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Development of embryogenic cell suspension cultures and efficient plant

regeneration of Carica papaya L.
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Abstract: [Objective] Embryogenic callus from different papaya explants can be induced to generate
somatic embryos, which develop into plants. However, there are some problems in this pathway, such
as genotype dependence, limited number and asynchronous development of somatic embryos, poor root-
ing quality and low plant regeneration rate caused due to callus formation at the base of somatic embry-
os. This study was designed to overcome these obstacles, and to establish an efficient plant regeneration
technology for large-scale rapid propagation of papaya seedlings, cell engineering and molecular breed-

ing. [Methods] Hybrid Carica papaya L. ‘ Zihui’ was used as the experimental materials. Immature zy-
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gotic embryos (IZE) excised from fruit 110 to 120 days post-anthesis were used as the explants to in-
duce embryogenic callus on the medium containing half-strength MS (Murashige and Skoog, 1962) bas-
al salts and vitamins, 400 mg L™ glutamine and 60 g-L" sucrose supplemented with 0-5.0 mg- L™ 2, 4-
dichlorophenoxyacetic acid (2, 4-D) for 60 days. Light yellow and fragile embryogenic calluses were al-
lowed to proliferate on the same medium at 28-30 days intervals for 3-4 months to get enough embryo-
genic calluses. In the process of liquid culture, 900 um mesh sieves in the first subculture and 154 um
mesh sieves subsequently were used to filter out large particle cultures in the medium, until homoge-
neous embryogenic cell suspension was obtained. Embryogenic suspension cells were transferred to
100 mL conical flasks with 30 ml liquid somatic embryo induction medium (MSI) containing half-
strength MS basal salts and full-strength vitamins, 50 mg-L"' myo-inositol, 400 mg- L' glutamine and
30 g- L' sucrose, and agitated at 110 r-min™' in a gyratory shaker for 21 days. The induced somatic em-
bryos were transferred to semi-solid somatic embryo mature medium [MSM: MSI + 5 g - L 'activated
carbon (AC) + 4.0 g- L' gel] allowed to further develop into cotyledonary somatic embryos, and then
budded and rooted into plantlets on germinating medium. The effects of different concentrations of 6-
benzyl amino purine (6-BA), naphthalene acetic acid (NAA) and AC on the germination and rooting of
cotyledonary somatic embryos were investigated. [Results] Complete immature zygotic embryos can
be easily and rapidly separated by extrusion method without the assistance of stereoscope. 4 mg- L™ was
the optimum 2, 4-D concentration for embryogenic callus induction of IZE from Zihui cultivar, and the
maximum embryogenic callus induction rate was 62.86%. After 5 subculture cycles of sieving culture
of embryogenic callus in liquid medium, homogeneous embryogenic cell suspensions with a large num-
ber of single cells and small cell groups were established. A large number of spherical embryos were in-
duced by liquid culture for 21 days, and then developed into cotyledonary somatic embryos synchro-
nously on MSM in 30-45 days. About 97.58% of the cotyledonary somatic embryos germinated on MS
medium supplemented with 0.4 mg-L"' 6-BA and 0.02 mg- L' NAA, 95.48% of which showed callus
formation at the base of somatic embryos, the rooting rate was 18.18%, and the quality of roots was
poor. The supplementation of 5 g- L' AC generated 92.62% cotyledonary somatic embryos with syn-
chronous germination and rooting, and significantly reduced the callus rate to 33.10%. Synchronous ger-
mination and rooting were also achieved in MSM medium without any plant hormone, with a synchro-
nous germination and rooting rate of 88.33%, and the callus rate was reduced to 11.67%. The plant re-
generation rate was 81.36% when these plantlets were transferred onto the regeneration medium with
0.1 mg-L" 6-BA,2mg-L"'IBAand 10 g-L"' AC. Plants with well-developed shoots and roots were sub-
sequently hardened to seedlings in a potting mixture with 2/3 peaty soil and 1/3 vermiculite. [Conclu-
sion] The optimal embryogenic callus induction medium was 1/2 MS medium +4 mg- L' 2, 4-D+400
mg - L' glutamine + 60 gL' sucrose with immature zygote embryos of Zihui at 110-120 days as ex-
plants. Spherical embryos can be efficiently induced from ECS with liquid culture, and subsequent syn-
chronous germination and rooting of somatic embryos in the medium containing 1/2 MS salt + MS vita-
min + 50 mg - L inositol + 400 mg - L' glutamine + 30 g- L' sucrose + 5 g- L' AC. This regeneration
protocol established in C. papaya L. ‘Zihui’ achieves a high frequency of somatic embryogenesis with
good synchronization and plant regeneration.

