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Abstract: Objective An efficient and stable regeneration system was developed to select the optimal protocol for plant regeneration
with various explants of Gentiana rigescens. Methods The study was designed as a Lo(3%) orthogonal experiment to explore the
effects of different types and concentration of plant growth regulator combinations on adventitious shoot formation and plant
regeneration, using different explants maintained on Murashige and Skoog (MS) medium after a single factor pre-experiment had been
conducted. Results Stem with buds was the optimal explant for indirect organogenesis with a frequency of callus induction of up to
97.73% obtained on MS + 6-BA 1.5 mg/L + NAA 1.0 mg/L + KT 0.05 mg/L after 10 dwith the axillary shoots starting to germinate
along with the emergence of callus with a strong capacity of differentiation from the base; The callus started to generate green multiple
shoots with a 100% rate after 15 d and a coefficient of differentiation in the clump shoot of 18.65. The multiplication coefficient was up
to 63.58. However, the stem tip was the best explant for direct organogenesis with a propagation coefficient of up to 44.36 cultured on
MS + 6-BA 0.5 mg/L + NAA 1.0 mg/L + KT 0.5 mg/L 30 days later. The plantlet derived from two explants was too weak for rooting
and the weak multiplication plantlet was maintained on MS medium supplemented with 6-BA 1.5 mg/L, NAA 1.0 mg/L, KT 0.05 mg/L,
and PP333 10 mg/L to rejuvenation for 60 d. The regeneration plant with 100% rooting rate was obtained by culturing on 1/2 MS + 6-BA
0.1 mg/L + NAA 2.0 mg/L for 45 d and more than 95% of plantlets survived after transplanting. Conclusion The current study
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established a rapid propagation system which is helpful to protect the wild resources and high quality seedling propagation of G.

rigescens, meanwhile providing scientific evidence for the research on genetic transformation.

Key words: Gentiana rigescens Franch. ex Hemsl; stem with buds; callus; rejuvenation culture; propagation system; transplanting system

HJEMH Gentiana rigescens Franch. ex Hemsl 4
JEHEElL (Gentianaceae) JEJHJE Gentiana (Tourn.) L.
ZAEAE R LAY, NAAWH, WrtiE, JefE
HLOEEMEE, ZI0RSE, R8T W)L
JTUERIBEM A, 24 TR 1 350~2 500 m [ fH
Fith . FAERARL, Horh o pg g HaE X (R
EZGH) 2015 RO E RIS =TE 0 G trifloral
Pall. %M J¥fH G manshurica Kitag. JEfH G scabra
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FEFR, AR BEETFHRREL 1000 401, I
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17 B ARHE I IE B 78 K 22 4 24K 27 A
TCRME . FhFof KRR E . RHEAS I,
N LB AL 5707 B FAUE & 2 iE
791, A 78 LE IR A F 28 B oAk}, g 1EAS
KA A SRR L E IR N G S A S S B
FRE R, Ik S E T R AE 7= B R AR =
RO AR, RS Y A B U5 R Fh i S B 1R it
Bk 4 A o At, oy HAL R aoihik & At
FEREALIE FUBE5E T Se 00 FE A
1 w8

HRMRFERR T 2014 4F 6 HRBA o EA e
=B £ WKE (24°14'N, 100°13'E KB,
1970 m), FEFRRT = ra =B rh 25 A0 R A
EH LML KT, FrAZmrEE Lok
A5 Bt 245 - Y 78 BT Aot 7t 51 48 8 i R H

Gentiana rigescens Franch. ex Hemsl,

2 FHiE
21 SMERENRERIES

A KA PR IR R, 3 i By =2
AR R W AR R, Wi E H 10%0%
RMHER REE)DRH 10 min 5K MA5E 30 min,
BTG TIES. 75%BEHER R 42 3~
55, 4 0.1%HARKER (L) % 5 min CGiF
2RI )y 8 min G ZF25B . 10 min (FR),
B a wKMEE 6 I, FFHXAMET 3 min, %M.
22 IEFERYECH)

