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Establishment of a high-efficiency genetic transformation system for pa-
paya using embryogenic cell suspensions as genetic transformation recep-

tors
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Abstract: [Objecive] Papaya (Carica papaya L.) is a wildly cultivated tropical and subtropical fruit
with a high nutritional and medicinal value. However, papaya disease is very serious, which is an impor-
tant problem restricting the development of papaya industry. The key to solve this problem is to use mo-
lecular breeding to breed disease-resistant varieties of papaya, and the establishment of efficient genetic
transformation system is an important premise of molecular breeding. Therefore, the aim of this study
was to establish an efficient genetic transformation system, and provide new technical support for the

study of important gene functions and molecular genetic improvement of papaya. [Methods) In this
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study, immature zygote embryos of Zihui papaya were used as explants to obtain embryogenic cell sus-
pensions (ECS) by induction, proliferation, screening and liquid oscillation culture. Using ECS as the re-
ceptors for genetic transformation, and the plant expression vector pCAMBIA1301 was transformed by
Agrobacterium-mediated method. This study explored the suitable conditions of antibiotic concentra-
tion, infection time, subculture, induction, maturation and germination of resistant embryos, and finally
obtained resistant regenerated plants. [Results] First, ECS were treated with different concentrations of
cefotaxime sodium (0, 100, 200, 300, 400 mg - L") and hygromycin (0, 3, 5, 7, 10 mg - L") respectively,
and then the growth state and cell morphology of suspended cells were observed. The results showed
that the optimal concentrations of cefotaxime sodium and hygromycin were 200 mg L' and 5 mg L', re-
spectively. After that, the engineered bacteria containing target genes were prepared, and the prepared
ECS were co-cultured with the engineered bacteria for 2 days and transferred to the liquid screening me-
dium containing cefotaxime sodiums and hygromycin for subculture. The subculture period was 14
days. GUS staining showed that after 3 subgenerations, almost all the suspended cells were transformed
cells. These suspended cells were transferred to a liquid embryo induction medium for culture. After 2
months, a large number of spherical somatic embryos were obtained, and GUS tissue staining was blue.
The spheroidal somatic embryos were transferred to a mature medium for culture, and the mature somat-
ic embryos at cotyledon stage were obtained after 2 months. The average resistance somatic embryos
rate was 23.2x 10’ mature somatic embryos per 1 mL packed cell volume (PCV) of ECS. The germina-
tion rate of resistant somatic embryos was 73.26% when cotyledon stage embryos were cultured on a
germination medium for 30 days. The result of GUS staining showed that any regenerated bud could be
dyed blue. By promoting root culture, the resistant regenerated buds were successfully regenerated, and
the regeneration rate was 80.55%. Simultaneously, PCR amplification of the regenerated plants indicat-
ed that GUS gene had been integrated into the papaya genome. [Conclusion] In this study, an Agrobac-
terium-mediated genetic transformation system using papaya ECS as transformation receptor was suc-
cessfully established. In this technology system, almost all of the ECS infected by Agrobacterium were
transformed cells after three times of subselection, and these transformed cells could regenerate plants
successfully through somatic embryo induction, maturation, germination and rooting. The germination
rate of resistant somatic embryos was 43.65%, the germination rate of resistant somatic embryos was
73.26%, and the plant regeneration rate was 80.55%. The efficiency of genetic transformation of papaya
was greatly improved. This system could provide a new approach for gene function study and molecu-
lar breeding of papaya.
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Table 1 All mediums used in ECS and genetic transformation of papaya

15 Code R 75 Mediums fic 75 Ingredient
ML IR ARG T Ry 5 1/2 MS #537542.0 mg- L 2,4-D +400 mg - L' A2 B+ 60 ¢- L RS, pH 5.8
Liquid medium 1/2 MS medium+2.0 mg-L" 2,4-D +400 mg- L' Glutamine + 60 g-L" Sucrose,pH 5.8
LSM IR 1k B e 3 1/2 MS 33:3+2.0 mg-L" 2,4-D + 400 mg- L' A& B+ 60 g- L' BEHE+ 100 pmol - L 2.1 T F B+
Liquid selection 200 mg-L'kfE R +S mg- L' #& %K ,pH 5.8
medium 1/2 MS medium +2.0 mg-L" 2,4-D + 400 mg-L"' Glutamine + 60 g-L" Sucrose + 100 pmol-L" Aceto-
syringone +200 mg - L Cefotaxime sodium +5 m g-L"' Hygromycin, pH 5.8
MSI PRIE SRS 12 MS 48+MS 4E2E %450 mg- L' EE+400 mg- L' A S M + 30 g- L' fEHE+200 mg- L' k%
Embryo induction and #,pH 5.8
mature medium 1/2 MS basal salts + MS vitamins +50 mg- L myo-inositol+400 mg - L" Glutamine + 30 g-L" Sucrose
+200 mg- L' Cefotaxime sodium, pH 5.8
MG AR o B ik MS+ 0.4 mg-L" 6-BA+0.02 mg- L' NAA+30 g- L' FEWE+7 g L' 364200 mg- L' k155 % ,pH 5.8
Embryo germination MS medium + 0.4 mg-L" 6-BA+0.02 mg L' NAA+30 g-L" Sucrose +7 g L' Agar+200 mg-L"' Cefo-
medium taxime sodium,pH 5.8
MR EEiRS o= 1/2 MS+0.1 mg-L" 6-BA+2 mg-L"' IBA +30 mg- L' JEHi+7 g- L' E/l5k . pH 5.8