Key words: Carica papaya; Immaturezygotic embryo; Embryogenic cell suspension cultures; Somatic

embryogenesis; Plant regeneration
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A. Seeds from 120 days old fruit, Bar=3 cm; B. Immature zygotic embryo excised from seeds of 120 days old fruit, Bar=0.4 mm; C. Light brown

spongy callus(a) and white powdery callus (b); D. Light yellow transparent callus; E. Light yellow friable embryogenic callus with clustered somatic

embryos (a); F. Proliferation of embryogenic callus for 3 subculture cycles.
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Fig.1 Callus induction and proliferation from immature zygotic embryos of Zihui cultivar
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Table 1 Effects of different concentrations of 2,4-D on
callus induction from immature zygotic embryos

of Zihui cultivar

24-DERIRE  BHALNE SR JEVE B %
Concentration of Percentage of explants  Percentage of explants
2,4-D/(mg-L")  with callus/% with embryogenic callus/%
0 0.00+0.00 e 0.00+0.00 e

1 41.90+1.90 d 17.94+1.04 d

2 71.46+1.68 ¢ 51.43+1.65b

3 80.95+2.52 b 60.95+2.52 a

4 92.384+0.95 a 62.86+1.65 a

5 70.48+1.91 ¢ 38.10+2.52 ¢

R PR AR A bR R AR RER R A R RS AL B 2%
PR i 22 5 (p<<0.05)
Note: Mean + SE followed by the different letter are significantly

different at »<<0.05 according to Duncan’s multiple range tests.
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A. Homogeneous embryogenic cell suspension system; B. Homogeneous cell aggregates in embryogenic cell suspension, Bar = 50 pm; C. Induc-

tion of somatic embryos in liquid medium; D. Mature culture of somatic embryos on semisolid medium, Bar = 1.5 cm; E. Cotyledonary somatic em-

bryo, Bar=1 mm.
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Fig.2 Somatic embryos induction and maturation of Zihui cultivar from homogeneous embryogenic cell suspension
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MG2(# 0.1 mg L' 6-BA+0.1 mg L' NAA+5 g-L' AC)H¥: 9% 7 ds F. T A4 I IR 7E MG3 (% 0.4 mg-L"' 6-BA+0.02 mg-L"' NAA+5 g-L"
ACREFE 7d;G. TR IR MG4(E 0.4 mg-L"' 6-BA+0.2 mg-L"' NAA+5 g L' AC) KT 7 d; H. T WAL E/E MG5(% 0.1 mg-L°
NAA+5 g LT ACHEEFR 7 ds 1 #A0 TR A1 NI TR EE MSM G 5 g L' AC, NEAEMTIEO I T M HIRAHILAL 0. 72 MSM Hi55% 5d J&
[FA R ER AL K. 72 MSM 3558 14 d 5K VEREZIME L. /£ MSM th#5% 21 d JEliiR R ALt

A. Cotyledonary somatic embryos inoculated on somatic embryo germination medium (MG1) containing 0.4 mg-L"' 6-BA and 0.02mg- L' NAA.
B. Germinated somatic embryos in MG1 for 7 days, the callus formation occurs frequently at the base of germinated embryos. C. Germinated somatic
embryos with severe callus on the base in MG1 for 21 days. D. Proliferation of shoots from the germinated somatic embryos in MG1. E. Cotyledon-
ary somatic embryo cultured in MG2 containing 0.1 mg-L" 6-BA, 0.1 mg-L"' NAA and 5 g-L"' AC for 7 days. F. Cotyledonary somatic embryo cul-
tured in MG3 containing 0.4 mg-L" 6-BA, 0.02 mg-L"' NAA and 5 g-L"' AC for 7 days. G. Cotyledonary somatic embryo cultured in MG4 contain-
ing 0.4 mg-L"' 6-BA, 0.2 mg-L' NAA and 5 g-L"' AC for 7 days. H. Cotyledonary somatic embryo cultured in MG35 containing 0.1 mg-L"' NAA and
5 g-L"' AC for 7 days. 1. Cotyledonary somatic embryos inoculated on somatic embryo mature medium (MSM) with 5 g- L' AC and without any
growthregulators. J. Cotyledonary somatic embryos germinated and rooted synchronously after 5 days of culture in MSM. K. Cotyledonary somatic
embryos germinated and rooted synchronously after 14 days of culture in MSM. L. Cotyledonary somatic embryos germinated and rooted synchro-
nously after 21 days of culture in MSM.