BRGNS MS, BERERINERN 3%, B
0.46%, pH {H 5.8~6.0. A[FETEIE RIS LR
BWREHEGRIMAANF R TR B se e, Rk
£ 121 "CKT# 22 mins
220 FURIRETREE  EHT SR 2R BORI oS ME i
FARE RIS FIFRSEANA [F] Jod S A A 2= (1)
MS F5FRAEi AT RN R A, Hoh 2,4-D KT e
WP 005, 0.1. 0.5, 1.0 mg/L; NAA. IBA A
6-BA FTEIRIZ/ 5N 0.1. 0.5, 1.0. 1.5mg/L, fiikid
BRI B AR RE TR G S T A Y
222 WHHLUE IR EREFRE RS
TR, U4 MpoMEAR AR, SR Lis(4%)1E
TIRE, IEXHENEYE 6-BA. NAA. KT,
HAAWE 1. §7F30d )5, FitsMEk@as
B FEMFMNRKAZE,

1 FESMEFBGEARIES Lis4®) EXZIT
Table 1 Lis (4°) orthogonal design for callus induction of

different explants

E
6-BA/(mg-L ") NAA/(mg-L ") KT/(mg-L™")

KV AMEAE

1 wEER 0.1 0.1 0.05
2 CHTEFER 0.5 0.5 0.10
3 WA 1.0 1.0 0.50
4 B 1.5 1.5 1.00

223 SOMHIEFRE DU IS M N A =
AT 2 ZZBONMRL, FERIE IR TR AL T i 2
B (PP3ss) AT A RE IR o PPass JlRE IR 7300 N
5.0~ 10.0. 15.0. 20.0 mg/L, X537 60 d j5 Mg H
KARGFH Gt S5 R

224 RS RASERHE SR, FE
BN INASE IR E 6-BA 1 NAA 1] 1/2 MS £
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FHEE L, 45d SRR,
23 EFEH
BB EEGE (22+1) C, JeMEImEE
1500~2 000 Ix, YIRS TE 10 h/ds
24 BHEBH
B KE 6~8 cm mi, BAERKE TR
TR 3 dJE, MERFRIEERHUH S, Kk R R
BBV, Bk A RS IR G R R IR SRR B
77, 30d JE ST OE E R A KRB .
2.5 Gitigtr
Foe A E TR AR . P33R Excel #
SPSS 19.0 3K Ab BE4 H7
LR G = 72 0 2 2R P AN B B A
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R A e = oA SR A H VB A A A B
DABEHETE 8 = MO 5 A SO S i B Ga e a2
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310 BGHERFS. FAAEFEIEES
PR IUAR S KK, 6-BA. NAA Al KT

BIEAE R B ARG 7R . IR R R S EDBER
ERMREAE, B AMERZEE (A, 6-BA
(B). NAA (C) F1 KT (D) AR K, HE4T Lis(4) 1E
LR, 40 d 5 HEGAHLNE S RRAZEN R EFK
BRFRE RAM E TR 2, 7 EHT R 3. 4.
% 2 MHLRTE TR E IR TR R >
Re.8A>> Rt > Rnaas Ui B GHE W IH &4 2 45 S ok
Ut, AMEACNREENFRER, W ZBRONRIEE T
SEHGHLANIMER (K 3); MK 6-BA, Bs>
B;>B,>B, WK 4 (1.5 mg/L) #HAh 3 4
KPar, HEBZEWZER (P<0.05) (K 3); MM
# NAA Fl KT &K K HHEZEAKR, X@fhHa
FEUN LR EEEZR (P>0.05) (F 3), Eit
SERME S AT, TR T A 4 23 ) SOl E AME
N 2B, SAEMEA G A BsCaDrs B 6-BA
1.5 mg/L+NAA 1.5 mg/L+KT 0.05 mg/L.
ENEAERWE N (£ 2) R, sMEAE
BTN e A H LA Ak 2E N B R R 1 B
NAA 4, HAth 2 AR 22235 K T % R T 6.02,
B BIN ) 6-BA FI KT i 25 AR AR R0 A2 T 52 11,
NAA [R50 A ] 5 5 & PR 2 0 82 1 R /MR I

