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Abstract The Silicon transporter protein OsLsil and OsLsi2 gene were transformed into Verbena nybrida to study the impacts on
Verbena nybrida. The PCR results showed that the Silicon transporter protein OsLsil and OsLsi2 gene were successfully transferred
into Verbena nybrida and the Normal transcription and expression of the Silicon transporter protein OsLsil and OsLsi2 gene in
transgenic Verbena nybrida were indentified by RT-PCR. The MDA (malondialdehyde), proline content, and SOD, POD activity of
Verbena nybrida were respectively tested on 0, 4 d, 7 d under the condition of 0°C treatment. These results strongly suggested that
the cold resistance of the transgenic Verbena nybrida was higher than non-transgenic Verbena nybrida., and the cold tolerance of
OsLsil gene transformed plants higher than the plants transformed with OsLsi2, which provided freezing-resistance germplasm of
Verbena nybrida., to some extent.
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MRE=R LAl 3 I TdiE, SaqE 2 EY b3k
R PR AR BRI MR E B BRI, HR TR DU R LR 5 (it FikiE
TR BN LTS DB SIERAREN, AL (FEMEAE, 2004, L5, 2003).
7 S ML REL) FA) D A, R AR 0 P ot o S W 5% 41 (Verbena nybrida) & I #f R R} 5 #i 5L )
Pho B, SREEVTUGRIEEROVRRING FiE  SHEARRIY, HESMImE, weads, CRH.
PRI TS5 ARG, MR N RESE SN E S Rk AES, TE5EHE, BN S5-11H, |
TEZ TACHI AT ISR S FEsp kL B A Z e KR
HAT, BEEICEMBORIARE, @R e TR AR (R, 2005, ERL
TREFRE AR S AEY, EASCRFEAMRER  HAEE, pp.193-194). {HE 3 LM IR FERE 715059,
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H iR s A 2 R AW ki 78 B
PR ES, AHE TR E TR R R
HPrIet,

RS HIRP S B —FEERLER, il
NRMEYEKRBIRELFTE TR LARZHIED
AR S Tk (ZEFI S, 2010) . R AT i I Ak
Rete R MR PTRE B . BhVR0 S AU E AR 1 R
71, BRZABIAB RN (5 E F1 52k, 2005).
Yool , 7E/KFE v b — Rk s B A 2R R (PR
HH4E, 2009), SEEFEAED PRI KAMAA R K
i Lsil (Low silicon rice 1)3E[H T E A 5wt 25
FEL A X0F 4 338 ek PR RO B A IS B s Lsi2 (Low
silicon rice 2)J& [ 32 B4 Tt Y At MY HHORE IR 2]
HPRRERIZ B, X PR SR DR AR A AR 4 SR A
ENAFESIOR ST

KA FOR R 1 B 1 FE K] OsLsil A1 OsLsi2 %%
N, BT TR 56 Lo hr FE MR (B2 o X482
PCR 7€ H BRIt e L K] 56 R AR2EAT RT-PCR £&x
W, SR TR IZHE HHEF OsLsil F1 OsLsi2 7£
FL R RENS IE R IRIA, ULHIXPRANMER &
BE R, )G AT ARIR AL BRI A A
PRIRAR, WU RRDR L LM B, ORISR
LB FE TR T R B E FE At o

1 &80
1.1 %% OsLsil ZFEBitEtEMKH) PCR & RT-PCR Al
XPIRAFIA 51 PRFIAEMERH CTAB V2325 DNA,
DA L R A AR IH - DNA SR, OsLsil JE [ i
RORBAPEXT IR, REGALHISE R - DNA FIZK 53531
BT REFN AN R, S8 OsLsil FEPRRE 51 itk
1T PCR 448 FE 3 IR R PT438 Hi 24 1 200 bp (17 H 11
FB, MARFACERRRCY B 2% (B 1), AR
H 26 BRONBHPERRE, FHIEZRA 70 %, WIDIEH T

