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Abstract: Black pepper (Piper nigrumL.) is aworld-famous spice crop, known as ‘the king of spice’. The establishment
of tissue culture and regeneration technology of black pepper hasimportant application value in improving the effi-
ciency of seedling breeding and industrial development. Here, we investigated the effects of explant sterilization, callus
induction, and embryo differentiation in somatic cell regeneration systematically in black pepper, and established the
tissue culture technology using the elite cultivar * Reyin-1' as the material. The results showed that episperm micropylar
tissues could be employed as the explants. The ripe fruits were first sterilized with 75% alcohol for 45 s, and then peeled
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seeds were sterilized for 45 sin 75% alcohol, followed by 6-10 min of soaking in 0.1% mercuric chloride. The episperm
was removed from the plantlet after two weeks culture in darkness, which was used as the explant for somatic embryo-
genesis. The callus was induced from episperm micropylar tissues within two-month subculture. The optimal culture
medium for callus induction and embryogenic callus differentiation was MS+1.5% sucrose+0.80 mg/L 2,4-D+
1.200 mg/L KT, and the callus induction rate was 88.14 %, and differentiation rate of embryogenic callus was about
58.18%. The embryo callus were transplanted on somatic embryo induction medium. Somatic embryos were induced on
the medium M S+1.5% sucrose+0.40 mg/L 2,4-D+0.600 mg/L KT, with ainduction rate of 13.33%. After two months of
rooted culture, tissue culture plantlets were obtained, and the optimal medium for rooting culture was 1/2M S+1.5% su-
crose+0.25% activated carbon. In conclusion, the study provided a combine method of alcohol and mercuric chloride for
explants sterilization, identified that micropylar tissues of the episperm was the best explants for somatic embryogenesis
in black pepper. The medium and culture conditions of callus induction, embryo differentiation, rooting culture during
somatic embryogenesis were further explored in black pepper. The results would lay a foundation for high-efficiency
tissue culture seedling and transgenic breeding in black pepper.
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8~10 min, JGE/K YL 3~5 WG bR AR T
RN T AbEE 2. 75%I RS X AN B2 KR 45s, TG
PRKIEDE 3~5 Ik, KBRFE G H 7591 K X # 1
K 45s, THKWEGE 3~5 WIS LR T 5 Ab
P 3. 7H%IKG RN EE 45s, JLW/KIEDE 3~5
W, EBRF B G 5% ks X T K 45 s,
THEKELE 3~5 &, 0.1%AALKIZ WL 6~
10 min, JLHE/KEBE 3~5 WnskS LHEM 1. K
HE IR, R R0 A B E AT O R SR,
2 JHIEGHE YR, M R R R MS 1
FRIE N FEARREFERL ) WS L5%ERE . 0.25%75 P
RN 0.25% EWIEERE (3R 1), T HHRHERIET,
FHfEE IR R i RD 3~4 ki, 29 °C . HRRE AR B
7% 20~30d, AIARAGINFIL o
122 A ABAARmILE S KM R 4
FhE @A LUE FH I L, BHRR IR 3-5
ki, HAHAEER 6~83, EE 3. HEH IR
LW, a5 3R 2 k25, Gait gl guis %,
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NI LEYOREME AN 0.259% ISR SN, BB T 2,4-
THEHFRLA MR (24D, 005, 0.10, 0.20, 0.40. 0.80,
1.60. 320 mg/L ). 3-M|WETHR (IBA, 0.25. 050,
1.00, 2.00, 4.00mg/L ) Fil 6-FEFLE I (KT,

0.075.0.150,0.300.0.600, 1.200, 2.400, 4.800 mg/L )
3P AT, BRSNS gk 1 PR,
3MEYLE R IRTTRIAL A ) 12 FhSLsgl, ARUS L
AR A RIS ) MS 15353 A0 R 2H . R
TE N7 N e | D e U L TIURR B = SO S
WhnstEse, BRI 27 °C, BN
THAT.
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SR A0 i R A A A0 2E 40 A K0 IE T A R
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I o R IR NG 5 T 1 9 B B B 3R 1 s
R PE R LB BRIE IR S, B4 2 MS B33k
L, AR Lk, il EIRER G, B
Eo LTI IR, ST T IR A R
ARG IR AL b, SR H U R R A R . SR
A R AR AR 35 57 5 10 20 B 43 FNR 1 & 45 57 S A
[ (% 1), BREEFRE DM 4 b e, B
50 Jifi. MRAMIIREEHE I HE TR FRIREE 27 C,
JCHEFEHAE 12 hid, D IESE B 2000 Ix 1Y 5508 T AT
Bt o MRS L, IR A 7R H B
) RN A R 3

x1 EFEmRA
Tab.1 Medium formula

Rk ik A BE SR 5k TP AR 2,4-D IBA KT
Use of culture medium Basic medium Activated carbon/(g-L™) /(mg-L™) /(mg-L™) /(mg-L™)

