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Abstract: To establish a regeneration system for somatic embryo-derived plants from the anthers of the triploid rubber
tree clone Yunyan 73-46, this study utilized anthers as explants and employed an orthogonal experimental design to
examine the effects of various hormone combinations on callus and somatic embryo induction efficiency. Furthermore,
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the morphological characteristics and differentiation capacity of callus under different culture duration were analyzed.
Hormones were crucial for callus induction. In the absence of hormones, anthers failed to dedifferentiate and underwent
browning and necrosis after 10d. In media containing 2,4-D, NAA, KT and TDZ, anther dedifferentiation to produce
callus occurred with induction rates ranging from 15% to 91.56%, with a mean of (69.41+30.37)%. The impact of 2,4-D,
NAA, KT and TDZ on callus induction rate and subsequent somatic embryogenesis rate were all highly significant
(P<0.01), with the order of influence being 2,4-D>TDZ>NAA>KT. The optimal combination identified through com-
prehensive screening was 2,4-D 1.0 mg/L+NAA 0.8 mg/L+TDZ 0.02 mg/L. Upon verification, the callus induction rate
and subsequent somatic embryogenesis rate was (86.15+1.53)% and (14.46+0.89)%, respectively, marking significant
improvements of 2.31% and 5.40% over the best experimental combination (G7). The somatic embryogenesis capacity
of this clone was generally low, with somatic embryo formation rates ranging from 6.91% to 19.31% , with a mean of
(10.58+3.95)%. The effects of 6-BA, ABA, NAA and KT on somatic embryogenesis rate were highly significant
(P<0.01), with the order of influence being ABA>6-BA>NAA>KT. The optimal combination was 6-BA 0.4 mg/L+ABA
0.2 mg/L+NAA 0.2 mg/L+KT 0.2 mg/L (M9), achieving a somatic embryogenesis rate of (19.31+0.60)%, which was
significantly higher than other treatments. The optimal culture duration for callus was determined to be 55 d, which
exhibited superior growth status without browning and the strongest somatic embryo differentiation capacity. The so-
matic embryogenesis rate was (30.83+1.67)%, the cotyledonary embryo formation rate was (18.33+0.83)%, and the av-
erage number of somatic embryos was (0.63+0.03), all of which were extremely significantly higher than those at other
culture durations. By optimizing the hormone ratios during callus induction and somatic embryogenesis stages of Yu-
nyan 73-46 anthers, coupled with adjusting the duration of callus induction culture, the production efficiency of an-
ther-derived somatic embryo plantlets can be significantly enhanced. This approach would provide technical support for
establishing a large-scale propagation system of somatic embryo plantlets for triploid rubber tree clones.

Keywords: rubber tree; triploid clone; callus, somatic embryogenesis; culture duration; induction rate; hormone
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Tab. 1 Concentration ratio of exogenous hormones for
inducing callus of the orthogonal experimental design Lo(3%)

b 3 [ % Factor/(mg-L™)
Treatment A: 24-D B: NAA C: KT D: TDzZ
G; 0 0 0 0
G, 0 0.4 0.4 0.02
Gs 0 0.8 0.8 0.04
Gy 0.5 0 0.4 0.04
Gs 0.5 0.4 0.8 0
Gg 0.5 0.8 0 0.02
Gy 1.0 0 0.8 0.02
Gg 1.0 0.4 0 0.04
Gy 1.0 0.8 0.4 0
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Tab. 2 Concentration ratio of exogenous hormones
for inducing embryos of the orthogonal experimental

design Lo(3%)

JLBL] [X 2 Factor/(mg-L™)
Treatment  E. 6-BA F: ABA G: NAA H: KT
M, 0.2 0.05 0.1 0.2
M, 0.2 0.1 0.2 0.4
M, 0.2 0.2 0.3 0.6
My 0.3 0.05 0.2 0.6
Ms 0.3 0.1 0.3 0.2
Ms 0.3 0.2 0.1 0.4
M- 0.4 0.05 0.3 0.4
Mg 0.4 0.1 0.1 0.6
Mg 0.4 0.2 0.2 0.2
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Fig. 1 Process of regenerated plants of Yunyan73-46 clone anther
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Tab. 3 Callusinduction efficiency of

Yunyan73-46 clone anther %
b B WOABESR Ml % H: 2 Somatic
Treatment Callusinduction rate  embryogenesis rate
G, 0.00"
G 15.00£1.02° 0.00°
Gs 26.56+1.20° 0.00°
G, 83.75+1.02°° 2.99+0.04°
Gs 80.31+2.13F 0.00°
Ge 89.06x1.20° 6.19+0.87°
Gy 83.44+2,13° 8.61+0.63"
Gs 91.56+1.20" 6.14+0.72°
Gy 85.63+0.72° 6.21+0.76°
wKME 91.56+1.20 8.61+0.63
e /ME 0.00 0.00
¥ 61.70+36.64 3.35+3.48
5 R AL 59.38 103.84
e WA EE R AN R KRB 528 38R 4k B 22 S 4 9 3%
(P<0.01) .

