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Abstract

The plant transgenic technology is commonly used in biology research, and it is one of important

contents in undergraduate experimental teaching courses. In this paper, the experimental project for plant transgenic

technology is re-integrated and designed by combing multiple plant transgenic technologies. The comprehensive

experimental project includes the production of transgenic plants, screening of transgenic plants and multi-level

identification of transgenic effects. We also explore the feasibility of implementation for the experimental project,

and give some detailed suggestions for its implementation. The experimental teaching design can be considered as a

new exploration and attempt for the reform of the undergraduate biology experimental course.
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A: Big%7 d; B: 159812 d; C: H59735 d; D: K79%39 d.
A: screening culture for 7 days; B: screening culture for 12 days; C:
screening culture for 35 days; D: screening culture for 39 days.
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Fig.2 The explants from transgenic tobacco via leaf disc
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ORI 2) R DNA B 7 A AN ()5, 4tk
PELE PR R T NN PSR A A B 5 R (S 2 2
i) L B AT LU S 1 v

3 KEERER)
3.1 BEEEKRNRS
T3 A PR IR Ik 0 108 D I ik 3K 15 g fp
M R R R (M BV, B2), TR A 2 IR
AP IR 5E
3.2 MEHLEBA BB R E A {n AR fscit 4E
(B ETHIER )RR E A G
OrES/NECE T UG BB . ERDIR
N, G B ) A 4 4 S B S A (9 (B3 A

A TR 2R 16k BN S @ 5 AL 2R m] WO R s B WA 3R S B
PERHT s L GVE T (9O 15 Co o AL s L GEm] I
6N D: 0 B RS i A2 (9O 1
A: positive tobacco callus under visible light; B: positive tobacco callus
under blue fluorescence; C: control tobacco callus under visible light; D:
control tobacco callus under blue fluorescence.
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Fig.3 Results of direct phenotype observation on protein

expression level (50%)
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500 bpfr Ak 3L T W GIYPCR A4, T AL ZEA
IS R B VAT AR (RIS A), AT Wgfp ke D6 R D e
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K/ 5508 bp i Bl — 5l 31 Y lgfp A= K 1151 4), 5%
s 4IPCR 7 HJ 1 £9500 bpfil B At B T W) G fUPCR

Az TTWOG TR Bl (9O 6IR T .
A: under visible light; B: under blue fluorescence.
BEl4 EaT R R pERE M 4R F RIE1E R (400%)

Fig.4 Gfp expression in transgenic tobacco leaf

I ¢k ac

via injection (400%)

HIEI3B), Mk HAHL 1 4 2 23 0] 52 40 (I3 CHFN K] —
3D).
3.3 ESHREHITING R E R RIA KL

1 T-DNAZ /A pCAMBIA 1300(1) 4 F1 1% EHA105 ﬂ
2 YEBY KH: 98 R IR0 ARG 9% )5, B MES g
FIASTRIMS AR FEA B 5 5L B8, 4k 1M v 5 2 A AL

MR 2 dE kI, 7RI AR A R T, E

BRI R VRR BB AL S SR K, BT
TS NS, AIAT o Al A DG TR T ISR
5 G(K14), 21 gfp 3k PRI AEIX L 41 i Hh B ) 208
34 HEFEKRNETEERBEKFRFERKT)
FH Trizol i 71 1l 12 $12 W 512 565 2 R %o Joe 20 08 5 7
i 44 2L IRRNA, HE4TRT-PCR, <5 ZHPCR™ W {E 2

1 PCRAS I 5% S (1) 4 e DRI A 55 % DX AL (7 Sk P i b gfp 2 A8 4
cke % JRALIH TN 415 ac: 75 H T-DNAZL AApCAMBIA 1300 J50HL (7
SKITHR N gfp A A4 ) o
1: positive transgenic tobacco (array is the gfp hybridization bands); ck:
control tobacco; ac: T-DNA vector pPCAMBIA 1300 plasmid (array is the
gfp hybridization bands).

