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ABSTRACT : Tobacco (Nicotiana tabacum L.) cells were transformed with rice expansin genes,
OsEXPA4, OsEXPB3, OsEXPB4, and OsEXPBG6, to elucidate the function of the genes in tobacco
cells. The transformation increased the mass of the callus by 36% - 65%, and the cell length by
12% - 28%. The cell width was decreased by 3% for OsEXPB3, not changed for OsEXPBdJ,
increased by 25% and 20% for OsEXPA4 and OsEXPB6, respectively. From database search, seven
expansin genes were found and six of them belong to EXPA group and one of them belongs to
EXPB group. EXLA and EXLB were not found. All tobacco expansin genes were evenly distributed
in the phylogenetic tree of rice and Arabidopsis expansin genes.
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2rstd e McQueen-Mason et al., 1992; Cosgrove,
2000a, 2000b).

Expansin SPAL A Al B8 s 5 3
Tdl, N-gg FRole AT o8E By ¢3
signal-peptide”}  Yx3tz  9ojA  wiREe]
expansin ThAE AE oH2 HuUAE Zle=

Azke a1 9l F WAlE signal-peptidecl] ©}o]A]
el Ho] endoglucanase family 459014 b

Ehe 23 w3t FEe] Qi o] B9Joll= 4
@s] HE8 Cys 7171 6~10 7 Ao} Bz}
3 QI3 olE F 6/ EE expansin gHANA
TEHoZ Jel}A Cys A7]7} expansin® 7%
o wl$ Fo3 J5E M AeE A" o
23 catalytic ¥Eez  AZ¥E  HFD
(His-Phe-Asp) domain®] oA} expansin ¥
9] Fag EAo] Hr}, upxgte g C-unt o
T e BED Trp 7 Aok o] FEE
cellulase®] cellulose binding domainoll4 Heol&
Trp 2719k FARE F2o] Slol4] celluloseol] 2%
s Flzka =5 ek (Cosgrove, 1999).

Expansin 3748 F2 wl$ HEEo] gldh
o] FARNA YEN= intrond A 240l et
A, B, C, D, E F, G 59 ol&o] Bozlan, o
JEZo] AAg Ael7} wl¢ BHEHe] gl
ofu| At AEZ align & ¢ UEE] VERL
= Aele AYgsA Atz ek ik ohyeh
o]5 QIEES] phase (QVEZo] ZE = o 9
o lEAldl wat ZEF ZE Aoleld 0, ZEY
ARt B QA7|1AAololH 1, Exet AR A7|A
olo]H 22 FARRHE Ags] Ux|gct. ofHH
AR 27} HEPe g Qe expansin FAA
9 A% AR F=F ol&dMA HAtke] 2%
7} AFE} (Lee et al., 20015 Li et al., 2002
Sampedro et al., 2005). 18]1 AlEdHog sh}
9 growplE Folv FAAES 79 d9 glol
e §AA 25 JHAS et

Expansin §3AHF ofgt A+ 8 A
ol thgt edtel o] 2000 & wiel of7]A
9] Ay ZRAEYL FAAE HolwaA {AAst
o] WEse] QAEsedet. 1 AR F Y

sub-family & 7} super-family7} ¥zl F

L=

A

0] family= olu] AF3t vk Sl a-expansin®t
B-expansin®ldl] - 0] 52 o|u| expansin®] 715%
Z73lE extensometers o83 AL B 2
7)sol deiRl A Eo|ch ARo] UARA F A
9] familyw obv|:=At Ad® §A4 F2E B2
3] expansin FAATH 2 2o HE £
E A FASAT obF] AlEHE o]
expansin iL-§9 BAo] #QIEA 4L TAR
expansin-like +22L2 et ZQld] AlEsHH o
2 Bus R FEEo]A expansin-like A%}
expansin-like B2 H&]12 lth

expansin®] 7HAl vheFdl 7)5o] YEiAn
Al AollAe] Fadde] QAEHA gL o
ALgo] o] fAA el el FAE AR QAT
AT FEY TR EAlsle RAZ gAtEo)
AR olES SHALE Eo4] ¥REo] o)
sledl EEo] AZch wEkA oldt FAIE Floll
A} expansing A7ehE TALEC] Eol #AA
wHrlo] Tl o)l a-expansin i EXPo
lez Eeu =1 AHEg 2HE  expansind a
-expansin (EXPA), B-expansin = EXPB1& &
2l A& B-expansin (EXPB), expansin-like E
+ EXPB22 Halyd AHEL expansin-like A
(EXLA), expansin-related *£¥ EXPR3% Ha|gl
A expansin-like B (EXLB)E HE27]% &9
st (Kende et al., 2004).

