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Analysis of Upstream Regulatory Region from
Populus nigra X P. maximowiczii by Inverse PCR Technique“‘
Suk Gyu Son’ and Jung Oh Hyun®
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ABSTRACT

This research was conducted to identify plant regulatory regions by gene tagging method. A pro-
moterless GUS coding sequence was introduced to Populus nigra x P. maximowiczii via Agrobacterium
strains(LBA4404/EHA101), and putative transgenic poplars were selected by culturing on medium
containing G418(60mg/ ¢) and by GUS assay. Among them one positive plant was to amplify the native
sequences flanking to the introduced GUS gene in plant genome by inverse PCR method and from
this 730 bp DNA product was obtained.

After subcloning and sequencing, it has 88% homology to the Eucalvptus gunnii CAD(cinnamyl alcohol
dehydrogenase) gene. The GUS gene fused with the putative promoter reinserted into poplar leaves
by particle bombardment method to test the funtional promoter activity.

Upon staining with X-gluc, many blue spots appeared on the leaf segments bombarded by the
chimeric gene 2-3 days, thus the isolated DNA fragment contain some possible coding region as well
as a putative regulatory sequences of poplar CAD gene.

Key words - Populus, transformation, GUS gene, Inverse PCR, promoter region sequencing.
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B oF8 - (Populus nigra X P. maximowiczii)
62-9 clone®| dx= & Abgslgict,

HEEED ANEAE 27 98 MS(Murashige
T. and F. Skoog., 1962) 7]1&ui=el 0.1 mg/
¢ NAA(naphthal-eneacetic acid), 0.5 mg/ ¢
BAP(6-benzyladenine)$& 7}l His®Ee 60
mg/ ¢ G418(geneticine)& *H&8}giv},

2. 54 E¥

oFshE Vi ol MEEHE S 2 Ao A&
gt Agrobacterium tumefaciens host strain
L.LBA44049+ EHALQlel™, k&3 }5-2] promoter
tagging s $1%F binary vectors= EEui Ad
Fpaba} yhEgubalr) A 2gE pOST20028E  AH8
sld vH{Park %, 1993)(Fig. D).

pOST 2002
(28kb)

Fig. 1. The plasmid pOST2002 used for this study
Promoterless GUS gene was placed near
the right border of T-DNA,

3. MHW® Yo PCRUEN 2/F 20l

Bk o MEEsEmEARc GUS #AT 4
npt 11 HERETE] Az Aslsle] gli=x]
E zEsb] $18l PCR whyies 3Asisid,
A28} primerES el el Table 13} #t}.

PCR 4§23 Williams %(1989)¢] whi-& ¢}

v‘—;-‘ﬂ} 71 Q

buffer<-

W slel A8 &l 10X reaction
promegarl el & ALEELY L o] 7)ol
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Table 1. The primer pairs used for the amplification of GUS gene and npt II structural gene from
putative transgenic poplar.

Oligonucleotides used as primers faculty sequence positions %;pfg;?n;ilzte
5 - GGT GGG AAA GCG CGT TAC AAG -3 GUS 1 positions 400 — 420 and 1.2 kb
5 - GTT TAC GCG TTG CTT CCG CCA -3 GUS 2 1599 — 1579 in GUS gene
5 - GAG GCT ATT CGG CTA TGA CTG -3 npt 1 positions 201 — 222 and 0.7 kb
5 - ATC GGG AGC GGC GAT ACC GTA -3 npt 2 900~ 879 in NPT II gene

Table 2. The primers used to amplify plant DNA sequences adjacent to inserted GUS gene

Oligonucleotide primers source sequence positions
GGC AAT AAC ATA CGG CGT GAC A Xho II positions 368 -— 389
3 5
GCG ACC TGC CAA GGC ATA TTG SnaB 1 positions 16(7 —— 1697
5 3

Table 3. The primers used in the amplification of putative promoter. GUS gene, and NOS terminator
from transgenic plant

Oligonucleotides used as primers faculty sequence positions
5 - GGC CCA TGA CAA AAT TGC CGC C- ¥ GUS  positions on putative promoter 1—22
5 - TTC TAT CGC GTA TTA AAT GTA T- 3 NOS terminator region of the NOS gene

200 kM dNTPs, 200ng template DNA, 100ng E Aelsled ligation A% & Xho 119} SnaB 1

primers, Tag DNA polymerase(l Unit)& &% ¢ sequence(Table 208 A48l 7, Inverse
sgdvl. PCREMES 92T 1%, 52T 1%, 72¢ PCR 92C 1#, 55C 1%, 72C 1% 30&¢9
13022 27022 30 cycle A A13te]c}. zHo g Fastddct,

