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Abstract In order to study genetic engineering in trees, the
characterization of genes and promoters from trees is
necessary. We isolated the promoter region (867 bp) of
Pagns-LTP from poplar (P. alba x P. glandulosa) and
characterized its activity in transgenic poplar plants using a
G-glucuronidase (GUS) reporter gene. High-level expression
of the Pagns-L TP transcript was found in poplar roots, while
comparatively low-level expression was found in the young
leaves. Pagns-L TP mRNA was not detected in other poplar
tissues. Additionally, transgenic poplar plants that contained
a Pagns-LTP promoter fused to a GUS reporter gene, displayed
tissue-specific GUS enzyme activity localized in root tissue.
In silico analysis of the Pagns-LTP promoter sequence reveals
the presence of several cis-regulatory elements responsive to
phytohormones, biotic and abiotic stresses, as well as those
regulating tissue-specific expression. These results demonstrate
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that the Pagns-LTP promoter has tissue-specific expression
activity in poplar roots and leaves that may be involved in
organ development and plant resistance to various stresses.
Therefore, we anticipate that the Pagns-LTP promoter would
be a useful tool to genetically optimize woody plants for
functional genomics.
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subunit (RbcS) T2 R E So] X115 ¢ CHFeuillet et al. 1995;
Ko et al. 2012; Wang et al. 2013). o] 2j3t BE 159 =%
Solq xREEHL SRqo Hidel $UR A7
9o 487 = PRA o8 & ke HoN 1 58
gol At

Non-specific Lipid Transfer Protein (ns-LTP) Z-Z-2}2 super
familyoﬂ &3t AE Eo|A thilA RN, 40 o] U=
Mata ol EA s T2 AE FollA 1 F+xo 54
o] X & Q) th(Kader et al. 1984; Kreis et al. 1985; Shin et
al. 1995; Lee et al. 1998; Boutrot et al. 2008; Lascombe et al.
2008). Ns-LTP= N-gtto] A5 HEPo| =& 7Fx]aL gl o
o, AEe] A 0|52 Afolo| 4 Therd AW BALE
$435= 935S 3tk (DeBono et al. 2009; Lee et al. 2009).
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Fig. 1 Expression pattern of ns-LTP in poplar. Transcript level
of ns-LTP gene was measured in various tissues using quantitative
real time PCR. ML, mature leaf; MR, mature root; S, stem from
4 weeks plantlet. YL, young leaf; YR, young root from 2 weeks
plantlet. Values are the means + SE of triplicates
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~867 TITACGTACG GGCAATGCTA TATTFATTAA TRATTTTGTT GTTCACACTA CTTAGTTTTT TTAANAAATA
4 7

-797 EbTAATTAT TTT[TCATTAA TGTTTATTAT ATTTTAGTTT AATTTACTGT CTTCTTTAAT TAATGATGAC
4
—727 ATAAAGAGAT TAATTAACAA TGGTCATTTT AAAAGAAGCA GGAACTAAAA ACATCAAAAC ATGCATTTCT
1

~657 TACAATTTAA TTRATCTGTG AAGTGCTTGA AAAATGTTCT TCTTICTTTC TTTCCTGTGC GCAGAGTACT
1
587 GATCTTCAGG CCAATTITTTG TTAGGATGTT CTTAATTATG TATTGTACAC TAGTCACGGC CTTCTTTGCT
5 7

—517 TGTCTGTGAT CCCTGACACC ATTGCTGTCT ATTTTGGGAT GACATTAGAA TGAATAATAA TAATAATAAT

~447 AATAATAATA GTAAAACCTA AAATG GRCACGAGAG TCGTGTCCAA TAJTATATAT
3 3 7 4

6

—377 AGAAGGCTGG TCCTGGCTGT TTTCTGTATT CATATAGATG GTGAGCAATG GCTACGCATC A

=307 E)ATGCATGT TTGCACAGAG CCATCTCATA AACTACAAGA AGAACTCAGC TAGATGTGCA AAATTTCCAC

-237 TAAC TGAGCCTTCT AGCCACCGAA TACCAATGAG CACCCGTGAC TCAGATGGAC CATGGTATTG
1 6

~167 CTCRATCOSC CAGCTCCATG GTTTTAAGGT CATAGUCTTG TTHRATCTGT GCCCAATGAC CCCACCCGAT
T 5

1

—-97 GCCATTTACT TTCT CATTGCJTATA TAAGTCCTAA CGTACCATTG GCTCTCCTCA CAGCTCCACA
3 4

—27 AAACAAGAGA CAAGAAAGAG ATCAGTA

Fig. 2 Promoter sequence of the Pagns-LTP gene. The boxed
regions indicate the potentially functional elements predicted by
PLACE software. 1. ARR1-binding element; 2. ASF-1 binding
site; 3. GATA BOX; 4. TATA BOX; 5. GA-responsive element;
6. E BOX; 7. DPBF-1 and 2 binding sequence
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Table 1 Summary of the function prediction of cis-elements identified in the Pagns-LTP promoter sequence using PLACE database