M1 2 3 435

2000 bp
1200 bp
1 000 bp
750 bp
500 bp

1 % OsLsil ZF P AEET PCR Kl

OsLsil ZEP DB GBS L fp,

RT-PCR il 45 &l 2 Firws, W8 5 BH xR
oI , M RH R BRI IR K] PCR SRR A FE R
BIRed 18 2y 1200 bp (1 B B9 B, 5 21T PCR &
TFRISE B —35, i OsLsil K O 88 & 326 Loiirh

1.2 ¥ OsLsi2 2 A PCR X RT-PCR &l

X 3R 60 #k B A MR F CTAB %42 HL DNA,
DAFR 55 S R R MR - DNA R, OsLsi2 &
JFRRABH I, KRR SE B A DNA FlK
53 AR B T REFD AT R, {5 OsLsi2 2 R 5751
YIitAT PCR 73, L PRIME R T3 H 20 1 715 bp
) E R B, T AR AL IR TG 1 27 (B 3),
HECII 42 PROGFEVERERE, FHYEZRA 70%, #IP
UERA T OsLsi2 3[R 484 515 i,

RT-PCR &l 45 B an & 4 fios, #EX) PCR &l
WIPGUE R 42 FRBHPERE AR, 17 32 MREL FEH 36 Lot
M F 9 RNA 78 1 715 bp Btz 38 H -5 sk i —
B4, UEH T HRER CEB S RIS o, H
A 10 BRSE LA Fr () RNA %G 535, XU
£ PCR fEAT I B T FEME, RIS 1EE] PCR
K R B AE A e R A AR, 3 — A
UEBA LR (e N2 R A L.

1.3 I IR e T 5 2 R 36 SV AH o0 A2 B A 7 1O U <8
1.3.1 KIE a2 B 3£ LN — B (Maleic dial-
dehyde, MDA) & & K247

fICIR BB R P9 - (MDA) BE 13 il 25 3% JF H
1 i B8 58 A A B3 AT, A GO M 3 B PR K
(FELE, 202, =53 HhR, pp.415-419). [Klitt, MDA
BB SRR N B A T E AR T R ES, [H]
2 IR I H ) 240 i 2 A R FE AN AR 4T HE BE T

6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

7A:: M: DL2000 marker; 1: BHS:NHIE: 2~3: B MEXT READ G X IR 4~24: Bk mE Rk

Figure 1 PCR analysis of regenerated plant with OsLsil gene

Note: M: DL2000 marker; 1: Pitive control; 2~3: Negative control; 4~24: Regeneration plants
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ERIERZS

Figure 2 RT-PCR analysis of PCR-positive plants

Note: M: DL2000 marker; 1: Positive control; 2: Negative
control; 3~8: Regenerated plants

IR I, ARG 0~4 d I, CK. L2 ¥k&RK
MDA & &E—HE FJhEH, M Ll kR 2% BTG
IR, 1d B L1 PR R MDA S EiA 3R, W
PUXFP GO AT e T, KEMNE 1d i, #E4
PRI SHBIHLHE I REE AR 80, TMAEMNE 4 d B
FH T~ OsLsil 3 K] 4% Ab ot - 358 bk () K I, A
REE BRI HEYINIER, Bha 4~7d B, CK. L1, L2
PEA I MDA &8t —H 2 L%, {3 CK. L2 fk
% MDA E 848 E T L1 #E R (K 5). SXTHEAH
FAL, L2 BR&R ) MDA SRS T LI R, Hit
AT DAHED, %% OsLsil 3[R 36 BB FERE JI LAk
OsLsi2 H:[F 2 L Pt FERE /T i o

2 T R 1), TEREMNE 0d
i, CK 5 L2 Bk R ZERFFARE, 1M LL kRS CK.
L2 PR AMELZE R R . £ 1d i, =A% AR
ZWYAESE, MEME 4d DUE—BRFE R
2 Hh 7 S

T TR, OsLsil FE R 5\ AT DL 25 PR AR
MBI SE LM MDA (13 &, [ B FERE I F
P MR, OsLsi2 FEFF) SN AT LARE iR e 58
PR MDA & i, (EREYITTIEERE JIRRK, REAIE
B BT AR S AR DU IE RE T