Note: Different capital letters after the same column of data in-
dicate extremely significant difference among treatments (P<0.01).
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Tab. 4 Results of difference analysis of exogenous hor
mone levels during callus induction stage

L K- M3 Factor
Index Level A:24D B:NAA C:KT D:TDZ
mHLE 1 13.85° 5573° 60.21° 5531°
EEFE 84.38° 6229° 6146° 62.31°
3 86.88" 66.08" 63.44" 67.29
W2 7302 1035 323  11.98

MR e = 0.00° 387° 41*  2.07°
3.06® 207° 307° 493"
6.99 413" 287° 3.04°
e 22 6.99 2.06 1.24 2.86
SRR 10460 3342 1987 4346
T FVEE 5 AN [ K S 51 R A B ) 25 R
(P<0.01)

Note: Different capital letters after the same column of data in-
dicate extremely significant difference among treatments (P<0.01).

BRFRE 67.40 8.91 2.64 9.72
1
2
3
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G, Kb 73-46 DR 255 BEFD T A A R
EHAE (G ) LRI LA Rigm iR AH 5 (Gy)
BREHAL, DEEHALIESHR., £ 5
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FAY M (86.15+1.14)%F1(14.46+0.89)%, 45
BT Gy K, Go%t G, WiE H = 73-46 4£2Y
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Kig% 20~25d J5, 9 Fi oAb iE g B rh A 41
WAL R A AERIE NIR; RSG5
50~60d, ¥ A AL BB I A,
SHRME R B BRI RS (F 1),

2 6 W1, =B 73-46 fE25 AL 4 4y ik
IR K R A, AR TR R 6.91%~19.31%, F{H
41(10.58+3.95)%,, AbHH AN & A R 2 F B
AEF Mo MIIRIR & 4 R e, H(19.31£0.60)%,
W 9 3 B T Hofth 8 P AbFE (P<0.01); FHLk 2 4b 3
Me FI Mg, IR A 453 5] 4 (12.89+0.59) %
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Tab. 5 Optimal hormone combination validation %
fib 3 A% SR Calusinduction rate R IE % 7 % Somatic embryogenesis rate
Treatment 1 2 3 ¥11 Mean 1 2 3 ¥ Mean
Gy 83.09 84.33 84.09 83.84+0.66"" 9.52 8.14 9.52 9.06+0.80%°
Gio 85.0 87.27 86.18 86.15+1.14"2 14.12 13.79 15.48 14.46+0.89%

e FEVEERE ARRNG FRE R AR 24 57 B3 (P<0.05) 5 ARG FRFRA PR 22 5% 2% (P<0.01)
Note: Different lowercase letters after the same column of data indicate significant difference among treatments (P<0.05), different cap-
ital letters indicate extremely significant difference among treatments (P<0.01).
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Tab. 6 Somatic embryo differentiation beyond nine kinds
of differentiation medium

fbam [A % Factor ﬁiﬂﬁﬁﬁg%

Treatment E: 6-BA F:ABA G: NAA H: KT Somatic embryo-
genesis rate/%
M, 0.2 0.05 0.1 0.2 8.54+0.66°F
M2 0.2 0.1 0.2 0.4 9.47+0.56°
M3 0.2 0.2 0.3 0.6 6.91+0.48"
M, 0.3 0.05 0.2 0.6 7.50+0.745F
Ms 0.3 0.1 0.3 0.2 10.32+0.69°
Ms 0.3 0.2 0.1 0.4 12.89+0.59°
M- 0.4 0.05 0.3 0.4 7.4620.695F
Mg 0.4 0.1 0.1 0.6 12.82+0.56°
Mo 0.4 0.2 0.2 0.2 19.31+0.60"
IS NEN 19.31+0.60
/ME 6.91+0.48
¥E 10.58+3.95
Ky 8.31°  7.84° 11.42° 12.72*
ka 10.24°  10.87° 1210 9.94°
ks 13.20" 13.04* 823° 9.08°
R 4.89 520 387 364
W W VB 5N R KRS 5 B3R R Ab B ] 25 5 0

(P<0.01) .

Note: Different capital letters after the same column of data in-
dicate extremely significant difference among treatments (P<0.01).

