l A

A 253 X| H30AH H4T
Ko an J.

Plant Biotechnol
Vol. 30, No. 4, 315~321 (2003)

CLP,Dhn5 &

MTIo] TN oIot 1HIANG XtYAE

Artemisia adamsii®] [N ¥ SN =X

Transformation of Artemisia adamsii, Endemic to a Gobi Desert,
with CLP, Dhn5 to Enhance Environmental Stress Tolerance
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ABSTRACT Freezing and drought tolerances in plants are very important for survival in the desert. In an effort to
reduce desertification in Gobi, a molecular breeding of Artemisia adamsii using the CLP (chitinase like protein,
antifreeze protein) and Dhn5 (dehydrin5) genes from barley is performed by introducing them into Arternisia

adamsii via Agrobacteria. We had found an optimal combinatorial concentration of hormones at 0.05mg/L of NAA
and 0.5mg/L of BA for growth of callus in Artemisia adamsii. In addition, the higher rate of callus induction using
hypocotyl as explant was observed comparing to explants of stem and leaf. There were some variations in the level

of the proteins expressed among the transgenic lines such

that the lines of CLP (CS1-5, 1-7, 4-4) and Dhnb (DS2-2,

2-3) lines produce the protein to higher levels. The transgenic lines showing a higher level of Dhn5 exhibited better

growth than nontransgenic callus in presence of 10 and 20% PEG. In case of the CLP tansgenic lines, both CS1-5

and CS1-7 showed a higher level of freezing tolerance determined by ion leakage test.
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A Ags natete) S AAskE 4E F sl
Artemisia adamsii®] FAAG o3 H&AAFY S
Q1-A) o] Afetal wAlol 5230 (Zhang 1996). AA 2 T
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AER o] &3} 2}t (Woo et al. 2000).
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Aol REAY GAEE Zh= 22 4HA ot (Griffith et
al. 1999). Hwang 5 (2000)> gl 2EA4o] He CLPE ¥32
A% st A2 FEoA WsdY F7HE Fisith

AZE AEo] A A Adats 7 SEHAEA
A5AA A A FTHAREY FEANE Fuketrio] A2
og 2E9] FA|FF LsA dAE ot (Shinosaki 2000).
AZ 9 AL B5o 93] f5== REl9 Dehydrins (DHNs,
LEAD-1D)= 12709 $442 F49 TE0)8 C-terminal £
o] &2 49| Lysineo] ZA)sk= K-segment$} Serineo| th
ZF EA8l= S-segmentZ T O] Qo] Qitslel G F
T} (Zhu et al. 2000). Dehydrins= 218 A3 F94¢] 2o &
A AP O2RE Y FE §FEFE ZAAA WA U
o AHFoZ #HA3lH DhnSE ARHTE AL o8] &
T} (Zhu et al. 2000). AAE A2H22 HEYr FAH
+ Dhn59} g3 AEA 57 WEAd A=es Y dHe
B} (Sung 2001).

Artemisaia®y X&) AEFEH At I ek o}
49 artemisinin A4S 3 A 2 FAATALL
2t} Vergauwe S (1996a)2 Agrobacteriums ©]-4-3] 7|
(A. annua L)l B-glucuronidase XS FAABS 7
slatch. 8 artemisinin AJ A FH FAA S HEHS
&) artemisinin $2FS Z7HAZIt}h (Ghosh 1997; Geng 2001). &
Zulekr AE AZZE wormwood (CHE-E4: A, absinthium L)
9} o]FE AL (A judica L), FW A 1% (A sylvatica
MAX)E o838t 7|#iEstE Fall Al&st € A fkol
233 A7 9ok (Nin 1997; Lin 2003; Shin 2003). =3+ Al
Aol 71 & kanamycin®] H7P7F AR HLAT L,
A JAYAE vancocin®] H7EF PFAAE Ao At
S Z7AZItEE B7t Utk (Vergauwe et al. 1996b). Z12]
W} Artemisia adamsii$t TR AFE AN A G @A 9
FAE O 2 aborescindl] thdF 41 ¢4 (Bohlamm et al. 1985)
Qo gizloll, Artemisaia®; AF-AEQ FEAHH AFHIE
2AZ I8)AYE 2B A)E-Q) Artemisia adamsii®) W3AA &
ARt £9dE A=

