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Genetic Stability Analysis of Exogenous Gene in Long-term Cultured
Cucumber Hairy Roots

CAO Qing-feng, XIANG Tai-he’, MENG Sha-sha, WANG Sha-sha, and LU Wen-yi

(College of Life and Environment Sciences, Hangzhou Normal University, Hangzhou 310036, China)

Abstract: In this study, it was investigated that the genetic stability of gfp gene in the cucumber hairy
roots that had been cultured on solid medium for 3 years. The analysis of PCR for gfp and rol (root loci)
genes, qRT-PCR for gfp gene and Western blot for GFP protein were conducted, while green fluorescence
was checked on hairy roots. The results showed that the expression of gfp driven by constitutive promoter
35S was relatively stable at both mRNA and protein levels. Furthermore, the morphology-related rol genes
of the hairy roots after 3-year culturing can be amplified. Overall, this study provided important
experimental supports for using hairy roots in the long-term industrial production of proteins and active
ingredients of medicinal plants.
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T AN R AFAE R S A AT AN BE DAL () B R v] LB T MRS R D e iR 70 A, o m] R4
O AE PR £ A U IR 4 32, BT DU AR RN, AR 23 B AR ASSNIE L DR IR (R 2 1 )
PAK AR 25 AR RO TGP E B 73 o TR 8% SR A 2 e i R SR RORR W DASRAS AT B2 O ) 47t
5, FIHASHBIRREEA SHARAS B OB F4 55, 2004; Chang et al., 2005; Guillon et al.,
2006; Georgiev et al., 2007; Wubben et al., 2009; de Guzman et al., 2011). 4EIRARH T4 74b
V5 2K (1) R 1 P N 2 R s 1 Js oy, B D MR e B (00 1 ), 00 BRI ) S e
By IR BHH, Peebles 55 (2007, 2009) iEH; ofp HKAR{E (Catharanthus roseus) EJIRIRKGFE 5 )5,
PN it PCR TSR AEAL I 2 gfp MIZRIAME 5 o AWFFH DA AR 72 10 3 B AR, X 3L
KRR TR G AN DR R AR AR PR AT T 204 o

QY ViR SRS DARES

1.1 I

Feap O ER R (gfp) BRAR A A SLIG 5 AE 2008 4 10 H h 3 IR AR AR AT B K599 (i
A W FCRE pRi2659 AN TR pBIN-35S-GFP) {2 448 I Al ‘NC-46" M5 IR (R
KL, 2008; i ybyb 45, 20100, 7 gfp BokiddiAk pBIN-35S-GFP &3 WL 1. [F]F, ) H AR 2
RN B K599 U7 WU FORL pRi2659) 12 4B JINEL T “NC-46" 5 F3R1HET AR AR,
DAY A 70 RT3 55 DR S A i (RARATE b 5o R

o .‘“ﬂ-h_ EcoR [
~ LB
. ™ FeoR 1 ~MCS
orT Lac 7
] S Age 1
/ Nos-ter Kpn1
fo . Sma |
/ oriV GIP = Xma |
{ PR BamH 1
pBIN-355-GFP Yol

~13 700 bp 355 Pst 1
— P

1 pBIN-35S-GFP HiZ
Fig. 1 Diagram of the vector pBIN-35S-GFP

1.2 BRBREKEPBEEF

XFSRIFIO AR, BERG 30 d 2o A7 HUAE K HE R (0 B RAR TG 3 ~ 5 om B4 AT I RE IR B4 T 4K 4R,
BRI A EAT ISR M MS (0O [ERRRFREE, BRaRilEh (22+2) C, #it.
1.3 gfp #Arol Crootloci) firmARFIEEH PCR ¥ 18

752011 4F 10 H, B4R % 3 42 DL BB BRI AR 2R DL A B AR A B RAR A AR R A S 2R
HI IR, FIH i Sangon 23 = AT XA ) 3k R 4 S G ) S R HOHRE DA 2 DNA AR ofp J7 41 (GenBank
k5 U17997) it PCR 514, #E4T PCR 44, £l H bR BEDA; [FIEF, AR4% Bk pRi2659 | T-DNA
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Fr &4 18 rolA. rolB F1 rolC J¥%1] (GenBank %$icl% EF433766) %1t PCR 5|4, M7 PCR ¥ 44, &
W5 BIRRTE AR RN . 5P HI02 1, 519 Ll Sangon 2w & .

