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Abstract: Objective To determine the optimal concentration of hormone and hygromycin for seedling regeneration of Rehmannia
glutinosa. Methods Using the young leaf of sterile plantlet from R. glutinosa as explants, we conducted the transformation mediated
by Agrobacterium tumefaciens, analyzed the efficiency of hygromycin and acetosyringone (AS) on resistant callus induction and plant
regeneration. Results The concentration of hygromycin had greatly affected the production of resistant callus and seedlings. The
critical concentration of hygromycin on the resistant callus induction and shoot regeneration were 9 and 6 mg/L, respectively. The
optimal concentration of hygromycin for the genetic transformation of Wen 85-5 was 12 mg/L. Adding 100 umol/L AS could greatly
improve the transformation efficiency of R. glutinosa. It was confirmed by PCR detection of /p? gene and GUS staining that the foreign
gene was integrated into the genome of R. glutinosa. Conclusion The stable genetic transformation system of R. glutinosa is
established, which lays the foundations for the research on molecular pharmacognosy and genetic improvement.
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M1 il i DNA PRI R RE, His il 5L %
SKAANBTRE AR, PRI 7 5 RS P B
OrEr R I S DR (5 o AT REP Y. B, Tt
B [ A DN v B PR AR ok 2 B Rk, GE
IR AN 0 7 10 M PR AR R TR A T8, %
THAG B SRR B S U dURE ) BRI
B Hb g ot P LA R IR SE 7 S

MR T A SR TR W 2 R 2 —,
LV T R B B A . PRI A A R, 4%
1M, 7 PR E AL BT AR D . Ao ag ]
O RARAAT R G i HERRIZE, 38 T
FERLDN MR IR . ARTMT, T RARARKT BT A P
DRI ARl LM b0 3 T4 R B T35 7 AZIUAR
A, M H R PORSoE R AN S, BRI T LAY
S RIS T TR T o Park 250 AR 55 4R
AT T MR A AR, SR, 1
AR RN, HAAGRR PR A%
A SRS T MR DR, (R T i
FICEWREIS R, MM, FASeREL.
I, PR PRI FAeR m LR
RIS A A A T 2B AR R AT IS M TR T A 2 R P i
AR ]

1 #Rl5h%
1.1 #%

MBI 85-5 A b XTI AR S, AT
PRI R, IR A TP R 2GS K B AT
90 e A HWTE Rehmannia glutinosa L.

1.2 BEFHLBEE R AS 01

12638 B T AR A W R R TR, SEE
WE 0. 3. 6+ 9. 12 mg/L 5 NREWREREE. W
LI T AW Cacetosyringone, AS) {EfL AL
VER], SEE WS T AR P Fe ML i I 2
FAN I 100 pmol/L AS FIAR N AS 1) 2 AMAb#E . 48
MGG TR (BGESER=7HF a5/
PR RO FRAE SRR (A=
I3 P AR ZE (R A R R B RO

1.3 BERLAZE
1.3.1 MBS E R H R R I EAR L
1~2 om PR HUAREA, AR H0h 70% 4
BRI 30 s, ARJ5H 0.1% HgCL % 10~15
min, JCRKMPE 5~6 U BEar ZEIR K4 Uk
1.5~2.0 cm /PRGN MS FEAREEFREL S, 15 d J540
AR 2RI 2B MS JEAEEFRAE, 30 d k4K 1 K.
132 BEHRIE SR BB EIE 5 IE
()& FOREAAR pCABMA1301 (RS AR FT R LBA4404
754 50 mg/L RIANEZ I YEB AR 73t FRIZE
th, 127 CFBEREFE 48 h, PRECA TE ARV R 2
20~30 mL 7 50 mg/L RARFEE YEB Ak -3,
127 C'F, 180 r/min #1575 24 h, HL 100 pL [
WA E] 50 mL ) YEB ifAE e EH, 27 CF
180 r/min 4557, 4 Agoo N 0.4~0.8, 4 000 r/min
ZAF RO 10 min WUEEEE, 7 B, R skt
BIFE Agoo N 0.5, F5Hl.
133 G AILER TR KM SO B IR 2 b
Tk, BIRAKTEL 0.5~1.0 cm I/NRENINS, BT
I LT AR B TR 5~10 min, I R EAT
ZW B B2 R, R B S B R
6-BA Fll NAA L7577 58 EIGHG 7% 48~72 he
1.3.4 ASMERMPUEEGE S M EAEF S
B IR R B B 21 200 mg/L H5369T . 0.1 mg/L
NAA. 2.0 mg/L 6-BA LA AR iR 5 1R 2 25
AS MIFFIERTFEIE I, 3~4 A JEiedirk @i s
BT RS RE F, 2~3 K B L.
1.3.5 FAEZFRIAAER KK 2~3 om BIPitE L
RS 0.2 mg/L 6-BA A1 0.01 mg/L NAA [\
FONEEFEE P HATIUE Y, K 2~3 em 1)
N ZEBT R E2NE 0.01 mg/L NAA Alid BBk
Vo R 2R AR R SR R A AR