1.3.2 RiEMHE THEREZE LB HEHFERE 'R
vy

TS IR — N FBERTYIE, &K
BRI E R . MRS Ra &R, WA
KT PR PR 2R (SR T4, 2007)

R, AREMIHE 0~4 d I, CK. L1 ¥k &
BHERNSE-HE LA, 4d i CKRRIE
Bl EE, 2G5 FREBES g 4~7d B LR R
Ml SRR S E—EH R L FHER, HE7 dHl
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AR, T L1, L2 AR RIS R RS EU R T
Ftash(F 6). SXTIRZHAHELE:, L1 #R AR SR
e T LLARR, Hnl DN, %% OsLsil
FER 26 MR INPTFERE I HL L OsLsi2 LK 36 Loiiht
FERES I

il 2 EHXT RPU(E 2), KIEME 0d i, CK
MRS Ll RHERAREIEEEZR, L1 5 L2 2EZ%E
VARG, A 1d. 4d. 7, EARERENE
B2 5 B E KT o HIEHERT OsLsil & K mf LR & 5
AR P IR R () & 5, AT s A (P IE
RE77; OsLsi2 & [ e NFEK T U I BRI & i,
{EEYIPTLFERE 1K

1.3.3 iR E T EF % L ¥ SOD EHEH 4

R A A AL i (SOD) /& — Fh i 74 P B L)
BEs, FuEMESEYMPER B DI, TR
L HE A7 0] T8 55 PR 92 (5 R I 4, 2007)

K& B0, ARIEME 0~4 d I, CK. L1. L2 #k
Z1) SOD JEMEH 2 EFHES: Wrd 4~7d i LL R R
—HAE ETHEY, HAET7 d MPIEME, L. L2 #k
AI) SOD JEMEN 2 TR . SxEALR, L1
PR Z 1) SOD Ji5 14 B B i T L2 8k &, B Uk ml LA,
% OsLsil F& K 3 LI PiIERE /T b % OsLsi2 B:A
E LR I E(E 7).

2t Z H O R ILER 3), IKiEMNE 0d B, CK
L1, L2 kR EIEE 2R RENE 1. 4, 7d i,
CKEHLL L2 kR EIREZER, LI L2 KR
TEARIRE 4 d J5 SOD W& 2B FFEEHA. |
WA BT AT LLERE, OsLsil H:PE AT LUEZE 4 SOD
Bl R G A Z AR, AT B i 25 2 M RHIGIR R Kt
77 T OsLsi2 JE[K 58 SOD JEPEFEAK, 18155 L84t
FERE TP

1.3.4 {KIE M8 T2 F 3£ L ¥ POD &K 41

POD 5 SOD #HfLl, tH 2 AE 4 fE s i ik 4 fk
MU A AR ORI, AR iR 8, POD 1)
S HEYPUIER T B IEAE K,

K &I, ARIRHE 0~4 d I, CK #%% POD %
PR BT A RS, L1 FRAR POD witE R b
FhEasA, 1M L2 MRARN— B AR T B WiE 4~7d
B L1 RR—EH 2 FAHES, HAE7d BIWEE,
L1, L2 PRR [ POD JEPEMIE TR SXTHEAHEL
B, L1 FRARM POD i ERT L2 kR, hilk
A DAHE, %% OsLsil FE K26 L BRI i 2 AE
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Figure 3 PCR analysis of regenerated plant with OsLsi2 gene

Note: M: DL2000 marker; 1: Positive control; 2~3: Negative control; 4~24: Regenerated plants

2000 bp
1 000 bp
750 bp
500 bp
250 bp

K 4 PCR FHMEREFER RT-PCR Al
vE: M: DL2000 marker; 1: FHVEXTHE; 2: BHMEXTHE; 3~8: $iT

(5]
(=]