¢

o dlo

2001 d 10¥ 5E=¥53et B. Buyanchimeg W9 =
& wol & AN RABE A adamsii®] FAE
Ao A Ay APstach g4 HellA dxe glo] EY
oA WolAA AES FESHL AL, 81647 F/t =
Ao skt (Figure 1). £ 70% EtOH) 30x7F 4
3 29 T 8 SRTE 53] F#AE the 0.3% Gelrite
FARR ] X4ste 25C & Z2ZACNA el Zch wiEH S

0.5cmZ Hdsty MS ZAWA] (5 mg/L 2.4-D, 3% sucrose)d]
A sl A2 g FEsEL 58 A2E 001, 0.05.
0.1,0.5, 1, 2 mg/L. NAAS} 0.1, 0.5, 1 mg/l. BAPS] 232 3
A= 1822 2] MSA ZAMA] (2% sucrose)ol| 4] 38FE. O Z u)
SFeted Wejzs vl W e HAZS FHHAL

Vector 7= 3 &&IXME

3 5 (2000)0] WEAdol et FRE 152RE Es
CLP £-A A9} Dhns €42 Hind9} Clal,Scal 3} Xho I
S o]&3Eld AW & pGAT489] AFd3te] 35S promoteret
NOS 3° terminator Afo]o|A] o|E¢] XA 93] A==
A3 (Figure 2), NPTTI f3AE B3l AAIANE A2t
Hh A 23E DNAT freeze-thaw S 0] 831 Agrobac-
terium tumefaciens LBA44040) =431

FFdejol A wolste] 337 A2 F4EAHE MS A
A} (MS, hormone free, 3% sucrose)ol| 4] 125:7F ABEAIZ] T,

Figure 1. Artemisia adamsii grown for 4 months after germination in

the pot.

Hind I Clal
A CLP (430 bp) —rNos 3 }—I
RB LB
Scal Xho I
NPT 358 DHN5 (1760 bp) —( NOS 3’J-|
RB LB

Figure 2. Construction of pGACLP (A), pPGADHNS (B) from a
ligation of a Hind[ll and Cla, Scal and Xho I fragment of CLP
cDNA, DHN35 cDNA from barley into pGA748. Expressions of the
CLP and DHNS5 gene are under regulation of the 35S promoter. RB:
right board, LB: left board, NPT II : neomycin phosphotransferase [T ,
35S: CaMV 35, NOS 3’: nopaline terminator.
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9. E7), B9 & 47) 03cmE Fdste] MSA (MS, 2% sucrose,
0.05 mg/L NAA, 0.5 mg/L BAP) sl =jofj A 247} 25°C &
Z71 A e stk My siRloll M 27E 37C & 272
2 ujekst Agrobacterium 30 mLE R 3 20 mL MSA %]
Aol B8 ThS A adamsii®] ¥, £7), Be] FAF 102
7 270N FEWESIETE ©1F MSA MiR))A 3U7k
25C9 ¢ ZAM 80 pmOZ FEHjYF F 20 myLe)
kanamycin©] EZ¥ MSA ZAEA (03% Gelrite)Z &A
A% A 2g gttt

PCR 244

02 g9 AYAE QAZLE FHYAT & vty
CTABH'H (Rogers et al. 1985)22 DNAE F&3}o] spec-
trophotometer (UV/Vis spectrophotometer, ATI UnicamAhE #
&}tk PCR primerst= OligoLite ver 6.35 (Molecular Biology
Insights, Inc.)& o|&3}e] 3F9 §AAE 4O 2 primer
NPT I (A%}3F 5°-GAG GCT ATT CGG CTA TGA CTG-3', &
2k 5 ATC GGG AGC GGC GAT ACC GTA-3'), CLP(1}
8k 5°.CCG CCT ACC AGT TCC ATT-3', 9418k 5°-GCC AAG
CAT GCC GCA GTA-3"), Dhn3(34}8F 5'-CCC GAG TGA
GAG GAT CCG CGC AAG-3", 949F8F 5°-CGG TGT GTG CAT
GCT GCC CA-3")]1 2 AZAs5th

PCR 5H3-& NPT &= 95CoI A} SE7 whg -, 95C 14, 687C
18, 72°C 187} 303], CLPx= 95°C SE7F ¥k2- % 95°C 18 55C

