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Abstract The fleshy leaves were used as materials for induction and proliferation somatic embryonic callus and
plant regeneration. The morphological and histological characteristics of granular embryonic callus were studied
by light microscopy using Spuur resin section. The results showed that the yellowish and granular embryonic callus
was induced on modified MS medium were supplemented with 1.5 mg/LL 6-BA and 0.5 mg/L TAA, the highest
induction ratio was 66.7%. The highest proliferation net weight (14.73 g)was presented at modified MS medium
were added 1.5 mg/L 6-BA an d 0.4 mg/L IAA. Milky white globular or heat shape somatic embryo was differentiated
from calls that originate d from outer or inner-epidermis, the embryonic callus was composed of cells with big
nuclear, vigorous division and containing starch granules. The inner embryonic cell clusters showed spiral or oval
shapes. These structures were further developed to somatic embryos, which were transformed to complete clumps
of small plants from the surface of callus. Healthy developed seedlings rooted on MMS +0.1mg/L IAA. This
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research provides technical support for the rapid propagation and molecular breeding of Haworthia cooperivar.
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M AR A AR R RS 5 I s 2R A
YHML I K A FH Spurr B iR 63385 Fr B AT IR 1
PR EAT VIR Bt OLEE, B FLUK KT T 55 A 4 g
R A T 348 5 RN 2 A 2 22 e, B AEIR
FUKIT B @ R M ) R A, LUK T R 87 B AR s
MR AER R, NUKAT B i SRR 5y 7 B Fhik
Pt—E HIR K.

1ER551Hh

LIAE S REM KT EZRERHGARFSH
=210

W A0 A4 B2 B 1 AN R A 9 A= K 1R 4 7 4 A 1
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KN 1.5 mg/L 6-BA H1 0.5 mg/L IAA 551 5%
B BREFE 1S d B, W AMEARES ST AR RE K, B K Ak
IR @G, KAREFE 42 d BB AR L
MR, J5THAL 35 W IR B e IR DIR B 2 2R,
UG AT AR B A /N EE AT . 55 5% 56 d
e A B iR e ORI A 2R BT AR H IR TH b
TR O RBURR S5 1, 7 R0 T S BBk
(K 1A) TR (B 1B)SE IR S5 1, HAn i 05 =
EH 66.67% (£ 1).
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1.2.1 AEREE 6-BA XA 475 4 23 38 B 1) 52
AFIHREE 6-BA XTI @A AEE . A,
o bR A R R e 22 R LR . A 2 2
SRR 2 FioR, 6-BA WKE N 0.5~1.5 mg/L B, 2
it 7~14 d I BGTE R 2, 595 21 d 5 A dg 44 5
4 HE S, 3 56 d I i A 2H 4 A S A R LR,
WFE I ) BN 9.36 g 11.14 g fil 14.73 g, AbFE 2 [H]
22 3 o A 423 S IR B O ST M B B 2 R )

E 1 OKAT KRR R i 5 S AR AR
VE: A BRIEIE; B: (O JEIE; C: A dH 465 ; D: A4 g IE 1 3
B B AR AR F, G Y RRIUKAT B85 /N

Figure 1 Somatic embryogenesis and plant regeneration of Ha-

worthia cooperivar

Note: A: Globular shape somatic embryo; B: Heat shape somatic
embryo; C, D: Maturation and germination of somatic embryo; E:
Regenerated plantlets; F, G: SE derived plantlets were transplant-

ed after acclimation. A, B: Bars=1 mm; C-D: Bars=0.25 cm
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Table 1 Effects of different cytokinin treatments on somatic embryonic callus induction of Haworthia cooperivar