B3 KEEARNAHARRNEE A MER

Fig. 3 Germination and rooting of somatic embryos of Zihui cultivar
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Table 2 Effects of different concentrations of phytohormones and activated carbon on germination and rooting of somatic

embryos of Zihui cultivar

pGEESD

- WoRdLR IR R AR [0 B R A AE AR 22 ittt Z
ok . Content of Lo . .
. Phytohormone composition . Germination Rooting Synchronous germination Callus
Medium activated carbon/ . .
and content (gL rate/% rate/% and rooting rate/% formation rate/%
MG1 0.4mg-L"'6-BA+0.02mg-L'NAA 0 97.58+0.63 a 18.18+1.04¢  18.18+1.04 ¢ 95.48+0.63 a
MG2 0.1 mg-L"' 6-BA+ 5 96.19+0.86 ab  83.33+2.07c¢  80.47+1.86 ¢ 55.95+0.63 d
0.1 mg-L' NAA
MG3 0.4 mg-L"'6-BA+ 5 93.81+0.63bc  95.95£1.19a  92.62+1.45a 33.10+1.86 ¢
0.02 mg-L"' NAA
MG4 0.4mg-L"'6-BA+ 5 92.62+1.45 ¢ 88.1+0.24 b 84.05+3.20 be 74.76+1.26 b
0.2 mg-L' NAA
MGS5 0.1 mg-L"'NAA 5 95.71£1.65 abc  69.05+1.67d  66.19+1.56 d 66.43+1.09 ¢
MSM 0 5 97.86+0.71 a 88.33+0.63 b  88.33+0.63 ab 11.67+0.63

T R EE AR CPIELPR R , AR TR RN A R AL B T R V2 7 (p<0.05) .
Note: (Mean + SE) followed by the different letter are significantly different at p<<0.05 according to Duncan’s multiple range tests.
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A. Plantlets regenerated from somatic embryos of embryogenic cell suspensions; B. Well-developed root system; C. Somatic plants acclimatized

in greenhouse before transferring to field.
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Fig. 4 Plant regeneration from somatic embryos from embryogenic cell suspensions of Zihui cultivar and acclimatization



452 341

PR R L A8 RIS o A 41 8 7 % P S S A o AR PR P2 383

3 %

3.1 BERLNKREAE FHRAOBEYS BRMREIKE
MHEEBR

TR A T AR/, K293 mm, &
T3 B8 7 925 A CE A A OB TR A B R AT R, 4
VEMEFEROK , BB, RORAK, B & T e 8k 2.
28 ARG R PR 23 vk, il i 5 I O ]
AR BRI A TR 1Z 77 T0 T AR
BERR B, 7 50 B R, B B A TS
BPELT, nT KRR & TAERCR .

FH A4 5 B IR0 28 B R AR I AR AL I 1 15
TR A R 2 AN B B, e A R 4 R 2 A0 TR TR
YRR S5 S0 BUIR s OCHE, Bk E T 5
T2 Sl AN AR IR P A= 1 B 5 2k, T R i 2
U T IR AME R A B E DI DG . 1980 4F Litz
SO R T AT AR A i A 5 S 0F 9 LAk, A FE 1Y)
AN A 28 TR AL HE - I 10T R fgy e o2
J 110220 R ZE AR08 2 B S g e 22 R
BROS2 A R AR S0 2101002729 g BT R & TR e T
H 4 7 AT 088 CR A TP KR 4047 LAF- i i
Fr A ZERTAR N AME AR, 41405 S R ik
50%~95% , {EL I 11 #0240 4335 5 A, AR 4 i IR
A eSS, HASIRN S R R b} 2 8] 22 5 238 0 R
JR A VR Bk G TR D)L A 8 o (R R 2R3 7, T
PEE AR F 0 IA 2] 30%~77.5% , 41 i IR T
RROBCR T AR A R . BRI A TR
90~120 d -5 R G T IR ARG 7 I8 2 B, 25
A i, ARG K 1 110~120 d 1 R Bl &
TRV SRR B AR, BB A R T K E
o RO AR T A P B AR MR AT )

