm.
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Fig. 1 The growth of after 3 d grafting in different treat combinations of stock and scion
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Table 2 Effects of different 6-BA concentrations on survival

rate of in vitro grafting and transplanting

fhE GHRUSE R BSOS %
Survival rate Survival rate of

Treatment of grafting/% transplantation/%

MS+0.1 mg L' NAA 13.33£0.03d 0.00+0.00 e
MS+0.5 mg L' 6-BA+0.1 mg-L' NAA 33.33+0.03 ¢ 20.00+0.06 d
MS+1.0 mg L' 6-BA+0.1 mg-L' NAA 90.00+0.10 a 53.33+0.03 b
MS+1.5 mg-L" 6-BA+0.1 mg-L' NAA 96.67+0.03 a 70.00+0.06 a
MS+2.0 mg L' 6-BA+0.1 mg-L' NAA 60.00+0.05 b 36.67+0.07 ¢
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A. The growth vigor of 7 d after test tube grafting; B and C. The growth vigor of 14 d and 30 d after transplantation. Scale bars=1 cm.
2 N 1.5mg L' 6-BA+0.1 mg- L' NAA B MS 557 E 5 R IEE 4 KaEm
Fig. 2 The influence of the MS medium supplemented with 1.5 mg- L 6-BA and 0.1 mg- L
NAA on the growth of the grafted seedlings

A I B R RRS R O R O, K
B o

3w

H M Navarro <5 E IR N H 22 IR I B R IR A5 it
BEAFARS BT AR, [ A SN B I 5 05 T AT 1K)
WF T, E B A S 2R IR 1Y e LA 5 3C
b SR D) O A D TR . BAR U
IR BORAE AR B W7 O — It (B A
R AR BRI FUEEA BT 7T, 2 2 IR R A
U S A v A G A SRR B S A v B 95 L T TR
R A BB 1.5 mm i A, 1X—FF i thoE T ik

AT R BVE T A HE RE AR B o T 0, AR T
Xt JUAN AT BESEA A A Vs R MO A - 34T TR
3.1 FEAX AR EBRIEAER R

Palma 55 DARA] 437 A( B 9 A4 BLBE 78 0 Bl AR B
(A BT Bl S R R 1 A s R T B A P
AR 22 R IR B (NI BIT TR W i A s I ) 43 ST
T AR A K AW PR R, 1 IR E
LI Bl AR A I R I 2 B I B 5 i A R P
P A 2 O WA S B AR AR T il AR S AR AN I Ay (1
Rl T 2 A T P A o R A
CABL 4 BT TN 5 Bl AR 2 75 15 A I 0 4645 Bl
T R FUMA AN K, (BTl A DR B Wy B AR T S e B A



4

R 55 A E R EEOR B T 527

M S AR A RS
3.2 EEM AR ERERENEN

FEAR b R g B L AN]SR T
By 4 S5 COE S RO G T AL R R I ARy 2
K ZE B AR, Ho2 30 B 5 4 o (R 3 B, A T B
IR e B 26, (H M B A A i R sl i 2D i
Tl S xR /b m) B WROBOK 7 FVE SR BN T . R, 1K
FEWT I B RO E Bt B, AR TR s BOE
B, RO REY, EARPE G, U —
OERPELERAME T P — 0N — LR
Toli A 100 06 2 P s 236 #0021y, 0K 5 T N O 9 &5 SR A
Blo
3.3 YRS R R BERIERE N

