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Establishment of the Regeneration System of Wild Lycium ruthenicum
from Qinghai and Analysis in Its Genetic Stability

GAO Sidan"**, WANG Lianxing"*?, GUO Jialei"*?, YANG Lina', HE Guifang', HE Tao'**"
(1 School of Eco-Environment Engineering, Qinghai University, Xining 810016, China; 2 Key Laboratory of Landscape Plants of
Qinghai Province, Qinghai University, Xining 810016, China; 3 State Key Laboratory of Plateau Ecology and Agriculture,
Qinghai University, Xining 810016, China; 4 College of Agriculture and Animal Husbandry, Qinghai University, Xining
810016, China)

Abstract: Two regeneration systems were established by using sterile leaves of wild Lycium ruthenicum.
The direct organogenesis is differentiated by leaves, and the indirect organogenesis is differentiated by cal-
li. The genetic stability of the regenerated plantlets was assessed by the ISSR markers and flow cytometry
(FCM). The results showed that: (1) the best medium for callus induction was MS—+1.5 mg « L™ 2,4-D,
with induction rate of 100% ; the optimum medium for callus differentiation was MS+1.5 mg « L™! 6-BA
+0.1 mg » L' IBA, with 39. 4 shoots per gram of calli. (2) The suitable medium for direct shoot induc-
tion was MS+0.5 mg « L' 6-BA+0.3 mg + L ! NAA, with induction rate of 92. 9%, and 18. 1 shoots

Wi B E:2019-11-27 ; 1& B A4 B B #7 : 2020-01-28

ESWA . FZKARFFEE4 (31660217

EER N m BS993 —) Lo i, EEMNF UL FRH ARG . E-mail: 1723344680@qq. com
WM M L, FENFEEYEYHE ARG . Email: hetaoxn@aliyun. com



i}

2 4 [P

T V0 T £ SR A A 2R A 2R ) 2 ST B g A B E M S AT 253

per explant. (3) After adventitious buds were transferred to the MS medium without hormones, the roots

could form within two weeks. (4) FCM results showed that parental plantlets and regenerated plantlets

were diploid. (5)ISSR analysis showed that the average genetic similarity coefficients of indirect and direct

regenerated plantlets were 0. 84 and 0. 91. The direct organogenesis was a more effective method for plant

regeneration of L. ruthenicum.

Key words: Lycium ruthenicum ; regeneration system; callus; adventitious buds; genetic stability
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A 2 1 AR, BT BEMAL (Lycium barbarum 1.)
Jt 77 ¥ A2 (Lycium chinense Mill. var.
A. M. Lu) f WMy 2 (Lycium ruthenicum
Murr. ), HE & 20 QR EIRAE Y. ML
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potaninii

A4 B A= B LR AL (L oycium ruthenicum Murr. ),
1.2 XWHE
1.2.1 ZHEHEKMRE FREINEREML TR
WK 1~2 d, B4 shEB R kAR 7, JH0. 1%
HgCL (F+5R) 4B 5 min, &b 2 3t 7 v A 1B % 8, 4
fil 75 HgCl, 7843 4% fil, F JC W 28 1B K ok 5 1R
B 1 min, B9 755 00 R0 3R BN S A K
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— RN E RS E T a A, it
%S EBHS S AIE A E 256 R R EER
AE R A AR A BTN E TS

(D st > AR >REFiRBE RN
MR UIRLTE 0.5 em 26 A3 1 /N B 35 b 31 5 A [m) vk
BERY 2,4-D(0~2.0 mg L") 1 6-BA(0~1. 0 mg
L DOHAR MS 35 Ll i@ A 405 S, 38 13
MNURERS R AR 6 HEH & R RHE T
N T AR AN 3% .30 d 5 W Ok S8 It ge it
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PEAT R ZU5r A, 38 13 AN B BR B L 15 B i
6 ZH AL, HCE N TUBRAE N IR . 45 d 5 g
A BLIT e U

) rth—>FrEFxEr WITEEM R, U
$& 0.5 em A2 AT /N B, 2 R0 B FOR TR MR BE Y 6-BA
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254 odt O % il 40 4

AR R ) MS FEAC K FR B b AR RN 3 AR
TE 2 WS HLAE ARG L .