(USRI 3 MS 2.50

wUiES MS 0.05~3.20 0.25~4.00 0.075~4.800

Wk i MS 0.05~3.20 0.075~4.800

A S MS 0.05~0.80 0.075~1.200

R IRAEAR MS 2.50

T 1/2MS 2.50
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123 HEHEA BT IR LR ARG EE IR
B R K 2 AL EE, s 3om b
b, ARARTEAE B BEIR I DR T AR AR o SHARCH:
HiREFR I ] 1/2M S 5537 3 IR B IR 3L, AR
1.5% b . 0.25%5 T #ic Al 0.25%61H ) BEIL . )il
FRFR LD 1~2 ¥R, D 100 . HERCFRE
FRIRE 29 °C, LMW 12 hid, YERESEE 2000 Ix
A T TR 3%

2 HERE5HW

21 SMEEKXRE

PLFEA G . 200 . R . TR U E R A
SR EE AR (1), % 3R T AME AR K
PRACEE, HARGEE WA R ik . R ER S DY)
AR TRIE MS B3R 3h, s TR AT
Bigt 2 G5 YR 15 Y R HIE 109%LL N .

TR R34 3, MIRITF AR &,
&N LA EAMEES, RGBS A7
F— i Fh 52 B AR A G . OB SE AR A 4
it 10~30d my3EFE, AMFPECNFIE BT, RS T
PRANR R AE A P 25 R B MR A K B 1C ),

A TIRUREE, SHMUSCARSE; B RERA RSN B
C: Tt El s Rz . BRI 1 mm,
A: Ear of black pepper, ripened fruit; B: Seed without exocarp;
C: The episperm fall from cotyledons. Bar=1 mm.

B 1 #AMAREFIMEE

Fig. 1 Explants of black pepper for tissue culture

22 HAHBARFES
PAGINF Kz Sy SN TT J2 i 455 4H 40 S 01T,

DL MS B3R A0t BB E RIS FR 2, iR E 3 i
WA R B A IR IC SR A R RUR (3R
2 )0 AP K 28175 45 55 5 TEBRFLEH ZLAL mT DL A 17,
ARKIEWREGESME 2A . K 2B Fin, it
gEIRLI, 5 IBA ML, 2,4-D ¥ 5 TS A
AL, ANRIMIER 2,4-D 5 KT M4 KMy
RGP Re et e A AL 2L oAk, Bl
P, W LE R E e, s
WREIR 97.62% (£ 2) . 1L MHE, K5
RIS R]He FE 1Y 1BA FIL KT A 2E K 4l & 5%
FI AL B WIET, IBA BFIEHEAL, FHik
IBA ANid BAE IR o e AR A=A R 74

x2 EMEKRATHAEGNRGES
FNREME S L B 200
Tab. 2 Effects of different plant growth regulator
combinations on callus induction and embryo differentiation

LRZE S LR BUES GG LR
Plant growth Rateof  Differentiation rate
regulators/(mg-L™) callus of embryogenic
2,4-D IBA KT induction/% callus/%
0.05 0.075 15.24 25.00
0.10 0.150 38.47 24.52
0.20 0.300 77.71 34.60
0.40 0.600 78.71 44.82
0.80 1.200 88.14 58.18
1.60 2.400 97.62 15.20
3.20 4.800 96.30 10.60
0.25 0.075 541

0.50 0.150 22.22
1.00 0.300 45.46
2.00 0.600 28.12
4.0 12 15.38
0 0 0 1.85

ARV BE 2,4-D A KT A A KR 7 41 & 1
TR AL Zad 2 4 H k537, 2,4-D W%
v 1.6mg/l, KT ikJE N 2.4 mg/L i, F5Ants
P LA TR s (K 2), AR ER,
g0z 2 B, WRE 3MELLE, LANAE,
WA, Z2A 06, T,
IR, FREME ARy s ik, 6k
AL A IR S A4

24 2,4-D e 0.8 mg/L, KT ¥4 1.200 mg/L
B, HEUK A KE G, BRI, B PR
S, Pokik, ME IRk s 414l (1K 2C,
& 2D ), WM A5 ik T ik 58.18% (3% 2),
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MR ; D: EEMEEEG.
A: New inducted callus from episperm; B: Off-white callus,
C: Brownness embryogenic callus; D: Yellow embryogenic callus.

B2 AEREHEGAR
Fig. 2 Callusin different states

23 FEMERERRIFESREHEBES K

@i gt 20 3 MK SR, ik h A,
ZERRAHL, WURCR A AR A0S, IR ERE IR,
DEC ORI (E 3A ), R E
B, FEAIXHAMRHRIE K 2,4-D (0.05, 0.10 mg/L )
M KT (0.075. 0.150 mg/L ) & F, WA
BiES IR, 24 2,4-D ¥ K 0.40 mg/L, KT
ey 0.600 mg/L B, (R IRIE 5 %0 =i, b 13.33%
(£ 3). HIFEFHWEREARAMAR (& 3A) 4k
FRIEFETE S 0.40 mg/L 2,4-D F1 0.600 mg/L i KT
MS Bigedk I, Zad 1 B ERE, Fho
eI (E 3B), 3 JAJG 3 T AR IR R 7 iR
(& 3C. &l 3D ). 7 I R Bl 2 2 1 (A 20 i IR
AR FRE L, RN 1D, fF i
K ZEZy 2 em, TERAHb P R 2 e/ 5 (& 3E.
K 3F) mIk T e A R S R
24 ERFEEHEEHES