HfsrEE  IAA (mgl) HME A FEFE%) AACIRZS
Cytokinin No. of explants Induction ratio (%) Growth state
0 0 30 0 TN
Non callus develope
6-BA 1.5 0.5 30 66.67+0.60 * T 5 TR RURLIR
Yellowish-white friable callus with granular structures
ZT 1.5 0.5 30 16.67+7.64° o M SRR 1 £t £ R 2L 41
Compact green callus
KT L5 0.5 30 22.86+12.64° o M SRR 1 £t £ R 2L 41

Compact green callus

T ANFAVNG FRERIRE p<0.05 7K 22 573 B3

Note: Different lowercase letters indicate significant differences at p<0.05

2 2 AR EE 6-BA of JYE 4 1475 2H 44 08 5 1) 5 1)

Table 2 Effect of different concentration of 6-BA combine d with 0.1 mg/L IAA on proliferation of somatic embryonic callus of

Haworthia cooperivar

FE A KI5 77 (mg/L) JV 1 A 2 A3 5 i ()

Pant growth regulator (mg/L) Proliferation weight of somatic embryonic callus (g)

6-BA 1AA 14d 28d 42d 56d 70d

0.5 0.1 1.33£0.12 4.39+0.38 « 9.33+0.32° 9.36+0.46 © 7.43+£0.26°

1.0 0.1 1.37£0.15¢ 5.70+0.18 * 8.91+0.41 % 11.14+0.54° 9.45+0.48 ®
1.5 0.1 1.98+0.11° 5.36+0.15° 10.63+£0.48 * 14.73+0.45* 13.52+0.24*

2.0 0.1 2.25+0.37® 4.25+0.26 * 6.55+0.35 6.31+0.48 4.36+0.32 «
2.5 0.1 2.50+0.16* 4.49+0.24 © 6.72+0.32 ¢ 6.57+0.38 ¢ 4.41+0.17 ¢

T ANFAVNG FRERIRE p<0.05 7KF 257 B3

Note: Different lowercase letters indicate significant differences at p<0.05

WURLIR , 5 LR R BT g/ NEE (K 10), S /i
FHEMHARGEEAEE, T RE R, NEFE
MIEARE R TE T K.

JEVE B HZ3E 6-BA WK N 2.0~2.5 mg/L 11
Ri sk LHE 9% 14 d A4 I IG5 LU HE 2, B 9% 42 d
LR ERZ, 5308 6.55 ¢ fl1 6.72 g, Z J5 &
PR S K LGNS, IR T IR AR, AR BR () (1) 2 57
AN W LR IR T KRR AR A B
AR, TEER BT S DIDIR G M, K598 42 d 5, &
1 L2 1) o RS AR AN 23 oA BT N 2R, 5 37 56~60 d
Ja, B ASEAREILE K, R ERL. KT,
6-BA W EERARET, AR 2 I i A 2 2R A A L ()
I R DL RE 1 A A R e o i R A 4
SR IR E 6-BA IR T &3 R e, AR T
WAL A .
1.2.2 AN[FJARFEE TAA Yo i s 477 2H 23184 5 1) 52

AFEWRE TAA XS IRVE @ A LA B . TR

JoT M5 W] 22 S AN R, EURE 4 2H 2R B I s e A —
EMZER. TAAWKE N 0.1~0.2 mg/L i, @15 2H 414
VEECICHE RS, 4B 9R % s6 d WM R R Z, 5N
13.37 g #1 14.22 g, B 518 1295/ . @45 423 45 e Al
PR L350 50 5 ATD SR DRARF VR B8 € Jo b A 501 B il
(R RIORE AR 14 i A 2 2 R v, SR T T L 52 31 404k
R aEE s, 2 SN N E . TAA IKREN
0.3~0.5 mg/L i}, @2l 35 L 22142, 56 d i
WHE Y N 11.97 2.10.96 g F1 11.02 g, AbH 2 [A]
ZERRNEE, BT @G H SRR i T A
BT < B R SRR S 2 1495 4 R A R, (E B s T
AR AR B AT AR /N EI A o U0 TAA IR EEXRT IR
PEEAHL IS — 2 TEH, R EE TAA Ab3E
AR ARG, AR TAA BARTTHE
WIBA @A A (P3G e =, (H 8 2H 2 B 1) T 53
WA E 2. R, 38 G 0K AT B 88 M @ 42K
HHE TAA WKJE N 0.1~0.2 mg/L (3 3).