32 ARIRERE 2,4-D SFERINKEHAE TR
MHIE SR

PR B B 431k 52 22 Rl BE AN AL 22 IR R 2,
o A K A AR I [ R P TR A () B AR i A rp
AR, 3R e € S T R R i S IR ok
P FAH LRI FRIAL AR5 T 1M 5 5 7
N B 38 2,4-D 2 AR AP, FEAE J5 BLH LA 7L
HRAE T R B R B0 A e 2 R A
AMERISH ANEAE A KR A RO E R,
2,4-D ABRR R IR E AT 1~10 mg- L' 2 [8], BRI A f
HAFEGH R EREZE. HPLl10mg-L'24-D +

250 mg - L' Carbenicillin 4b ¥ I 5K PG 3. 75 A< JIC iy F
Eksotika 90~100 d #% 5 52 & I, W14 405 20 275
SREETLF]77.5% . AR, LE ik E
A JTGHT it e 58 HEE DA B8 R, R 110~120 d 88 2R 5K
(1) R LB 7 IR R AME A, FEAS S I LA A P AR K
WATHERE LT . 1~5 mg- L' 2,4-D AL FL Y REH S
BRI @A L, Hod 4 mg - L' 2,4-D AbBE AU 5
L BETE T 62.33% MM AME AR IR 15 1 & R 4T 19k 3
o B R R A . ST RS S B
2,4-D [ I T R 5 SO MR 57 8 A PE R
SRR AT S R R H, AN T b PR G A R
H12,4-D Ab B 5 B T S oM R AR R AR TR G
RA TR IGAE , PR H AR H 3T 256 %5 R
EFE.
33 BARNYIRMEMHEEEZREINIERSE
=24

75T 3RA 1 B 8 A 1550 ) T 2R A 12k o 2L 21
A LE [ A s 7R 5L R A8 B O A, AR K E
Bt 5 2 AT ] ) SiE K, 78 R P 473 4 2SR T Rl T o
INEREAMIE . 728 ar NaE 7, s B
FEE) FH VR A 580 ZEL 2353047 4 24 PRIV P 75 5 R oA i
F& » TSR AR B A2 (HZIS 2R 38 R I M 4t i e
KRB AR A R R Y ECS A
W 2 1 R IR RE AR A, AR Ee 22 5 kAR
i 106 5% 3% I, A L bR AR IR A B — B0 S 40 i A0
/N i ] 4 2H R ) 340 5 ECS , AR 40 R A 75 5 A
AR A SN IR C N A= D R WAL
SR, 9 Ja SR 4 U 1) [R] 25 i R R AR AR 2S5 T
Bt PR, 3950 BCS 1 J 37 1R B A I i A0 ok
AR,
34 BEARINGHREAETE &M ERNE SIS

H R AN 288 B R AR I R IE o 2 015 5
AR IR ET R AR5 PSS AR . 7R AR 20 R IR
RISFEH AN 6-BA NAA 25— 4 K3/ 45 5]
SKARHERG K. SR, B AT IHE AR & i KR
FHLE T 0 R 00 44 40 B JVR IR AR i A B 1 IR 3 4, I
FOHIE BAR R IX A& R T A N 4185597
bR o6 AR K E S SR O BBURRCY , A4 VR LA 2
HAEKRIGES XK RS b RE R HE
ARG IS, NP2 AR AR, ARG A Ridt—b
BSAF T 1% R B4 4E, 0.4 mg- L' 6-BA+0.02 mg- L
NAA HEFENERE 97.73% 142 M ik i & (][RI, 30



384 3 i

4

e 403

95.45% 1) R 248 i R AR 3y B I 4, 5 R0 22D, K
KPR T MR AE TR R . #hFRIINS g-L'AC
TR A 2504 3E 93.33% 1 44t A s i 4 0 A A ) 20 i
17, A S 3 PR AR A At R 32 33.37% . [RIAY L 2B
FAEAMTEFE A I, A I R A B VA B
5 g L AC AN AT fa] 1 47 A= K 1815 750 1 A7 200 P R
B S F J vh R] SR R] AP W R AR AR [E] 2 R A
A AR T IA 88.53% , H @ (LA B 4%, it th 26
I 11.47%. BHIERT L, 363 A UK B G 5 - 3
VA S £ 1 R RAE AR 1T 5 5 6-BA FINAA FEIE 24
T2 . AC X7 AU 20 i I H & A0 AR AR Fr AR AR
RS TERRM TP b 4RE A AL, X AT g E
AC B AW b A& B 2H SR I A K 32 28 i Ik
AU = A FH 25 DA OGBS

