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Abstract: [ Objective ] Pomegranate is favored among consumers because of its high economic,
nutritional and medicinal value. The rapid development of molecular biology has made genetic
transformation an important means for obtainment of excellent new germplasm of crops and for gene
function verification, as well as an effective supplement to traditional breeding. At present, the
genetic transformation system of pomegranate is incomplete, resulting in gene function research and
molecular breeding of pomegranate is lagged compared with other fruit trees. This experiment aims
to build a stable and efficient genetic transformation system of ‘Baihuayushizi’ pomegranate, with a
view to providing satisfactory technical support for gene function verification of pomegranate and

the improvement of its germplasm resources. [ Methods 1 In this study, sterile seedlings of
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Baihuayushizi pomegranate were used. On the basis of the tissue culture system in the early stage,
the redifferentiation system of pomegranate and the concentration of kanamycin and timentin for
screening was screened, followed by a discussion on the related influencing factors of genetic
transformation such as pre-culture time, concentration of agrobacterium, infection time, and socking
time of antibacterial agents. Finally, the optimal genetic transformation system of Baihuayushizi
pomegranate mediated by agrobacterium was established. [ Results ] The addition of 0.22 mg-L!
6-BA and 0.60 mg-L!' IBA to the WPM medium significantly improves the redifferentiation of
pomegranate implants, which is manifested as higher differentiation rate of leaves and tender stems
compared to other treatment portfolios. The differentiation rates were 83.93%+2.52% and
96.30%+5.20%, respectively, the differentiation rate of tender stems increased by 14.74% compared
with that of leaves. In addition, tender stems with a high differentiation rate were used as the
receptor, and both induction rate and differentiation rate were significantly higher than other
treatment without addition of kanamycin. When kanamycin was 50 mg-L-!, the induction rate of the
callus of tender stem was reduced from 80.00% to 56.67%, and the differentiation of adventitious
buds was as weak as only 8.33%+0.02%. When kanamycin was >60 mg-L-!, the callus induced by
tender stem was severely browned or even died with a differentiation rate of 0, which indicates that
this concentration is not suitable for screening pomegranate seedlings transformed from tender stems.
When timentin was used as the antibacterial agent, if the concentration was 50 mg-L’!, the
differentiation rate of tender stems was the highest at 67.22%+0.03%, but the contamination rate of
the implant was also significantly higher than that of other treatment groups. When the concentration
of timentin was increased to 200 mg-L-!, while the growth of agrobacterium was basically inhibited,
the differentiation rate of tender stems and buds could reach more than 50%. Although 250~300
mg-L! timentin completely inhibited the growth of agrobacterium, the excessively high
concentration was also had a certain inhibitory effect on the growth of implants, and the
differentiation rate was less than 50%. In addition, the study on the four important factors of
agrobacterium-mediated genetic transformation of pomegranate has showed that the transformation
rate varies greatly among different treatment portfolios, and their effect on the genetic
transformation rate is manifested as follows: pre-culture time>concentration of
agrobacterium>infection time>socking time of antibacterial agents. Further single-factor analysis of
variance showed that the genetic transformation rate with pre-culture of 3 d was the highest at
19.33%, which was significantly higher than that of other treatment portfolios. When concentration
of agrobacterium ODgoo=0.7, the transformation rate was 12.17%, which was not much different
from that when ODgpo=0.6 and 0.8 but was significantly different from that when ODgoo=0.5. The
genetic conversion rate with 10 min infection and 15 min immersion in antibacterial agent was
higher than that of other treatments. [ Conclusion ] The addition of 0.22 mg-L-! 6-BA and 0.60 mg-L"!
IBA to the WPM medium significantly improves the redifferentiation of pomegranate implants, with
a differentiation rate of tender stems of 96.30%+5.20%. 50 mg'L-' kanamycin and 200 mg-L-!

timentin are optimal for screening resistant bud. Pre-culture of 3 d, concentration of agrobacterium