B, 72°C 187F 308, Dhn5+<= 95C 14, 63C 1%, 72C 187}
305] HHE AASIH L dolF PCR 2HEE 1% TAE agarose
gel& o]&-3led H7)gF3stAch

CLP, Dhn5 CHHE 2AM

02 g2 ZHAE 4C Aelo)A homogenizerE o] &3te] &
A} &, o) 2X protein sample buffer (0.125M Tris-Cl, pH
6.8, 4% SDS, 20% glycerol, 10% S-mercaptoethanol, 0.0025 g
Brilliant Blue R)& 43 t}A] B39t 30 7HHo=
deol T A S 53] ¥HESE £, Sonic dismem-
brator (Fisher scientificAh 2 Z23 E38Qch 0|3 30x 7H
HOR VOITCXHIgJ* =i 1 T S 53 9 F 4T,

vortexing &

o Baatch

ZZ3% total protein 15% (CLP), 12% (Dhn5) polyacry-
lamide gelolA] A7|95 3IHLH, A7|gFol £ gel&
Towbin buffer (18.3 mM Tris-Cl, 150 mM Glycine, 20% Methanol)
oA TOVEZE 25x]7F E<F Nitrocellulose membrane (Protran,
S&SAPell electro-blottingd} 37, blottingo] £ membrane2
TBST (100mM Tris-Cl pH8.0, 150 mM NaCl, 0.05% Tween 20)
off 1087} washing$} 3, TBST®) 5% nonfat dry milk7} £3}+8

golog 4587k blockmgo}giu}, A= B }é]st]/\loﬂ A
E7Z5E AZ3F CLP, Dhns 83L 1:10,0009 H&

o] Z}3}A = anti-rabbit IgG-AP conjugate (PromegarhE 1 @7 5()()
9] H]&EZ TBSTEHd FAsle ARE-slgt) HkS & AP
system (NBT, BCIP; PromegaAD-S- ARE-3la] AF29] ¢ Z7d
A BANSE WYk

=
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Wa4E S48 98l s 2= 23S 0, 10,20, 30,
40%<} PEG7} X 3E MSA agar HjR|o| A 3HkE-0 8 287
o AJElel M wjeFatsAct olF Aeio] AAF R AEFS
Z4sle] 2EH X slolx AAER A A4S Bl

0252 FENFR YL ALFEE ol &ata) F2A 2T
7= 244 %ob e}@ﬁlchlﬁ TR 308 AA &

F=3t7] 3 400 mge] d&
;‘7—]'»' L“S{iﬁ} 2C/30—v—-] _E:_ 2T -8CHHR =2l
L2 YdaA 2,4, -6, -8CollA 2zt sample2 A)FH &
th Al@ ) 3mLe) F/HFE WA 90 mpme) A 24 7F Feah
Aok A% FZE2 Spectrophotometer (ATI UnicamAhE o]
4oted FE= 265 mE ST ol F AlPEL auto-
dave (1.57]9}, 2082)8F & Zol8h W o @ BT (265 nm)
& F3td °)F 100% ©)& F2=E R, ALAY A §&
] o]i,] 01:__ }\]-q]x%o] o]:og_ AAk ],0;1 A A 71e) 7h=
F atolE BA St Bt th

r°l‘

dn d n¥
NAA, BAP Z=A0] [}2 A S U M

A. adamsii®) BH2 FEE 2~3U0] o]F 0| Jut
2 3457t 285 E UE Antemisiady 2B 8]g) A
Wit} (Vergauwe, 1996a). THFSE S 28 25 Z 7oA 9
2L 3k Azt 0.05 myLe NAASH 0.5 mgL ¢ BAP 271
3} 0.1 mg/Le] NAAS} 0.5 mg/Le] BAP7F 35 ux)e] o
Z7 3ol BAE) AYA AAL WYTH (Table 1). Y, Z7)
IE 7 g Aol AyA A §82 6| wE Ak MSA
Ao E 4 AH] 31%E Z7] (23%) D Ba] 21%)9l ]
3 10% Ek21 MSA2 MR el A= Beel ATk 12%¢] A7
2 HESS RYT (Table2). ARG 3] A2 FEolA]
T 9 ZE F A W RN BE ZHOERE 2~
50% o) 4ke] AA FESL IS & Ao 2Ho) w
2 g FE&S QoY 7] dHdA vwd e &
E&2 EATt (Table 3).
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AR o A 9] B WG AJZe] Aol wE) 23
o] ZstE|T JARStA X E AFo] oFofx[A] gro} A
iR A g F 2N E A2 B8} 34
o wvhel] w2 AP =ik MPE AFH 2.4-D9} kinetin &
= 2ip 2F0IA F3ld AHA WSS FAasled (A3 mjA
Al A. adamsii®] 722~ ool BAPS NAA7VE HA3hE
golsttt ol A. annuadl) farnesyl diphosphate synthase 3721
A4e] HAAS £ AHA F5o 0.1 mg/Le] NAAS 0.5 mg/L