4 € THAHD B ) 19X 2% i

3 ANFIHRE TAA IR 47 2 23 48 B 1) 52 7

Table 3 Effect different concentration of IAA combined with 1.5 mg/L 6-BA on proliferation of somatic embryonic callus of Haworthia

cooperwar

KM (mg/L) JPE 473 4 S T £ ()

Pant growth regulator (mg/L) Proliferation weight of somatic embryonic callus (g)

6-BA IAA 14d 28d 42d 42d 70d

1.5 0.1 2.00+0.11° 6.02+0.17 ° 12.63+0.27 * 12.63+0.27 * 12.03+0.24 *
1.5 0.2 1.90+0.02 * 5.31+0.12 % 10.57+0.47 ® 10.57+0.47° 13.40+0.31°
1.5 0.3 1.32+0.11 % 4.34+0.23 ¢ 8.75+0.11¢ 8.75+0.11¢ 9.76+0.06 ©
1.5 0.4 1.39+0.23 ¢ 5.22+0.29°¢ 9.00+0.31 © 9.00+0.31 © 8.93+0.44 ¢
1.5 0.5 1.92+0.23 ® 5.37+0.29° 8.71+0.31 ® 8.71+0.31% 8.23+0.44 ®
e ANFVNG FRERIRTE p<0.05 KFZE R B H

Note: Different lowercase letters indicate significant differences at p<0.05

1.3 (R RAR ) AR B A L4 X EEBR

W A5 4 AR 3 5] MMS ¥R I 0.1~0.2 mg/L 1-
AA [R5 TR, 7R 4H M R P A R PR BB B, 5 9
21~28 d B @15 4 LR T L HERUR A 5 ) AR /)
YA (B 1D; Bl 1E), ¥i 9% 42~56 d B /MEYIAER 7
L $E 2, A K e HE RS . S L@
BRIy B 21~31 BUME A, KR v i 21
G T B SERE I /MBI AR (3R 4). IRPE A 2R
TEENIN 0.3~0.4 mg/L IAA 115 373 LR 9% 42~56 d
i, @A ER AR /N E PR AR TR D, 4R 4
MEL AL/ AR R K E AR, MR
BUNMEYIR A H AR %, LA b
SEYE] A3 B H 2~6 BMEYIE . A ZE MMS
7RIN 0.5 mg/L IAA HIF; 57 %5 EHi9R 10d 24, W8
FIE—AEREMNEYY, B G R B8 W 5% 2 58 B
YRR A, 5537 35 d oAy, A4 i 4
t/NEE, BE TR 42~56 d I ORI, A a4k )/
BRI RTCAR , ANEHDH:, $g b, 5245
A BB .

W/ E MAE T, B SRR e 2 iR 58, B
FHEAE AT 1~2 d, BARZE IR L, EEWK, R
AR . G B BT, 38D N o' R
PREFIE R, 2 J8 Ja i P 2 IR, i (R SR, S 2R
15 100% (& 1E; B 1F).