x2 FEIMEEBMHALRESMFLALE Lii@d®) EXREER

Table 2 Results of callus induction and adventitious shoots induction of different explants by Lis (4%) orthogonal test

kel A B/(mgL) CHmgL") D/mgL!) E GE¥) B ESE% 2R %
Co1 iR 0.1 0.1 0.05 1 36.58 26.38
C02 iR 0.5 0.5 0.10 2 51.23 43.50
Co3 R 1.0 1.0 0.50 3 63.32 56.32
Co4 T EE 1.5 1.5 1.00 4 76.68 35.59
Co05 g2 0.1 0.5 0.50 4 55.15 97.96
C06 R 0.5 0.1 1.00 3 72.68 86.37
Co7 R 1.0 1.5 0.05 2 92.65 70.33
Co08 g2 1.5 1.0 0.10 1 100.00 80.45
C09 s 0.1 1.0 1.00 2 15.75 18.50
C10 Y 0.5 1.5 0.50 1 21.24 39.47
Cl1 A 1.0 0.1 0.10 4 36.66 22.85
Cc12 A 1.5 0.5 0.05 3 56.89 12.65
C13 R 0.1 1.5 0.10 3 1.29 0.00
Cl4 iRy 0.5 1.0 0.05 4 3.38 0.00
Cl5 iEs 1.0 0.5 1.00 1 437 0.00
Cl6 iEs 1.5 0.1 0.50 2 5.67 0.00
TES K 5695 27.19 37.90 4738 40.55
K> 80.12 37.13 4191 4730 4133
K3 32.64 4925 45.61 36.35 48.55
Kis  3.68 59.81 4797 4237 42.97
Ri  76.44 32.62 10.07 11.03 7.99
FEMNEAE S K 4045 35.71 33.90 27.34 36.58
K> 83.78 4233 38.53 36.70 33.08
Ks 2337 37.38 38.82 48.44 38.86
K+ 0.00 32.17 36.35 35.12 39.10
R» 83.78 10.16 492 21.10 6.02
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x3 BHBRFSHESNER
Table 3 Variance analysis of callus induction

KiE AT BHE BT FE BN

A 1.290 3 0.430 82.52 P<<0.05
B 0.240 3 0.080 15.49 P<<0.05
C 0.023 3 0.008 1.49 P>0.05
D 0.033 3 0.011 2.03 P>0.05
E 0.016 3 0.005

R4 FLEEFESRER

Table 4 Variance analysis of adventitious shoots induction

KR AR gdE W F{E BEN

A 1.502 3 0.501 161.410 P<<0.05
B 0.021 3 0.007 2301 P>0.05
C 0.006 3 0.002  0.672 P>0.05
D 0.091 3 0.030 9.789 P<<0.05
E 0.009 3 0.003

R s> Rt > Ropa™>Rnano FINRAETT Z M85 R
(R4 BoR, FMERIEEIR KT % KPR A ZE R
AR REET (P<0.05), 1 6-BA Fl NAA £ /KF
i) )T SR 35 5 (P>0.05) . JEI-FIME W, A
2 2R BORT PR A 1A 45 4 43 T e R B A0 2E AT
A RIR, mEMERAE N B.CD;s, B 6-BA 0.5
mg/L+NAA 1.0 mg/L+KT 0.5 mg/L.

IR IREG B IR R F Dy 2RI 2 25
B NN 6-BA 1.5 mg/L+NAA 1.5 mg/L+
KT 0.05 mg/L 1 6-BA 0.5 mg/L+NAA 1.0 mg/L+
KT 0.5 mg/L Y] MS 355tk 50K, a2
WEATE C17 85979 (MSH+6-BA 1.5 mg/L+NAA 1.0
mg/L+KT 0.05 mg/L) Hi:FRAEK, AIFEE 528 E
AHRFE T FAREMMANETEEERE. M

