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WE: [ B8] &350 I8W Populus yunnanensis B vt i B AR EAEBNIR R, A TAHABR IR TR,
[ Fik] ifidget A ASMER, BTRRBAHS A KATAAESe K AG AR REFFFRAAERG Y, AmEER
M B AW #—F VURATE Agrobacterium tumefaciens A5 IR T E R B | AZ F 0 1] Fo 3 SR 0 10 S AT AR IR
i EwiPm, [£R] AWEGHALFFWRERZFKLS /2MS +0.005 mg- L' 2EX % (TDZ) +0.010 mg- L' &
T (NAA), FF 5K 91.7%; REFFFHRAEZRLA 1/2MS +0.002mg- L' TDZ +0.010 mg- L' NAA, #5 %4
75.0%; AARFZEREFILA 12 MS +0.010 mg- L' NAA +0.100 mg- L' %= 28 (IBA), ZAREFHik 96.7%, F3EMRHK
H 2,57 %o A A pBII21-GUS BARSEALIEY, RiEE RBHRAE D600) A 0.2, 4Z 4010 % 5 min, E3F56TE A 2
d; By, IR RAFE A KM KILEE (Cel) RMERTHRAH 200 mg- L™, FEFE P RMERZRFAGFNEE
(Kan) R E kB H 20 mg- L', 5T F AR AT B-D-F) 45 F 82 B (GUS) A LML 5 4§ &4 PCR %58, 347 20 #RFa it
#h, LT E A 4545%, [ 48] AR RS EL TR BT A BAPREHIRR, B 5K 5427
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Regeneration system and genetic transformation of Populus yunnanensis
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Abstract: [Objective] This study is aimed to establish a highly efficient system for regeneration and genetic
transformation of in vitro leaves of Populus yunnanensis so as to help genetic engineering breeding research in
P. yunnanensis. [Method] First, with P. yunnanensis leaves as explants, an investigation was conducted of the
effects of different combinations of exogenous hormone concentrations on the induction of callus, adventitious
bud differentiation and rooting so as to obtain regenerated seedlings of P. yunnanensis. Then, Agrobacterium
tumefaciens mediated method was used to explore the effects of bacterial concentration, infection time and co-
culture time on the genetic transformation efficiency of P. yunnanensis. [Result] The optimal medium for
callus induction was 1/2 MS + 0.005 mg- L™ thidiazuron (TDZ) + 0.010 mg-L™" 1-naphthylacetic acid (NAA),
with an induction rate of 91.7%. The optimal medium for the induction of adventitious bud was 1/2 MS + 0.002
mg:L™' TDZ + 0.010 mg- L' NAA, with an induction rate of 75.0% whereas the optimal medium for rooting
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was 1/2 MS + 0.010 mg+ L™ NAA + 0.100 mg- L' 3-indolebutyric acid (IBA), and the rooting rate was as high
as 96.7%, with an average number of 2.57 roots. The optimal concentration of transforming bacterium D(600)
was 0.2, the infection time was 5 min, and the co-cultivation time was 2 days. During differentiation, the
optimal concentration of cefotaxime to inhibit the growth of A. tumefaciens was 200 mg+L™', and the optimal
concentration of kanamycin in the screening medium for resistant buds was 20 mg+ L™". The regenerated plants
were identified by B-glucuronidase (GUS) staining and PCR, identified 20 positive plants, with a positive
transformation rate of 45.45%. [Conclusion] The leaf regeneration system and genetic transformation system