MR 2K )E, IR U2MS K
FRIE, TN L5%JEME, 0.25%75% M4 fl 0.25%#
PIBERCHEATAE A S R 53R LA, MR
FER, A, AR, 2 XA E - E]
KAZS, IR IiAE S aamR R, A3
K, AfAEKZE 5~7cem (K 4A. K 4B) . 1%
BRI G iRk, AOREE, MEKIEMT,
SN PZETT, 2SMIk 0.9 em, MR R SRR

A~B: IRPEmI LB RS BV ; C~D: BUBIRSME
B R IRIRAR s E~F: FREIE,
—B: The Globular embryo differentiated from embryogenic callus;
C-D: Somatic embryoids differentiated from globular embryo;
E-F: The cotyledon embryo.

3 fRMMARES LAV BB
Fig. 3 Typical state of somatic embryogenesis

A

x3 KHEFESE
Tab. 3 Somatic embryo induction rate

R A K RIS EIRES R BRI
Plant growth regulator Somatic embryo Materials
combination inductionrate/% cultured state
0.05 mg/L 2,4-D+0.075 mg/L KT 0.00 fauth
0.1 mg/L 2,4-D+0.150 mg/L KT 0.00 i
0.2 mg/L 2,4-D+0.300 mg/L KT 4.76 YN
0.4 mg/L 2,4-D+0.600 mg/L KT 13.33 RN
0.8 mg/L 2,4-D+1.200 mg/L KT 5.56 i

#h (E 4C, B 4D) J5, KRR B EEIMESR
SR TR R SR . R FCRH R 2
. BARAY, Wy 1:1:1, EEPE
PsE AR 2 R4 (Bl 4E. Bl 4F) .

3 it

U 3 ot 4 S R 12 2 0 B 9
D, BTN A R E AR R Z A
WA . HIABIIERY, SRR E, S
PR SME AR BARZS . B SRIERRSE | YR K
BRI, SRR S,
MR K B TT R ALRT 7T 05— o Xifhop- 41
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A. B: HEMIEFE LA WARE; C. D: AMRESR
1A AR (BRI )s E. Fe BB 110H .

A, B: Strong seedlings were cultured for 1 months, and bottle
seedlings were cultured in tissue culture; C, D: After the
strong seedlings are cultured for 1 months, the roots are

covered with the culture medium (photo at the bottom
of the culture bottle); E, F: Transplanting strong
seedlings for 3 months.

B4 EREFSHE

Fig. 4 Rooting and hardening culture

MRS ZE . RATZEB ., . eS8 s
PRI T AME R B K, 15 9% 100%, %
BUANAT A S ARURR 1 mT LU ST R B 77, (HY5
YeFATHR 25 1k 30%~600%0., [ ik B 25 10 L A A 3
ARV A AMEAAR, HAg YR TE 45%0) [, B
TR T BT BB FE N RIS T LA RUR 78 A 41
AR, 3 R 2 T TR AR A B 5 v 1
HE ) (H S eb g oR B A A R T A R
PRARIESE SN B R FLLH S, AW 5T LA R Bl h
TR AR A R AR, A R R A
KEALIL, A FEAR T 5 M A 35 Y 1] 3
15 YOREEHIAE 10%LL N, HEST T AU IME R E AL
B9 2 B 72 o T g ol 1 2 B TP AR o g
OYBR ISR, W T SRR A BRAL AL SRS B
2L T A M A

A5 2 S5 A A SR RN D 48 AR 2 5 )
BB B T B 5 . XIPEEERE S R I, 4k

LR 5 L 2 I Se AR AR B 5 b S B i 1k
HEARILT, BIHMA R4 10% PVP 5
0.3%1 et AR BEFH 1R AL i 28 Kk A= . AHIFFEAR
GE T U IR 0 A A R SR AL A e R I S 1
W, 459, 2,4-D Fl KT 404 RRiEnis S
YA KA RIS, 78 2,4-D W J¥h 0.80 mg/L Fil
KT ¥ 1.200 mo/L B REAE i IVE i 45 175 5 .
7E 2,4-D W 0.40 mg/L, KT ¥BE -k 0.600 mg/L
mF, R R, b 13.33%. [RIF & BARAR S
e B P A AR IR A, ARSI R AR 2558 10
PR — I IR BRG] SE BRI 0 P
C18-200 | 392 Yk £ % 400 L JVAR I 2 90 40 £ A% 200 R )
FRZEAL | B2 U 1A 20 R VR B 25 1 Ak A 1 4L
LUK A EE , AT AR R YR A AR 2 R R A
RSEPRRG & A, e nT DG a3l 2 AR A K
PEATFIRP STk BEC HE, w37 3k rp LA A AT 2%
BT RS, AR FE L ST AR B 1
HHAREHIR, RGN T WIMEERKE . @
P RIS B 2 AT A R rh ) SR
IR ARATL TGN, WFST 45 T A BB 0 o i ¢
HRALT 2RSS, BAEZN N FHNE,
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