1(12.82£0.56)%, & Il A0 %, A
BEETHAR 6 MR (P<0.01); A3 M3 Ak
R A AR A, AN 4 (6.91+0.48) %,

T EE R, 6-BA. ABA. NAA &
KT 4 Fi s AR & A 2R 110 5 i 25 S 3k 4t
% (P<0.01), Wiy} ABA>6-BA>NAA>KT
(R 6). ANFTE M K FLRC e AR Ak i 2 52 i A
JVS et AR A R 4 2R VR R EL 1 A
LA S, RIREARS 6-BA il ABA
R RIEA, 20l EER W 0.40 mg/L
1 0.20 mg/L BFiAFNIE(H (13.20%F1 13.04% );
NAA e B X R IR e A S5 0 5 D) 3 Bk e
A T A1 8 U RGN, FE B EE VR A 0.20 mg/L
WA IR K A B (12.10% ); KT R Wk 1)
S WD RN e o 1 K e i W 17 35S
1 KT AR TR, UM Ed G 6-BA
0.4 mg/L+ABA 0.2 mg/L + NAA 0.2 mg/L + KT
0.2 mg/L, BRI Mg Zb¥H . iZAbH IR K& AR R
(19.31+0.60)%, # % & T HA4A 8 AAbHE (P<
0.01), Bk Tz A BAH R

23 AREBFHKEARGHRAESFEILR
R 7 Al AR KX R @ 44
PR/ NFIE SRR 38 7= B3 . 537 % 50 d
B, A4 210 /IMY K (3.7120.05) mm, % %
INFHAR IR K (P<0.01); 153% 50~55d i,
WAL AP AE KB B B53R % 55 d B, &
AR Z (5.21+0.08) mm ( P<0.01), JHtHTAnfsiZH 41
PREFIRTE (RN RDIR B RFAE , A& BB AL 42
Hige 65 d e, KTV RIMSE; gk 60 d &
65 d i, M4IZUR /N5 (5.30£0.10) mm Al
(5.47+0.22) mm, "H LW EXER; R 55 d
55 60d B, A ST PRIEIR B 1) B A ORCAR
B, R Zl % ; 535 65dm4s
/I R T 1552 50 d Fi1 55 d (P<0.01), i
A G, TR, WoarmRimz
HEE L, o8B RE (£ 7, B 2),
R7 TEEFFKEERGHEARSEME

Tab. 7 Morphological characteristics of anther-derived
calli under different culture duration

JE 2545 4F Morphological characteristics

P HITRIS
Culture Bl A RORE
duration/d - cqljys diameter/mm Growth status

ARHERE, WO, BB
ok, okt

50 3.71+0.05°

55 5.21+0.08%  AKAEEE, REM, FbBER
BRI, G

60 5.30£0.10%® ‘LK ZEME, R0, SR
BRI, Gl

65 5.47+0.22% ARSI, A6, P,
WoarmmiRmZ A, Waml
a1k

¥IH 4.92+0.75

W FIEEE AR KRS F8 R om #2508
(P<0.01) .

Note: Different capital letters after the same column of data in-
dicate extremely significant difference among treatments (P<0.01).

24 AEEFHKEGRGAEAAGIERL £6E
bl a
H1Z¢ 8 WA, ARSI AL AL

W& A RE AR AE B 3 25 5% (P<0.01), {RIREA:
R PRI & A 3 KT S5 R IR A bt 1 5%
] ) ST R T R g, Hoh, FERE SR
55 d i, fRRKAR . FHIBERIRE AR F1
A R 04 3k ) 06, 43 51 oW (30.83£1.67)% .
(18.33+0.83)%71(0.63+0.03)1; #57% 65 d i, {4k
Rz PP ARIR & AR SF R IR B 1)
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Fig. 2 Callus morphology and somatic embryogenic capacity of Yunyan 73-46 under different culture duration
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Tab. 8 Somatic embryo differentiation capacity of an-
ther-derived calli after different culture duration

" A K HE 2R e A e He 2R .

Culture Somatic . Cotyledon somatic Average
duration/d embryogenesis embryogenesis embryo number
rate/% rate/% y

50 26.67+2.21* 16.94+1.27% 0.49+0.07°
55 30.83+1.67* 18.33+0.83* 0.63+0.03*
60 27.50+2.21* 17.22+1.73% 0.51+0.04%
65 15.56+1.27° 8.61+1.27° 0.40+0.03°
H{E 25.14+6.21 15.28+4.21 0.51+0.09

He [RGB B R Rl KRB 5B 3 R Ab B R 25 5 0 3
(P<0.01) .

Note: Different capital letters after the same column of data in-

dicate extremely significant difference among treatments (P<0.01).

T %7 (15.5621.27)% . (8.61+1.27)%71(0.40+0.03)
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