4. Southern analysis 6. HEFF 9

Al A g A oA genomic DNAE ¥ %3 DNA =3¢ 17149 £42 Maniatis

g % Table 12 primerZ Al83te] PCR® Z¥% 9 Silver staining 8ol Fsled A A)elgdv
8w £%% PCR AHE2 southern #4o] A8 (Maniatis, 1982).

sledcl, Southern ¥ 42 Boehringer Mannheim oA AAH H7MAE Fe wHE 7]
it Digoxigenin(DIG) DNA %3 4 Detection A Agel vlastgict,

kitE AH8-3ted Alzbabel protocolefl F3ke] A4

slgich. Probes pBII2] 5 pgd Ag-HA Pst 1, 7. Putative promoter? B BHE®

EcoR 122 Aug|sle] 1ozl <F 1.2kb =7]8} NAGEE T A ®E A ES DNAOA A &2
band & geloll X H2isted AAAHBM)S protocol  2EE7IAMA, 442 GUS w32 2 NOS

of Z718}e] labellingdt ¥ Ab&-3}sic), terminator”} el FEo] =% E primer(Table
DE A2g F o]l & o] &t PCRE A#3ly
5. Inverse PCR v}, %3 DNA+ pBI 121¢) subcloningdt %

Inverse PCR- Michael %(1990)¢] w2  particle bombardment & o]-&-3te] <33 9
&8-5to] A A, BEBEHRI A EA DNA Ao Flsteel, F3A AbelE s A
18 ug& 50 ut FEWEAKe =al oh-§ AgrEs Xho g o ghafoir]  zpAd] Al2HEk PIG(Particle
II, SnaB 1 40 unitsE W2 37T A whA] ub Inflow Gun)& A3} c}(Philippe 5, 1993).
Sl 7k, vb-2eo] #xk DNAE T4 DNA ligase Ao A Al of3de] A8 9lg agar A
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MSHl 27} o 9l+= petridishell ¥3& o2 %6}
Y& F, 5 g2l plasmid DNAZE 5
tungsten 25 po} EFste] Flshsict. —-mJ z
-2 40-100 psi® ¥ 8-16 em@] A=E =
EE o) gl en, FSIFE 48417 Fal %
g & GUS #H#b8sy oirs A A8k,

MR U ER

1. Southern hybridization

Fig. 2+ PCR 4% nylon membrane 2.2
HolalZl & DIGE =A% 1.2 kbe] GUS %4
?% probe® &}o] Southern #HFE-S 33}

Al A% A genomed rearrangementE 3l

# £ 249 14 kb bandsh AN S S
Bal Ao vIFel MEFIL Aol Uded

g 5 glalel.

2. HHBRNC B
pOST20028 AH-g38led Ax3HA A& A 2
GUS 1 histochemical #t-& A7}hi= callusthA

q 2z 287 A, & F71% callusshe)
AAned] Higel ek, 48 4E
Az Ak el AT A ERHS

A 71011‘1 GUSEME 771 #Bigde] sbawdc),
b e fEMIBel ARARE HAHA
ABAel vlawms) B A, 1 el glelr] <k
7he] ol molvdl, BN wioket He T
gatriets, o) Aol i, #EHko] wWel ¥
Mulglew, Fgeo] R #AE wolal glsdch,
3. Inverse PCR

Inverse PCR%S <888t wf o}l 7}4] annealing

» 1.4kb

Fig. 2. Southern analysis of the amplified PCR
fragment after hybridizing GUS gene probe

| — 1.1kb

A B C D B

Fig. 3. Electrophotogram of inverse PCR. The
upstream region of GUS gene was ampli-
fied with two primers(Xho II, SnaB 1)}
deduced from GUS gene sequence by
Inverse PCR.
A pGEM DNA marker
B : target band both primer ] and 2

added.

were

C : only primer 1(Xho II) was used.
D : only primer 2(SnaB 1) was used.
250 x3o g

Ag gk Axk oF 55°C A Kol A
bk EEMe] & iﬂ} e«w o] Fo
o) o

primer annealinge] Adejuvbi 2] e] DNA 97|
Mg FE2A7 F el HviodEdr Ay 2F
1.1kb A %2| band¥ “AcHFig. 3).