Table 1. Effect of growth regulators (NAA and BAP) on callus
induction* of A. adamsii

NAA

aap L) 001 005 01 05 2
(mg/L)

+ o+ 4+ + + +

0.1 + o+ o+ + + -

o+t o+ -+ -

N = S + -

0.5 + +++  ++- + + -

+ 4+ -+ + -

N + + +

1 + o+ o+ + + +

£+t o+ + + -

*Levels of relative induction of callus are expressed as +: low, ++:
medium, +++: high, and -: very low.

Table 2. Efficiencies of callus induction of A. adamsii using
explants from different tissues and two different media

Media MSA* MSA2#*

Tissue Leaf Stem Root Ieaf Stem  Root
_Callus 5550, 03079 21.05% 0% 0%  12.5%
induction rate =~ o\ o313 19y (0/19)  (OS) (2116
(callus/explant) G/16)  (3/13) (4/19) (O/19)  (0/5)  (2/16)

*:0.05 mg/L NAA, 0.5 mg/L BAP
#%: | 0 mg/L NAA, 0.1 mg/L BAP

Table 3. Efficiencies of CLP, Dhn5 transformation using explants
from different tissues and two different media in A. adamsii

Media Rate of callus induction (callus/explant)

Tissue

CLP Dhn35

EE

v s SR
R
T A
s 5
SO A

*:0.05 mg/L NAA, 0.5 mg/L BAP
*%: 1.0 mg/L NAA, 0.1 mg/L BAP

o] BAP7} H A9 =AYS 93] A3} (Chen F, 2000)9}
YABIATE ThaFst 239 NAASH BAP FolA §89 A
ol oy AH AxIF FEHE A anuadt HEA A
adamsii= 12 27004 7)|BE37T YojuhA] kgt

TRiE Y ST 24

ogt
o
i}

A. adamsii®] ¢, 7], ] dHe| Agrobacteriumg ©|&-3}
o CLP, Dhn5 A% =9 & 27} 161, 42719 248 A
T FE AUTE CLP FAXEe] 79 MSA vixjol = o &
Holl A 40.35%, Z7] A 53.73% e] AH A 51.11%
2 AvHog 22 FAAIES B o, MSA2 ujA]ol| A
= & WA 50.58%, 7] AHEAAM 51.51%, ] AHo|
A 42.202%2) EAASSES HHTh Dinse] 7% MSA vzl
Ale S HHAKA 2.59%, 7] FHAA 27.27%, ¥e] HHo
A 27.58%9] HAAARES Yo MSA2 v M= o &
AolM 11.94%, Z7] HHNA 30.76%, ¥a] ARENA 24.13%
o ARG S Ho, vy AAG 2F AyA FEoE
g2A4 F wix|H BE HAUAZRE 43 £F o3 2
HE &S FARISETH (Table 3). &, £7), HeloM f&
# CLP X DhnS 3248 Al 5 74zt Aesie] NPTII
TR TYS #1371 A8 PCRE 33 A3 F2A
2 Aol A 700 bpe] o4E 2719 PCRARES 8913519
o} (Figure 3A). CLP ¢} Dhn5¢] PCRAAE mia7ix 2 82
A3 Aol A o dd 37190 430 bpe} 1760 bpe] SEH
PCR AHEE& 18ttt (Figure 3B, ).

