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ek RFIRE R D RE S 55 B8 R A0 BEAi

1 MORATT %

LR
TR R 84K TCHIH . ARFF R FM GV3101,
FH Y F 8 2R pERS-AtMET1 #4 fi AR L0 = LR AF o
Premix Taq™ Wl H TaKaRa A" ( HA) , 5|¥H
i TAHBRA RS, DNA T H Invitrogen 2y
Al (L) SERL.
1.2 Ak
12,1 AMET) % B eyt 840 SRR T % bk
¥ MW 2 35 31K pERS-AtMETI #% A A& #T
GV3101, £ PCR ¥&/GMRIE. PRHEUCRETEEM T
2mL LB IRIRKEFREE (&4 50 mg L™ H: WA R
17 mg- L7 FI4&F ) o, 28°C iR s 5% . W
2 mL FE IR T 100 mL 5 L0 FAHFAY LB 55350
IR IR HE R 2 OD {54 0.6 ~ 0.8,
Ik AR 85 9% 4 J5 i 84K 4% G T4 vl TR & 4
3~5 F i, P 1.5 emx1.5 cm A2, T 3k

1.1

Y1 2~3 J] o W4 A BRAT () i R B G ) 1R U R
Y 12~15 min, KB T IO R IR AR L WG SR T I
W, FER TSR SR (MS+0.5 mg' L' BA+
0.05mg' L 'NAA) LI 3d G, HEMkis
3 (MS+0.5 mg-L™' BA+0.05 mg-L'NAA+Timentin
200 mg-L+Hygromycin 3 mg-L™") I, 7EMRE N
28°C. 16 h/8 hoGJi il . JLHRSRAE 1 500~2 000 lax
TR TR, MBI ZERK ] 1~2 em B, R AR AR
MR EREFREL (1/2MS+0.02 mg- L™ NAA+0.05 mg-L™'
IBA+Timentin 200 mg-L™'+Hygromycin 3 mg-L™") 1
HEATAE AR o
122 #HuHse 5T HHEYERA
DNA 28G5 & ( TIANGEN, dbit) 4R
FE AR S X B ih 3L [ 40 DNA. AR 5 £ %0 pERS-
AtMET1 #4553 7 51 119 5 Hygromycin 3 K]
(HPT) 1) 51 %) HP, [R] B} 47 55 ¥4 43 HPT %k X Al
AMET1 £ 5% HM (5% 1) , F ABI Veriti
96 fLEAHEE PCR X ( ABI, [ ) #£47 PCR A&l
BV RN AR & R 20 pL: Premix Taq™ 10 L,
Primer-F(10 pmol-L™") 0.5 uL, Primer-R(10 pmol-L™)
0.5 uL, DNA Bz 5 uL, il ddH,0 ZLA4AFH 20 L.,
PCR W 240 : 95°C 1A E 5 min; 95°C A8 1
10s, 56°CiE kK 10s, 72°C #E 1 min 15 s, 3k
35 AR 72°C KAEM 7 min, §HEPEYIE T 1%
Tr IR B I L KA I, Axygen A \] (32
T e i Tl a7 6 Tl i 2 ik HM 3 14 | B,
¥E 3 50 B 2 & pMD™19-T Vector Cloning Kit
(TaKaRa, HZA) , #{L E. coliDHS5a ( TIANGEN,
Jea) , Gt ABEE, PRESHE TR T DNA
FEBINE . F DNAMAN 9.0 #4400 45 3 (1% 5
HF 515 H S P 3T Hox
123 #ARMEKRBGEARGFF AL L
1A L PR RR R R B AR %) 84K X IR TG 1 v i
(% 3~5 A7) , YIAL 1.0 cmx1.0 cm A P14,
M1 FEMKYT 2~3 M0, AT A 100 pmol L™

®1 EHNPCRENHEXSIMFT
Table 1 The primer sequences of PCR
5% B ik 30
F: TAAATAGCTGCGCCGATGGT
HP HPT 843