ODg00=0.8, 10 min infection time, and 15 min immersion in 200 mg-L-!' timentin are the most
suitable portfolio for genetic transformation of pomegranate. GFP fluorescence detection was
performed for verification on the plants obtained under the above-mentioned genetic transformation
system, and the positive plant acquisition rate was 26.00%. In this study, genetic transformation
system of tender stems agrobacterium-mediated pomegranate stems is successfully established,
laying the foundation for verifying pomegranate gene function.
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Fig.1 Schematic diagram of pRI101-GFP carrier structure
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Table 1 Effects of different hormone concentration combinations on the differentiation rate

of explants

TR IR L TR
WFRH A IEFLH A

Plant hormone AR AR Plant hormone AR AR
Treated Treated

concentration/(mg-L") Explant concentration/(mg-L") Explant
combination combination

6-BA IBA 6-BA IBA
T1 0.18 0.40 T25 0.18 0.40
T2 0.18 0.50 T26 0.18 0.50
T3 0.18 0.60 T27 0.18 0.60
T4 0.18 0.70 T28 0.18 0.70
TS 0.19 0.40 T29 0.19 0.40
T6 0.19 0.50 T30 0.19 0.50
T7 0.19 0.60 T31 0.19 0.60
T8 0.19 0.70 T32 0.19 0.70
T9 0.20 0.40 T33 0.20 0.40
T10 0.20 0.50 T34 0.20 0.50
T11 0.20 0.60 B T35 0.20 0.60 s
T12 0.20 0.70 Leaves T36 0.20 0.70 Tender stems
T13 0.21 0.40 T37 0.21 0.40
T14 0.21 0.50 T38 0.21 0.50
T15 0.21 0.60 T39 0.21 0.60
T16 0.21 0.70 T40 0.21 0.70
T17 0.22 0.40 T41 0.22 0.40
TI8 0.22 0.50 T42 0.22 0.50
T19 0.22 0.60 T43 0.22 0.60
T20 0.22 0.70 T44 0.22 0.70
T21 0.23 0.40 T45 0.23 0.40
T22 0.23 0.50 T46 0.23 0.50
T23 0.23 0.60 T47 0.23 0.60
T24 0.23 0.70 T48 0.23 0.70

1.22Kan KA IRz DL 1.2.1 TR IR @ EWALORIMER CRED o BRERT
BRI R G 1 A MR ML 23 B3R 5 04 30 40 50, 60 A1 70 mg-L-! Kan /0L 553E (1.2.1
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M, %5 3K, 35dEGiHAFEAEFAMEAR 3.

123 TMT ik B 69 im ik 4 AR I B1Z 4% (ODe0i=0.6~0.8) Ji& I ZME AR 2= & 50, 1004 150
200+ 250, 300 mg-L!' 3% 6 MR B ERLE TMT Al 73k, BRI AL B R0 60 Mok
AR, o 10 ANMMER/IL, 3 KEE ., 35 d B AMER LR L5 He5, i@ m il TMT
WP
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Table 2 Orthogonal test design

LSEiNe PRIRE (B) BT BE [ (D)
TikE IR (] (AD RYemIE] (O
Treatment Concentration of Soaking time of antibacterial
Pre-culture time/d Infection time/min