4. Putative regulatiry sequence?| #2f 3
HA7IMg HA

Sanger(1977) wlAlell 2] &b silver staining ik
© 2 730bpel 32 GUS sequence 419] qP 730bp
of thal sequenced HrHFig. 4). o A g &
Internet %2} BILLAST search program . b
sho] 7]geo] wbEl siviAdwt wiarslelvt,

ol Aubg AHww malxl dviMadE 11994
3] 184 =721 9] 66 DNA sequence”t Populus
deltoides®) CAIXcinnamyl alcohol dehydrogenase,
length==1305) E{%7F <} 80.3%2 dsAd& vy
vW(Fig. 4). w35 Eucalyptus gunnii®l CAD ,ﬁ
fHyehs Adxen 8% dxe] MME 2y
7lol shelmeli=dl, o]efdt ik Al
9ol sl sequence”’t, CAD EME-ToF off &R
ofil glFL ol aldriel oAy wa CAD
fextal Atololl Absis]<= L olwl HFERMES
olvhes g elvl gk}, CAD EM T wlode

B2l cinnnamyl alcohol?] A& Fxl 4
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GGCCCATGAC ARAATTGCCG CCCCAAGCCA ATGAAATGCAY
ACAARTAACA CAAACASENEIEENIGTCCAAG ACTTGGACTCY
CAAGTCGACA TGCTTGTGCA TGCACAATTT TGGGCCATAA™
AATTGGGCAT GTTGGCATGT CAARCTGATC CTATGGTCGG'™
TGGCAATGAA GTGGTTGGTC TAGARCTTGC AGGCATTTAA™™
CACCGCCTCA ATGGATGTTC AAAGCTTTTC TGRACTCACGX®
ATGGTTCCAA ARAGGCGATG TTTTGCTGAC AGAAGGAGCE™
TTCGAGGGAG CTTCTCCATC ACTTAATTTG TCCCTTCAAG™
ATGAATAAAG TAAGAGGTCC ACTGTACCAA AACATTCTTC™
CACCCAGAAG ARACAACAGT AGCTGGAGGG AGTCAAGCAT*™
GTCAGAAGCA CAGAAACTGG GAATGCCTAA AAAGCAAGTC'®
TTGACCCCTT AACCCACCCC ACTGGTICAC CTACCGCACCY
TCTGGTTAGE TATTGCTTGC TGAGGTIGICA CTTTTCGCCA™
AAGTCACGTC TCTCTATTGG ATTCTICCTA TIGGTCCGIC™
TCTTTCCTGC TTGCTGETIG CTGGTAGCET TTTTGTCCAA
AEFPERNGC AGTCCATATG TATCCCCGTC ACTCCTAATC™
TCTGCTCCTA CCCGGCAACT TCCCACTACG ATAAGAGCAA™
GTTTACGGCT CTGTCGAATC TCTCTCCGAG CACCACTTTG ™
AAAGAAGCTT™ GGATCTTnnnn

600

Fig. 4. The sequences of 730 bp on a putative
promoter region of Populus nigra x P.
MaximowIczit.

TATA signals are shown in black box
and CAAT signals are underlined.
The GUS sequences are followed from
the 731st.

71+ 2 2d{b(lignification)o] g Hol EM-F
ol Aoz e glon ojw] o EMTF
promoter?] sequencerx R ¥ vl glth{Feuillet

%, 1995, Van Doorsselaere 5, 1995).
BoAge vl GUS ®E7Y BHE 7£E
ste] palE9lo w g promoter’t H& SHIGEM
F7} A& A DNA7F Arbs]m gl il 4hgd
g AYE v o, 2435 730bpe HAHFH
Azb aksl® AlEA CADRARIe] dH-EE F
Z CAD#Z A7} A=

-1
g ¥ 4 slv,

Query:
119

= A dHaAAE AdEdH, A EA
DNA9 #Hx}E f%3lc promoterd <d3fg w+
o} #EEMT GUSHEMTF7F BH= ) Mgk
By el W& x®al AocHTopping 5,
1994), webd o & JEo] A=l GUSEMET
9 9% iz Agd A EA genomedd I
7 B EHS o] Fole promoter®Ae] HEg
3l sequencer Y& Fel#Eln F&H2E 4 9]
v}, 283 ok HEo] TATATAT % CAAT
signale] E & g4, By MY REudg
Y 9Fe dEAe s o4 ¢ o GUS
AT wEEgong o] HRo] Wy zHd
g 3th= 7S AAlZ TATATAT 2 CAAT
signal® EA s B9 Fig. 33 2o}, oely o)
F-Ho] WHFLM T2 E Had Har
ql.em o]E ¢]#)] transient expression® 7 A%}
At