FHANHAENRARKZE 10 cm 478, T
AR FR N A 20 mL TS K (K 8 —
B [H] J5 A AR AR A B 35 SR EE A By LB e TERE R
FATEN S d R RIS N 2 d BHE L R E R
RYE LW R B R IRA E IR Mg
CHefilh 2 = DRFEmT . 30 d g A KGN .
1.2.4 BEFEH LRIBEDTHEEFRES N
MS SEARREFR I (W& 30 g« LT EMER 5.5 g - L7
g pHS. 8) ¢ BUEE SRS in AN [A] ok B2 48 49 2E K
WY SR E T 121 C.101 kPa &4 347 & i s
JERTA 25 min, $53746 % AF R 24 CT G 16 h,
18 C TR 8 h,
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AT, H CTAB 3 43 il £ BUE A 1 F0 7 i 7
A S DN 3B FH 52 50 2 i 8 11 00 4 25511 (R
D 47 ISSR 43 ¥4l , PCR e MK R W3 2, PCR
SV FEFF 94 CHAEE 5 min, 94 CAEPE 45 s.iB k
45,72 CHEfH 2 min, 36 MEF, 72 CHLEff 7 min,
Py r=rE 1 X TAE FLil (9 1.5 % B i i 5 e v iF
Frea Pk 2y B B E 150 VL, [E] 60 min, HLJk 45 H 5
FH B I AR AL AT BRIT 437

1.2.6 SMriElERmMEEBEEKRNGHE X
JH 3¢ [ Beckman 23 ®] #9 Cytoflex LX #Y it 2 46 Jfd

%1 ISSR 3|4
Table 1 ISSR primers
Princs e e Tm/ €
UBC825 ACACACACACACACACT 50. 8
UBC834 AGAGAGAGAGAGAGAGYT 48.7
UBC840 GAGAGAGAGAGAGAGAYT 47.0
UBC879 CTTCACTTCACTTCA 40. 1

%2 PCRERKZE
Table 2 PCR reaction system

k& System

iR 7] Reagent

Premix Taq 12.5 uL
dde() 10. 5 I*L
Primer 1 .10 pmoD)

Template DNA 1 p(50 ng« L™

Total 25 pul

ASCHEAT A I DL ES R A A i SR A A bR
CEAOME NS BAEA I E 2 Fh A 8 A v . i
AR AW B PO R A A A ARG DN 35 B X
DA Rk R AT 238 ik B G (o b PR, SBURF W) 75 SRR 1 O A
BECE T 400 H A 3E R LR g B AE — S/
o A 1~2 mL AR 9 F 3R 59 5l 0
TEDE W R AR W B REPRGE BT U0 A 1 mm 75 A B
Fro WSO /IN LR A MR 9 T 4000 F g 0P Ui 8
= BT R ZIRAT 1~2 min, EALAI .
WO B 405 nm. FIH A ACH 9 CytExpert

BAF AR AR . Y2 R A 5 R DU & 23 A
I Sy SRR 12 - 2 B A 5 10 0 A A TR 5 A U
MR .

L3 HiESH

B b RN 2> BT R ] Excel Fl SAS #fF, R
THEE W RSUE 9 455 L 7E ) — 3 B A B A i A il
R TERET L K07 A0k 4 k5] W R A A
“O, 1R,