Expansin®] 71522 423 AL w9 oz}
k. 7B wix] AEe] HeolAAw ;o] ks
Zo] 4 o] F2 FHAe] F5 (Brummell et dl,
1999, Hiwasa et al., 2003; Kitakawa et al., 2005),
Yol o]=3A  (Belfield, 2005), o] 7|oE3}
(Gookin et al, 2003), ¥zlde] ¥tk (Cho and
Cosgrove, 2002), 7]RAE3 AEAele T4, 4

23]
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=
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Aol Thg ukS, Shustel tiR kS 3} ool

e Aoz ¥#A L k. Expansin $AZ} 7]
B BolHeog wexlm 27ke] $A) o7 7}
A ATl disiA BolXeg wEEes AL
expansin FAA7Y AEe] Wt Aol wfe- F
3 fARolojA FAALe] who] wlg- Al
245 817] YA A g FolHrh FAxE]
7t B A= A e 2] A3 AL

- 154 -



Expansin ZAE

= glov} fAxke] Al =ANE Ade] gl
Aoz Azwch sivshd expansin F71712]
= ol identity® B wl HL3E ol
duplication® %2 olu]xA identityE Heolv vt
WA Zo A ol BF oE e A%
HAE &7 wigelch

Expansinell 38t 39 A72z] o3pd &
e 739 o el Hofslia] o] o)
W= BolA 9717 A gdTlel =
FAQl fFAAHES 5 A4S aFeE Yo
AAstE & 29 vl it} (Pien et al, 2001).
282 expansin THAE Wl ¢ vitjeld o
Fog R AL & Yot vt AL
I Ao dido] dojuk:s HSlel (Lee and
Kende, 2001, 2002), expansin ¥hWNAZ sjie]
OsEXPB3el] tigt kA5 o]-8-84] immunohisto-
chemistry g |83l A3 njol} wpEw] 2
7t Wbl Blol] expansin ©h}Fo] B3| glol
wHEslE AL #8908 uk el (Lee and Choi,
2005).

o] A5 O Tl AEEA A YA
A3l FFAAo] A=E]7] whifel A2 A9
dste g $£ABIE stedl £A27] o]F Axho]
o A= FAIR Hoprp A skE]o] 3ol AH A
o} ZdE dllof gl olol] whE FHo| Tol £
axjo] Zg AAE SAste] thekdt R/ kAl
7} AL ol YA AgoZ 9lsle] FoF
AFEAZL A7 s -] Rz s FAPL oA
whAgiel, =FE o] AZE 3l B AAe]
AsEle FE Mio] PHolct

ol qollAE glle] Ay AHE A4S
o] g3lo] YAMINE E3F Fo] Yl Bl Al
uhs 3 FEniAlel dste g ghliellA] expansin
FAAE WEsl ol FAAE ov] ke AE
ofl4] ¥ expansin FHAE] AlFEAQ] Bz
£ F8sla oJu] HE¥l of?] expansin FHAE
o] g3led gl AR AAE Flshod 54
o} gict,

e 9>

WE

ol &3 o] FAH

SENE
ARMa2e 9wl (Nicotiona tabacum L. )
BY2 cell-2 o]-g&3}9ic).

vector HIZt

Fig. 1A9} Zo] pCAMBIA 1300mcs vectorE
o]-83tod ] 7}Al vector constructE Alzs}gich
FAAE EQJ8IA] &2 vectord o] Este] FAA
g A7 AEE dzF2 AE3lith. OsEXPA4E
c¢DNA clone U85246-% Xbal®} Kpnl, OsEXPB3%}
OsEXPB4+= Sall3} Sacl& o]&ste] Z+2Z EST clone
S11049F Col14225E] Aehlgiew] OsEXPB6=
Xbal S 7FX T7 primer (GCTCTAGAGTAATACG
ACTCACTATAGGGC) & T3 primer (ATTAACCCTC
ACTAAAGGGA)E ©]-83}od EST clone C517302
2HE] ZZ3 & Xbal#} SaclZ o]gste] ZAzhi
o] pCAMBIA1300mesoll = sk4ich.