SODT Pk 7 (w/gF W)
SOD activity unit (u/gFW)
—_— N
S O L O W

a b c d

VAR AR Bl 7 G B A [F] I 18] %5k % SOD & 14 EL 42
Figure 4 RT-PCR analysis of PCR positive plants Mra WA 0K b: A 1K ¢ A 4K d: A 7 R
Note: M: DL2000 marker; 1: Positive control; 2: Negative Figure 7 Comparison of SOD activity in differentlines under
control; 3~8: Regenerated plants the stress of low temperature at different times
Note: a: Stress zero day; b: Stress one day; c: Stress four day; d:
~ 167 —— K —-— L —A— 12 Stress seven day
= 141
’:]‘ Q
= E 124
o=, §16- —— CK —— LI —h— 2
g = 10 ~@ 14-
= 3 8- = o
I# S %bé 12
&1 8 6 3 = 10
849 ,. 2 8
2 2 :H} t;’ 6
0 T T T 1 ‘t =
a b c d =g 4
aa 2-
8 8 0 T T T 1
5 IR E A R ] &bk % MDA & & HEL a b c d

i B 0 K b R 1K e BE 4 K d: B 7 R

Figure 5 Comparison of MDA contentin different transgenic B 8 fIRIE MG A [ ] 4k 2 POD I 1t %

lines under the stress of low temperature at different times s L s o N

Note: a: Stress zero day; b: Stress one day; c: Stress four day; d: fEar HHE 07K b R 1K Cﬂj]ﬂ 4 % d: Ej]‘]_ﬁ TR
Figure 8 Comparison of POD activity in different lines under

Stress seven day
the stress of low temperature at different times

~ 87 ¢ X —&— LI —A— L2 Note: a: Stress zero day; b: Stress one day; c: Stress four day; d:
S Iy Stress seven day
52 2]
2t 7] .
gﬁ_ E ‘3‘: JIHeH% OsLsi2 FEPH 26 Lo 2 e 7 =i (& 8).
&2 o 3t % LR RBL(E 4), (GG 0d B, L1
£2 1 5 CK. L2 KPR RZE RIS, CK 55 L2 %5
= D-‘ O T T T 1 N
a b c d PR 2 (B FEE ICIRRE KB n, =Mk & POD
. X EHSH I E SRR, £hNE 4 d FA R
6 IS FIRE o) 5 b il B I LG IR PLE D, (LI 4 d ISR
YEra MHE 0 Kb: BHA LK ¢ MR 4K d BHa T R AKF o TN, OsLsil nIRERY 1 YA
Figure 6 Comparison of free proline content in different linesun- PEAL R G A ZHER, N n 7R AN SOD.
der the stress of low temperature at different times A AT P e b T M A S A Bl .
Note: a: Stress zero day; b: Stress one day; c: Stress four day; d: POD:’%TF@ﬁXT& P ER R ;*E& OsLsi2 {2
Stress seven day EHARE R E, FIREYPIFERR
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Table 1 Differential analysis of MDA contents among linesat different times under the stress of low temperature

7R MDA & & (umol/L)
Lines MDA content(umol/L)

fiirié 0 d Jihi 1d Jihia 4 d fiiria 7 d

zero day Stress one day Stress four days Stress seven days Stress
ck 2.57340.188a 4.919+0.098a 7.41240.292a 11.619+0.432a
L1 3.302+0.219b 4.583+0.444a 2.563+0.130b 6.008+0.021b
L2 2.563+0.170a 4.625+0.268a 7.855+0.110c 14.516+0.522¢

VT A ARE T BER A A 2 e AN 53 (p>0.05); JoAH R BRI 2H 5 2 ¢ . 3 (0.01<p<0.05)
Note: The same letters mean no significant difference (p>0.05); The different letters mean significant difference (0.01<p<0.05)

R 2 AR I8 A PR T R R R 0 2 R

Table 2 Differential analysis of free proline content among linesat different times under the stress of low temperature