MO AES R () =155 A 42U S
TRH/ B2 0 1 SR AR R K< 100 %6

AEEFE SR D =FF R E 5 WM K
B/ B ) M A B <100 %

GS=2N;/(N;+ N

GS Jst BRI R KL, Ny o S8 A i R A A
4 8, N SRR AR W A8 N, O B AR 4R

fiet S A
BRI A AP = 2 TR AR AT AP >R T

ARSI 5 SRR A S D
2 HiREaH

2.1 ZHEMESE

HEELF AT 1 A4 TP IR RE 287 % . 30 d J&
B KE 5~8 cm, A 8~10 2 (& 1), [
AR R Kk, it B & H FIREE LR, 30d
BT SR ML A B & RN (44, 3£3. D %, B &R
B . T RE 5l 7 P RR RN Bl 3 5 D L Ak B O X
K,
2.2 AEFHFES
2.2.1 AEAEYEKATANEZERMICRGALR
FBERRM AR INGE R0 2,4-D BB e ik
AL =, 3 d A4S RE WL SR B i | i 24 I
RIG 510 d A2 47 RE WL EE B A A 21 210 1 B 5 30 d
i A R A 2H UF B LB (0 JoR M R A Ol
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SR FORCR (B 2, A) 2 2,4-D # B SR 3 5%
H5ARRME K 6-BA 4 A&/ X @ e85 S R
R LR R (S I (EVRA TN OB R (TR RS NS I 2 -2
WA TR LR AT, RLRAER RN R
3 YR 1.5 mg « L' 2,4-D B i SRR AF
Vo350 10026 , #4074 208 {5 B v 4 e JOURIR

F1 AT A R G A

Fig. 1 Sterile seedlings obtained from seed germination

2.2.2 RGERAERKEMENNE HAUREFR
AL ERK SRS A2 (E 3) , KR
Wik 33 dy 434 BB SRR PR A K L 22
P A KA AT R ab TR A K (12~21 DY
T3 2H 2 B 53 LI (5 5T [ A S 0 R
AR CE 2, B)  BEFE LI 9 805 4 2055 5 404k ROR
B

2.2.3 AEAEHDERKATHNERARAGHR
BEAEFHNEM PRI IBA BT A E
ZFHPET M2 15 3 0 VF 2 B AR B S i 6-BA
HARBETE T AN 25 A A E AR ORISR 4 i 3
FUEBIEALIA ;Y 6-BA Fil IBA G HA G, BoR
WA KRS (K 2.C.D) . ZEA . LR
1.5mge+ L' 6-BA+0.1 mg+ L' IBA 955353
P FRCRERAE (R O B @ H S B Re 1139, 4

A MR AR SR B B AR FR A HLG C @OHRE S MR AGD. @OHRE S IR AE
E. MR MR EHOE IR B AR E 2 FL i MR B AR WO E A SRR G R AR B B R M A P AR

K2 BAEM AU

U IR 5 B R PR

A. Calli induced by leaf explants; B. Calli subcultured; C. Buds differentiated from calli; D. Adventitious buds differentiated

from calli; E. Adventitious buds differentiated from leaves; F. Adventitious buds induce rooting; G. Regenerated seedlings

Fig. 2 Tissue culture and in vitro regeneration of Lycium ruthenicum
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Table 3 Induction of calli from L. ruthenicum under different hormone concentrations

A KA B

The growth of plants

2, 4D 6-BA MOGHLFE TR
/(mg+ L~ /(mge+ L~ Callus induction rate/ %

— — Oe
0.5 — 95.0410. 7abed
0.5 0.5 97. 54 4. 6abe A g8
0.5 1 100a FIg T IRAG
1 - 98. 843. 5ab JoRE AR
1 0.5 100a G

1 1 87.5=418. 3bcd JshiEE
1.5 — 100a mas
1.5 0.5 88.8+18. led iH LR
1.5 1.0 87.5420. 5abc VR

2 — 98.843. 5ab way

2 0.5 98. 843. 5ab e

2 1 81.3419. 6d bagr A

e @

LD wE

&,
D WA L T4 Small amount of callus, yellow, dry texture

AN AR DB I K4 There are very few explants that have swelling
AR B — ML B B T4 Ordinary amount of callus, yellow, dry texture
>, B0 T HE T M Small amount of callus, yellow, dry texture

e /b, e fn | JFi i T8 Very small amount of callus, yellow, dry texture

% a0 HORDIR Large amount of callus, yellow-green granular

JJE % Small amount of callus, yellow, dry texture

)
>, 88 (0, 4% Small amount of callus, yellow, dry texture

4l

%, w5k kR Large amount of callus, yellow-green granular

JJE % Small amount of callus, yellow, dry texture
VR4 Small amount of callus, yellow, dry texture
i B0 R R Ordinary amount of callus, yellow-green granular