HENE

Az vectorE: sequencings E3dlo] FHAA]
g ¥olEl X Agrobacterium  tumefeciens
LBA4404)| freeze-thaw “Hd-& olgstol E<ist
Aok FARS] E9iol #1%l Agrobacterium ME
£ hygromycine] EoiQl= LB ulxloll4 3l
S Rt 3 Akt A 394 e BY2
cell 50 mLoll 20 mM acetosyringone 50 uLE
71t & F9lg o] 83to] 20 3] wholESith Uwiy
HHEEi A Aol FRE FER F 4 mLY A
5 dEz2|4ell Wi 100 ple] Agrobacterium
AEE H7bslo] 2 HolFde). Parafilmo 2 Z4
g 28°CellA] 3YU7E wliokslsdrt.

Z+ sE2ltl4fel 500 pg/mlLe] carbenicillino]
47V9) NTHiA (MS salt 4.3 g/L, sucrose 30 g/L,
MES 0.5 g/L, thiamine 1 mg/L, myo-inositol 0.1
g/L, KH:PO; 0.18 g/L, 24-D 1 uM, pH 5.7)21
NTCHIAIZ 10 mL o] 50 mL conical tubeol] Al
EE B& % swing bucket rotorS o]-&3lod 1000
mmellA 487y 44%e 300} A E ol dul
of 45N AAY F 50 mLeY NTC A wiek
AE Arbsta AYAZl £ oA ARl 4
SHE AAGRL o]7& 5 mLe NTC sk

H

t,

O
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A EcoRl Hindlll
Control

[ 35S promoter | [ Nos-ter |

EcoRlI Xbal Kpnl Hindlll
OSEXPA4 [ 355 promoter | Sig  OSEXPAZ | Nos-ter |
EcoRI Sal Sacl Hindlll
OsEXPB3 | 35S promoter JSig  OSEXPB3 | Nos-ter |
EcoRI Sall Sacl Hindlll
0sEXPB4 [ 35S promoter | Sig  OSEXPB4 [ Nos-ter |
EcoR| Xbal Sacl Hindill
OsEXPBS | 35S promoter JSig OSEXPB6 | Nos-ter |

——

[eCAMBIA T300mcs T 1 ]

EcoRl  Hindlll

Fig. 1. Structures of constructs for tobacco transformation and transformed tobacco cell. A,
expansin constructs under the control of the constitutive CaMV35S promoter. B, the growth of the
transformed cells from selectable medium (NTC) containing hygromycin.
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Expansin 3845 o] &8 Hule] FdH

Untransformed  Control

OsEXPB4 OsEXPB6

OsEXPB3

Fig. 2. Callus growing on the medium
containing hygromycin 3 weeks after
subculture.

o] gslo] Wt ¥ 2 mL4 hygromycine] H7}=
NTC zAlulAlel] =3%}9lel. Parafimes A
F 28CAlA 357 wiskstsich. wieF ¥ Fig. 1Bt
Zo] AA iRl At AE GolElE F
hygromycine] E01UE NTC A4 wloks)
9} (Fig. 2).

AR Ao #Hle PCRY HASA »

& Waste] Fsigith. PCRS 53 JAA
Ajel 2ol OsEXPA49] 79 FAx EBolHQ
primerq] GATGCTTCCGGAACCATGGSF ATTCCG
TTGCAAGGCCATCACTCCE o]&3led, OsEXPB3
9] 7% TTCCATCTCCAAGAAGGCTSH TAATT
TATGACCTTTGTTCTG, OseXPB42] 7% CCG
CCACCTCTCTCATCGS+ CCTTGTACGCCTACC
TCCTCCATT, OsEXPB62] 7% ACTACCACTAC
TACTGCTGC® CTGTAGCCTTAAGATTTGGTT
£ o]&sle] PCRE Falsixich HAeHAQl iy
L Aol Jl&d dWdl wl  OsEXPA4S)
OsEXPB3el] EolHql gA|E o] 83to] Frasisick
(Lee and Choi, 2005).

det o

—

c

MEZel 27| &3
FAAANA ok HAAE ALE NTC A
iAol 19 F<k et wjopste] FeHuIFE of
g o

[
[+] il
83jo] A" ANE ol 8sjel AL Feleln

=

Wl zalEl S e vlgold Bdsel AT
o %3} 7018 Z7eeict.