combination agrobacterium agents/min
1 1 (D 1 (0.5 1 (5 1 (15)
2 1 (D 2 (0.6) 2 (100 2 (200
3 1 (D 3 (0.7 3 (15 3 (25
4 1 (D 4 (0.8) 4 (20 4 (30)
5 2 (2 1 (0.5 2 (100 3 (25
6 2 (2 2 (0.6) 1 (5 4 (30)
7 2 (2 3 (0.7 4 (20 1 (15)
8 2 (2 4 (0.8) 3 (15 2 (200
9 33 1 (0.5 3 (15 4 (30)
10 33 2 (0.6) 4 (20 3 (25
11 33 3 (0.7 1 (5 2 (200
12 33 4 (0.8) 2 (100 1 (15
13 4 (4o 1 (0.5 4 (20 2 (200
14 4 (4 2 (0.6) 3 (15 1 (15
15 4 (4o 3 (0.7 2 (100 4 (30)
16 4 (4D 4 (0.8) 1 (5 3 (25
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(AN 0.8 mg- L IBA F11.2.3, 1.2.4 FiH i Kan, TMT KD RiFRin . KA MR 9% 35
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W AR T B T I A A R R B S R R BR AL A 1 WPM 5970k, 159% 35 d JR T 88
MBHE Gt 3 3 W1, WINARWKE 6-BA BT % SWEE MU, MEREEETHET
BEfR A . 2RI 0.22 mg L' 6-BA B, W FIEE 1 /- (L RCR BT, 5N 0.504 0.60. 0.70
mg L IBA Bt b 44 )5 53 3 TV b 0.40 mg L IBA R4 H, IBA 9 0.60 mgL!
i, R R R B R, BN 83.93%1 96.30%, MR MR F#E T 14.74%
(B 2) o ZREITHAR, AREERRTAEF o BIE IMEAR NI, IR B e
BEMHEAH S 0.22 mgL! 6-BA #10.60 mg-L! IBA.
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Table 3 Effects of different hormone combinations on the differentiation rate of explants

PARIEREN pusiEEREy R B FR Al A PARIERES puEiEEREy IR R
Explant Treatment combination Differentiation rate of leaf/% Explant Treatment combination Differentiation rate of tender stems/%
T1 42.53+£2.13 fg T25 50.00+4.58 fg
T2 29.13+0.97 ij T26 37.10+£13.91 gh
T3 50.50+7.01 de T27 48.10+13.94 fg
T4 38.83+2.43 ¢ T28 44.40+0.00 fg
T5 36.97+1.10 gh T29 40.70+5.15 fgh
T6 44.40+3.47 efg T30 48.10+£5.32 fg
T7 75.43+2.26 be T31 86.83+2.53 abc
T8 29.67+0.97 ij T32 37.00+5.17 gf
T9 19.03+4.27 k T33 25.90+5.18 h
T10 31.23+4.28 hi T34 37.00+£5.22 gh
T11 78.67+1.02 ab e T35 92.60+5.20 ab
A T12 69.13+8.46 ¢ T 4(‘1 T36 77.80+9.13 ¢
Leaves T13 49.10+4.31 def ender stems T37 74.10£5.21 d
T14 69.20+1.04 ¢ T38 66.70+9.12 de
T15 79.93+4.09 ab T39 85.20+2.58 abc
T16 77.23+£3.71 ab T40 85.20+13.78 abc
T17 48.97+1.21 def T41 55.60+9.14 ef
T18 73.67+2.24 be T42 87.10+2.64 abc
T19 83.93+2.52 a T43 96.30+£5.20 a
T20 80.73+1.03 ab T44 88.90+0.00 abc
T21 51.90+2.62 d T45 57.40+6.90 ef
T22 37.73+4.78 gh T46 48.10+10.50 fg
T23 22.77+2.11 jk T47 25.90+5.23 h
T24 19.43+1.14 k T48 24.10£6.91 h

E: ARNEFRFREFEZE (P<0.05) . FH.

Note: Different small letters indicate significant differences among treatments (»p<0.05). The same below.



AR IIASE S B EDLIAESE . drR=1cm. F[FE.
A. Adventitious buds differentiated from leaves; B. Adventitious buds differentiated from tender stems. Bar=1 cm. The
same below.
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Fig.2 Different explants callus differentiation