R: GGTTTCCACTATCGGCGAGT

F: CTGTCGGGCGTACACAAATC
HM HPT-AtMET1 1040

R: ACATCAGTTTCCAGAGCCGT
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17-p-ME " WERY A E e gR g b, BAFARZ
BC10 AR (HIETEIT | PRUER 358 24 i b
Fekk) , 2WHES, WAERIX A 0. 12h, B
SEF PR RALFE 0, 3. 6. 12, 24, 48, 96, 144 h,
Ab PR S BEALA B S AR, AR RS IR AT
—80°C UKAH, JHT RNA 21,
124 £ B & & Z & PCR ( qRT-PCR) # ]
AMET1 % W %9 % i % H EASY spin Plus {5 %)
RNA P f2 Ui & (Aidlab, dbit) 2 RI4RELZ
W V3 2R 15 e Ak BHLA ) ) B s PR R AR i R AR
RNA, 1 pg &l RNA FIF cDNA &, HEBRk
Fl DNA, W AKZ AT : 5xgDNA Eraser Buffer
2.0 uL, gDNA Eraser 1.0 pL, Total RNA 1 pg,
RNase Free H,O #M £ & 10 uL, 42°C 2 min, [A] I
R B0 P oim A MK & RNase Free HO 4 pL,
5xPrimeScript Buffer 2(for Real Time) 4 pL, RT
Primer Mix 1 plL, PrimeScript RT Enzyme Mix I
1L, 1R5)J5E 37°C TN 15 min, 85%C 5s Z 1k
B, —=20°C PRAFE o ¥ S 577 W) cDNA i B
SHEAE R SRR, 5 MR TaKaRa 24 #] 1) TB
Green™ Premix Ex Taq™ II ( Tli RNase HPlus ) ik
Rl & UL SONAR R, SR NARR A 20 uL, H
H, TB Green Premix Taqll (TliRNase HPlus ) 10 uL,
Primer-F (10 umol-L™") 0.8 pL, Primer-R(10 pmol-L™")
0.8 L, cDNA itk 2 uL, FIZET/KAMEZR 20 pL,
H] Roche Light Cycle 48011 %! %¢ ) % & PCR {X
(Roche, #i+ ) #EfF qRT-PCR L Ji, i FeJ
H: 95C30s; 95°CS5s, 60C30s, 40 PMEH;
95°C 5s, 60°C 1 min, 95°C; 50°C30s., 5|¥ W
% 20 Ul dctin HINS BN, BN 6 RER,
FH 2788 gt AT A

&2 qRT-PCR RMHEXS|MFESI
Table 2 The primer sequences of qRT-PCR

HEH Kb 5 MFF31(5-3")
F: AAACTGTAATGGTCCTCCCTCCG
Actin 195
R: GCATCATCACAATCACTCTCCGA
F: ACGGGTTGAGCATTGGAGTA
AtMET1 190

R: ATCCCCACCAGATGACTTGG

2 RGN

2.1 84K HEERMEEKNIKRE
4 J8 R A B A= 8 84K A% TG T 1 - A ) R

it sl . gt 3~4 d ISR AR A
AEH 3 mg L IR R MS b5t FikfT
PUHERR¥E, 29 10 d J5 M) P AL = A/ g
[ AdEHMEKR 05em A£G, HPitEEERT
TG AN BYIT, FRe 205 i i & 2= s
B BT R TR R A . & ad 2R (A
1A) Ji, BMEKE L em ZHMPMEZEDT, Ji5
BB & A 3 mg L 8 2 A AR A 18 45 57 2 vh i
RS, 49 10d 5 RAR (B 1B). Bith
et B A2 2 700 4>, FESMERIH G TR bR Y
Ptk 282 648 4, I AARAS 18 BRI A R btk
FERE

Notes: A: Resistant buds obtained by screening for 40 d on hygromycin
selection medium; B: Resistant plants obtained by screening for 30 d on

hygromycin rooting medium.

B 1 HESF R ERERS
Fig.1 The hygromycin resistant buds and resistant plants
of AtMET1 transgenic P. albaxP. glandulosa ‘84K’

2.2 HEEEERES TR

P WY A= RUAR AR AN 18 MR BT A Bk A A 4 A
DNA, PUFR A BHEST BE, DUEFA: 7 84K 4750 B
PEXTRR, #EAT PCR A, HP 5199 H45 R Bon
RAFIY 18 #R IR R PUIEA R ) DNA B0 1
843 bp HYE RIS, SR H A& K IMART (K] 2);
DX T AR AMET1 PR 54740 35 KT 20 D3 14 [m] I
FA, it HM 5198 8 HPT BEA R Ui 119 bp
F| AtMET1 FE K F 70 233 bp T4, A& P
[H[H] 688 bp A FE . PCR &5 4 Wox: ik 18 £k
HP JE K FHPERED™ H 1 45 1 040 bp K/ &,
S 5 6 5 KANAARF (K] 3). DL EE5RIERT
B ERIBRG L HMEF T A 84K 1, 4b
Y5 I PR ) S AL LA N 2.78 %o 3X 18 BRFHEAE
AT AT A AM-1~18#.