6 FEE[EHRE AYSouthern blotZ: 3 45 R

Fig.6 Southern blot results for transgenic tobacco

(A) M 1 2 cklck2 (B)
bp bp
2000 2000 —
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- i
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A FILDIRH R 5 /K PRT-PCRATIN; M: DL2000A5HEAH X 431 - Marker; 1: %5 56 DRGHE RN AZEAT (1508 bp gfp 3 M [HRT-PCRY™1; 2: A ]
P 215 | 0t B PR 4 ¥ actin(BEU938079. DHEAT RT-PCRY 4%, ck1: X AT E FIRNATEAT (1508 bp gfp A K RT-PCRY 44, ck2: TN 2141
YIx et AT B actin(EU938079. AT (RT-PCRY . B: FEIR A1/ 156 e KL DR AR B PCRAGIN (508 bp gfp 4 Kegfp); M: DL2000FRIHERI XS 43
TR Marker; 1 3: 00 B3 RIH B 1 SR A 21 0EAT 19508 bp gfp IIPCRY ;2 4: Sy KL DRH = (K 3 PRI AL AT (K14 K fpIPCRY 45 ekl ck2:
g of B A ) B R AH R4 T 1508 bp gfp A4 Kegfp HE K (IPCRY™ 18 7. 8: 1B T-DNA A pCAMBIA 13005 Kk 1T (11508 bp gfpFl4: K gfpdk
IJPCRY" 1,

A: RT-PCR results; M: DL2000 marker; 1: transgenic tobacco results (product length: 508 bp); 2: internal reference gene actin RT-PCR results for
transgenic tobacco; ckl1: gfp RT-PCR for control tobacco results (product length: 508 bp); ck2: internal reference gene actin RT-PCR results for control
tobacco. B: PCR identification on genome level (508 bp and full length products); M: DL2000 marker; 1,3: PCR results for transgenic tobacco (508 bp
product); 2,4: PCR results for transgenic tobacco (full length product); ckl,ck2: separately, PCR results (508 bp and full length products) for control
tobacco; 7,8: separately, PCR results (508 bp and full length products) for T-DNA vector pPCAMBIA1300 plasmid.
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Fig.5 Gfp expression identification on transcription and genome levels



200

UG

il X IRZH AT A LR 4545, W0 IF B gfp 3L A
GBI RL R 2

FFPCR 5 FH 1 1R K 2 7@ 45 20 2R IR A DN AT
17 SouthernZ4 A2 43 #r, 45 H W 7x, PCRY™ 1Y 52 1% 1)
JH R R A DN A W] 5 gfp IR E 7= AR 4248 5 5, 1%y
WA R 2445 5, 6T n. T, 73 1448
Y S8 gfp ik IR e N TRV 2, AR F &85 SR HE T ARl
PSEGTPAIL K21

4 111

M= BE DR S 06 T R R 45 R, VA
TR EAW AL T, S8 IR, AL
Foe, HAT AT BIFESE RAEAR, 2% A0 T B si 5
SRR S EIRIRZ . AR R g
] 5 H A A HE(2~3 dPY), 1T LAWLER 2 gfp B R 7E I
2 16 P PR R I TR ORI 2, AN 2 AT
Tk e e, TR AL IR bk . RARTER
FHAUFE TR AR 0y SESRAA L, S50 R ARG, m BASE
IR B A DT SR A 55 DRTARLRR, ) I ] ALk 2%
AT R R IR R R R R . N H AT
LA RE, AT T R BB AR A A
FERL AR R AR . AR S E A S %
PN A0 G T R 40 2t 5 DRI R (R A G STk 1 5t |, 25
B R Z AR AR SIS HCE IO, e T 5
DT 52 AAE R 400 v B0 N ) S 56 DR R A 2, Il
KB MIA R R FRBAR =Rl LR T v 0 2 it
PCRE{A . SouthernZ#AZ 43 AR DNAKEK HL UK £ AR
G2 IEARMBMITR RE; R, AL N A A
ORI AR, WA R, L IE R 315
WD PIPETRE . FEASR L, 25 K75 1K
i 21 58 AR DRV Ak R 2y, 43 ) AR K-
B SR KOV RN DR 21 KT L AT A DU R %5, A5 D
TR R (U 25, (R BE DR ) SR AR v, R
FH T = AN [ (R 2 35 IR 4 0o 00 R0 48 e T A [+
A LRAL 3 AT R b, AR T AR T
fiR i L IR BEAR, TFAR LSS o 78 S 06 IR 10 55 I o B,
b2 AT AT SR BT, DL IR 22 1 S 56
T3 V5, T ks BRRL S 6 BIE A 55 9% 24 AR BTS2 56 1)
REJI I H Ao