HESsE oy

hill]  expansin THAQ]  opu|:At AH
GenBankoll4] 3st9)eH v (Oryaa sativa L.)
9} ofA\AN (Arabidopsis thaligno L.)2} expansin
super-family A2 opul:Alt AT} v]asio]
sl A= 914 Clustal X (1.81) Z£&
a2S olgsle] align ¥ ¥ MrBayes (3.0) =2
a3WE o]83le] (Jones ohm|iAt R® gamma
estimation, 500,000 generation, 4 channels) %H&
93 root¥ Dictyostellium®) expansin S-AbiA
(accession No.  XP_647352)8  o]&3igich
(Huelsenbeck and Ronquist, 2001).

U
-

Zn 9 3

o X

ehullok A2 FAAZE F3lo] dzFE X
gt 7+ A FellA E9H 20 214 F 100 =<l
o] JAAZA} k=l o] PCRE B3td 4
ZHe] =9lo] #elElgle}l (Fig. 3A). =3t FAAZ
= ey Eelel o g RE] OsEXPA42} OsEXPB3el
i3t 3kA| (Lee and Choi, 2005)% o]-&sle] =iy
Aol Aglg b Agp Aol Agk BE A
Blaolld =9El whido] WES dU% U
t} (Fig. 3B, C). OsEXPB4%} OsEXPBGol thallA]
= AL Qlo] whide] wEg Wit &
olslA] Esldch. FuldEE o] &3t AlFEe] FAA
e 2HARE AESe] o3 e A d¥dh A
Hopgol A ol AlFN\ME expansin FHAE
o] g3l FAHIE AxFoTH chE AEQ
expansin HZo] GllollA] whE|tElE AlEd|
AHAQ) ANE FA g3 A¥ot & AEY +

A& B 4 Jgich

Mz
il

Mz 2H &3

AleF F 3530 7+ Helt3 callus®] 77
£ 243 73 (Fig. 2, Table 1) Z+ Hel79] 3
T callus®] FAlE tizell vlsled 36%0114 65%
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Fig. 3. Confirmation of transformation and
expression of introduced expansin genes. A,
PCR reaction of transformed cell lines with
gene specific primers. M, DNA size marker
(100 bp DNA ladder, Invitrogen, Carlsbad,
California, USA); 1 and 2 lanes, OsEXPB3; 3
and 4 lanes, OsEXPB4; 5 and 6 lanes,
OsEXPB6; 7 and 8 lanes, OsEXPA4. B,
Immunoblot of transformed cell lines probed
with polyclonal antibody against OsEXPA4. C,
control; 1 through 8 lanes, independent cell
lines transformed with OsEXPAA4. C,
Immunoblot of transformed cell lines probed
with polyclonal antibody against OsEXPB3. C,
control; 1 through 8 lanes, independent cell
lines transformed with OsEXPB3.

1]

2 Z7)kslgle). 33 calluse] FAE U=EE
E3slo] RE A|HollA Hxl wiad =24
e 3 o)fE callusE Alishe A &7
£ callus®] Z7)7} callus®] Aol gt oJekg =
71 e A=), AAZ callus® INHEEE
ANAE-E g+ A3} callus?] =277 ARG FFo)
Q1 A% 2719 AFEETT dAs Astse A
< € 4 UM} (data:= ARSEA L), Aldsior
Al callus§ Hid LS o]l PAZ 4R
3719 callusg wojuls R Agdate] A 9
g ol gl AVt dEd olg) e AdE
e -folle HAE Zefste] FHsle callusy
A FE3 gA EeEle Aol shiel siAMo]
ghat A€l Callus®] FA) 27101 Aol =7]
ollA FelgieA ohml AEe AEEY £So
gl FHA=AE o] Hsto] zh HeltollA
AZe] Z7E FH31e] wlZsich

Table 1. Weight and size of the transformed
tobacco BY2 cells

callus weight cell length cell width
treatment g/callus £ SD  ym (+ SD) m (+ SD)
(% of control) (% of control} (% of controi)

Control ~ 0.860.50 92.0:32.3 41.3+10.1
(100%) (100%) (100%)