Rooting medium

1/2 MS medium +0.1 mg-L"' 6-BA+2 mg-L"' IBA +30 mg-L" Sucrose +7 g-L" Agar,pH 5.8

1.2 LAERMPERREKRENTFL

SN T A VR A K i 7 e T O A R e AR A R
Az K 1) 3k 6 B 2R (CeDD 3 55 0175 32 oH 2 A ok 10 0
FIREE B AE ML BEFR 5 4 AN T AN IR it ik
J 1 3k A8 25 (0. 100,200 300,400 mg - L) Al 5
#(0.3.5.7-10 mg- L), fE BB £ F R, (27£1)°C,
110 r-min" #7755 7% , W& ECS $GFA AL KAF I, IFH]
JH SR A W S 4 RS, 1 8 A& I TR TR
1.3 TiZEME&

YA B F R R AT B /E YEB(S A

50 mg- L' RABE 2O MM [ R 775 L RIZk, (27+1)°C
ZAF TR SRS PRI B VA R SR E A 50 mg - LY
R I YEB MR 72 2, 150 r-min R % 35
F: B NHU (0OD600=0.8~1.0) , K B 0o 31 25 LI
W5, EET &4 100 pmol - L' ZHE T #EH (AS) 1)
WAL REFRER TR IR il & TRE R & H .
14 RER5RAELESFT

HUAE ML VR AA RS 77 h 4RACKE 7% 10 d I ECS, B0
X EEWRE, MANE 13 0BRGN TREEWR, 7
(27 1)°C BIEKAF FHE 1~2 h, R 57E(27x1)°C,
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IFHX 0.1 mL 40 i %5 S AR 1K ECS #E4T GUS 4L (75K
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W35 TR e B AR AR IR 5 85 77k MSTH 5 5
PRANBNE , B 14 d BB — RIS IR 5L, BRIGE 251 N 597
2 H Gt R dn e e A B o R SRAS BRI A4 A
i 3% % 3] 2 [E] 4K MST _E il 98 2 A H , L& 3k
P3RBT A IR e e 22 44
MR R EE R FEMG BT HE &R 7%, 1A H RSk
AR R R . B FRakF N : (27£1)°C 12 h(L)/12 h
(D) Y54 pmol -m™ - s e . SR, Bk
(504 28 55 4% 22 AR ARG 7R 56 MR, {23k 25 3 AR &%
REFFR 1A H a3 e B I AU , ST AR
AR, [FIN PLARAZ YL ECS A I, HEAT 1R IR 75
T BRI R BT , LRSS AR R
1.6 GUSEFE N & BAMEKREE
1.6.1 GUSHK RGN @it GUSHLIYLth, FE
For T 5% « H 35 77 5 AR AR e 1 38 — AR 28 AR
=AY ECS 4[]+ S35 77 0 ik 3 > gk AR I
i ECS 55 3R 45 (1) B 20 42 48 i i K JH 75 A= 2 DA
T A L 5 HEAA AL o
1.6.2 Tattitkey 5 F %52  F A CTAB (cetyltri-
methylammonium bromide) 72 U A NI DNA,
I DL AR, B GUS B RIS S 514 : LP: 5 -
TTACGGCAAAGTGTGGGTCA-3’ M RP: 5" -TCG-
GTGATGATAATCGGCTG-3", #t47 PCR 4 34 46l ,
P 18K BE S 1233 bp, PCR J B 26144 : 94 °C 2 min,

98 °C 10 .58 °C 30 s.68 °C 1 min, 33 MG, 68 °C
ZE{H 5 min. PCR P=W)H) F 1.5% 5 i bR 6 e £ 4T H
VK FLIK R R FEER: S R e e R AT