JJF M T4 Small amount of callus, yellow, dry texture

T BER S TR 5 BE e R A7 35 22 57 (P<<0. 05) 5 T[]

Note: Different letters after the value indicate significant differences (P<C0. 05); the same as below

=N N
(=X N T S
T T 1

AiHR R
Callus fresh weight/g
® o

S
T

00 3 6 9 1I2 1I5 1I8 2I1 2I4 2I7 3I0 3I3 3I6
i8] Time/d

B3 A gl Kot 4

Fig.3 Growth curve of calli
ANREZF, HBEE B R] 0 HE K 0 4 2R 7R 4k 25 57
b A B A 8 2F S B AR R Rt P R
AN TR B0, 2 1Y) R 9 3R P A R A R A A AR
Al . SR v IR R AR B SR AR v s AL AT LA
W 5 AR AN S 2 B I AL 4
2.2.4 AEAEYEKATHNERARRHFERE
BEARAEFMEM 6-BA 5 NAA A4 AfE
ARGE T R R MRS 5 B Al 7 AR R e 2 (A
2,E) . RS IO [F v BE A 6-BA AT DL S 2R 4
b AR E ZE R R /D, B BEE 6-BA W B35,
NEFHRKBAZ WL FNRELEZ., Bin—E
WRERY NAA BB 24 & i R 19 43 4k 232 L 0sl 2D i B
ZEHH L (H 2 Y NAA [ B T = i), o3 A6 8 25
B[] B 3 2575 5 10 22 B A s A 41 R T 5 ) A
FHERK ., AR SEMN0.5 mg« L7 6-BA+

0.3 mg « L 'NAA W& R AEFIFEREN
92. 9%, BN AR AR B OE B R 18, 1 AN E
FER D),
2.3 AEFMEREFREEBH

R AP WA R 2 1 BRI AT R
MS BEARREFREE T, 10 d 24 AR AT LLUIE & AR .
H1~2 %M. K1emELHE2.F), B 2.F i
IR R H RS R AN E A AR O, B
WOHLE S A E F RN S Z W] B2
5o R 30 d LSRRI 50 0 BRI AE AR K (E
2.G),
2.4 EEREMESN

i it B AE R R AR S S R R — T, B R
TR B fe o M R BB — A~ J5 . ISSR 43
TR B 22 A A 00 A 5% e R A A 4 5
A2 e VWA ] EHLA S0 I i .
2.4.1 ISSREMMEER FAAWFER A ¥ i
fEFE 1 ~4 A K% R 41 5 1) f o 3 &2 )7 1)
(SSR) , ISSR $; A F| FH SSR 751 3%& 1151 ¥ , X W5 M
HA I HES SSR ) — Bt DNA J5 51 gk 4797 44, 4%
J5 AT LUK et BRI S A A TG SRR R L B
T2 8 i L 25

R 4 Bl W 5 Jie PR Tk &5 SR TE AT BUER SR i 4 A%
L 3G i 41 S L 2R 26 5L
SRR EE S L A, ZE R 8 BRIAEE A A AR S X
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Table 4 Differentiation of calli from L. ruthenicum under different hormone concentrations