FITAT AR LE R B S IR A0 B %, RN
25 °C, JEMHE A 2 000~4 000 1x, 14 h/d. P45
A B A2 = o0k R BT PR 2R (R - B35/ B Ry i
BREO.
1.4 FHEREKRS FHEN

WA BT F AR R gty R CTAB
VBRI F (3R R 2 DNA, W25 250510 BE 4 =
514 5°-ATCGAAATTGCCGTCAACC-3’ /5°-ACAG-
CGTCTCCGACCTGAT-3" 1T PCR %7€, figd 44
794 bp (RS B A B AR .

B-HIZHE TS (GUS) YetaJjikiZ [ Sieburth
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AL IR HOE M . K PE &Y. B SRR
BAE GUS Y03 [50 mmol/L Wi R BN 22 il (pH
7.0), 0.5 mmol/L ZRFALH, 0.5 mmol/L EF b
£f, 10 mmol/L EDTA-Na,, 0.1% Triton X-100, 10
mmol/L X-Glu] ",37 ‘CH5E7E 24 h, 55 50%.
T0%H1 100% LI R4k s, WRlEE FEE.
2 HBRE5NH
2.1 HEE AS R GIFSHEI

DL NAA 0.1 mg/L. 6-BA 2.0 mg/L J fifi ik
R BE IR TR AL, 0 AT AN AR e 72 B AN
R FRH B @A 2 0w, fEn e (e
B R ARY 5 min, EILEFREFEIE L2 d
Jo BTk AR B (B 1-AD, 2 MG gk &
i, &3 (R 1D R, NTFARIATRMFEER LW

MR 4 2% 6 mg/L LR fE R IR BaER, @
115 3 RIS 90%, MW EE N 9 mg/L i@
PR 48.89%, WIHFE N 12 mg/L W i
RBIBRAHSFHEN . fEAT AS BIR Qs
YA, BT &S RIKT 6 mg/L [MfiLh;
ek BRI, S RRBRAE LMK, K o6
mg/L W FRAMYA G E, 2 5 A 5 25 i K
o 038 0 A 15 5 2 FRAIK, 12 mg/L Wi 33
A 21.11%. MTAEAR N T 100 umol/L AS 4R YL £%
FRHAZ G (b A, R R 6 mg/L LR i
IR BT, BB SRS RERNILFE—
H, 9mg/L i@k FEEA K, 12 mg/L 1%
SR EBAT S, B 61.11%, 17 H & ef s,
AR ER (B 1-B).

ko
b

AR B-Pilb @i e C-FAEZFb D-FAL IR PCR Kl (M-Marker, 1-BIYEXIIR, 2-BORIFHAEXTE, 3~13-RifEhefe)n A

[FF AR B-Butk@fs F. G-o-4kZE H-T bl

A-leaf inoculation B-induction of resistant callus C-differentiation of shoot D-detection of transformed shoots with PCR amplification (M-Marker,

1-negative control 2-plasmid positive control 3—13-regenerated plants of R. glutinosa after genetic transformation) E-resistant callus F and

G-seedlings H-plantlets I-leaf

1 HERECEUREEREN S FEN

Fig. 1 Molecular detection on genetic transformation and transgenic seedlings of R. glutinosa
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Table 1 Effects of hygromycin and AS on resistant callus induction from leaf explants of R. glutinosa

in selective media at different concentration

L R I FRIET AS 159754100 pmol-L ™' AS
(mg-L™) 8 FERGH BIE /% BIEOGH FEPE % BRAGH BSE /%

0 30 29.00+£1.00 96.67%+3.33aA 28.001.00 93.331+3.33 abA 28.33%1.15 94.4413.85 abA