BHEZ IR AL REFE 10 d. W B R AEKE,
HE LR Z ke e emas (B 1-A), B
FON97.73%; 15 d Ja @AAH LSRG AE K IR 2L
FHEN (E 1-B), FMNEE 100%; 20d f5HFAE
KA E N ZE (B 1-C) 5 A R U 18.65;
30 d JEbEE I AL AE K, R AN
P HGET I ZEN, R AN, AR 2R
AR (B 1-D) o GRARIT AR @ A A 235 F /N,
AENENES BRI, HHEREOTIE 63.58,

HHZERNE S 1E C18 K5 F# %k (MS+6-BA 0.5
mg/L+NAA 1.0 mg/L+KT 0.5 mg/L) W74 K,
TEERT TR P S 2RI A KA, HRHT BR
IRZEFFARIA R AEK, 10 d JEARHRZEA KRk, [H
G SN N ale S N R A=A K5 <N N O D aX A
21 (K 1-B), WAAEZFRMe (B 1-F); 20d
JETEZER . RARZEAE K MFERS, % H 221 R RRIR
FEBCEF A R K (B 1-G); ¥53: 30 d JR
TERIR Z M 2 2F R4 (K 1-HD . 408 FER Tk
BB 2RI 2R B BT F R BRI AR,
HHE R BT IE 44.36.
32 Btk

7 I 2R BT 2F 2R B B BT 97 J5 A 8 AT
ZLANTTESS (K 1-D. HD, AFF RS AmRR
F%o 1E C17 F1 C18 “SHEFREH IR INA R =ik 5
PPy, LU 5F 22 BONMEL, RAERA G, i
ITEMRE IR, SRR R GRS SR, TEMN
FHIE R VR B PP3as, C17 51595 K 0B o iH ki
DR BAR T C18 S5k, H, BLC17

G

AREFE 10 d JEHRSHBIEGAL B-553% 15 d R A 80 MR A 7 C-H59% 20 d JRIOARENZE D537 30 d JRRIFRIRESSRY B3R 10 d
JERIRZAEK, S EHAL FENEHASERESESE GH55% 20 d RRIAEKEN  HE55 30 d BIERIFRRZ ML 2%

A-callusing at the basal portion of shoots after 10 d B-callus differentiated into adventitious shoots 15 d later ~C-adventitious shoots cultured for 20 d

D-clustered cultures after 30 d E-dormant bud germinated 10 d later with friable callus from the base of shoots F-callus differentiated into

adventitious shoots occasionally ~ G-growth of culture after 20 d  H-system of clustered multi-branches after 30 d

E1 HHFEHE (A~D) £ C17 SEFEMTHER (E~H) 7 C18 SEFREFHEKIER
Fig. 1 Culturing of stem with buds maintained on C17 (A—D) medium and stem tips incubated on C18 medium (E—H)
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S FEEEAT I 10 mg/L PPass, B S02 535753k

MS+6-BA 1.5 mg/L+NAA 1.5 mg/L+KT 0.05
mg/L+PPs33 10 mg/L B RO ST, [RIE 7Rl R #F
BT R B (18.65). IR FRIFIETR 20 d

Ja T BB R AR (18] 2-A); 30d Je ARIAEK
o, 3 EARIRZEA W & (B 2-B); 40 d JR W] TE
BORH AR AE T (1] 2-C); 60 d 5 AT SRASFAHH: 2
KA (& 2-D).

R5 EHEFELER

Table 5 Result of rejuvenation culture

s BEIEEE PPaa/(mgLl)  FERMEC MW ARY ARG

S01 Cl17 5 25 2338a LW, AW ERA: MFEEKERLR: HRAH
S02 Cl7 10 30 18.65a Bz wl, WHMMEER: BEFEKER; HEHT
S03 Cl7 15 20 11.33 ab wWEEG, AoEAD; BEFEAKEAD: Wt

S04 Cl7 20 30 3.25d it B BEEAKSEE, WAKSEE. ki
S05 Cl18 5 15 10.75b wWEEG, AHoED BEFAKEREOR WA
S06 Cl18 10 30 6.58 ¢ wWEE, AHoHERUDN; BEFAKER BT
S07 Cl18 15 25 532¢ D, WHMEEBUN: KRN ERT