AN R
6-BA IBA Number of adventitious H R AE
/(mge+L"1 /(mg+L 1 buds formed per The growth of plants
1 g of callus
— — od TAREH A PBEMAR No adventitious buds, but there are a few hairy roots
0.5 — 26.6+9. 3bc RNEHF/NH 2, FB5r B 2 (0 Adventitious buds are small and numerous, partially purple
0.5 0.1 21.4+8. 8¢ REFH A 2R 2 Less adventitious buds, mostly purple
0.5 0.2 27.0%£5. The NE FRKPIU , 2B 48 4 Adventitious buds grow better, mostly purple
1 — 34.1412.4ab RNEHFH/NEZ DB (0 Adventitious buds are small and numerous, a few are purple
1 0.1 31.3+5. 0ab REHF/NHZ, DEER L Adventitious buds are small and numerous, a few are purple
1 0.2 21.7+6. 6¢ REZFI D, ZEE 2 Less adventitious buds, mostly purple
1.5 — 33.9410. 0ab AEZFE/NHZ, T 5 2 Adventitious buds are small and numerous, partially purple
1.5 0.1 39.4+8. 8a REZF/NHEZ, 5582 Adventitious buds are small and numerous, partially purple
1.5 0.2 36.0+5. 4a RNEF/NHZ, 2R 46 Adventitious buds are small and numerous, partially purple
2 — 33.8%12.7ab REHF/NHZ, #5520 Adventitious buds are small and numerous, partially purple
2 0.1 32.2+6. 3ab SEE/NMZ . 2805 £ (0 Adventitious buds are small and numerous, partially purple
2 0.2 19. 7+4. 8¢ A F R BB, 244 Adventitious buds grow better, purple
x5 AABEREMERMBRAEFFSHIE N
Table 5 Induction of adventitious buds from L. ruthenicum under different hormone concentrations
6-BA NAA BEBIE  rpe o WEH A
/(mg+ L) /(mg » L) Adventitious bud  The average number The growth of plants
o / o induction rate/ % of adventitious buds :
— — of od AN AR TJC B 528 4k No significant changes in explants
0.5 — 97.1+4. 9ab 7.2bc E F KPR U Adventitious buds grow well
0.5 0.3 92.9+18.9a 18. 1a NE F KPR U Adventitious buds grow well
0.5 0.6 98. 63, 8ab 17. 54 ﬁ’/’*i@fé}?ﬂ?ﬂﬁf%,ﬁﬁ%ﬁ@ﬁk{ ﬂA small amount of cal-
lus appeared, and the adventitious buds grow well
1 - 77 1425, Obe 3. 2be RNE K Iﬁ?, % W J& Adventitious buds are not good,
many deformities
1 0.3 72.94+43. 5ab 17. 0a AEZF K —J% Adventitious buds grow generally
1 0.6 51.4+35. 3cd 7. 9be A0 B 5 LU B, A 2 S 3 — i There s a small a-
mount of callus, and the adventitious buds grow generally
1.5 _ 10. 0420, 0d 6. 4be A3 K?}*ﬂ’i . Z & Adventitious buds grow generally,
many deformities
15 0.3 88. 6-26. Tab 19. 9a KRS E 2 /N T %5 46, K FOR I Most of the adventitious
buds are small and dense, and the growth is not good
N - R e is a small a-
1.5 0.6 57.1438. 6ed 11.9b A G AL I AR E 2 I3 i There s a small a
mount of callus, and the adventitious buds grow generally
2 - 171411 1e 3. 2¢d AE K Zi U, Z W5 J& Adventitious buds are not good,
many deformities
5 0.3 514435, 8cd 9. 5b RNE R f_ﬂﬂ{ , Z ¥ Adventitious buds grow generally,
many deformities
2 0.6 of od HOREAGHLA H I A small amount of callus appeared

PR PR 22 1] 1) 352 4% AR DL 22 50FE 0. 83~0. 87 Z (1], F
P AL BB 0. 8458 Ak T 422 T4 4 bk 5 X R
Rl Bk 22 18] ) 382 14 AL R 807 0. 82~0. 97 2 Ja] . -4

WAL AL R R 0. 91,

2 PP AR R AT B A AR AR

PR 35 e A A7 b AR R S AR 1 3t A% bR G e AR
AR 1Y) 35t A% A2 2
2.4.2 fEHERN
WG (1% - 253 256 Sl ik B T LA S 4 i A2 v DNA B = 1)