3 30 29.331+0.58 97.78+1.92aA 29.00+1.00 96.67+3.33aA 29.33+1.15 97.78+3.85aA

6 30 27.671+0.58 92.22+1.92 abA 26.33+2.31 87.78:7.70bA 27.671+0.57 92.22+1.92 abA

9 30 14.671+2.52 48.89+8.39dC 17.67+2.52 58.89+8.39 cBC 28.671+1.52 95.56+5.10 abA

12 30 0 0 fE 6.33+1.16 21.11+3.85e¢D 18.33+2.52 61.11+839¢cB

NG FRERIRALBLAIAE 0.05 K EZER R, KETFRERIRTE 0.01 K LERRER, TR

Lowercase letters mean significant difference at 0.05 level among treatments, uppercase letters mean highly significant difference at 0.01 level; same as below
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Xof 1 IR AR Y ARAT 1 () M S 5 T 1R @ 4k sk
T AF VT B R P ) 7 35 ) TR B R 0 g, 4
B (R 2D, BN FE IR RN, R
T AS [ACEEFRAE 2R AR kA, MR R
FORIRIEILS] 6 mg/L I, 05 LA R FE 45
A, ARADA AR ZE I, WA BRI E ) 12 mg/L
B, 3 REE LRI A S RS bR R
SRR EERIN, A0 AS IR AR o0 R A
AR, (M REAARIHE, BT W% % 9 mg/L i
AR 10%LAA5, Ay 4 AN FE AR
ZEORIAE 20% LA 1o WS, A 2R IR
Ji k12 mg/L I, R0 AS (#Ab B3 A A KO A T
AR R (K 1-C). LL PCR 3§31 77 ¥%¢

PR SF AT, g5 (B 1-D), TR
JEVRINAS, M8 FE IR KT 6 mg/L T
A ZER IO 1Y 8 P S RRE R PCR
), EBHTE . RESID AS HIALEE, WIEFEA 9
mg/L i 1 AN P ZE A B . 30 AS
FIALEE, 57 254 9 mg/L i 3 KR L 8 M4ty
etk zE, S 5 AN IBHE, BHMER R 62.5%:;
1 2RI 12 mg/L I 3 YRR A 22 i
Bt RS, g 19 ANhBHME, BHMERCA
96.4%. A T HE—ZRMBrE ZF A A, KT
A PCR 4 S8 A5 W0 Sk BH P 1) 1 A 2R R @ kAT T
GUS B3, 453 (K 1-E~D R, XL
A ZE R R A e R VR — G 5, IR S B
P R A R R PR A 2

R2 AREERESSEM AS M EHFEF S a0

Table 2 Effects of hygromycin and AS on resistant seedling regeneration of R. glutinosa in selective media at different concentration

FFRFET AS

BR3E4100 pmol-L ™' AS

I Y ¢ a—
MU SR 1%

BIMESE B /% MR

MR 1% IR R /%

0 30 10.00+2.00  33.33£6.672A 0 0 9.33+1.53 31.11£5.09 abA 0 0
3 30 3.00+1.00  10.00+3.33dB 0 0 7.00+£1.00  23.33+3.33 beA 0 0
6 30 0.3340.58 L11£1.92¢B 0 0 6.6710.58 22224192 ¢cA 0 0
9 30 0.3340.58 1.11£1.92¢efB0.33£0.58 1.11+1.92¢B  2.67+2.08 8.89£6.93deB 1.67+1.15 5.561+3.85bB
12 30 0 0B 0 0 7.3342.08 24.4416.93 bcA 6.33£1.53 21.111+5.09 aA

PLESEIREIH, 8N 100 umol/L ) AS BEWS .
FHE R AR R AR G 5 1 5 S A A A Pk
2%, 9 mg/L e = RPEAE R G SR IR A, 12
mg/L A3 B 18 e A ) TG 7R i R
2.3 HUMIEAREVIGTE. AR

53 7 A I Ay BH P 1R 5 A P A2 2R 3 N 0.2
mg/L 6-BA F10.01 mg/L NAA A 2E /A 1 gk
HIEATY S, 25 MNMEARSLIRAS 69 MRIALZE, 1Y
TR 276,