of P. yunnanensis were successfully established. [Ch, 5 fig. 5 tab. 27 ref.]
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TEA Populus yunnanensis "z WIFL Salicaceae 11 J& Populus TR T, F 2040 F =~ ma hALER AR
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1.1 ##
111 A AR AT R AR SR i AR S MR 55 1Y 10 4R 2B I bR A RERR, SRAEE 1 AEARR &%, 3980 R
45 om KEEMERB, TRIRFM KRS, BUrt/E il sk
1.1.2 HAE A HIERFFE R GV3101, & B-D-EZA B REF (GUS) et 3L KX RIFE &R (Kan) ik
FRiC B kL2 A4 pBI121 (pBI121-GUS), AR TORL Y i S2 36 3 1477 .
1.2 Ak
1.2.1 MR & DUBTHE SR AR, B i ohde T4 5 B TR B0R 2% BIIRGERR A (NaClO) ¥
B 150s, FRBUDECH 75% B ORI 10 s, JCRZKIEVE 3 ¥k, AR IEAUR Tt iRk Fnt
AU 1.0 em® /NJrde (v, I 1) N EERR TR SR b
122 ®HAREREFFHT M T AR (TDZ, Bk B /%127 0.001, 0.002, 0.005
mg L), ZX4MR (NAA, JFEHEEE /5] 0.010 F10.050 mg- L) A MS A1 1/2 MS B 3523 k7550
o BEMEEFD 4 AHMERR, FASBIRERD 10 i, & TR TR, 30dEait@mdglis %,
VARG A PR SN T LRGSR P AR AT, B PR TR, 30dERiEAE
FHRE,
123 AARIEFRAIGE DL 1/2 MS NIEARBFEIE U [R5 e B 404 19 NAA (0. 0.010, 0.050,
0.100 mg- L") FIW|WE 2,8 (IBA, 0. 0.010, 0.050, 0.100 mg-L™"), FAE 24K & 2~3 em B 564 T 4E
MRIGFRH A, R 3 A ZE, AR 10/, B TIRRM TSR, 30d ERitAMREmER
PRAEAREL
DL B REFRIESIM 20.0 g- L' BEAAN 4.5 g- L' Bl , 78GRSR LR 2 000~2 500 Ix, 6 REEFA] R 12
hOB)/12 h() . 1R (25+2) C &M F %,
124 HE A kKFoFEFE (Ceh) RBREGHE RAMABEEE pBl121-GUS b b 2L,
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A LB 555, BT 28 C HIRIRZHF74 (200 r-min™") #5558, FFRAWBOEEE D(600) ik 0.6~0.8 B, WL
B, A T USR] i e Sk 185 % (0. 100, 200, 300 F1 400 mg- L") (9 LB AR I3 |, 28
CEIERF 48 h, WHRRITHEARGN . B, K B8R T8 A 7] 5t vk B L /55 % (0. 100,
200. 300 F1400 mg- L") Y4 fbssFe 5t BHEATORVE, BRIERD 3 DAL, BAAEEER 10 0. 30d 548
T,
1.2.5 Rt A FAREE (Kan) 2R A HZ OB SR TN R B -RIRE (0. 10, 20,
30 140 mg- L") B /r LGSR P AT . AR 3 et Ak, B AL 10 R, B TR TS
7%, 30 d JEMEGHT A E A KAF L
12,6 HBRBRE ., ZFERE EFARA R FE B 123 RS ESAIEE T, KR 3N 1.0
em’ M4, SRASEEE D(600) 47 0.2, 0.6 Fl 1.0 F AR FT B TR AR Gy, g ik B4R L it 1] 23 5310 5
10 F1 15 min, RYLJ5 007468555 00 2 Al 4 do G IEREIRJE At SR T & S B 2 MR EE R i
WEIGFRHATIE . 40 d FGEH ™ AE B ZE Rt B8, TR bR, etk 3= Pt 2 i it B 8 it
EB100% . SHPEZF R BEIL 2~3 om I, 4R B AR IR R R 3R 4 20 d.
1.2.7 Fabediksem B 1.2.6 H A HTPEAG v A BT A2 B FEA p A ik B BN GUS e il (R EE A X-Gluc
Solution: GUS Buffer=1:50) H1, 125 30 min, 37 C {£ 5 24 h, EBECH 75% W LB €4 3 h, WL
MR . HE— 206 GUS Yoy 5 0 i A MR SR IOIE 41 DNA, DL A 80 A 1 o BF 4 X B
PCRY" 1 GUSHE N, 5% ¥ % N GUS-F: 5'-TCTCAGAAGACCAAAGGGCAA-3'; GUS-R: 5'-
TGCGCCAGGAGAGTTGTTG-3", H B K/NK2239bp, PCRY MIAZK: 12.5 uL Tag PCR Master Mix,
1.0 uL DNA #i#%, GUS-F il GUS-R (10.0 pmol-L™") £ 1.0 uL, ddH,O % &% 20.0 uL. ¥ 541 94 °C
FASPE 5 min; 94 °C 28PE 308, 55 °C Bk 30s, 72 °C ZE{H 1 min, 30 MEH; 72 °C ZEAH 10 min,
1.3 HESH