VIR 3 B4y, St i il alifb s i
A pMD™19-T Vector #{& ( TaKaRa) , HEHCFI
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31 5 JERL 51 FE X 45 SR AR LR R 100%, FHodr, 38

M 1

2 3 4 5

1 000 bp
750 bp

B R PUMEEE A P O 119 bp (18] 4A)

AtMET1 FEH PR 102 bp (E4B) o

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

. M: DL2000 Marker; 1: BAPEXTHE; 2. PHPEXTHRE; 3~20: % AMMETI FEHEBUIEHEE

Notes: M: DL2000 Marker; 1: Negative control; 2: Positive control; 3~20: hygromycin resistant plants

& 2

itEkM B REERE PCR &0

Fig. 2 PCR detection of HPT gene in AtMET1 transgenic P. albax P. glandulosa‘84K’ plants
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2000 bp
1 000 bp

9 10 11 1213

1415 16 17 18 19 20

¥ : M: DL2000 Marker; 1: BPEXTHR; 2. FHPEXTHR; 3~20: #% AMET1 SEHEBUIEAEE

Notes: M: DL2000 Marker; 1: Negative control; 2: Positive control; 3~20: hygromycin resistant plants

B3

PUiEAEVE HM 5|93 1845 R

Fig. 3 PCR detection of HPT and AtMET1 gene in AtMET] transgenic P. albaxP. glandulosa ‘84K’ plants
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atggtggaaaatggggctaaagctgogaagogaaagaagagaccacttccagagattcaagaggtagaagatgtacctaggacgaggagaccaaggege

A R R PUMERE D LUXTAR, B: AtMET! BEPH HEXS 2524
A: Alignment results of the HPT gene; B: Alignment results of AtMET1 gene
B4 PHIMEAER DNA M EITEER

Fig. 4 Alignment results of HPT gene andAtMET1 gene by DNA sequencing of the transgenic
P. albaxP. glandulosa‘84K’ plants.
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R TR LR R XVE REERES A RUS
Bl H 13 R 33k DL R H A KOT-Fifl 17-p-MfE — it ik
PR AR R, A I PRI MEL R A BN
] B[] ) AM-1#85 1K it Jr & RNA,  FI ] qRT-
PCR kil A:tMET1 JE )RR GO 45 R Es .
F1 100 pmol- L™ /9 17-g-Mff — AL PR , BF A= RlAE

PRALEE 12 h S5ACPEFT—FF, HRBCA H AU HEA %R
ks FIEREMRR A S H SRR BA Rk, 15
T3 h i H RS ) Rk Bk B i R, Ab B
6 h J5F55 NI, 4B 12 h G FFIIF;, 403 24 h LU
R IR R EAN AT 12 h I —2F (K 5)
DI 250U, ME R BRI 8055 T i LR A
1 XVE REHEF A s FE gh, il T e R
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lg (Relative quantification)
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S
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CK AM-1
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5 FHEREEKRT AMET1 BiFSRIERN
Fig. 5 Expression of AtMETLin leaf of transgenic P.
albax P. glandulosa‘84K’induced by 17-f-estradiol
treatment

3 it

RIS 2 17--M B S L4558 3h
T AtMET1 3 R AT R A 25T A 84K # 5
R, FHFIH qRT-PCR kil H i AtMET1 SE A (1)
IR 17-p-ME 175 S R A2 LR, 2
T, AbH 3 h H A Y SRk R B K,
BHISTEALFE 6 h B Kih i TR, AbEE 12 h i i [A]
T, Ab3E 24 WD) 5 R A m R RN R AL 12 h B
—24, ULEHALAI T 50 17-8-0E B RE R A &L
MR AMET1 JER eI P 1k

Zuo FM G R, A 2 umol-L™' () 17-p-if
TR PRI ST A, H SRR ) 3R R Bl A b B
B[] A 38 N I 28 L, 7E 24 h B A B i s )5 1%
W A S R BN, 2 pmol LT Y
17-p-fE —FEAL BRAR B4l 1, 7E 48 h i) H AR R
N BarHEFEC B Bon, A 50 pmol L
() 17-p-ME Z BRI K AMET 5 DX % I 6 A A 4 2
MR AT R IR, AMEAE 12 h B Rk 5 i
o AL DR, ¥ AMET! FEN R 7E
HCE T 100 umol-L7" M —ERE R IE A, ANEIERH
MIZRINTAE 3 h IR RIS, X AT RERE =7 AR
. — 2SS R, ABFTME A S g0 2
RO SR 100 wmol-L" %) 17-B-ME x4 3 [ 47
Yt R AT AR B, BT R AR TR R R AR
1) 2~50 %, A REREOHE TR 3l W I E] B A
TR AORTR], AT A Ik R R R 1) Ak