il A RN B2 A 2 (8] 5495 4 ST B 1 A 2 ARE 38
BGOSR EE K R 2 — . Jonard®"HF 7T 3£
B TR A ) A K Hp o] e P O vk B T 4 oy 2
ZRMEHRE GRS OEAAERK, &g
TE D H Rl A R 9 45 SR 2R IR, AN (8] B ) 38 3R 8 Ak
I RS A B3 e, (VR FE 1) GAL T BA &b
TH B 0 2 P v 4 T 2 1T I A BE T T e R
R E TR, HP PR T BAJKT ATIBA = Ff
TR A FE 6T 15 RS S, R BLAE F BA [ RUR
B U, BLAE — 0 TRl P B R R (R 38 57, I8 4 P 2 B
ZHE . XA T BANAA FITAA =FhiE
Ak 3K K 5 A I BOTE 2RI s, 08 2 AR SR
TAA A F) T G4 W I B0, S8 e 1 Ik # &
1M BA FI NAA #SHEH i 15 46 i 2, A LR 1 0.1
mg-L"' BA fi1 0.1 mg-L"' NAA & R i« A58
RIAE AR I, A I T AN Rk
TWERHIEM N 1.5 mg- L' 6-BA F10.1 mg- L' NAA K
MS 15 77 3 U R B F 5 1 55 00 5 RAPY TR R 9T 45 A
fBlo

BT B A 3 1 A R s AL A AR v, B bt
AR B R S A A K R B AR R
2 FECEAE RIS A € F KRS E, 3
AL AR e B LA R I A K . AR TR L T —
Tt 2850 000 A AR T TR AR I AR 2R, T A A R T A%
B AR 9 3RS B 2 o (0 R A bR R e
R LA A 78 28 AR AR ME 1) il AR AL T T4, AT ]
18 F A G BOR A U R A T AT 7 R AN o 2
M DL AR AR (1 10] 8, 4 7. v 280 PR A AR 38 A B A 2R A
R, Ayl R R AR T B AT A R R i o R B

ARFE
4 %

AR R I AT I — O f) R B M A R
BB R RO AT T BORK A R
B RAG A Ay f pe Ab BRAH A, Fe fla iy HiOd 2 Bd
D B AN R T 05 T s I IR R B E AE KRR IR RN
ANN1.5mg-L' 6-BAF10.1 mg-L' NAA [ MS ;5%
B 051 S R AT A 1) 96.67% , Jo RS 3RS R AT A
F175.86%

S E @k References:

[1] NAIK S K,CHAND P K. Tissue culture-mediated biotechnologi-
cal intervention in pomegranate: a review[J]. Plant Cell Reports,
2011,30(5):707-21.

[2] CHAUHAN R, KANWAR K. Biotechnological advances in
pomegranate (Punica granatum,L.)[J]. In Vitro Cellular & Devel-
opmental Biology-Plant,2012,48(6):579-594.

[3]  ZEIEAN, PR RN SR, 2 o, B IR0 A R OR AR D e R T 5T
HERE[I] AR 2008,38(1):91-93.

YUAN Zhaohe, YIN Yanlei, ZHU Liqin, LI Yun, HOU Lefeng.
Research progress on neutraceutical functions of pomegranate[J].
Shandong Forestry Science and Technology,2008,38(1):91-93.

[4] WA AR B MR R S D BT U0t e 5 7 Ml A e AT,
B4R, 2003, 20(5):331-337.

YANG Li, XU Changjie, CHEN Kunsong. Progresses in research
and industrialization of transgenic fruit crops[J]. Journal of Fruit
Science,2003,20(5):331-337.

[5] OMURA M, MATSUTA N, MORIGUCHI T,KOZAKI I. Adven-
titious shoot and plantlet formation from cultured pomegranate
leaf explants[J]. Hortscience, 1987,22:133-134.

[6] MORIGUCHI T, OMURA M, MATSUTA N, KOZAKI 1. In vi-
tro adventitious shoot formation from anthers of pomegranate[J].
Hortscience, 1987,22(5):947-948.

[7] DEEPIKA R, KANWAR K. /n vitro regeneration of Punica gra-
natum L. plants from different juvenile explants[J]. Journal of
Fruit & Ornamental Plant Research,2010, 18(1): 5-22.

[8] KANWAR K, JOSEPH J, DEEPIKA R. Comparison of in vitro
regeneration pathways in Punica granatum L. [J]. Plant Cell Tis-
sue & Organ Culture,2010,100(2): 199-207.

[97 KANWAR, RACHNA, KASHYAP A. In vitro propagation of
wild pomegranate (Punica granatum L.) [M]//In:Jindal, Bawa
(eds) Intellectual property rights. Shiva Offset, Dehradun, 2004:
209-215.