Element Element core sequence Element Number Function
ACGTABOX TACGTA Responsible for suger repession
ACGTATERDI1 ACGT 4 Involved in etiolation
AMYBOXI1 TAACARA 1 Involved in alpha-amylase gene
ARFAT TGTCTC 1 Response to auxin
ARRIAT NGATT 5 Response to cytokinin regulator
ASFIMOTIFCAMV TGACG 1 Response to auxin and salicylic acid
BIHD10S TGTCA 3 Response to disease
CCAATBOX1 CCAAT 14 Element for heat shock
CACTFTPPCA1 YCAT 11 Element for phosphoenolpyruvate carboxylase
CURECORECR GTAC 8 Involved in oxygen-response
DOFCOREZM AAAG 9 Involved in carbon metabolism
GATABOX GATA 3 Response to light
GATEAT TAACAAR 2 Involved in gibberellin biosynthesis
EBOXBNNAPA CANNTG 6 Response to light and tissue-specific activation
DPBFCOREDCDC3 ACACNNG 3 Response to ABA
GT1CONSENSUS GRWAAW 4 Response to light
GT1GMSCAM4 GAAAAA 2 Pathogenesis and salt related element
IBOXCORE GATAA 1 Response to light
INRNTPSADB YTCANTYY 2 Response to light
MYCCONSENSUSAT CANNTG 6 Response to ABA, drought and cold signals
OSE2ROOTNODULE CTCTT 3 Activated in infected cells of root nodules
POLASIG2 AATTAAA 3 Response to polyA signal
POLASIG3 AATAAT 9 Response to plant polyadenylation signal
RYREPEATBNNAPA CATGCA 5 Response to ABA
SORLIP1AT GCCAC 1 Regulate light-induced cotyledon and root-specific genes
WBOXNTERF3 TGACY Response to wounding
WRKY710S TGAC 9 Involved in gibberellin signaling pathway
A
DBI121 3) pBII21 HME|S 7]5373 © & 3}o] Pagns-LTP::GUS
construct= A &5}9 11, CaMV35S::GUS constructS oFA
mm,.,,:}‘ m>_¢ N [ Norter o fzriz 0|85 }Oﬂu}(Flg 3A). o]& ol zute g
i ET T BAALRS] FAABSTE B AL of 2
(EFagie-LTE > L GUS §HAE 52T 4 Ak meto|ng o] gaol
genomic DNA PCR %@,-,% E35lo] golstgn) ofAE E
8 Zejol L GUS $AHe] WrEo] LrehA] ore vh,

Pagns-LTP::GUS
WT 1 2 3

4 CaMV35S::GUS

1kb

0.5kb
0.25kb

4GUS

Fig. 3 Identification of Pagns-LTP::GUS transgenic poplars. A.
Schematic of Pagns-LTP::GUS vector. GUS reporter gene driven
by the Pagns-LTP promoter. B. Confirmation of Pagns-LTP::GUS
transgenic poplar with a GUS reporter gene by genomic DNA
PCR. The CaMV35S::GUS transgenic were used for positive control

Pagns-LTP::GUS &% Xj
FAHS ZE5Y oA F
wo] PFAHG oARE <l

EEZ 9 47 AF2 CaMV35S::GUS
st 3719 GUS FHAA7T 5=
13} % ch(Fig. 3B).

Pagns-LTP ZZ=TH Z4EAM

Pagns-LTP::GUS A AT A o A} GUSS] o ofArS &
QA5h] 919) AT EEYES A F 159,27, 4
FUnle] 4EAS GUS FMstsch olg F3l w A
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Fig. 4 Histochemical analysis of Pagns-LTP::GUS transgenic
poplar. GUS expression was detected by X-Gluc solution from
the 1~4 weeks old transgenic poplar plantlets. A~C. For negative
controls wild type poplar. D~F. For positive controls poplar transformed
with the 35S::GUS. G~I. Pagns-LTP::GUS transgenic poplar.
From left to right; 1, 2, 4 weeks age. J~K. Young leaf and developed
root zone of 4 weeks old Pagns-LTP::GUS transgenic poplar

Pagns-LTP T2 E] Ao &
A AE ST FUT e HoFe A
4 AATHFig. 1, 4). oF¥E FARA LA = GUS &
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AL 2159t} Pagns-LTP:GUS & A A3 = 4
T 15 A 23R o] o e e} o Yo A GUS

2R
1o
BN

fn ol S W oofh o Q2 N,
fr
S\

b &) QI th(Fig. 4). Pagns-LTP T2 R E|= AyAo] &
FotAl dojub= R elolA] HAEw of fHe] o] HAlo
GUS g/do] Helrt. o= |7t 4%E = A1719 Al
EX AT EERH RN BE AEE0] T2 HER
BAgy] gjiel Aoz F=FkSeo et al. 2007). 457U
Fofli= of QoA GUS7F A = A vt Wgho] ¥ & =3}
o ez oA = AR Gokoh 2y AHEA A
AEIL Qe ofd e Bl & BEE e A
Frlolde Edo] ALHL = AL Felstilch #
2] Az Albe] Zupgto] whet B|2H 3} Ho] EE st

A B

Fig. 5 Cellular localization of GUS activity. A. Root of 4 weeks
old transgenic poplar. Red box indicated zone of cross section.
B. Cross section of a root tip showing GUS activity

100
BWT @ Pagns-LTP::GUS #1

- O Pagns-LTP::GUS #5 [0358::GUS

70 S

%0 @ Pagns-LTP::GUS #2

60

% —1

40

GUS activity
(umol 4MU/hour/pg protein)

30
20
10

Young Leaf YoungRoot

Fig. 6 Comparison of GUS activity in different Pagns-LTP lines
and CaMV35S transgenic line. GUS activity was measured in
the young leaf and young root from transgenic poplars. Fluorometric
quantification of GUS activity among different transgenic poplar
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