S08 Cl18 20 25 1.67 ¢ B, TAE S BEEERERDN; WAKWNEE

R BRI IBRAME RS, FISIARNE FREORZ R R (P<0.05), &6

“Excepting the numbers of pollution. Different lowercase letters in the same column indicated the significant difference at P < 0.05, same as Table 6

AFEFR20d RIAEKAEN B3R 30 d R A A KA C597 40 d BB A DB () 5N CA)

A-growth after 20 d culture; B-multiple-buds grow into vigorous multiple-shoots after 30 d C-robust clustered-shoots after 40 d D-multiplication

shoots (left) and rejuvenation shoot (right)

B2 7£S02EFELMEITES

Fig. 2 Rejuvenation culture on S02 medium

33 HREFREEBR

RIE AL R, LU 12 MS NEEARRE R,
RINASE R EWRE 6-BA (0.1, 0.5+ 1.0 mg/L) Fl
NAA (0.5, 1.0, 2.0 mg/L) #4758 &K%, 45
d IR K 6.

E AR R TR, (R 4
YR ERTC B R IR AN AR K R TR
PR ARG 9% . 7F 6-BA SRR IE — 2 s
N, BEE NAA JFEREERIHIN, FANE RORH: B2 2
DUELLIK, AR MpEZ s 17 6-BA IEIKEE
Frant, WXE I EGAEN, Bt AE
R, ARl Bt N, SRIhRM, & E AR
B3R 3EN 12 MS+6-BA 0.1 mg/L+NAA 2.0 mg/L,
SR T R R E R R 7R AR, 15 d EBEY)
FALRIE A EREA (F 3-A), 25d JEr IAER
HEAKE (B 3-B), 45 d a3 R KA
K HARKMEEERY (K 3-C. D) I GBHR

%6 TRIREINRE 6-BA F1 NAA Mt &R+ IRIZFHIS/0
Table 6 Effects of 6-BA and NAA at different concentration

on rooting of plantlets

5 6-BA/(mg'L )NAA/(mg L) #RE:  AHRE/%

payis 0.0 0.0 20 25.00 e
RO1 0.1 0.5 45 46.67 d
RO2 0.1 1.0 50 82.00 ab
RO3 0.1 2.0 50 100.00 a
RO4 0.5 0.5 40 4750d
ROS 0.5 1.0 45 77.78 be
RO6 0.5 2.0 45 88.89 ab
RO7 1.0 0.5 50 22.00
RO8 1.0 1.0 45 33.33 de
R09 1.0 2.0 40 62.50 ¢

ZJEGEm R, 30 d FEIARTHACH (K 3-B),
B ZRIE 95%LL L.
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A5 '15 dJE, VINREREERNER B25d FEHAER C. D4SdEREWRR E-BHENY

A-adventitious root directly generated from the incision after 15 d B-adventitious root after 25d C, D-root system

of plantlet after 45d E-transplanting plantlets

3 HEWHE RS BERELHWERRERBEZR

Fig. 3 Plantlets maintained on R03 medium to rooting and transplanting of rooting plantlets