JIT A K08 K 1 Excel 2016 EA7iC sk AL B, F ] SPSS 26.0 #E47 B K & 7 2243 #F (ANOVA), &
Duncan’s £ 1725 5 B &R0 .

2 HRE M
2.1 R K R HEAG AL AR R R 2 S

Bk R T4 TDZ Fll NAA [ MS #1172 “
MS K: 385k I, 20 d J5 M S8 O AT Rk 28 (0 8 1R W -
-

HAH M R, HER T MS K537 50 i B 7E 30 .

QR EI UL K B G541 (1 1A), TR P

T 1/2 MS i Fe By 84 5040 BB IR a0 i " A

HE (K 1B). ik, BEHL 1/2 MS AE R B A By 5 o A, MSH 2235, B. 1/2 MSH:F23E

AT AU SV 2 ZE A B et B Al R i S
IEAh, R (K 2A) BT &4 TDZ #l NAA A Figure 1 Induction of callus in leaves of P. yunnanensis

[ e 20 A 12MS B53R 38 |, 30 d 541t AT
P LU TR ARG DL . G5 REH (R 1): 414 0.005 mg-L'TDZ 1 0.010 mg- L' NAA 5373 H (115
SRR, AHLVESE, BEReE (K 2B), HiFSRIK 91.70%.

¥ LARB LA A TDZ Al NAA AN TR A A b3 d, 30 d JF it AN e 2515
FARBF AR . B 2 ATH: FESMAIE IR, 204G 0.002 mg- L' TDZ F1 0.010 mg- L™'NAA 4k
BEANE R A, BT RIE 75.00%, SHAHEGNE SR EEKE (P<0.05), HAE
AL AEKAERE (K 20).
22 EYWEKBTHNARESFERBZIE

M3 AW 7E4LE K 0.010 mg: L'NAA F10.100 mg- L'IBA [ 5556, Mk AR KR (18 3A),
AR IR 96.70%, FXIEMRECH 2.57 4, HWHEBZHMRERTE (K 3B); HI A4S 0.010 mg-L!
NAA F10.050 mg- L'IBA 35555, WARK R, AMREN 83.30%, FIAEMECH 1.93 &%, M, M4
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£ 1 TDZ 1 NAA X Ei{5AE
Table 1 Effects of TDZ and NAA on callus induction

AL B, BGAAES: CAEEESD.

B2 AHREFFF

Figure 2 Induction of adventitious buds in P. yunnanensis

iE SRR

YA R4S .
DZ  NAA e AU
(mg'L') (mg-L"
0.001 0010  36.00+12.73 ¢ R, Hifk, KHFE
0.001 0.050  55.60+12.72d EREE, Bk, KEEE
0.002 0.010  63.90+9.64cd k&M, Hith, KHE—WK
0.002 0.050  83.30+835abc TRERM, I, KIFA—MK
0.005 0.010  91.70+835ab k&R{L, B, KIAEH
0.005 0.050  77.80+4.79 be ik&R{L, B, KHA—WK

UL BT IEREZ . FSIRR/NG SRR R AR
A2 R (P<0.05),

%R 2 TDZ 71 NAA M AREFF SR

Table 2  Effects of TDZ and NAA on adventitious bud induction

T AR »
D2 NaA/ i;gj% A A AR
(mg-L")  (mg-L™)
0.001 0.010 8.30+14.43 cd MR/, HERKE2E
0.001 0.050 55044.79 cd B/, HEREE
0.002 0.010  75.00+14.43a  HfdRlL, AERKHEERE
0.002 0.050  19.50£4.79bc  Hifs, ERK—M
0.005 0010  27.80+12.73b  HidE, 4K
0.005 0.050  16.60£14.43 bed HiZs, ERK—M

VLI B A FE B EEbr 2, FBIRFE/NG FRER R
[F] 20 A |) 22 5 1 3 (P <<0.05).

£ 3 NAA 1 IBA XA EFE RIS

Table 3 Effects of NAA and IBA on the rooting of adventitious bud

it/ SRl il

AR R /% AR % AR

NAA/(mg-L™") IBA/(mg-L™")

0.000 0.000 63.30+5.77 be 1.33+0.49 be FHAI . TCMIHR AT

0.010 0.000 56.70£15.28 ¢ 0.97+0.51 ¢ TR MR R

0.010 0.100 96.70+5.77 a 2.57£0.25a FHUHDIE . MR A | i fEet:

0.010 0.050 83.30+5.77 ab 1.93+0.57 ab FARBH . MR L | WKL

0.010 0.010 66.70+15.28 be 1.10+£0.44 ¢ FHOHDH: . MIAREL D> | RS

0.000 0.010 70.00+£10.00 be 1.23+0.30 be FHGE MR R

0.050 0.010 63.30+5.77 be 0.7740.15 ¢ AR R

0.100 0.010 60.00:£26.46 be 0.70:£0.40 ¢ FHE . MR R

LT BUEPEER . RSN FREFOR AN RIS 2R B3 (P <0.05).