4 45 ®

PLERHE 110~120 d R & 1 A SN E AR, B
R 0 235 3 85 92 35 8 172 MS #5957 Jk+
4 mg-L"'24-D+400 mg- L' & & g+ 60 g- L' jif
Wi &5 IR RE IR 5 , vl E r i AR BR S
— B0 ERLAH RN 2 P A SR A R 3) 5 ECS .
ARG B IR & A= 7 % 8 ECS Sk ks 77 7 Ui &
BRIGIETE i, 765 1/2 MS #5+MS 44 5 +50 mg - L
WLEE+400 mg - L' R A BEIE+30 g L' BEFE+5 g L
AC [P35 77 5 H {12 3 4 4 B IV 1 R I i 88 1) [R] 20
W R ANAEAR , P AR R AR v A AL L 5

S22 #k References:

[1]  DOTTO J M, ABIHUDI S A. Nutraceutical value of Carica pa-
paya: A review[J]. Scientific African,2021,13:¢00933.

[21 M, BRSO, S, BB 3R E ORGSR

b5 % PR AIE A S N [0, G AR R, 2013, 33(5): 51-
55.
ZHOU Peng, WANG Shuchang, SHEN Wentao, YAN Pu, LI
Xiaoying. Innovation research and application of anti- PRSV
Carica papaya germplasm resources in China[J]. Chinese Jour-
nal of Tropical Agriculture,2013,33(5):51-55.

[3]  MRombife, A G U A AL R RN E M At
SB[ T RARIA,2005,32(4):22-24.

LIN Guangxiong, ZHOU Changgqing, YOU Kaizhe, LI Weihong.
Current research progress and prospect of papaya in Chinal[J].
Guangdong Agricultural Science , 2005,32(4):22-24.

[4]  BRIEZR, BRREL, B BOWRE, 9 T AR USGART T H A4 4
fit VR 157 2 % 5 R MR AR (0], 2 TR B B, 2018, 16(12):
4010-4015.

WEI Yuerong, CHEN Caixia, YANG Min, HUANG Bingxiong,

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

YANG Hu. A simple protocol of plant regeneration of Carica pa-
paya L. through somatic embryogenesis from mature seeds[J].
Molecular Plant Breeding,2018,16(12):4010-4015.
TS, M, BREE B AL 5 R FHE R[], R o7
#,2005,22(1):60-65.
HUANG lJianchang, XIAO Yan, ZHAO Chunxiang. Advances
and prospects on genetic improvement in Carica papayall].
Journal of Fruit Science,2005,22(1):60-65.
DHEKNEY S A, KANDEL R, BERGEY D R, SITTHER V,
SOORIANATHASUNDARAM K, LITZ R E. Advances in Papa-
ya biotechnology[J]. Biocatalysis and Agricultural Biotechnolo-
gy»2016,5:133-142.
MO C P, WU Z L, XIE H P, ZHANG S G, LI H P. Genetic di-
versity analysis of Papaya leaf-distortion mosaic virus isolates
infecting transgenic Papaya Huanong No. 1 in South China[J].
Ecology and Evolution,2020,10(20):11671-11683.
FITCH M M M, MANSHARDT R M. Somatic embryogenesis
and plant regeneration from immature zygotic embryos of Papa-
ya (Carica papaya L.)[J]. Plant Cell Reports, 1990, 9(6): 320-
324.
WAKE, D T2 SRR . R AR IR R R A B Ak AR B S (D],
TR 24,2003 ,20(6): 471-474.
ZENG Jiwu, YI Ganjun, ZHANG Qiuming. Somatic embryogen-
esis and plant regeneration of papaya[J]. Journal of Fruit Sci-
ence,2003,20(6):471-474.
POSADA- PEREZ L, MONTESINOS Y P, GUERRA D G,
DANIELS D, OMEZ-KOSKY R. Complete germination of Pa-
paya (Carica papaya L. cv. ‘Maradol Roja’) somatic embryos
using temporary immersion system type RITA®) and phloroglu-
cinol in semi-solid culture medium[J]. In Vitro Cellular & Devel-
opmental Biology - Plant,2017,53(5):505-513.
CIPRIANO J L D, CRUZ A C F, MANCINI K C, SCHMILDT
E R, LOPES J C, OTONI W C, ALEXANDRE R S. Somatic
embryogenesis in Carica papaya as affected by auxins and ex-
plants, and morphoanatomical-related aspects[J]. Anais Da Aca-
demia Brasileira De Ciéncias,2018,90(1):385-400.
SOLORZANO- CASCANTE P, SANCHEZ- CHIANG N,
JIMENEZ V M. Explant type, culture system, 6-benzyladenine ,
meta-topolin and encapsulation affect indirect somatic embryo-
genesis and regeneration in Carica papaya L.[J]. Frontiers in
Plant Science,2018,9:1769.
ZHAO X B, SONG J J, ZENG Q X, MA Y Y, FANG H M,
YANG L Y, DENG B, LIU J, FANG J P,ZUO L P, YUE J J.
Auxin and cytokinin mediated regulation involved in vitro organ-
ogenesis of Papaya[J]. Journal of Plant Physiology, 2021, 260:
153405.
AL-SHARA B, TAHA R M, MOHAMAD J, ELIAS H, KHAN
A. Somatic embryogenesis and plantlet regeneration in the Cari-
ca papaya L. cv. Eksotika[J]. Plants,2020,9(3):360.