PCR 434 [ N ARy 35 L, Jerd403% 0.2 uL 10 mmol - L™ dNTP JE44, 2 uL 10 pmol - L™ PCR
5141, 2 U Taqg DNA ZAHEFIZ) 0.2 ng DNA. FHSEE ABI 24 ) PE9700 4 DNA 843174 1 [
o PCR SNFEFHN: 94 CHIALYE 5 min; 94 CASME 60s, 55 CiBk 60s, 72 CHEAH 90s, 3L 30
AMEIR; 72 CHEfH 10 min, 4 CIRAEH

TR 1.2% B IE R REE E vk 1.5 h (5 V- em™), JAL 24F (EtBr) 44, H]24[H Bio/Rad
B % RGNS I IR AL %

£ 1 HWNERRBIT PCR I HEEAMSIY

Table 1 PCR primers used in hairy root identification

CIE/E S S1FS (5'—3") PCR 7~ K J&/bp
Primer name Primer sequences (5'—3") Length of PCR products
GFP-P1 GTCAGTGGAGAGGGTGAAGG 538

GFP-P2 AAAGGGCAGATTGTGTGGAC

rolA-P1 GCTCGTTGTCTCCGACCTAT 215

rolA-P2 GGTCTGAATATTCCGGTCCA

rolB-P1 GCCAGCATTTTTGGTGAACT 703

rolB-P2 GGCACTGAACTTGCCGTTAT

rolC-P1 ATGGCGGAATTTGACCTATG 433

rolC-P2 TTAGTTCCATCTGCCCATCC

1.4 ofp IR KXEE PCR 2
F RNA $2HGRI & (TaKaRa A w]) AR Hn 4 AE Ut 0 BHEICERM L RNA; ] Fermentas 23 7] ik
#%r RevertAid™ First Strand cDNA Synthesis Kit #4705 5%, #REAEBI32E47; B SYBR Green
Realtime PCR Master Mix (TaKaRa A #]) MAT9¢0 & 8 PCR (qRT-PCR) #1#4. 41 /K actin J¥
%1)( GenBank it "5 DQ115883) ¥ 11514 actin-P1(5-TTGAACCACCACTGAGGACA-3") fll actin-P2
(5-GGAGCTGAGAGATTCCGTTG-3") , ##KLN 160 bp, HA WL RMEANS. Wi ofp ¥
%] (GenBank *ic 5 U17997) #1514 gfp-qP1 (5'-GGTGATGCAACATACGGAAA-3") Al gfp-qP2
(5'-TACATAACCTTCGGGCATGG-3") , # H4KJEH 177 bp, #kAT gfp KIEE 4T, H Strategene
23] MX3000P 2458 ¢ 7 PCR ACHEATY . 2¢)65E f PCR 4t ih 95 °C 2 min: BJE 95 °C 30
s, 59 °C30s, 72°C 20s, HEAT 40 NMEIR, S5WJ5 4 CIR1F. S Livak fl Schmittgen (2001) [
JEVEE ofp MRS AR, B MIXPRIAE = 22T, M CT WREM A TOME Sk 23— &
BIAH ) PCR S MG IR S

1.5 Western blot 233 LA K xS

FIH Roche 24 w8 AR G A2 B S 8 B 5T, Bradford VAR TR EE R, FLH 15%
(1073 B IR 5% i 4 I, 715 25wkl S B 1 ERE IO 12 pg, $&0 I V5EAT SDS-PAGE 281 HY
VK, R L R0 B T ENIRE PVDF B Lo AKIREE 5% IR 2R 93 i, b 1: 1000 % dfist GFP
PriasshE e i) Actin JriA/E A NS X (51, L Cell Singal Technology A wl) LA
1:500 HRP - 23514 1gG (—P1) , 845 REAT X-film M6 .

LK (Zeiss) ZIRERMEE (M5 Axio imager) 7EW (AR (UEGHT FITC) X EIRHR
HATHOEMES, FEn] WG FHEAT A LL S, Il .
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2.1 KEAEFFHIEARIR S gfp 0 rol RFIEER) PCR # &4 R

EURARKT 77 3 I BARAR 3 AR R (Fi'5 4 L1 L2 F1 L3) 34T gfp L rolA. rolB Fl rolC
(K3, &5 5By PN 5400 220, 700 AT 430 bp A B (2, A, B. CHID); Ef/ER
(1 EARMRBEY 48 HH rolA. rolB 1 rolC F B, (HIE ofp A B SEA T IRAR AR 3 HATA 45717

M P c1 2 11 Lz L3 M P c1 2 11 Lz L3

750 b 750 bp
500 hB —540bp 500 bp
150 bp 150 bp 220 bp
100 bp 100 bp
750 bp 700bp 750 bp
500 bp 500 bp —430 bp
150 bp 150 bp
100 bp 100 bp
& D

B2 @5 3 EHERRD ofp (A rolA (B). rolB (C) FirolC (D) EFEE PCR I HELER
M: DS2000 DNA Fr#fE4rFH; P: itk pBIN-35S-GFP/pRi2659; Cl: ARFEFEDR LA
C2: WAEARIFIRM: L1, L2, L3: BRI K.
Fig.2 PCR amplification results of gfp (A), rolA (B), rolB (C) and rolC (D) genes in hairy roots subcultured 3 years
M: DS2000 DNA molecular marker; P: Plasmid pBIN-35S-GFP/pRi2659; C1: Non-transgenic root;
C2: Wild-type hairy root; L1, L2, L3: Hairy root lines.