CLP Dhn5
M Po Ne C 1 2 3 4 5 6

A 700 bp

CLP
123 4 5 6 7

M Po Ne C

e 430 bp

1.7k bp

Figure 3. Confirmation of the presences of NPT [I (A), CLP (B),
Dhn5 (C) genes introduced in transgenic A. adamsii callus cell by
PCR with NPT [[, CLP, Dhn5 primers. M: A Hind Il marker, Po:
positive control (A: pGA748 vector; B: pGACLP C: pGADnS),
Ne: negative control (A: pET-32(a) vector; B: pGA748 vector), C:
nontransgenic callus. A, 1: CS1-5, 2: CS1-7, 3: CS4-4, 4: DS1-5, 5:
DS2-2, 6: DS2-3; B, 1: CS1-1, 2: CS1-2, 3: CS1-3, 4: CS1-4, 5:
CS1-5, 6: CS1-7, 7: CS4-4; C, 1: DS1-1, 2: DS1-2, 3: DS1-3, 4:
DS1-4, 5: DS1-5, 6: DS2-1, 7: DS2-2, 8: DS2-3.



CLP, Dhn5

29 AA A AT western F4S A A3
By 1329 223 74 FAAE E colid A TEA
A4S E7le] FUste Azg JAE
48 4719 9 27.7KD @ o]
%l%_@i %EVWHH FJHA W FAHE Aol e
do] BAHA ¢he= ZACE Hop o F1A =Yl 9%
gEolS Folstg et (Figure 4A). Scion image (beta ver 4.0.2,
Scion corporationAhE E3 oju)A] B4 Az CS4-4 AE F
o] H)al] CS1-5¢F CS1-79] CLP ¥&cko] 1.5, 1.038) =& A
22 Yelyth Dhns A E F& diFeZ A3k western £4
A7 DS2-39) DS2-29 4 dAHE 58.8 KDo] thiizl 8- #o) 8}
gk DS2-3¢0] DS22H T &2 5 (3.78]) 9] HHE Y
DS1-5¢4]= Dhn5e] WdZ #3e + gldch (Figure 4B)-
PCR Al A 2t §AAS] =YL FIEH2 Y western &
Bl e gade) wHHA) gob HARY AY F 9
o] AAH ALE oiFert (Vance 2001).

S99 §379) 2L Y] I CLP FLAS B

O o% ot

m_}a_ﬂ

g{;
Jit
OO
>
\U
™
W
&

f

NonT CS1-5 CS1-7 CS44
Al
e TN ‘== 27.7 KD
- ‘
NonT DS1-5 DS2-2 DS2-3
B
= 58.8 KD

Figure 4. Western analysis showing the CLP (A) and Dhn5 (B)
proteins from the transgenic A. adamsii callus. NonT: non-
transgenic; CS1-5, CS1-7, CS1-1: transgenic lines with CLP gene;
DS1-5, DS2-2, DS2-3: transgenic lines with Dhn5 gene.

NonT

DS1-5

DS2-2

DS2-3

Figure 5. Growth of transgenic callus of A. adamsii with a barely
DhnS gene in PEG (0 to 40%).

NonT: non transgenic; DS1-5, DS2-2, DS2-3: transgenic lines with
Dhn5 gene.
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Dhn5 2 A8 AejrelM HA e WstE &<187] Al
#i=] o] PEGE 0%°lM 40%9] =2 H7ste] 287k A%
< BESA (Figure 5). 244G Ale LE A ToA

B EAAS Az ws] B&e) FUrEAT 58] 0% 3=
AelMe A% A o] o] T2 A2 DnsSe] 2
o] AEH A Qe RANME A adamsii B2 AL 5=
AoF AAAY. B FHEHE o5 BAgle] EE 2
27} 10% PEG 27014 0%Rtt ¥ & 445 HAh
ol= A adamsii BB} 7Y AZ FoA HAHY B8-S
Ho|¥ TJ¥A g2 2N AFE0] @& AoE n|Fo
FAg 270 2EHA FACE AR AR HE I
o §Ad 711" Ao R ofsHolAt ole] AAE 7]t
<9 XA}E}O-“IOk & Zo|t} PEG A gdl| wE Ao 4A
T AEFY Wshe fAIS ZAEE Bo, B A3Ye §
ele *37“%«1 Aole FETFY Aolhte A2
Goll BE Age VAT A8 Btk PEG Aol w
A% SEF L 2704 DhaS FAHGE A227h vjgd
A% Agzi YA o] Fasks Aos ARG
(Figure 5).