B AP R TR ERAY , SRR, Mt . DL F AR
B R RN B[] SR 2022,39(6): 1129-1132.
WEI Yuerong, YANG Hu, ZHOU Chenping, KUANG Ruibin,
HUANG Bingxiong, YANG Min. Breeding of a new papaya cul-
tivar Zihui with good quality and high yield[J]. Journal of Fruit



5234

PR R L A8 RIS o A 41 8 7 % P S S A o AR PR P2

385

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Science,2022,39(6): 1129-1132.

BER, B, B R B B . TR IR AR E
VT RGBT AE VR AE[D). A9 TR 244, 2005, 21(1) : 58-65.
WEI Yuerong, HUANG Xuelin, LI Jia, HUANG Xia, LI Zhe, LI
Xiaoju. Establishment of embryogenic cell suspension culture
and plant regeneration of edible banana Musa acuminata cv.
Mas (AA)[J]. Chinese Journal of Biotechnology, 2005, 21(1):
58-65.

LITZ R E, CONOVER R A. Somatic embryogenesis in cell cul-
tures of Carica stipulatal[J]. HortScience, 1980, 15(6):733-734.
CHEN M H, WANG P J, MAEDA E. Somatic embryogenesis
and plant regeneration in Carica papaya L. tissue culture de-
rived from root explants[J]. Plant Cell Reports, 1987, 6(5): 348-
351.

BREI WRe R, AL, T ER R . AR TR & 0 41441 55
T DR IR R AT, A AR AR (SRR R) , 2011, 40
(2):122-127.

CAI Xueling, CHEN Xiaojing, SHEN Yanhong, HE Weiyi. Em-
bryogenic callus induction and somatic embryogenesis of Papa-
ya[J]. Journal of Fujian Agriculture and Forestry University
(Natural Science Edition),2011,40(2):122-127.

FITCH M M M. High frequency somatic embryogenesis and
plant regeneration from Papaya hypocotyl callus[J]. Plant Cell,
Tissue and Organ Culture, 1993,32(2):205-212.

SRPE T BRE | ARG IR NG R 5 AR TR AL (], T2y
THAIE IR, 2000,29(1): 38-40.

GUO Dezhang, YAN Zheng. Development of somatic embryo-
genesis and plantlet regeneration of Carica papaya[J]. Subtropi-
cal Plant Science,2000,29(1):38-40.

FTERER, BRGE R, HOHE AL, /7 SR W AR W . B A I B L 4
JEPE @A 2L A5 5 AR IR AR (4 R A [0, B AR 241
2008,29(6):690-697.

HE Weiyi, CHEN Xiaojing, SHEN Yanhong, LU Bingguo,
PAN Dongming. Induction of embryogenic calli from leaves
and petioles of papaya and plant regeneration via somatic em-
bryogenesis[J]. Chinese Journal of Tropical Crops,2008,29(6):
690-697.

YE K N,MA L, LI B J. Somatic embryogenesis and plant regen-
eration from Papaya suspension cultures[J]. Journal of Integra-
tive Plant Biology, 1991,33(7):565-568.