P& B IR & 7 (Ulg FW)
Lines Free proline content (U/g FW)
J¥hia 0 d i 1d J¥hia 4 d J¥hia 7 d
Zero day stress One day stress Four days stress Seven days stress
ck 4.228+0.194a 4.541+0.137a 5.980+0.099a 5.980+0.099a
L1 3.824+0.075b 5.133+0.111b 6.403+0.242h 6.403+0.242h
L2 3.553+0.136b 4.057+0.156¢ 2.842+0.109c 2.842+0.109c

# 3R MRE XS R SOD W2 S L 43 it

Table 3 Differential analysis of SOD activity among lines at defferent times under the stress of low temperature

L7 SOD & (Ulg FW)
Lines SOD activity (U/g FW)

Jrié& 0 d e 1d Jirié 4 d fBria 4d

Zero day stress One day stress Four days stress Seven days stress
ck 9.037+0.074a 12.532+0.783a 15.087+0.215a 11.700+0.308a
L1 13.353+0.787b 16.063+0.167b 21.610+0.361b 27.607+0.414b
L2 7.433+0.496¢ 7.447+0.367¢ 11.677+0.299c 5.130+0.085¢

AR RE XS ER POD W22 LA 17

Table 4 Differential analysis of POD activity among lines at different

times under the stress of low temperature

L7 R POD & 1H:(Ulg FW)
Lines POD activity (U/g FW)
i od Jihi 1d fiiria 4 d Jihie 7 d
Zero day Stress One day Stress Four days Stress Seven days Stress
ck 4.347+0.112a 6.517+0.319a 6.087+0.146a 5.577+£0.505a
L1 2.533+0.178ab 8.067+0.144b 8.320+0.192b 11.690+0.284b
L2 4.033+0.091b 3.167+0.265c¢ 2.047+0.083c 1.287+0.168c
2 it OsLsil E[HFI OsLsi2 i[RI (L FI2E 4 eh, #%

TEXTPUHEAE R 2> F AL, PCR — B2 B 246
W7z — o FRNAR RN, AT H R4
{H/& PCR /2 7E DNA /KT b6} A5 35 DR 5347 A6 0 4%

Gy BB BH M, A SOR F AR S AT 38 A 5 1 T 7000
1546

OsLsi1 3 [F )2 212 RT-PCR 63| 5 PCR 6 45

—H. {HE#A4k OsLsi2 Z A 1) 60 tk 3 Lirh 40t
PCR Kol H A 42 HRONBH VAR, J5 #iz H RT-PCR
X R BHVERT 42 BRAEPREEA TR, RILRA 32 HR2
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BH, X UEHATE PCR AT H 3L 7 RBH % . dr kT
DA i, SRR R T 2R, 1575 2 Southern
Z&%% . Northern 2432 . Western 2% 42 25 5 # i fr k6
F Bt AT Bk — B A I, R B ERRE D
SRS B Z AR R (PR 5 4%, 2008).

L2 BR A 42 2 A i e e PR R B R A, %)
FEAAEN BRI R IR B s by,
FELJE S DR 12 B4, AT A P A o ) A
HARE, BB Rt S YT E
FEAHIC, POD H1 SOD 1E 9 N S 1t B BRf R %
TEAR IR 858 R IB B R 4 I S TE M 4, SRR M4
U, PREFRESS IR M. AT I8 R sk
197 58 I UL B M T R ) e 18 e, AR S 2 AR IR
i, AR+ POD 1 SOD & 14 117K F
SEDMPEEREAE T EUINRR, JEAE
RFEYTIEPE RN A A B FE AR (KRS, 1998).