5. Putative promoter2| transient expression

d7lAde] B ¥ KIS putative pro-
motert GUS % nos terminator(Tnos)?} %%
¥ F2-& bombardment® & o83t <F3A
Qzad opAl Foisteict. FA H) Ae
wWozgte s AAR 45, 9eme A9 80 psi
o} glHEellA AMulAge] o) by wel AAH
o}(# v 5%/cm®) Kwon $(1996)%] 2zts} 27
vebsteh(Fig. 6). o] Ao A= oA+
o Az, FAsl 9r)rde] fAA Gz
Bzl , weia o] BB AMEA genometd
promoter regionell ti&t ¥ regulatory sequence
£ stz 82 gl Edh slo|of,

6. Ao BN U |2
BLAST search programS.i FAHE &
2) 2 poplar CAD®-##}ete] 44§ Fig.

o o

184

aaaattgggcatgttggcatgtcaaactgatectatggtcggtggecaatgaagtggtiggtctaga

[ R | [
LI B | et

[ T T T O R I
L T T T T O N I |

LI T O O T Y A I | L
LI T T O I I A | L

E I T O T T T T O I I O | [}
L O T T T T A Y O | (]

aaaaatg---atcttggcatgtcacact-atcctatggtcectggecatgaagtggtiggt---ga

190
Shjct:

248

Fig. 5. The sequence homology of a part of 730bps to P.deltoides encoding cinnamyl alcohol dehydro-

genase(length=1305).
* Identities=53/66(80.3%)
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A

B

Fig. 6. A : negative control on P. nigra x P. maximowiczil
B : transient expression of putative promoter on P. nigra x P. maximowiczii

o BASATH, 3ol ®A¥ Wi 730bpE
%L‘e}ol poplar CADF#be} AbeAd& 2Q
e Fal Eucalyptushe dAH2.2 v
zj e AAEAAL wodu) o)#l Halw FEF7
x—] x{] B 1];:]./\1,& Ho] o{ ™ /Kg o] 9l
FES A sb, mak 2 o popldr CAD
427} o el el A A Absle] o gF F-FRub
AEAE g Bl wisledin 2F e
EH”’ og ake. 4 olup, w3t CADRH=le| ¥
#2ololl e EAASlY, Feuillet £(1995)
° poplarg Ao CAD promoterel GUSHE
{51‘-5‘ woj kgl Al7) A} FEEHRE A A o
viakell A Abel¥ GUS EfEFol #H-& ?’"

sleh savh, o] Awel A ool

:‘1

z';}

2t

T
12]

_.—io\

N(vein and mid-ribs)ell 4], F712] %
Al(xylem tissue), eje] A9 HEWE
23l ghe o Al Ee) 2]

]

=3 ‘_ _,v] x}

2l
LR
(vascular cylinder)
g zlrt #has] sl sE s 2]l A
ek shelch(Feuillet 5, 1995). elzidh At
= CADEEF7F A& wladgade] o] foix]

= ol dul e Helw o g #HHS ovishe

Reow R Aol ZAssl Feuillet 4(1995)2
7t Qb A velyiela & ‘”L‘P

apeba] @oavlghadel stedshir f-alake] HR
el 9% FH AL $3 & "é?'?*’ﬂ ek 4
ek v]abe] g gle 2 g AstE 28

# 2 7# <bed 2l promoter tagging Hd 8
zb T-DNA4H ol 7128 whiielc}, of w2
transcriptional element”} $1i= <, promoterless
constructs® E&shs e F-HA7E oAb E A
o] promoter olefZoll $1x|skAl =i, elef R4

Abell 3% ®ow fH A7} transcription ¥4
& olgete promoter~¥~ Fef, FAshe Helvt,
T-DNA ol 2}k ol#8 promoter tagging
el olal A% chimeric gened thahd& A
chromosomeste] 547 -9loll Adx o 94 s}

A we] ofm A Ea promoterZ AA s o] 4
7 7lolrHFobert2} Lyer, 1991). 1wyl 44l
%) gmabel vrel g Aol ’r'f]-~“’~ 2] --‘"-ﬁl promoter+i
> o sequencei'?' Aely o el-G-4 2ot
AF El R A e A PR R e )
t}. el fAlAA| L 2, Eodwlel foi
G A 5 Clcmmgﬂur mapping 2|
M fu 3 oelg Ao ZluEcHElls ¥,

1994 ; Feuillet -, 1995).
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