2 ERE55¥

21 IABEZEMPBERRERERENTFIL

TERARTIE R R PR IA B R EERANT
s R 2 Ja MR AR AT R 1 AR K B D T R ORSk
MR ALK ECS A KIE M . 75 ML K5 772
2 SR 1101 100.200.300.400 mg - L' Sk 741 5 itk
ITHERE 7%, WS X ECS 5 4B KRS Ml I 25
sz, 55972 i Ja , 45 R ansR 2 FE 1-A Fow , Skl
HEHEFEIKRIE 0,100,200 mg- L, R IE B 740
NEATEEMGRETE , A K EREARIET  hBE R AR
WREEIA ]300 mg- L', B iF AU 7K, FF U648
b, 8T e 2 BB L5, 4 At i A 4 AR T, ECS
5 A= K 52 B FE IR 5 T 2 VK A £ 400 mg - L
I, IR 2 B B ] TE = 4, ECS S5 AR K
ZEIB R . DUA A AR AT i AR K BN S 2
ARJNECS AEK A ), #2200 mg - L' Sk #1255 32N
T R R

[FJINF, FE ML B5 73 437007 11 0.3.5.7. 10 mg- L
T2, RN ECS 38 AR KARAS TN A5 152
W, 255l 1-B IR 2 fis, 3597 2 G, il &
W E N5 mg- LI, ECS H LR T AL , 15 20 g
TEASFIE T AR R MR REIR AR 7 mg- LA
10 mg- L', ECSFEAR 1, AR KORAS 22, 5l /)N,
Bt R ERIKED A MK AERE AL, K2
B DIASCRHIRIEAS Hoa] i b i B 4
A E R B0 5E 5 mg - L8 2 S Rk
22 TiREEEEEEFRECAMRANTHTE

¥ TREFER Y2 d )5 1 ECS F ML £ 97 3L i vk

F2 FEREXASEMHSRLIBEMET ECS HEKER

Table 2 Growth of ECS under different concentrations of cefotaxime sodium and hygromycin

pCRIIEZD ECS K% SN 5 T pGHEZD ECS I K S AN 5 E

Concentration of Growth rate The proportion of Concentration of Growth rate The proportion of

cef/(mg-L™") of ECS/% abnormal cells/% hygromycin/(mg-L™") of ECS/% abnormal cells/%
0 206.7+£2.9 1.2+0.3 0 203.3+5.8 0.7+0.5

100 191.74£5.0 3.3+1.5 3 188.4+7.6 4.3+0.6

200 186.74+4.8 3.7+1.2 5 176.7+5.7 6.3£1.5

300 113.3£5.7 9.7+1.1 7 88.3+7.6 19.7+1.6

400 97.6+9.3 12.7+0.6 10 66.7+7.6 24.6+3.2

T R HA AR bR iR 22,3 I

Note: Data shown are means+SD of three independent biological determinations.
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Omg-L"

100 mg-L"

200 mg-L"

300 mg-L"

400 mg-L"

A AR EE LI AT N ECS HIZAEKAS I, /274 Bar=1 cm, 4514 Bar=100 pum;B. RNEW R R T ECS 4 KAl : /£14 Bar=1 cm, £

141 Bar=100 pm.

A. Growth state of ECS treated with different concentrations of Cef. Left, Bar=1 cm, right, Bar=100 pm; B. Growth state of ECS treated with hy-

gromycin at different concentrations. Left, Bar=1 cm, right, Bar=100 pum.

El1 RERMPTRRERTFE

Fig. 1 Screening of suitable concentration of cefotaxime sodium (Cef) and hygromycin
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2-B) ; ARSI AT 58 2 AR 55 5% , B A A 7 i ik [

JI ARSI , KA A A 2 R AL BE T, fE Y
A € P A0 B A B A B R 2 (B 2-C) s FE 5 3 AR
ECS H',ECS JL-F- Az i g L th, B JL-F- 4B 1k
IR 2-D) . Bt L, a5 3 4Rk 3 AR L L 1
HERE R, AT LASRAS AR K R AT I 3 S R 2R AR N ECS o
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A. KAk ECS 19 GUS BetadE i s B. MARTHIESS 1 1 ECS #1 GUS YetafE il ; C. MUKk s 2 18 ECS i1 GUS Yt ti il ; D. ARk 55

3 18 ECS 19 GUS YLttt

A. GUS staining of untransformed ECS; B. Transient GUS expression of first-generation sub-cultrued ECS in liquid selective medium; C. Tran-

sient GUS expression of second-generation sub-cultrued ECS in liquid selective medium; D. Transient GUS expression of third-generation sub-cul-

trued ECS in liquid selective medium.