DA 12 mg/L [P35 25 0 A AR TR 7, FE A 1
BEAL 2R3 NS TR FIAN 0.01 mg/L NAA (AR K557
b, RIVEEEG 7 d 280 A M 2E RTTF R A AR,
RGNS AT RSN 4 5 Dby BE A TR A b B A
A ERA R IR AR, i FAE R AR KRR (] 2-A~
C)o MAFE R R B 27445 7 d R AR, 15d
Je T MR AR BEATLERR, - HAR 0 AEAR TR 4R 8 3
Figt (B 2-E~F)o Z55RW, 4074k B P
PUPE S A X R IR TR, @ BRET
I3 TR 25 R AT SE

h TSR, AR R R AR
SeHR T o BB AL LD 1 BN 1/4 MS ARG 7R AL
IR TR AEK 10d (B 2-D), 2 Gt s i
BBNSE AR (101D BEFRIEFRPAK 15~
20d (& 2-HD, SRS 0 M2 B A% AR 20K H
S50 69 PREIL N W R R ST 57 K, BUR % 82.6%.
3 itig

TERPI B AR FR D, YRR I &
P AMEAOKRTE . FERAL, RAFRRE. 1R Yert ),
BRIk oy WEE . MEbUER, kAR B
IRIRE TR SE 2 AR R R, HEEE. e
PrAEZE ., THIEPUE RIS, DLAER
VSN AS S5 78 BRI A 4 A 1) A R 25 . Park 2511
I FRIEIRAT T M AR R AR AR, IR 3R
R R M IR 50 mg/L, JMRHLA R
VTSR A 200 mg/L, {H 2 VA 13 B e b
IR . RGIAMIFR, 1TS F rps16 X Ik)F 51
e ] b g e L R A — 3, (R R
RAPD 5|4 (HRgF F1 HRgR) i 5¢ 4 X 43 [H
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A—C-differentiation of resistant seedlings D-transformed seedlings of R. glutinosa with liquid MS medium E—G-untr ansformed seedlings of R.

glutinosa  H-pot-planted transgenic seedlings

2 HEFEMELERIBH

Fig.2 Rooting and transplanting of transgenic R. glutinosa

Mg B ek R S, I o S A e
01 s WA 5 R T 5 Pt 3 3 A B AR R
A B FRIREE, NNIE T MO AL R IR 8
WPELL 20 mg/L A E, FRFPUMEN 400 mg/L A EH,
(BT AT AL AL AL o 2 i i O v 0 i
PrAE WA R I TREIRE N 4 mg/L, BN HRHEN
SRR LR 200 mg/L, K T GUS JEK 3R IARL
K, HARA GUS FEFRE RIAMFALR . BT
FEU s Tl TR RN Z RSN 75
mg/L, MEHAREARTRER (Amp) [FTEIRA
“h 600 mg/L, 317G T 6 BRPrikE, Hrh s BRI,
H Amp JFHEWKE A 400, 500 mg/L I I AR B0
HIAKFTE R K, BAR 600 mg/L IS 01 3 BT
{HEREIR B Amp 0B A 2R 1R 504k AT 53k
FURHAMEIER, ARIT et A .

ARSI BT FH R 184 A S2 AR M B i 85-5. 4
T I A R A BRI, R4 I
BN R BRSO S, R IR AR —
FEAR—, 200 mg/L B AT A R AR AT 1 11 4k 4522
Ko, HARIURESE VTR0 i@ ot — e e
HEVEH, DRI ] 200 mg/L [A4% 96 VT 34T H 35 ot 4%
itk SEI M B ARSI B WG ZPUER
DR, DRI, R s A A P 5 22 T TR B A T
T @RI AE % 6 mg/L LA NI, BARIA
TRAEZE M, (A3 0BT 12 mg/L B -4k Zeq)y

H21.11%, BATEREIE 96.4%, J&ifH T Bkl
AR SRR, L A i g U O s 11 2R R I
FEEE . SEEERIL, WS 100 umol/L f¥] AS X}
T AL AT AR 2E I o AT B R EAE T, X
EE RN N2 BTS2 S

ARSI LT A SRR AR A BRI PR 2
AL TR R, MR T 35 TR 85-5 itk
(U5 ST T R B A 200 mg/L, 155 25 iRk I Ny
12 mg/L, 12 45 7R 3 RLR FER IR 3L RN 100
umol/L 1] AS DAHE midt A% .
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