PR
R MG IR A AR R
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M. DL5000;1. Xt HAEAR2~9. (B3P AAERE; 10~17. B4 H A A
Bl 4 UBC 834 55| ¥ 3£ A T R PR A P 4 38 | 1) 45

M. DL5000; 1. Control plants; 2—9. Indirectly regenerated plants; 10—17. Directly regenerated plants

Fig. 4 1ISSR products generated from mother plant and regenerated plantlets of L. ruthenicum using primer UBC 834

K6 FEHERNER
Table 6 Ploidy test result

FEA PEOLIME 25 F A 5 1
Sample Average value of fluorescence channel Coefficient of variation/ % Ploidy
SEANT Parental plant 2 387 634.8 4.55 2C
B4 Direct regeneration plant 2 053 317.3 7.24 2C
[f1] 42 P42 1 Indirect regenerated plant 2239 772.5 7.54 2C
400 1 30r1 601
5 5 5
D]I'g D]ITS) D]ITS) 40
g g 20 g
£ £ =3
&© 200 X ° X e
E5 E5 5
HE =E 10} EE 20
= =} =
Z. Z. Z
0 e 0 F—rrrmr—rrrm— 0
10° 100 10° 10" 10° 10° 100 10" 100 10° 10° 100 10° 10" 10°
V450-PB-A V450-PB-A V450-PB-A

A E7R B HHEEEAE W C MR A
5 A e I 45

A. Parental plant; B. Direct regeneration plant; C. Indirect regenerated plant

Fig.5 Ploidy test result

AL, G N REAS 550 B AR (9 29O 5 JEE 155
AR 6) .2 P PR AR R AR R A A AE R 24 o — A% AR
TEAFE BB A AR U (181 5)

3 i i

DL SR SR A AT I R oh SN AR AT 4L 285 3R 28K
R St BUNEIE T NSl aa b Y o5 O VAR INA Y LN
AR R WE A 3 A L RS Y AR ST it AN T
e 6-BA I NAA W46 . 58 H IR0 A T S8 SR M A
MR E AT WD T A R Rk B R
MOAT B4 F AR 5 300 4 40 ) 2 A A A2 A7 S — b
PR AR R R . BRI R B, ORI 6-BA R
S EFNIER . HME 6-BA WE M FH& A

JE ZF 175 T AN 2 28 B IG5 ZF Y I S
ek 2z . ARl A &5 SR AE A T A8 T AR RN A
Yo EUREFME ST . A 6-BA R FRIET
AN —E 0 NAA AT L 3% 5 8 SR A AC i
R E 2R X — B4R 5 Prakash S E 5%
Searsia dentata W) P A B 15 1 89 45 R AH W &
NAA 5 6-BA WG4 F T 28 5 0 1 6. nl e 2
FMAERD, EHEEE B ULH 6-BA 1 2,4-D
B AR T A RS 7 B4 o A 35 5 oA
I AP MR N 0. 1 mg » L7 NAA, H AR 48
WBETRR 33,300, XN RMT AL R,
SIMTIN . AT RE S AT TR AN R v B2 NAA 5 HAb %
BN GBA HEAT R0 R A PR S A A SR A s R AE
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L A VX R AR A AR R B
FAEA R T AW 405 S 0F 58 . He Y ZEXS Ani-
sodus tanguticus [FAFFE T 4 333X — 5505 55 A ik
A RE 5 AN AR I G R BE BE FR AR A IR R A G
FEHEATH T 405 4 2% S L Hu 8857 (8 T
& 2, 4D, BRI ZAEN (PN AEN TR 3R
Mg A5 E R AR I 6-BA A0 H b AE ) A K
WHRIA S . ARBFFATHE 6-BA Hl 2.4-D X
PSR N RV B 1 21 & L S5 R R BT, 6-BA (1 f JH X5
AU A 1 B RS R T A A 8L
AKX ST BB FE S RARAE B A AT R
P 200 2o i AR R R AP R T A N —
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