15 HAYIRER S50

VKT 5 A MR 1) K AR AME AR I TR i
RiIRFE LI R A 4, IR A 4L
FRAM AT A2 BV (1 R) 2 R AR A% . FIORLZE # )
AT R S5 R oK, BURLIR & 4 B
(R RO AZ K% RAZAT 35 K R M SR T 5 L I )i 40
A 55 U8R IR IR 3 4 HE % P 40 M SR AR B 3K b
R HANE S HHEF E% . AR 23R 5
SER(E 2A)FIR T AR 7~8 AN4H MR 5 IR IR
PEAH M A H (B 2B). R 7 a] WEE B i — N 4i i
AR R A B R EE PO (] 2C)0 IR 28 73 ZLHE 2% (AN
FILI) 1D /) 4 i 2] e B 4 i 4 0L ¥ ) R S Gy 24 T

2 4 PRSI A PR it

Table 4 Maturation of somatic embryo

IAA IR WOTHLR YL e IME YA ARCRES

Concentrations of [AA(mg/L) No. Callus clumps No. Mature plantlets Growth stage

0.1 18 31.30+1.21° REPMEPI AR FRD, AR

0.2 18 21.67+0.87° Numerous plantlets roots with strong an d vigorously grow
0.3 18 6.67+1.62¢ /INER T FEAR AR A DR AN T R

0.4 18 2.33+1.89¢ Small amount of plantlets with thin roots

0.5 18 6.67+2.12°¢ INEIR KR, DB FAR

Big an d small amount of plantlets without roots

T AFVNG FRERIRE p<0.05 7KFZE 57+ 03

Note: Different lowercase letters indicate significant differences at p<0.05
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B 5 AR AR B R X, RS
B, A BONRA L AR R 4E R R a5 k. kL
ARGE R A2 B 2 2 J] 4 2R 2R 3R e PR G ) 24
T ARG i, 3 200 AT £ 32 5375 W, 4 i R /N R AR
M, AR W, 4R 20 40T B . A I 2B K4
JER AT, H AR T TR 2 BN T AR e AR, A
T A 2 T Ik 2% LU e/, 4 i 3 ) 4 200 R 3 R, °F
JE 53 MG N 20 B A, Dy 23 REEE R IR 23 AR A0 L, W
SE| gt R (B 2C; B 2D; B 2E). PR H R AR
MEBYEE /A FE RGE, 7 RGBT
0 R] DLWLSE B IR /N T J L 20 PR P 3R A7 2 B 23 SR IR T
JR I i 2 (& 2F).

BRIV RORL (1) ) A U 45+ 4o 1 (B 2G5 ] 2H)
7, FAT W HLHE A 55 %5 1 22 B 4, 2 R 7 A
LR /INFEAAR S5, K 22 B4t i A B 5 ) 4 M A%, A%
R, 22 AT ke, 2 B 22 3R AT O 1) R ) 2 2R,
Sy AR AR, IR I B R R E R ROk, LA A X T
FoAh 2RI GH M %

AR S AV IR, AR 45 4 5
JATZHE 53 5, FAMFR I 4 B/ NAE AL, TR BRI
T HE B 5 ) 2R B 5 W o 3% 57 PR (1 240 i 2 A 00 D
B, 53 A B KA TR, A TR B R, A VR A )
S, {H R RE L 22 31 BE S 1) 4 R 25 1 (BT 2G), Hh ]
2 b ] WL B3 e S 7 m) BT R O ) JEAT A 2 2
(R AR k(R A M A% 2 BB R 2 TR T SR 1 4
(1 2H; K& 21).

2 11ig

VA I R A R A R T AR A s R 2 —
(2 Z 55, 2011), SR i 22 PR 3 e e A4 40 B TR R A
D A K19 7002 5 240 M ol R O 1 R At i o 2, 2
%5 SR 41 ffu IR ) 0 B [K] 2% (Francis and Sorrell, 2001 ;
Fehér et al., 2003; Gaj, 2004). il 5 H 2,4-D Hjd
BCZH B AR P AR A R TR A B T AR A
115 5 (Gumerova et al., 2003; Umehara and Kamada,
2005), NAA WATE R TR BERE K ST 7+, TAA
f) 8 FH /b (Hou et al., 2015). ™ /NIEZE(2017)4RE VK
KT & &5 W0 45 4 23005 5 R0 I M T R A A B T
BA/2,4-D WILtUAE . AiEe AUKAT iz it N AME
7, FIF e R I MS B E578 I 6-BA 414 TAA BLIh
P TR, B AT SRR 3 5% S0
SR TR, 6-BA WRE X MPE @A NE S B
IR 4 1) 520 LA R, 6-BA WA 1~1.5 mg/L
I 7473 £ 2098 BRI VR A A e KR L A, £ 1 6-BA