4 e
4.1 SMEREEITERBARIMRER RN
EMMA L RS, BT EY R 46
PE, RIS b VAT ] B A 58 B4 M k% R ) 40 B
AR TR A SE AR I 7. (T Bte fiE
Y FAZER, REEY. BER—EARHEBSE.
SF ZURN I 1) 50 4 B T 25 R A RRG S 6 0 4% AN AH
Mo DA, AMERPERE A LSRRI 5
oRsERAR 2 — 00, 7E IR 8 4 48597 O A IoE
rh g F O AME AT ZE BN TR 2R B IR 2E 12RO,
AHFFCIEFH 1) 4 FhAMEAR T, 57 28 22 BONE R i
& B AMEAEARL, ORI ZES: I RIAR U
AEEVENIME . T2 ZEBAER R R bR T )
PR B R, BISEES = AE B b 8 AR B ) fn 5 4
41, AR A Nt KRR ZE AN, E R A
Bt w kA, BIRT i Y EARRR 2E M1 & AR K DL i
a6 7 77 AT B O 2R BRT A £ A e R
BRAEMBESERAEX 2 FREHTHE, —
ARG % FE B 58 R BT A 63.58, imimiEid B F
AR IE ), b ZERAE R IR FE b R i 4
/b, FNRERINBAK, HIRATH “REFHE”
TEREIR 2 2 5 25, AIE NH AR E RKAEMNE
HMEL Ak, 5—UeH “IEEEE” BRI
[E]t4-161, XM RhTE ZE A KON MBI FE v, S0
WAL WA 1k, EEELT “@na
UL - 2R, BIFTER “H %57 o
P o MERARTC IR 2 28 2K B sl i 2R B 7R
I AEVT RS FRIE 1 B 2 AT 23 K0 fih 420 A oA
TARAREE, PRl “HFEE” KA.
HEHER MG, R HZEBONME
PRI, 7 ERCEEH R 10 d 2247 FLIEERIT 46 L
BE . Re R E SR IR, FRA S5 d

JaBERI b SR N ZE, X PRI GR UE H VR IR 2
ZREMERSE TS HAT BRI R KR EY]
DNV e I8 S N 28 9 B A B8 i 23R A P w4
I YR AR K R B AN AR KT R Re ), BT
A BRI AT S B A TR, AR
7%, B TRAHLSM A LI GAE R
Pararuellia delavayana (Baill.) E. Hossain!'7l, - jH
Swertia mileensis T. N. Ho & W. L. Shil'8l, 84
Psammosilene tunicoides W. C. Wu et C. Y. Wu 254
Pl A7
4.2 PPy SIEEBMETIES

ERNSETA R R R R E AR, EK, P E
o I AERRE IR . B SR B B AR AR ST
FUUOVRIAH 2C SCHER A AE PO-22 K Al b, 7 i Y T
FEIEH AR T B PPass b ATV R MH A &0H:
Ri7%. PPass A2, A5 FH MY AE K AE 225
(growth retardant), R 2 AR 7] A4S T2
YRR, FIRGE AR SR P, FL
A I 77 20 32 S 1 DL 5 A2 i Bl 0t A8 ) 4700 i 7 BEL
Wi = GA FIAEYE R, NImAET T H L E K2
Hps|o-211

HOAN PPass #HATE AR 3575, ol
(AR AR FE AT, 3l Sl e TR AR A i B R
ZEMH, (HEH R T AR R, HIMEE R
BOKIE MR 2 Pl IR 7R A L, PPass SR
R E 6-BA FL& 8 I BCR e, BB B AE 5~
10 mg/L A, iV BpREH: P2 7 BE R FEE 1A T e T 484 O
[FF, SRS PPsss ISGEERE F-AH L 258 R4
BHIE TR, (HEER RS C L) (LB MGE A%, 3
it 15 mg/L i}, @AAHLUETEALSE . AL,
ZEIMR G, WK SS. R RH, PlReS
PP333 520 [ AEAIR N AE K RIS B o0 S R4,
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SRAEW], AE C17 SHFFEFAIN 10 mg/L PP3ss A {H
JENERAE I A AR TR AL PRRFEAR, AR
AR TG SE A S GHIRRAY, (RIS PR 1T DA
ZHIETEAREL. PPyss KT IEESEIE AR S,
XL E I SR AR AR R 545 H
AIRICR, TRAE IR E A A S el
R =R i

43 ERBRMREFEEAIBIERMRZERRE

FHEYER
FAT, BRI Z5E BRI B AR B, A

TASEE AR, 3 ZR A5 3T E5E . T

JEREFRTAE AR TR, AFAEFERIE R, B

FRN LI T BT ARG 1)l 123241, [R] IS ey 1 2k ]

MAFRSBUEEAES . NEFEARSRS & ESE

AT, BRITAEF N TIME S R AR 1t Ji b4

Zefges2el, AT AR, HRERMEE LR

P45 B A% 2 AR AR R A AR OG 1, VLR

BT BRI SR AL AR 27 AHIE 5 R R D 2 2385
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