22 KHIEFHERRS ofp HRIEER
FI6E B PCR AT 45 R o, e ofp (19 3 MRARAERIIN 2] ofp SRR, I8 MR 25%5
1ASSEA AR 1 AN B A2 R B PRAR B BeAT R 2] ofp AORIES 5 (3D

09 1
0.8 |
E 07|
1 % 06|
S
;fé 505
Z oo 04
EE o3}
0
M o02t
01 |
0
c1 c2 L1 L2 L3

2 Z Root lines

3 @RS 3 EMERRPINEER ofp RAEE PCR S
Cl: ARRLHEEDSEA A C2: BPAERIEAMRMR: L1, L2, L3: BRMRRAR.
Fig. 3 gRT-PCR analysis of gfp gene in hairy roots subcultured 3 years
Cl: Non-transgenic root; C2: Wild-type hairy root; L1, L2, L3: Hairy root lines.
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Western blot 45 R 7, ¥ gfp [f) 3 DNBPARHR 285 TR NZ) 26 kD 198 (Al (K
4), SEAERIOROANET B BPRARRHAAN, 10 5 DFEAIIRERACH Actin WS E T . fE9O
WA TS, B ofp IBIRIRBE A AR AU 2R (09t (B 5), R W] gfp 78 BARMR A BEIE W g hh ¢
I IEE A

26 kD —= -— GFP

-=— Actin

40 kD —=

B4 afeissr 3 /9% ofp ERIR Western blot 447
L1, L2, L3: BRMIFR; Cl: ARFEIERSTARM: C2: WAREIRM.
Fig. 4 Western blot of hairy roots harbouring gfp subcultured for 3 years
L1, L2, L3: Hairy root lines; Cl: Non-transgenic root; C2: Wild-type hairy root.

200 pm

5 BRWMBMKIET 3 FRIFE ofp BRR
A: ATHDER BRHOEE: B SOGRMED PSR IR RIS (0.
Fig. 5 The hairy roots subcultured for 3 years observed under microscope

A: Observed under visible light microscope; B: The strong green fluorescence emitted under fluorescent microscope.

3 e

HH R AR AR B A= G ) 40 g5 3 T2 i R e SR DR B R AR A B S OME, 0. 25 E
ARAE ) B T A2 7 A A 24 PR PR o0 s 3507 F AR DR ) i B0 N R MR AT IR, X R
AR AR ARAT TR 7 YAE 5 5 AR BIRAR W] T2 e N AR DR, 00T A2 H bR R R
WAL, IR T LAAE A 4 3 e Bt e e AR T 1 o X 1 0 e S R U 1k b 3% 7 BB
ARAL, T A I R b ORI N B RAR R AR R A R A8 2 PE 2 G EE2E . Hughes 45 (2002)
R AT R ARARAT R 15834 (R Y KA ATH ofp BN, b ofp BEDA Baobl Je i %155 5 24
Ja 8¥ (glucocorticoid inducible promoter) JXzj; Peebles 55 (2007, 2009) Hf— L1l it %% & & PCR
KR, % ofp MAKHFELBRIRIEBEIE TR &M NRREETE 5 )5, TRk b ofp UReRs 7
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FRIE, EARRNEEEN, ARSI EBRRIEEA KN rol RAPBLHEFTEIL. AFTEHH gip
BV 3 SRR A AR ARAT R K599 17 B3t kAT, gfp AL R 31 358 B, A8 [ Akr 7t 1
ARACHEFR 3 4, TSR W, ofp AMUAERE K LREW IR W 3L, M LRSS I Rt g i 2R
Fis BBAh, B3R 3 45 IBPMR AP 9 1 55 BIRMRIE S AT KK rol RAIILIN . 455 ABE5T4s
RN FRIE, A B FESERE AR MR A (e AT S ) 35 (I BARMRAE A
MIESFRAAT T i AR REFR) it KM IR 5 AN AR DR R HL SR AR KOIRES, IR HiAs
IR R BT (e ARSI 35D KSR, FER SR AR K R R
IEHRIE, B TR BRI RE O R L AR RE M, IO BRI ) e A = AR R 3R
I8 AR AN 25 TR IS PR B4 T PR A Hl
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