A S0 PR IS 5 7 4R AR 27 AL S B0 PE Bl i 4 4%
AFHE R IT B, AHT I ISR 56 45 R R AE b 50
K2 iy B 2 2 g S i34 (2010 28 ~2013 25 il ks FE

FHSE I PR A 5 1) R 52 B BOR KA, 9256 45 R W]
B RN R, IR E O AR T
A SRR 20 ) AR AR OGBS IR AR S TR

R ) B 12009 Jis AN o} A S0 S TR 27 £E A 52 B
J7 SR REF AT, SOt T SO IR Z T
DRIEAE YA P

S 3K (References)

1 2K P AU 27 SO M e e R A 2 T A N A 2 TR R
PR T B N e T R 2 (2010-20204F). A IR
(National middle and long term education reform and development
plan outline working group office. National medium-and long-term
plan for education reform and development (2010-2020). People’s
Daily), 2010-03-01.

2 AR KSR RN o R DL IR B TRk L . e
%t WF 57 (Zhongzubu Yaoxun. Preferred College Students project
is used to train students with special measures. Dangjian Yanjiu)
2011; 8: 40.

3 BN, KRBV, WARBL. RIS R 2 oh & IR IR
FERCE ST = A (OB R)(Li Wanjie, Song
Hongtao, Xiang Benqgiong. Design and discussion of biology
comprehensive experiment for Liyun top innovative talent class-
es. Biology Teaching in University, Electronic Edition) 2014;
3(4): 31-4.

4 R, BRI, v S A A ) S 6 0 A AR S AR s
5+ R 5 4% 3 (Song Weiping, Geng Minghua. Exploration on
the university experimental teaching system and mode of biol-
ogy in China. Experimental Technology and Management) 2009;
26(6): 120-4.

5 Draper J, Davey MR, Freeman JP, Cocking EC, Cox BJ. Ti plas-
mid homologous sequences present in tissues from Agrobacterium
plasmid-transformed petunia protoplasts. Plant and Cell Physiol-
ogy 1982; 23(3): 451-8.

6 Herrera-Estrella L, van den Broeck G, Maenhaut R, van Montagu
M, Schell J, Timko M, et al. Light-inducible and chloroplast-as-
sociated expression of a chimaeric gene introduced into Nicotiana
tabacum using a Ti plasmid vector. Nature 1984; 310(5973): 115-
20.

7 R, AR Bk, G, ThAL T R SR EOR N VAR
LR L2 (Gao Junshan, Lin Yi, Ye Xingguo, Ma Chuanxi.
Summary of the techniques and methods of plant gene transfor-
mation. Journal of Anhui Agricultural Sciences) 2003; 31(5):
802-5.

8 W, BT VEET, VLR, R HE D T iR . L AR A (Ye
Jianming, Tang Kexuan, Shen Daleng. The methods for transfer-
ring genes into plants. Chinese Bulletin of Life Sciences) 1999;
11(2): 58-60.

9 O, M, SR, RAIER TR S A SRR R S
. =1#it ¥x(Wang Li, Si Huaijun, Zhang Junlian. Exploration
and practice of practical teaching reform in plant genetic engi-
neering. Higher Education Forum) 2014; 4(4): 64-7.

10 AR K, R S, BEHAR. ARHE AN S RE A TR S
URFE A 5 92k, 15t/ (Lin Xiaofei, Zheng Rong, Mo Rigen.
Research-oriented experimental course of plant cell and gene en-
gineering for undergraduates. Hereditas) 2015; 37(4): 402-6.



RV R IR N BORAE AR S PR R (R RO St 201

17
18

19

20

Horsch RB. A simple and general method for transferring genes
into plants. Science 1985; 227(4691): 1229-31.

OB, KO KT BRSNS E LA RS IR0 S
AL #E(Li Yin, Zhang Yishun. Study on agrobacterium tume-
faciens-mediated transient transformation of tobacco by infiltra-
tion. Experimental Technology and Management) 2010; 27(11):
50-2.