NAA 4 0.010 mg-L™' i, BE#E IBA i ik 2 (1) 38
i, AEARRBE R, PR BRE N 2, [F
A B W R . 1 IBA K
0.010 mg- L' i}, Pl NAA ik B m, B4R
V25 A AR B T D
B B9855 . Wik, 44 1/2MS, 0.010 mg-L™
NAA. 0.100 mg-L™" IBA 8557 318 & A& 2 19 E R

N N L ]

G WFEAL,

1A e

AEMRFHE;

23 FBEEFNMERRAEERKNZN
4] UL,

HRAMERBUREWE N O I, AT

A FAEHRR: B AER.
B3 AR F AR

Figure 3  Induction of adventitious rooting in P. yunnanensis
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PR, (HREE S AR 2R T B R, AT B WD, 23k R Rk =200 mg- L'
N,TK%%M%%H@%Eﬁ,%N,ﬁﬂaﬂiﬁmﬁ@o%% AN Y e N S NI TN a7
JELABEZ (0. 100, 200, 300 F1400 mg- L) 3R rpiff 474535, 45 R R LB R TR IE R 0 i,
M3 LA 97.20%, Bl kAR R W EE AN, ML R I E 2R (K 4. Fik, B
200 mg- L™ Sk 2 AE R 5 SeM il A AT s A K A Fe R vk

A~EFR LS R EIRE /51290 1004 200+ 300, 400 mg-L's

B4 R R RIE F A RATH 0374
Figure 4 Inhibition of different concentration of cefotaxime on 4. tumefaciens
24 FMERRERENHEIESAEFHHM
e s ATl YRIRE R B UL 0 I, MRy 88.90% . i IS %E 3% I i vk B A3
LR SR TR M RIBER TR =20 mg- L7 B, MAAERKEBEEE, tH TR 2
b, HAMEREH 0. B, P20 mge L -RIREZR 0% e (LR AR HEA THUIE R 2

F4 FABRWEGAEFFUHEI x5 ARREREFBEEXMHES LM
Table 4 Effect of cefotaxime on regeneration of the adventitious buds Table 5 Effects of different concentrations of kanamycin on leaf disc
of P. yunnanensis differentiation
zgfif% T Kk ;gfiff S AR
0 97.20+4.79 a NEHZ, £KIEHR 0 88.90+12.73 a JAEREAEL
100 88.90+12.73a  AEHKZ, HKIEH 10 38.90+12.73 b AR EAEY
200 83.30+8.35 a NEHKR L, ERIEW 20 0.00£0.00 ¢ FREEEME, TAEF MWL
300 83.3048.35 a NEHKRZ, ERIER 30 0.000.00c M4 Eﬁ
400 83.30+8.35a NEFH L, EKIEW 40 0.00£0.00 ¢ MM
UL B bR 2E . PR ENE FREFRR AN YT B A E A2 IuJﬁ'JK [N FRERRA
A2 A5 1] 22 57 . 3 (P<<0.05). A 475 ) 22 57 . 3 (P<<0.05)

25 RAFEERBSLE 2 RE R IR B EA R R R0
S AT B D(600)=0.2 IR 5% (b4 k2% o 6B e

a a a

BT 0.6 F LOW (P<005), WO #5L % fw T T &,
(50%). Bt D6OO) (381 A (. ] S b orft

AEH TR AT D600) Xk TREEER (K 5A); im [ﬂ [W
1 Ly 18] 24 5 min B, %46 B3 & T 10 A 1S 0 |%|
min, FERYHTEIAIGIN, HAbRE TREE (K 5B); fﬁéiﬁ SMWWmn g%%ém;
JEHETE 2 A, BRI, B A L 7R ] R B 005
B I S FRITF 4 S 0 ORI IR, 3 A2 B S R B ok A
F O A A AR TR S AMEREE G, METAJ3EH Figure s Effects of different factors in the transformation efficiency of
SN A A (K 5C). BB, W D(600) A P. yunnanensis

2, {ZYLFIEI N 5 min, FLIEFEETE]Y 2 d i, FEALRCR R .
2.6 HELEHKRHPAMLEE

AT R AL IRAT 44 BRBUHEARRR,, o0 BIEBTPEAEAR I FZE B T GUS et 1K 6 W] A
20 BRAGH IR B, VLI GUS N C ik AT BLRER] ik %hm%mﬁ Yo
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YE RN ZH DNA, #E1T GUS R [H (T8 2 239 bp) A PCR §M 14, Z5 R IR Sye (o558 J FHVE AR AR
YynT g5 g M) GUS JER 5 (K 7). A FEPERLARR 20 Bk, BHIER N 45.45%,