2.2 RNERE Kan 3T A ZE 20 AI 2200

BOBRLw Wz (AR, AEZFRIEMD) SMBIE AR Kan K005 77 5 B %
35d. 3 4 MK 3 G5 R EoR: AN Kan I @A HL 0 ACRASE A KR DL, 70l R IAEEE 55 2
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Table4 Analysis of explants induction and differentiation rate under different Kan concentration

treatments
Kan ¥R % LIk S E
Kan concentration/(mg-L') ~ Number of explants/n Inducing rate/% Differentiation rate/%
0 60 96.67+0.04 a 88.33+0.03 a
30 60 81.66+0.02 b 41.66+0.02 b
40 60 80.00+0.00 b 23.33+0.02 ¢
50 60 56.67+0.06 ¢ 8.33+0.02 d
60 60 23.33+0.02 d 0.00+0.00 e

70 60 3.33+£0.00 ¢ 0.00+0.00 e




A.0mg-L'Kan; B.30mg'L'Kan; C.40mgL'Kan; D.50mgL"'Kan; E.60mgL'Kan; F.70mg L' Kan.

B3 A[E Kan REXIMEF D ELRIF MR

Fig.3 Effects of different Kan concentration on explants differentiation
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AT B B VAR G J IS A T35 AN TF) TMT R B 0 AL 35 77 0 35 d R R ASFRIVREE ) TMT
PRSI M AT A, (HEESE TMT IREERIE N, A RS A R A5 G S 08T T R %
£ 50 mg L' TMT AbFE R, 2840030 A 67.22%+0.03%, {HAME A5 e 2% 5 2w T Ho A Ak 3 4
4 TMT R Z I 55 200 mg- L B, FEFEAIMRBIAF B AR KIFR, HEEAE 20 R REE 2] 50%
LE; 250~300 mg- L TMT S58 4] AT B A, EAMER S FZHFENL, RU] TMT 3K
RN 2 R AERIE B M. BRIERE 58, JEHL 200 mg L TMT {9t A% HeAb M ik AL

RS5 AE TMT RELETIMEAKISRER SURST
Table 5 Analysis of explants contamination and differentiation rate under different TMT

concentration treatments

TMT W& ke IEE/ = EE

TMT concentration/(mg-L!) Number of explants/n Contamination rate/% Differentiation rate/%
50 60 28.89+0.02 a 67.22+0.03 a

100 60 20.00+0.02 b 58.33+0.05b

150 60 16.67+0.02 be 54.44+0.02 b

200 60 12.2240.02 ¢ 52.78+0.03 b

250 60 0.00+0.00 d 41.67+0.02 ¢

300 60 0.00+0.00 d 36.67+0.04 ¢
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Ti T TEE SRR, 4 AN AN DR - TURE 7 ARF (BRI B TR B e A R W B 35 ), T AR e T
PR e AL (R 6) o B IEZIRIEERENMT (K7D, 7E 16 HAFKFAFE
AR T A G R T A SR E T B3 RACEAG AR EREOR, WS RE T 7= (8] > Bk
JE > AR G 1) > 0GR 7RI e N 1] o P AC A R I Al 2 i A T35 77 N ) R Bk BE R G I 52 “S T il
2 LTF (TR FRE (] AL SRR IR AN : 9.67%- 2.50%- 19.33%. 3.33%; IR (LR A E K
N 5.00%. 7.83%- 12.17%- 9.83%) , TikzFRET[E] 3 d FHE I ODe0o=0.7 B AL Z6IE B T i i fE
12 G Hof 1)L B IR I TR0 e A 26 BV 2 e, {H2 4% 10 min FIHIES FIR BE 15 min (LRI
EHm T HAK KT PR R R o2 BT A (R 8) , R TRE R (A [ FH L R
HRFEER, WEEFIIMEBLRERER 1d. 2d M4d R A EEEER, FiEEIR 1dW
ARG 4 d AR Z B B Z 5 ANFEBIRE KT ODs0o=0.7 L% 5 ODg00=0.6
0.8 AL RN ZERARE, 5 ODeo=0.5 ZIF 7 5 3 s A= LI [R)RI 400 B 7132 B it 8] 48 7K P 1) 22
AR 56 & R T I0 RAS BIRAT B 3 A BB AL AL I AR AL R T2 5 2 AsBaCaDy (A
12>, EIFREFE 3 dv W ODeoo=0.8+ 24 18] 10 min R B 72 BEiT 18] 15 min v AL AT A 1
B R REL RS MAES (H 4 .