2 RATEESR ECS B GUS FRi&1H)
Fig.2 Transient GUS expression of ECS cultured in selective liquid medium from different generations

23 RIERIF S ARER BB FENREE

B ARAR 3 IR BCS Yok BRI 3 1 77 5
MSI &, 24~ H Ja AT LK & 60 5 BRI Ve 40 iR
3-A~B) . RHPUHEERE IR AT GUS YL ta 45 e KB, 15
SR PRI AL T L P20 aT DAY Bk 6, B4
BN AR E (B 3-C) . 501, i 4k48 3 Ik
W& ANECS A RSB AAE & A= RE ST, ~F¥aPT
PEARAH IR FR 4529 23,2 10° S »mL! PCV, Fi P 1A
WRAF IR 26K 43.65% , 15 %7 B ECS 19135 44 20 Jfa i 3k
1R EAHIT (R 3D o WG BRIE A 2 i IR 8 4% 2] 2 [i] 44
MSI EREFR 24 H, A1E 0 R E R R 1) 7 3 44
YRR (& 3-D~E) o

R3 MEEMESEERNSS BAMBERFITER
Table 3 Statistical results of induction, germination and

regeneration rates of resistant and normal somatic embryos

" B2 BH ‘R & AR

s FhiEz ARE  BER

Tvnes Somatic embryos ~ Germination  Regeneration
M acquisition rate/%  rate/% rate/%

EARER LN 43.65£1.65 73.26£2.17%%  80.55+1.48

The resistant

somatic embryos

L% AR 47.38+2.35 97.58+1.02 81.362.63

The normal

somatic embryos
s R EE R R P E bR R 2, RN E R R E (<
0.0,

Note: Data shown are means + SD of three independent biological

determinations, ** indicate extremely significant difference (p<<0.01).

AB. TETRARRS R R AR AT PRANM IR (35 3 C. BUMEIRAIMIE GUS Seta il : D E. HUMEARANMLIE 5 T BT BT AR 41 i o

A, B. Induction of resistant somatic embryos in liquid medium; C. GUS expression of transformed embryos; D, E. The resistant somatic embryo in-

duction and maturation into the cotyledonary somatic embryo.

3 IUMRERS SR

Fig. 3 Induction and maturation of resistant embryos
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510 dJ5 R B R 0 4 i (BT 4-AD , A B4
MR AEARBOT ia L@ itk . 559730 dJa » 4y
R R & S N IR T (B 4-B) . &5

T, & AR B A I Tk R g i IR B R
73.26% , K T X 18 (97.58%) (£ 3) . LAREEALZEAE
X R AT R DD ECE AR P 2R AT GUS Je i % e, 3
A4 e S € (B 4-C~D) . A T AR R o 4
MR #3210 d G HFURAR, I M AR K E R

A GG RG B, FEARZE s R (O MEFALZE (DI GUS Juti:E. Hith fAE bk
A. Formation of green cotyledon; B. Regenerated buds; GUS staining of untransformed bud (C) and transformed bud (D); E. The regenerated papa-

ya seedlings.

4 EHREE
Fig. 4 Regeneration of papaya seedlings

UF B /N HE PR . OHE PR AR RN 80.55% , 5 X IR
(81.36%) FHir (K 4-E, 3 3).
24 HEKRPSTEE

T HiE GUS FEDR R B AR R R 4L (1 A
T, ZE# X 3RI BA GUSTEHERT 10 #R (2~11 5

M 1 2 3 4

1000 bp —

VKB AN S R PR FEAT T PCRAZIN . HIJKZ
REBRW], 5 REAL I AR (1 S 3GED M LE , 78
IR BA GUS i 1 10 35 AU B2 R PR & rh 2y ]
PG H 2 (B 5D, 3 — P ] GUS 2 R e 4L
R, A BT ARNEE K 4L

6 7 8 9 10 11

551 PRI N DR AL AT MR DNA DABEGEEAT ) PCR 38 IR A5 3L, 5 2~11 JKIE 2 A LR GUS JHTER 10 BRI A EE LA

FEbk DNA AT PCR 9739 L B VK45 5 . M. D2000.

Lane 1 was PCR amplification and electrophoresis results using DNA of untransformed papaya plant as template, lane 2-11 was PCR amplification

and electrophoresis results using DNA of 10 transgenic papaya plants with GUS activity as template. M. D2000.
5 MMEEEKN PCREE
Fig. 5 Identification of regenerated papaya seedlings by PCR
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FEFA T BE DRI F 7 T, 5 I FH 1R 2 B R A
15 T 12 V5 3R A R ORI (R T ] KA 75 2 4 A
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HIRWE R FHEEERME, T EE IR R EH
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FEAEFI AR B8 B8 A SV AT AR B AR AL, &5
FIRAG T R EEDIRE I, (5 BTS2 AR R 1, 97 1%
ERR PP RAR K, 7271 Fia ) R AR
32 ZEMRNEBREERR

LA R S S IR A TN 1R 500 A% A 1 B L R
Fo BTN B MR IE DL AR @G 4 208 %2
PR HEAT A% e A0, 33001 75 5 R 40 A A A 3R 15
AERE R  (HAZ I8 45 A7 70 258 DR R ARl R R R B AN A
o AR AR R T B 22 AR IR R AR FR R PR T 4R (A%
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