! rl 2mm ! 2mm | 2mm

A 1] tkﬁﬁﬂﬂ# B. BRPERI BRI C. IQ%P’HEH%%EX DRGLELE S
Bo6 &AMk GUS RELR

Figure 6 GUS staining results of regenerated plants

2 mm
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3000 bp —
2000 bp —»

M. ARICH); — BITEXTIR PR ALY+ FIPEXS IR(BORD);  1~20. BT PEAREAK -

B 7 GUSA&BE PCR
Figure 7 PCR analysis of GUS gene

3 kb i

3.1 EHAERKFHFIXGR A LR

¥ Populus £ R Fx KRR R ALY, — MM BAKRCHE) 2R, HhiaTh
P.xliaoningensis F1I AL4% P. hopeiensis #£ LAWE Fy ok SN A 47 40 0 41 0355 5 FUR & 28 o0 fk i, 551U
MS R EAERE RIS, Wi KE Y P. ussuriensis MEFAg P. trichocarpa W LI WPM £ 7 F 45 Ry il BP0,
ARG RFH MS S BEA G SR, FA T AME R LA™ E, T 1/2 MS A 37 5 b 1 S A 2 i
gr, UL 12 MS B RS S M AME IR ARG IR, A R S kR B A MPF A R B R
AR A A A S A 3 A S URAS 8 2R A K BT R B TCHLIC R B SR o Ay 2 e pk o,

R A A ]9 700 A8 A S R o v XA ) A A AU 8 2R A = B R E 220 ARBFE R I TR
] 3 £ R B ) TDZ Al NAA AT A I Z @ A8 O 2Ei5 S 1 32 3, R TDZ Ji & vk 5o
0.005 mg- L™ 5}, M-BA A LA R85, 24 TDZ BTk A 0.001 mg- L™ i, @HHAGESR
BAK. [IA, 3 EBTI Y NAA (0.010 mg- L) SR 1Y) TDZ (0.002 mg- L) XA 2 115 S
AW R HER . ZER S S HFES AR g R 3. A, B E 2R A AR R A
1R IR FWHE W P. cathayana var. ginghai, A% P. euphratica M4 "4 P. nigra ‘Jinye” [1ifE
HEARRE IR 1/2 MS + IBA, ZEARFATIA 90% LA FU, i 5 ha5LY 6k th KM% P. lasiocarpa f)H
AR FREEN 112 MS + NAA, FIGSEECT IR R : A E ZFAE 1/2 MS + 0.020 mg- L'NAA B4R
REFRIEP AT, 10 dJFEREM . AWFFELE 1/2 MS + 0.010 mg- L™ NAA + 0.100 mg- L' IBA 1 37 3t
O ANEFRATE S dIFRAER, HRFERHE, 4R E, ARREEIL 96.7%. Utk IBA 5 NAA 1)
HEELRTEMAE FNERES
3.2 TRIEFIREREX K E TSGR EEE LR 0E

ERIBEHRYUE LT, RIS RIEE R Bk 20 mg- L' B, EHM MK Z )™ EI
i, TZEHEMEP LN . MRIRERTERE N 30 mg- L' B, EAY P. tomentosa B AL
OIS RE 2F o U A AS [V Foft 4 S ) 2 A4 A R x B 16 7] () B0 8 AR AT, DR b e 45 338 140 i 10 391 E#&
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BEXF SRAF AR B OCE DT A, LI AP BEH 250 mg- L' Skl RAE N BRI RE . A
WFFE AL : 200 mg- L7 Sk ffles ZAAESE M B AAT A I, HAEAG A E ZF A RN . AT o
TR | AR YL ] B IR I )X AR ) ) 35 AL AR BN E ZAE I AR X 3 AN R T A
B YEROLEN 0.2, RYEIEIY 5 min, JLREIR4 2 d B, SR TEEBERAL, X5 L5
TEE R RS E R AR

ABIEFE LUE A I o SR, R T R AR R R i g A A SRR S SRR R
Wi, BCEHEESE VA E AR AR R, DR R b, R R UL, A AT R Sk A
PRROLRE | RGeS [ FISE SR R TR RGBT, M TSR &

4 5F ik
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