OsEXPA4  142:0.66 1184364  51.5¢#11.5
(165%) (128%) {125%)

OsEXPB3  1.31:0.69  103.5+44.6  40.0+10.8
(152%) (112%) (97%)

OsEXPB4  1.18+0.59  107.2+44.9  41.8+10.9
(136%) (117%) (101%)

OsEXPB6  1.20:+0.70  111.4£355  49.711.0
(1509) (121%) (120%)

Callus weight was calculated from 20 independent
callus lines and cell size was calculated from 100
cells (5 cells from each 20 independent lines).
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Expansin f+3AE ©]-&3 gule] FAAS

MZeo| 37|53

FAALRE AEE ARl Heslo] 35 F
Qb uiekel ¥ Av|FH YALARIE o] &3lo]
ARE gt 3 AT Zolot F& FA% A}
(Table 1) A|E2] Aol =Tl Hlste]d 12%0ll
Al 8%7F 7o AlEe] 2 OsEXPB3S
A4 3% &g x  OsEXPB4, OsEXPB6,
OsEXPA4E= 2+ 1%, 20%, 25%7F Z7kslgidh &
oz #Hrled o callusg] FEEURs AFEFY
7 Hchs AEY =77 AR Aol ¢ty
A=, o)2d A expansin FHAAE o] &
slo] AlEg YAAGN A AEA =t F
bt Axe =Zr|E FTRe 7IEd A
(Cho and Cosgrove, 2000; Choi et al., 2003)$} &
28 Ztolm Aol ALE FHALEC] ATl
A ARA LR MRAENTE HAFH

EHiie| expansin REXF EHA

olt] YL el fHxFL obd Wl f3x}
£ o83t EeiE FAAZRG And o
Sl PFAATS Tl AEFLS Ml A
ohE AEY FRAE o 8% TR o JE
9] 2hfe] §AAE ol 83t Aol 7B £L Tl
2 Aasxz 53 249 wEs SVHTIe A
Soll= & A& FHRE o]dsl= Zo] W &
A7L Yol Heol} 7|E2] FHAE antisense 71E
olu} RNAI 715 ©l83to] R4 wag At
E A% gnel $845 A9 BEF g3 glojo}
AAAQ o] FHgsitl ololl wl databases]
AR AaE Bule] 2ele KRS Al
Holeh

ol 4] 25 7702 §AR7F AA= (Fig.
4). ol FARE oldsle] FA4H opulA Mo
H)2% HEE|A] ¢k signal peptide F-&
AAZ JeiZ AFEIZZ WL o] Fslo] B4
A 670 EXPAol £33 Ul EXPBell
It 2|5 el e wel of7gulelA F
A" EXLAS EXLBoll st G247 shy
o] gk HojA] ofF] whufle] fAARSYo] B
e 2le o4 ok
7|14} wiellA EXPAZ} 2+t 26702} 34707}

e too b o nfo nfo
of

r

2
ok

ubAE| 3, EXPB7} ZH2F 670 19/07) WAl A
mzsia $AAe 47t dxisl HA WA AL
2 4 b dilgst Wt A9 NES R
QAEY 2 4224 Al 2717 4 1.2 x
10%} (www.arabidopsis.org; The Arabidopsis
Genome Initiative, 2000) 3.9 x 10° ZA)(Sasaki
and Burr 2000) =§-¢- 23, il 3¢ A &
Ak 35 x 10°2.24 (Schmitt et al.. 1997) oi7]
Aoischs 200, Wik 9RE Alge =717
AA expansin $HA7}F H4g v} o7 he}
Hs3k 22 228 Aoz FAEY afds &
Tk A F TN AR wAE Aew B
o} ¢og e Algo] EHfchd v @
expansin AR} AR Aow digsin,

#HZ9 expansinell g AF HAAE 2H
expansin®| A|EH Q] ojgto] ubE chekit A&}
A BAel Fofghehe AAE RIS 4 gl o]
3 AL 4 M9 expansin FHAE st AE
Al EAT o2 o|FoqAE Zog H]ld, w3t
expansin FAA HHL AF 22 2HA A5
T ohdet Qo) QA =2AL wol AAA o
Wide] wistelx ghvk zehvt oEd f44 4
wAg W3t A5 A ojugt u|E v}
A Ae obFE & d#Hx|A] g5t 9lrk AlEel