[10] AMIN M N,ISLAM M N,AZAD M A K. Regeneration of plant-
lets in vitro from the seedling explants of pomegranate (Punica
granatum)[J]. Plant Tissue Culture, 1999,9(1):53-61.

[11] SHARON M, SINHA S. Plant regeneration from cotyledonary
node of Punica granatum L[J]. Indian Journal of Plant Physiolo-
2y,2000,5(4):344-3438.

[12] TERAKAMI S, MATSUTA N, YAMAMOTO T, SUGAYA S,
GEMMA H, SOEJIMA J. Agrobacterium- mediated transforma-



528 ® )

n
=2

Eird 36%:

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

tion of the dwarf pomegranate (Punica granatum L. var. nana)
[J]. Plant Cell Reports,2007,26(8):1243-1251.

VERMA V, KANWAR K, TUFCHI M, KASHYAP M. Agrobac-
terium -mediated Cryl A(b), gene transfer in Punica granatum L.
cv. Kandhari Kabuli using different /n Vitro, regeneration path-
ways[J]. Journal of Crop Science & Biotechnology, 2014, 17(1):
1-10.

FERER ORI A R AL B A0 1 AR 1R 2R ISSR-PCR
S A 2 R AG[D]. B <30 B A K 27 5 2012.

LI Yuexia. Construction of genetic transformation system and op-
timization of ISSR-PCR system of 'Tunisia Soft-seed' pomegran-
ate[D]. Zhengzhou: Henan Agricultural University,2012.

RN RSO AR A e AL i AR S S 4K ICEL 2
PR E TE[D]. KM <3 B Al K572, 2017.

ZHAO Yujie. Establishment of genetic transformation system
and transformed ICE1 gene into ‘ Tunisia Soft-seed” pomegranate
[D]. Zhengzhou: Henan Agricultural University,2017.

WRAE 2 B, AR08 W R MR S AL AR 2
it G A AR 5 R AE B AL e AL TE T oh AR 9 LR 0], SR 2
#%,2012,29(4):598-604.

CHEN Yanhui, TAN Bin, LI Hongtao, HU Qingxia, YE Xia,
MENG Haijun, FENG Jiancan. Comparison of advantages of
two kinds of explant regeneration methods for studies on genetic
transformation in pomegranate[J]. Journal of Fruit Science,2012,
29(4):598-604.

HELLR] RSB AR AR AR R AN GFP i S R IR I
FIEWTFLRIARD]. K = AR KA, 2011

LIAN Hongke. Preliminary study on the regeneration system and
the reporter gene GFP instantaneous expression of Soft- seed
Pomegranate variety  Tunisia’ [D]. Zhengzhou: Henan Agricultur-
al University,2011.

ESTRADA-LUNA A A, LOPEZ-PERALTA C,CARDENAS-SO-
RIANO E. In vitro micrografting and the histology of graft union
formation of selected species of prickly pear cactus (Opuntia,
spp.)[J]. Scientia Horticulturae,2002,92(3):317-327.

S T AE W] AR D I vk R T e M S SR K B (],
FEH SR, 2001 ,33(2):4-6.

WU Yaqin, ZHANG Deming. Rapidly detecting apple chlorotic
leaf spot virus apple stem grooving virus and apple stem pitting
virus by micrografting in vitro[J]. Deciduous Fruits,2001(2):4-6.
VOB SR, ST B U R OB T 0 P BOR B I T (0], AR
22 4R,1992(3):292-294.

HONG Shurong, WU Lilian. Study on tip grafting in vivo by us-
ing in vitro plantlets[J]. Journal of Wuhan Botanical Research,
1992,10:292-294.

A AW RAK DT . A% Bk J0 R T 1 5 R K )
FU[IN. TR SR 5, 2006,21(2):182-184.

WANG Guoping, LI Xiaomei, CHEN Qiufang. Studies on the
factors affecting microshoot grafting survival of walnut[J]. Hebei
Journal of Forestry and Orchard Research,2006,21:182-184.
MY A RE W AME R EOR LR PR JE[D]. 22 M R
Al K, 2005.