AAZE F AEFY H|ZA] DS2-2, DS2-3 AHAE 10%
PEGe] 27 93 +Fo= HFZEAS A2 (NonT)
Htl 58 AAES By AAZS DS2-30] western £

(o
l-H

rlm Mr S ofN f

1 200

—_
o
(=]
o

800t
600
400
200

o

Callus weight (mg D.W.) gg Callus weight (mg F.W.) 3,

NonT DS1-5 DS2-2 DS2-3
Figure 6. Increasing rates as shown with fresh (A), dry (B) weight of
callus of A. adamsii with a barely Dhn5 gene grown in media sup-
plemented with PEG. Weight were calculated by cell mass increased
for 28 days’ incubation. Value presented are the average of 3 inde-
pendent samples.
NonT: non-transgenic; DS1-5, DS2-2, DS2-3: transgenic lines with
Dhn5 gene. 0% PEG ([]), 10% PEG (). 20% PEG (). 30%
PEG (), and 40% PEG ().
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A3 (Figure 4B)oll A HaF &2 5239 DhnS $3= o2
Al DS2-2K.5} 10% PEG Z A0 Mgt ve AAES WYY, o
B2 F59 &9 PEG AZelME FARBIAU ta g2
AAES HATH (Figure 6A). Z1E 59| H|WoME DS2-2,
DS2-3 A A7F HEA A AH A NonDED 52 AFE
& HYch (Figure 6B). PEG XA EL stress7} 71813 Al
°]7] wFoll DhnS T2 o) 28 Arrt OE ZASE oitF
o] Figure 49] western ¥4]0 2 313t Fxjg] ZAdA
Dhn5 723} PEG X2] ZZ0A 9] UL 79 ue} o
EZA Jehd % Jg Ao Ak

oAlA CSI-59 CSI-7 B8] o] {F&Fo] HFAAS 2
2ol 3] At (Figure 7). Western £-4J0)) 4 CLP 23 ok
o] HIZA EL Ao HYY CS1-5CS1-7 A2 Axsl
adzst9tt (Figure 4). T A EFZH] 4CollA -6CA =
CS1-59] fr&%Fo] £, 8CollA= CS1-7¢) § FoAE A
ol FRISIATE I52A A % Ax9 =2y oA

T2 ol &9 Yol WTA BT Fo] AAE BAFE o
(Park 20008 A2 CLP 8243 A adamsii D22 WF
o] FAHAUSTE U T Uitk dgFeE & Ay
2d] vla] & CLP ¢l W& =k (Figure 4) B¢l CS4-4
7F -8Col A tRTHT B ol §&& Ho, 4y FF 9
&) CLP ZA o] W5Addll 7]of3he A2 2 At

2, /f
S
S 0.6
g ) ZJI?//Z A |
-:2; 0.2 T I = i 1
0 I 1
2 4 6 8
02

Temperature ("C)
Figure 7. lon leakage test showing a freeze tolerance of transgenic
callus of Artemisia adamsii with a CLP gene introduced. The relative
ion leakage at -2, -4, -6, -8°C  were measured using spectrophotome-
ter. Value presented are the average of 3 independent samples. Non-
transgenic callus (—-), Transgenic callus line : CS1-5 (-&-), CS1-
7(~#-), CS54-4 (&)

3 2

LHAV HAA A A& Artemisia adamsii®] W23 B
WE4 532 s =AM gst CLP % Dhns f317e] 32
RS FYsAk EFS I2R TR 27AM 4TS
gol3k A3 005 mgLe] NAASH 0.5 mglL ] BAP 273}
0.1 mg/Le] NAASH 0.5 mgLe] BAP7} E39 wjRo) otz
glellA HHe AA AL AL FA4 =Y %
FA7 e W] #QE AT AT FEAAE HAA
Wegol FXHATE FA3 e T2t Arremisiad; oF
HEF OE2A ZA-ARAN Y 7| BEHE fFEstAY
A2 B AEA AN olzgel ol HEA &l
ARG W2 FH2EHE WY FHE A
Ttk o2 AW A adamsii®] A=A Aol oig
€ B3 e 2 WdAel S8 HEAE S48
HlALe A 983 HE TAFE oA ot

7

SN e D A Ao [RY):)
o

=
=

P~ £ A4 20028035 T=o sty thdt Atde] A9
02 ATHUR
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