B 2 URHT R B GH A

A BB BURL AT G54 B, C: RAEAER AL 2 173 ZE0E 2%
5 AR A0 D, E: 38 B2 A R A AOBR BEIR sRER TR 1) 3 A 440
W1 F A 23 284t v 1) o S e C AR (A i 2K); G: 4R T
R A BT SR B = A R (LL G & 2k ); H T AR 4L 218
hrgE#); LR A, H, 1: 200 pm; D: 150 wm; B, C, G: 100 pm

Figure 2 Section of somatic embryogenesis in Haworthia cooperivar

Note: A: Section of globular structure; B, C: Meristematic cells
that developed from outer epidermis; D, E: Meristematic cells
that developed from outer epidermis; F: Metaphase chromosomes
in vigorous divided cell mass; G: Pre-procambial cells; H, I:
Structure of non-embryonic callus; Scale bar: A, H, I: 200 wm; D:
150 pm; B, C, G: 100 pwm

WL BRI A ROR, (ARF IR R
B R ICIAPE o TAA SV 8 4 25 2 19 B R
7R, 0.1~0.2 mg/L [ FEIE & I 4 4 23 1) 3 5
R LERE, $Em TAA WRZR 5 & TR 40
FSCEA /N R 1 2 46

A R A A 2 A B AR IR PR L R
LERF ARG IR VR 23 AR 200 it VS 1) P AR 1) 4 AN
F£(Ibaraki and Kurata, 2001). FEPE@ G4 AL
IR A IR A K PR AR S HE B B RA 5
T 25225 (Sun et al., 2003; Yang et al., 2003). ik
B ykd] EFE A 7E 6-BA A TAA HA B4 1
B IR H 5 A R, T AR KR 18 %
T HEBV BB I ROREIR 47 23, FIORDIR 1) o
P R — 2 R B W SR BRI D45, BE S
AR CUR AN . YRS CLBUR R L 5 M L R 1
HEFL A OSSR A b, KA
KRB R E . X5 HE%E2016). B W&
(2016)4R3E Y 5 R —HL.

UKAT & 22 B IR A L A L) B 45 R R
N, IYE A AT UG » AU B H AL R A
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Gt 3R 2 A% K 4 o Ak 2 IR 51 B 1 R 2
JH FAT, T L P AR A el o 2 HE B R ) /N
JL L RS R 2 L A 0 i A 2 (R R e T ) A
K, AP RN S TR B BONRANIIE . BRitbz
Gb, oy R A RN ENEE R T R
NI ZE B AT SR BUZ 40 L, A TR TR = 4 L mT
YE N2 RE 1) B4 RE T 240 MR ARE 4 B 51 2 3 B 3 AL Ek
AR AL o X FNATTE BUZ AR S 0 AR K3
Y 73 2 A LM S L, 33 B 0 B 2
R E IR A 38 5 Bk T 0 1l 2 4 i 4 2407
) 141 A7 B (Risopatron et al., 2010). #K4] T 2% A
PR A A 23R R A DU 40 e S AN R U HE B, oA
TR, 4L IR B AR, o W X 4 0 % S5 A i 4K
BRI RO AL K B BE AR i [4], X 5 (FR 13
¢, 2019) 3R A 25 R AL