SIS EE R R, ki B (5N OsLsil Fak
(1) SOD A1 POD (13 1t 35 v % HEAE AR, MM ZEAI
TG R R A RO R AN T R R, R
FRRB L A RS e 1, 2% IR B DR AR TE AR B AR ALK
ESAR TSR, JEAEEA K RIS
BN AE AR DT IEME RO B 5 R I3 K I B
OslLsil K F MR DT I I 2 58 T84 4L OsLsi2
PR PR, 7T e A2 1T OsLsil 3 K S M Ah 5+
BRI ISCREG O, R AR A R SR (1 3850
B SR AL BE F7; 1 OsLsi2 JE P 5K 1 5 1
REIR AN RO ¢, [T B8 10855 -

B AR I G, SR TR
F B AR m A A BU b B MR T B R
(E#RAL, 2005, L7 [EZ, 6: 14-15). fEKE . E K.
WIS AR A L (ATAESE, 2008, VLIl Rle:, 4:
31-33; EHEHRIXIHE, 2001), AHTF AR AR AT A
122065 OsLsil, OsLsi2 SR NE L, Zid5+
RS2 J5 5 AH DGR BRARAR, R BRI R 56 LML
FEREIF R T HE— D4, AR AP L,
3RS
3L MMMl FRLE AR AT H B ik

& LM (Verbena nybrida nybrida), HUH ZRIbAk
VR b Z g il . AT GV3101, it pBl121
AR AL A Mk K 22 FE AR B R L= AR AF . pGEM-T
Easy Vector J&J H Promega 2 ] .

3.2 # R FI#EHR (OsLsil, OsLsi2)# F PCR.RT-PCR
R/l
Fo AR TR = 13 FE R P AR AR K 2 10 om =i,

1547

KH CTAB EFRHURFL R bR BT s DNA, )
PEILR 215 ¥0331T PCR §714, OslLsil ZRHF51
514, P1: 5-AGGGATCCTAGCCAGCCAGTGTTA-
GA-3'H1P2:5-TACGAGCTCACACGAACCACCA-
AGCAA-3', OsLsi2 Z:[H 751514 P3: 5-AGGGAT-
CCAGGTGGTGGTCGATCGAA-3'Hl P4: 5-TACG-
AGCTCGCCAATTCAATTTCAAGCT-3', PCR i
I R SRRy 25 pl: #EH DNA 1 uL (29 100 ng)
2uL, . RS54 1L, Tag (5 U/L) 03 L, dNTP
(2.5 mmol/L) 2.5 uL, Mg®* (25 mmol/L) 2.4 pL, 10X
Buffer 2.5 uL, ddH,O *b/& 25 L.

PCR R NFEF: 94°CTAEME 7 min, #RJ5 94°C
AP 30's, 55°Cik 30s, 72°CIEAH 3 min, 30 /M
I, fe)5 72°CHEAH 10 min, 4CLRAE. F 14 5 H 10 uL
FEYNIEAT HL KR«

RT-PCR #ill: KBRS SDS ILF2HL RNA FF
BEATREI, DL =R, W OsLsil %
[Al\ OsLsi2 B A M #RIEAT RT-PCR Rrill, Sk 5
Fo S i 44 ] PCR &4 22 AH [F]

3.3 # OsLsil. OsLsi2 3 M HE R KRR MNE
£ IR0l
3.3.1 fellAF R IR AL 2

W A 55 DR 5 3 B TRV AL o 0 R e 18 77
H, FERIEK R 4~6 B, T 0CRIR AL
SR 0. 1ds 4d. 7d KA, AAEESE SRR
Ja DA AR FRAR bR o

3.3.2 £ EFRFR I E

() B (MDA) E & llE . TR E 2%
(4R¥, 2000, = [E AL H ki, 173-174).

(b) T 125 3 35 P 20 (Pro) & - A 58 = kel =
Mk (A Fr, 2000, A [ RO H iRk, 161-162).

(C) ALY AL B (SOD)YEMEMI 2 : % NBT
(G E, 2003, FAHE HRGE, 191-205).

(d)id E AL B (POD)TE MM 5« K ARy
R E, 2003, EEHE HRtE,191-205).

RIS ELE 3K, AT

1 & TTik

AR R SR AN 5K S AR A 7 (1 S48 1 TR SEBR 5T
MIPAT N EFNI RIR R TR S s s 5kSR1ES 5
SR BETE, IR EE R, AFR R R T H AR R
AATTN, 7L, Bdaaotr, BX5E5E%. &
RN I B B[R] R B 28 A SO
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