Steven JC, Andrew FB. Floral dip: A simplified method for
agrobacterium-mediated transformation of Arabidopsis thaliana.
Plant J 1998; 16(6): 735-43.

Shimonmra O, Johnson FH, Saiga Y. Extraction, purification and
properties of aequorin, a bioluminescent protein from the lumi-
nous hydromedusan, 4equorea. J Cell Comp Physiol 1962; 59:
223-39.

Byebier BF, Deboeck F, Greve HD, Montagu MV, Hernalsteens
JP. T-DNA organization in tumor cultures and transgenic plants
of the monocotyledon Asparagus officinalis. Proc Natl Acad Sci
USA 1987; 84(15): 5345-9.

L=, KK bR g JE D AR SR D AT, Al S R
(Ma Sanmei, Wang Yongfei. The difference of marker gene and
reporter gene. Agriculture & Technology) 2005; 25(3): 79-80.
Jim H, Brad A. GFP in plants. Trends Genet 1995; 11(8): 328-9.
WP, AR ORAE. R ILIE IR 3 IR RS S D S
PRI % 5E . K250 M (Zeng Qingping, Li Baojian.
Leaf-disc coculture mediated gene transfer and the expression
and identification of foreign genes in transgenic plants.
Supplement to the Acta Scientiarum Naturalium Universitatis
Sunyatseni) 1989; 8(4): 29-39.

TR, Uk, A, HOB AR SUERNA R
THFEHIER. Hh [E A 24T 4 (Ding Fuzhang, Li Jixin, Yuan Youbo,
Lei Bo. Effectve isolation of total RNA from tobacco tissues.
Chinese Agricultural Science Bulletin) 2007; 23(12): 98-101.

B RJRIM, SKEEL ) BN, AR, BROM, A% WeSE A

21

23

24

25

26

27

1A ek 2 T 18 v A i DR AR B (R R . £ 422 R (Lu Yan, Xu
Zhaoshi, Zhang Ruiyue, Liu Li, Li Liancheng, Chen Ming, ef al.
Overexpression of W6 gene increases salt tolerance in transgenic
tobacco plants. Acta Agronomica Sinica) 2008; 34(6): 984-90.

) AT B A 9L BOR R 2. bt JEstmE R iR
#(Xiang Bengiong. Xiandai Shengwuxue Shiyan Zhidao. Bei-
jing: Beijing Normal University Publication Group) 2009, 121-9.
Southern EM. Detection of specific sequences among DNA frag-
ments separated by gel electrophoresis. J] Mol Biol 1975; 98(3):
503-17.

WHUEA. R R DR AR —— [l i 5 i . A4 24 (Yang Wei-
cai. Plant transgenic technology: Past and current development.
Chinese Bulletin of Botany) 2013; 48(1): 6-9.

RUEA, LB 9K, FEIE, BB, EER L KRR
JHE I I BRI A AR, ZR B AL R 22 (W Yinggjie,
Jiang Bo, Zhang Yan, Li Yanbang, Wang Yucheng. Transient ex-

pression in tobacco by agrobacterium-mediated transformation.
Journal of Northeast Forest University) 2010; 38(9): 110-2.
¥R, E W, T % AN R IXChIFN-y & I WFST. T
IR Ak Bl 22 (Luo Xi, Wang Tao, Lu Biao. Analysis of transient
expression in plants by ChIFN-y. Guangdong Nongye Kexue)
2013; 4: 128-30.

SERVE, M OOR, TRk, g L R R T R AR
(Floral-dip) A7 {E [ 1) @ & 5 2.+ [ £ i Tolk(Dang Zhisheng,
Xiao Chengbin, Ma Yanlin, Ma Jianzhong. The problems and
countermeasures of floral-dip by agrobacterium-mediated. Food
and Beverage Industry) 2014; 6: 58.

WREAR, 2= J7, VEEAR, ok LB, @500, SIRCTABIAH T2
A AR A ) A1 2L TR 4L DNAR K f $2 K. 182 4% (Chen Kunsong,
Li Fang, Xu Changjie, Zhang Shanglong, Fu Chengxin. An ef-
ficient macro-method of genomic DNA isolation from actinidia
chinensis leaves. Hereditas) 2004; 26(4): 529-31.