Lo

s) 23 Be expansin FAA7L BaYA o
WAE AT7F Besie 0T WAL A7

expansin A7kl gk ZeiwlolA|e] FHIL
Holgpsr AzbElch. ohgs| Esghgdie] T-DNA
mutant line (Shin et al., 2005)3 734Hetze)
AC, DS lineol #EE=]o] o] expansin®] <ol
A Egol & Aow ldistxw it A
expansin® 7% wl-%- & redundancyE Ho|i 3|
o} shte] §A47L9) knock-out mutant: Aol
W37t gl 7HeAdel AX FEEHHE o]
of & 7 3 Zbzte] iAol gk o]l &
Aol BAE o]#gt el T Ego] & ol
AR vwlx®d A od3sEl EXPASH pollen
allergen (2 Z7l5ol4] W=l EXPB)3 28
vegetative EXPB, EXLA, EXLBell disiA& o}
2 7fsE A RER Qv 4ol Vegetative
EXPB+ ©HabedAl 2ol A olstol]l ZA] 7]odF
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out group
e
EXPB NtEXPB1
AtEXPBS
13
EXLA4
— »
EXLB %%Af
— %w
__l h gﬁé’PA%
-1l A18
EXPA C Ati%”?}z OSEXPA26
f
L {ég%i%
A12
r-I—-‘l - E&fE 1920
 — T
E_ 5eEx @PMZ NtEXPA1
— tE 'is ~— N{EXPA2
NtEXPA3
| r——— pm
— —
Os
A20
[: OSEXPAB
Os EXPA9
XPAG
OsEQSEXPRg xpa
ZEE OsEXPA21
gﬁ\f&PAG - N{EXPA6
NtEXF’ASO SEX
E:: AtEX% prese ~—— N{EXPAS
fﬁw’*s ~e— N{EXPA4
0.1

Fig. 4. Phylogenetic analysis of expansin genes. The dendrogram was generated on the basis of the
alignment of the deduced amino-acid sequences encoded by seven tobacco expansin genes and all
expansin genes of rice and Arabidopsis, using the Clustal X and MrBayes program. The GenBank
accession numbers are listed at URL www.bio.psu.edu/expansins.
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Expansin f32}& ©]&

Ao 2As5)y 9t (Cosgrove et al., 1997). 2
expansin SriA 9] A 75l tialiAE ofF
=ghe] ol glon ojziet FA WA SsHA
= Agor A4S e Az e
Aol ZAFAQd  oFF Aol s
expansin §4 ghiA ool AFE ARt e
AAolt), Expansin® AlE9 7], #&9 ZE, #
2lo] wek Fo| Hil 5 4 g FFol A
e sl gA 2 7lFe] & dHRdE AE
9 Mg & o]8= F Y= FAEE A Y
o3 shlel. deg W AFAEe] Al 7g
SRRl

z2 B

Ul (Nicotiana tabacum L.)olA expansin 53
A9 71%5& dokrr] Hsle] w9 expansin FA
2} (OsEXPA4, OsEXPB3, OsEXPB4, OsEXPB6)
g JAARNNEES ol&ste] dhullel]l =ik
Expansin $3Ae] £ callus®] FAIE 36%0l
A 6%AE FTHes AxY avlE FAHZ
A3 AT ol 12914 28%7F Frhstglork
AEe] F& OsEXPB3Sl 7% 3% F4asidx,
0sEXPB49] 73-Foll= W3y} qiglen], OsEXPA4
9l OsEXPB62| 7%ollve ZH 25%9}F 20% Z7)st
ek o] FHAE databaseE ol-§stol AT
A% A FARE LANGUL olF e
EXPAY 4819031 1/l EXPBO &3kl o gk
o1 Adell A WAR EXLASY EXLBE W7AEA
gtk e} ol7iAdl fAiRkeke] AlgEHEel 4
Az A" gele] AR ATl vlaA
p2A BEslx e As ¢ 7 Udck

SRR

OsEXPBS] EST clone® Agrobiological
Resources (Tsukuba, Japan)ollAl FHHSkE
B odyEs 20049E FEUieta Ay
£°‘39] adtn} A9lol] ofstel AT =S

1+]

gk o] FAAg

il

f

Ho
re
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