x6 ANMEUEFAABUENTESN

Table 6 Analysis of variance for conversion rate of four conversion factor combinations

AR5 RJR Source of variation SS dr MS F Foos Foor
A 22 3 7.25 88.77%* 3.29 5.42
B 3 3 1.11 13.59%%*

C 1 3 0.26 3.17

D 0 3 0.04 0.50

X4 (Block) 0 2 0.04 0.50 4.54 8.68
KB R % (Test error) 1 15 0.08

BAFS: (Total variance) 31 29

e = FORTE 0.01 KF LEFREE.

Note: **indicates a significant difference at the 0.01 level.
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Table 7 Orthogonal test analysis of four transformation factors combination

K%
pusiEEREy L

Factor AL R
Treatment Number of

Transformation rate/%

combination A B C D explants/n
1 1 (1 1 (0.5 1(5 1 (15 50 1.33 fg
2 1 (1 2 (0.6) 2 (10) 2 (20) 50 733d
3 1 (1 3.€0.7) 3(15) 325 50 16.67 ¢
4 1 (1D 4 (0.8) 4 (20D 4 (30) 50 1333 ¢
5 2(2) 1 €0.5) 2 (10) 3 (25) 50 2.00 efg
6 2(2) 2 (0.6) 1(5 4 (30) 50 3.33 efg
7 2(2) 3 (0.7 4 (20D 1 (15) 50 4.67 def
8 2(2) 4 (0.8) 3(15) 2 (20) 50 0.00 g
9 3(3) 1 €0.5) 3 (15) 4 (30) 50 14.00 ¢
10 3(3) 2 (0.6) 4 (20) 325 50 1533 ¢
11 3(3) 3 (0.7 1 (5 2 (20) 50 22.00 b
12 3(3) 4 (0.8) 2 (10) 1 (15 50 26.00 a
13 4 (4) 1 €0.5) 4 (20D 2 (20) 50 2.67 efg
14 4 (4) 2 (0.6) 3(15) 1 (15 50 533 de
15 4 (4) 3 (0.7 2 (10) 4 (30) 50 533 de
16 4 (4) 4 (0.8) 1(5 3 (25 50 0.00 g
Xi 9.67 5.00 6.67 9.33
X 2.50 7.83 10.17 8.00
X3 19.33 12.17 9.00 8.50
X 3.33 9.83 9.00 9.00
R 16.83 7.17 3.50 1.33




*®8 A NEUETFERARNFESN

Table 8 Analysis of variance for conversion rate of four transformation factors

AR T Sl Sl
Transformation factors Mean genetic transformation rate/%

1 9.67b
Ttk TR 1] 2 2.50 ¢
Pre-culture time/d 3 19.33 a

4 3.33 be

0.5 5.00b
BRI 0.6 7.83 ab
Concentration of 0.7 12.17 a
agrobacterium 0.8 9.83 ab

5 6.67 a
& eI [l 10 10.17a
Infection time/min 15 9.00 a

20 9.00 a

15 9.33a
R IR D ) 20 8.00a
Soaking time of antibacterial 25 8.50a
agents/min 30 9.00 a

A FilEFR 3 ds B AR QS Co 0 EsE 97 10 d; D, @A LRI L EF 11 E. AEZF IR IRHERE; F. FeRe 3 AR B,
FIEMPAER: G H G5B,

A.Pre culture for 3 d; B.Agrobacterium infection of tender stems; C.Selective culture for 10 d; D.Bud points appeared on



the surface of callus; E.Adventitious buds form plants; F.Regenerated seedlings transferred to rooting medium;

G,H.Hardening and transplanting.
B4 BEEATABERRLRE
Fig.4 The genetic transformation process of Baihuayushizi pomegranate
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Fig.5 The expression of GFP in the roots of transgenic plants
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