AT AR, AR ST SRR MR I A S
KR rh AT R iR IR B 3235 s R FEXT
A, AW ERIEBW R 2R R
T, ANETHURETT . RS RANY), REH T
Yy g 22 52 5 B0m B [ AR R] o S SRR R A
0~3 h Z [ AT Hf [ b ab 2, HIHEZEEHE3h
AL E A EE G, FEALBE 6 h i, HFEF AR
SKFRAR, FLIFPR AT e AMET BEPRLER i rh 223k
Bk ERER, 5 RdDM ( RNA-directed DNA
methylation ) A EAER &L T H SR DUER (TGS,
transcriptional gene silencing ) **, E[l siRNA ( Small
interfering RNA ) X1#! mRNA 7F=4: T REfi, piE
VSRR IR, H A FER 0 355 WAL, X
AIRES 17-p-ME B RAR A G, Snyder 2527 BIFSY
FH, MBRET 290~720 nm 2 [8] 1L LK G
F, R 17-p-M BT A 26%.
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g TR R e ik Oy KB, A, AT
AR, AT TR RIUIEEF 648 1>, &R
i 16 S 43 Far T o i AR A T 18 R B kDR A R
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B, BEME ARSI SNE LR AtMET (3235, dEim
R A8 10 1o 0] A ik PRIABL AR5 S i I R PR 2 PP AR O
DI RRAIVER XTI, HERRFE S F v Al P R
T BN RAS Syt —D 9 MET1 BERTE
AR DR 2 R AR 4 T AR P AL 24 S
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Genetic Transformation of AtMET1 in Populus alba x P. glandulosa
‘84K’ and Its Chemical-inducible Expression Analysis

WU Xiao-juan, LU Jun-qian, CHANG Ying-ying, ZHONG Shan-chen, SU Xiao-hua, ZHANG Bing-yu

(State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland
Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To study the chemically-induced expression characteristics of Arabidopsis thaliana methyl-
transferase gene AtMET!1 in Populus alba x P. glandulosa '84K', to lay a foundation for the establishment of the pop-
lar methylation-induced variation system and genetic improvement of poplars. [Method] The chemically-induced
promoter and AtMET1 were transformed into genome of P. alba x P. glandulosa '84K' using Agrobacterium-medi-
ated transformation. The hygromycin resistant plants were obtained and transgenic plants were identified as by tradi-
tional PCR and DNA sequencing. The chemical inducer 17- B -estradiol was used to induce expression of A/MET!1 in
leaves of in vitro leaves of a transgenic line for 0, 3, 6, 12, 24, 48, 96 and 144 h, and the expression of AtMET 1 gene
was detected by Quantitative Real-time PCR (qRT-PCR). [Result] A total of 648 hygromycin resistant buds were
obtained, among them 18 hygromycin resistant plants were screened, and all of them were identified to be transgenic
plants by molecular detection method. qRT-PCR showed that the expression of AtMET1 reached its highest at 3 h
by17- B -estradiol treatment, then decreased at 6 h, increased at 12 h and decreased again to less than half of the ex-
pression at 12 h. [Conclusion] The chemical inducer can efficiently and rapidly induce the expression of AtMET] in
transgenic poplar plant, that laid a solid foundation for the regulation mechanism of MET1 in poplars and provided
new idea and method for chemical induction of genes and genetic improvement of poplars.

Keywords: methyltransferase gene; Populus alba % Populus glandulosa ‘84K’; transgenic plant; 17-p-estradiol;

chemical-inducible expression

(TUATLZisH: 5k BF)


http://dx.doi.org/10.1038/nprot.2006.286
http://dx.doi.org/10.7525/j.issn.1673-5102.2017.04.009
http://dx.doi.org/10.1038/nprot.2006.286
http://dx.doi.org/10.7525/j.issn.1673-5102.2017.04.009
http://dx.doi.org/10.1038/nprot.2006.286
http://dx.doi.org/10.7525/j.issn.1673-5102.2017.04.009