LI Wenbin. Study on grape tube inside and outside grafting tech-
nique and characteristics[D]. Lanzhou: Agricultural University
of Gansu,2005.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

FROCI . — iR A 8 A 2 e TR SRR R RO 0.
B4R 2003,20(3):242.

GUO Wenwu. An efficient and simple technique to graft citrus in
vitro shoots onto greenhouse rootstock seedlings[J]. Journal of
fruit science,2003,20:242.

HBZEMT, SRV, BRI . PR3 X RS TR A R R 1 R 2
M [I].  E R SE, 2012(1):24-26.

HAO Junhong, SONG Tao, HOU Xianbo. Effect of gibberellinon
seed germination of Tunisia soft- seed Pomegranate[J]. China
Fruit & Vegetable,2012(1):24-26.

R IR BRI, R R . GAKT RJE TR A1
TN TR ZE 52 (7). g OB 7, 2014, 43(5):154-155.

LI Hongtao, LI Dongwei, CHEN Haiyan, HU Qingxia, CHEN
Yanhui. Effect of GA; on seed germination of Tunisia soft-seed
Pomegranate[J]. Journal of Henan Agricultural Sciences,2014,43
(5):154-155.

NAVARRO L, ROISTACHER C N, MURASHIGE T. Improve-
ment of shoot-tip grafting in vitro for virus-free citrus[J]. 1992,5
(5):471-479.

PALMA B, VOGT G F,NEVILLE P. A combined in vitro/in vivo
method for improved grafting of Acacia senegal (L.) Wild[J].
Journal of Pomology & Horticultural Science, 1996, 71(3):379-
381.

SRF I ST S BT b . 25 R 260 4 MGG Ak A AR 2 B K B ().
T BE 23], 1999, 29(3):275-279.

SONG Ruilin, WU Rujian, KE Chong. Elimination of the main
citrus virus and virus-like diseases by shoot-tip grafting[J]. Acta
Phytopathologica Sinica, 1999,29(3):275-279.

R, R R D RO, RIS A BUE R R
WEFL[I]. =R RF,2010,38(2):624-626.

ZHAO Weiwei, CHEN Lei, CAO Hounan, ZONG Chengwen, JI-
ANG Shuling. Study on micro- grafting in vitro of tube Pear[J].
Journal of Anhui Agricultural Sciences,2010,38(2):624-626.

JE) Hf <, Ak TR SR DR TR, B S . S P i R 3 SR A e 4
BRSO IR R T[7]. SRR 240, 2007,24(2):215-217.

ZHOU Ruijin, DU Guogqiang, SHI Xiaoxin, MA Baokun. Studies
on factors affecting survival rate of micro-graft in vitro in trans-
genic apple[J]. Journal of Fruit Science,2007,24(2):215-217.
JONARD R. Micrografting and its applications to tree improve-
ment[M]. Biotechnology in Agriculture and Forestry, 1986:31-48.
O, B, WO, TR0 ARV AR R I
BB FET]. AL FH,2001,20(3):20-25.

DONG Gaofeng, HUANG Tao, LI Gengguang, ZHANG Lan-
ying. Studies on the tube-grafting and micro-propagation of ma-
tures Shatian pomelo[J]. Ecological Science,2001,20(3): 20-25.
FE B S5 . SR 8 00 168 2 10 SR AGH A AR 4 200 L & 4 i BT 5 [D).
B - DU 1AMk K2 52003,

TIAN Zhongjing. Study on obtaining somatic hybrids by means
of shoot-tip grafting[D]. Chengdu: Sichuan Agricultural Universi-
ty»2003.

TS . K F A (Kalanchoe blossfeldiana V. Poelln.) ik & 15 12
BRI R LI FL[D]. H K : V5 K %,2008.

LIU Xuesong. Study on the micrografting techniques of Kalan-
choe blossfeldiana V. poelln[D]. Chongqing: Southwest Universi-
ty,2008.