BB, e R, AR L AR TR A IR % A K R Y
SRR ] LR AR (A RRHERR) 1996, 35(4):90-94.
HUANG Junchao, YE Kenan,CHEN Gu, LI Baojian. Studies of fac-
tors influencing the somatic embryogenesis of Carica papayalJ].
Acta Scientiarum Naturalium Universitatis Sunyatseni, 1996, 35
(4):90-94.

LITZ R E, CONOVER R A. In vitro somatic embryogenesis and
plant regeneration from Carica papaya L. ovular callus[J]. Plant
Science Letters, 1982,26(2/3):153-158.

AREIFE , SRR . A TR BE i D0 2 s U AR MU 1A ).
AR S SR (H AR RERR)  1992,31(3): 60-65.

Z0U Yunxia, GUO Huishan. High-frequency of somatic embryo-
genesis and transference to plantlets from Carica papaya L.[J].

Acta Scifntiarum Naturalium Universitatis Sunyaatseni, 1992,31

[27]

[28]

[29]

[30]

[31]

(321

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

(3):60-65.

KHALID N. Improved protocol for high frequency plant regen-
eration through somatic embryogenesis in Carica papaya[J]. Re-
search in Biotechnology,2013,4(5):9-19.

ABREU I S,CARVALHO C R,CLARINDO W R. Massal induc-
tion of Carica papaya L. ‘Golden’ somatic embryos and soma-
clone screening by flow cytometry and cytogenetic analysis[J].
Cytologia,2014,79(4):475-484.

GREE, ZEAE  BARTAR R )1 5 A 05 sUaT L 0], i 22
#%,2007,34(6): 1539-1542.

RAO Xueqin, LI Huaping. Studies of indirect somatic embryo-
genesis of papaya[J]. Acta Horticulturae Sinica, 2007, 34(6):
1539-1542.

GARCIA C, FURTADO DE ALMEIDA A A, COSTA M, BRIT-
TO D, VALLE R,ROYAERTS, MARELLI J P. Abnormalities in
somatic embryogenesis caused by 2, 4-D:an overview[J]. Plant
Cell, Tissue and Organ Culture (PCTOC), 2019, 137(2): 193-
212.

WOICIK A M, WOICIKOWSKA B,GAJ M D. Current perspec-
tives on the auxin-mediated genetic network that controls the in-
duction of somatic embryogenesis in plants[J]. International
Journal of Molecular Sciences,2020,21(4): 1333.

SALAUN C, LEPINIEC L, DUBREUCQ B. Genetic and molec-
ular control of somatic embryogenesis[J]. Plants, 2021, 10(7):
1467.

VON ARNOLD S, SABALA I, BOZHKOV P. Developmental
pathways of somatic embryogenesis[J]. Plant Cell, Tissue and
Organ Culture,2002,69(3):233-249.

ZHOU C P, YANG M, LUO X Y, KUANG R B, YANG H,
YAO J J, HUANG B X, WEI Y R. Transcriptomic analysis of
Papaya (Carica papaya L.) shoot explants obtained by leaf- and
stem- inoculation methods for adventitious roots induction[J].
Scientia Horticulturae,2021,276:109762.

MICHALCZUK L, COOKE T J, COHEN J D. Auxin levels at
different stages of carrot somatic embryogenesis[J]. Phytochem-
istry,1992,31(4):1097-1103.

PINTOS B, MANZANERA J A, BUENO M A. Oak somatic and
gametic embryos maturation is affected by charcoal and specific
aminoacids mixture[J]. Annals of Forest Science, 2010, 67(2):
205.

WOO H A, KU S S, JIE E. Efficient plant regeneration from
embryogenic cell suspension cultures of Euonymus alatus[J].
Scientific Reports, 2021, 11(1): 15120.

RAO P, PATTABIRAMAN T N. Further studies on the mecha-
nism of phenol- sulfuric acid reaction with furaldehyde deriva-
tives[J]. Analytical Biochemistry,1990,189(2): 178-181.
MERKLE S A, PARROTT W A, FLINN B S. Morphogenic as-
pects of somatic embryogenesis|[M]//THORPE T A. In vitro em-
bryogenesis in plants. Dordrecht: Springer Netherlands, 1995:
155-203.

EBERT A, TAYLOR H F. Assessment of the changes of 2, 4-di-
chlorophenoxyacetic acid concentrations in plant tissue culture
media in the presence of activated charcoal[J]. Plant Cell, Tissue
and Organ Culture, 1990,20(3):165-172.