FAN, RGN IR KB R ek BORL AR R S
AR ) 73 — BRI R, 72 KT (Cocos
nucifera Lz) B [ 41 g I 155 3 (Verdeil et al., 2001)+
EEAE(Elaeis guineensis ) 1R 41 f i1 155 5 (Schwendi-
man et al., 1988; Kanchanapoom and Domyoas, 1999)
(R 9 Hh 4T T A A BV A e R A ks AR R
B AR, JEARH T Uk BUR A R 5 gil g /2
AR, T B E 2 I o3 R R ) o BT, D AR
KRR E, AR B ARG IR o AU AUR B bR
LEEHTTAE, 2019). SE56 7y ML BRI @ 1 41
2 41 i 141 B W] 0 %52 380 40 A LA U2 1 R RORE, T
FEMEVE @A DL EOR LS BITE R kL, 45 AR
JRAE A 2E 23 S R PR AR 2R T R O B A 2 i I
KA EERER

WIS LAVKIT 88 B O AME AR i Thifs 3t T Ak
PEIE, K T OKKT 58 PR 40 BUAR AR FEAE AR R T
F T UKAT T e A A B VR R AR R T 25 25 RN 1 27 s
P o e 45 SRR UK AT T B 1 PR 5 P i LR A
B MR R A AR A — E FR R

3 MRS 7%
3AKATEE M

2017 4%, HIEIT AL AR AR VDR AT PR w4t
FERRIVKAT & #& (Haworthia cooperivar)s 1% HUE: 58
B By, AR KRR P e R 05 151, e 5 H
H KKK MSE 15 min, & H . fEEF TIES B, 5%
RN 1 3(% 50 wL)Tween—20 £ 0.15%H) 7+ 7K
B 5 min, 285 F TC B K Bk 5~6 IR, TAE KR

AT B, To R4 TR K5, & .
BRI AT )3 F5 2E  2 R (1) MS (Murashige and
Skoog, 1962). FTik )k R 1) MS 15 77 % (Mo dified
MS, MMS) N, 75 MS FEAE: 77 J0 8 o AN 1 26 1F
AR R R B G R L SRR W I A IR R R 1 Tk
JE, LR EE 435 0A 10.0 mg/L+ 1.0 mg/L. 1.0 mg/L
A 1.0 mg/L. Kr 75 P8I0 30 g/L BEREAT 8.0 g/L
BEHEHRY , pH 5.6~5.8, £ 104 kPa, 121°C F i JE 28V K
B 20 min. EAGALNIE T AARYH MR 55 5 A0 AT
(25+2)°CiEE, YeHEGRAEE 30~50 wmolem?2es', &K

3.2 R AREFES

W B R ) I D) I HER T MMS+
1.5 mg/L 6- “F R FENEN (6-BA)+0.5 mg/L W[k 2. R
(IAA); MMS+1.5 mg/L £ K% (Zeatin, ZT)+ 0.5 mg/L
IAA; MMS+1.5 mg/L 3} % (Kinetin, KT)+0.5 mg/L
TAA £577 58, DL MMS 1t #8075 18 5 5 I 14 i 1
MM BAEEMERK W AEEG . B0 M
10N MER, 33 IRER . WEEGHSMEKT
i, 60 d JE 4t iHi5 S I #AT 0 A .

3.3 FrE R A R K1 TR

MEEL 1.5 g A2 A5 3R 5 € JIUREIR 1) 5 b s 1550 FD R
PER AR LR 5 i 8~10 )L, 2 H2 21 35 i 55 77 v g
ITHEFR . I T 47 20 23 386 B 1% 57 5 O - MMIS +(0.5,
1.0, 1.5 2.0.2.5) mg/L 6-BA +0.1 mg/L IAA; MMS +
1.5 mg/L 6-BA+(0.1, 0.2, 0.3, 0.4, 0.5) mg/L IAA. F&
EN, BN TAE G RIS A R SR 05, R
JEHANCEHE RN LE SR AR E, IR
5 PR S e Fp B FoR s 7 4 b
14 RAR 1 kiR HSAMAERRS, 28
AL AEKENFER IR 2 H), S
HE 3K
34 EHREBE
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