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Abstract Recent genome annotation revealed that Populus
trichocarpa contains 81 glutathione S-transferase (GST)
genes. GST genes play importantand varying roles inplants,
including conferring tolerance to various abiotic stresses.
Little information is available on the relationship — if any —
between drought/salt stresses and GST5 in woody plants. In
this study, we screened the PatgGST genes in hybrid poplar
(Populus alba x Populus tremula var. glandulosa) that were
predicted to confer drought tolerance based on our expression
analysis of all members of the poplar GST superfamily
following exposure tosalt (NaCl) and drought (PEG) stresses,
respectively. Exposure to the salt stress resulted in the
induction of eight PatgGST genes and down-regulation of
one PatgGST gene, and the level of induction/repression was
different in leaf and stem tissues. In contrast, 16 PatgGST
genes were induced following exposure to the drought (PEG)
stress, and two were down-regulated. Taken together, we
identified seven PatgGSTs (PatgGSTUIS5, PatgGSTUIS,
PatgGSTU22, PatgGSTU27, PatgGSTU46, PatgGSTUS1
and PatgGSTUS?2) as putative drought tolerance genes based
on their induction by both salt and drought stresses.
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Introduction

Gene/genomic duplication events have been very common
occurrences during the evolution of eukaryotes. Some of
these duplicated genes/genomic sequences would have been
prone to mutation and may have acquired novel functions
in additional to their original function(s), or they may have
changed their origimal function(s) completely. In extreme
cases, they might have become pseudogenes (Hughes 1994;
Force et al. 1999; Moore and Purugganan 2005). Thus, it
is not at all uncommon to identify duplicated genes in
eukaryotes, especially in plants (Tuskan et al. 2006). These
duplicated copies of the genes form a unique gene family
and it is a commonly accepted assumption that all of those
genes have evolved and diversified after repeated duplication
events, as exemplified by the glutathione S-transferase (GST)
gere family in plants. GSTs (EC 2.5.1.18) are multi-functional
proteirs that can be found in all organisns (Smith et al.
2004). They protect cells from both biotic and abictic stresses,
including xenobiotics, heavy metals, pathogens, and oxidative
bursts (Kampranis et al. 2000; Mueller et al. 2000; Agrawal
et al. 2002).

Plant GSTs are subdivided into eight distinct classes.
These ae Phi, Tau, Theta, Zeta, Lambda, glutathione-dependent
dehydroascarbate reductases (DHARs), tetrachlarohydroquinone
dehalogenase (TCHQD) (Basantani and Srivastava 2007)
and y-subunit of the eukaryotic trarslation elongation factor
1B (EF1By) with last subfamily only being included as a
menber of the GST family based on structural similarities
to GSTs (Jeppesen et al. 2003; Oakley 2005; Lan et al.
2009). Among these, Phi and Tau are plant specific whereas
the Theta and Zeta classes are found in mammals, fungi,
and imsects (Sheehan et al. 2001; Smith et al. 2004). In
plants, each GST family has a large number of members.
For example, the GST gene family in Arabidopsis thaliana
has 53 members (Dixon et al. 2002; Wagner et al. 2002),
79 members in Oryza sativa (Soranzo et al. 2004) and 81
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members in Populus trichocarpa (Lan et al. 2009). In
Populus trichocarpa, the Tau and Phi GSTs were the most
numerous, being represented by 58 and 9 members, respectively
(Lan et al. 2009). The Lambda, DHAR, and EF1By GST
classes were each represented by three members, both the
Zeta and Theta classes by two members, and the TCHQD
class by just one member (Lan et al. 2009).

GST genes play very impartant and varying roles in
plants. Some of the roles reparted to date include conferring
tolerance to oxidative stress and UV-radiation, protecting
cells from biotic and abiotic stress, and providing defense
against cadmium toxicity (Kampranis et al. 2000; Loyall
et al. 2000; Agrawal et al. 2002; Bianchia et al. 2002).
Tau- and Phi class GTSs, the two largest classes and the
most abundant GSTs in plants, participate in endogenaous
cellular metabolism by functioning as glutathione peroxidases
that counteract oxidative stress, as flavonoid-binding proteins
and as stress sigmling proteirs (Dixon et al. 2002; Mueller
et al. 2000; Loyall et al. 2000; Basantani and Srivastava
2007). Although detailed knowledge of the physiological
and molecular mechanisims of tolerance to stress in plants
is not yet available, considerable evidence has been accamulated
to indicate that GSTs play a protective role in mitigating
the effects of drought and salinity stresses in plants (George
et al. 2010; Ji et al. 2010; Wei et al. 2010; Jha et al. 2011;
Chen et al. 2012). For example, Ji et al. (2010) observed
that the overexpression of Glycine soja GST gene in tdbacco
enhanced the drought and salt stress tolerance of the transgenic
tobacco plants. In another study, transgenic tobacco plants
overexpressing the Sdlicornia brachiata GST gene were
more tolerant of the salt stress condition than wild-type
tobacco plants (Jha et al. 2011).

Poplar species are fast-growing temperate woody plants with
high patential for biomass production. The recent sequencing
of the entire genome of P. trichocarpa has led to an
abundance of gene expression data becoming available.
Based on poplar genome annotation, Lan et al. (2009)
showed that Populus spp. have the largest GST family
known to date. Thus, this plant would appear to be an
ideal model species to study the function of GSTs in plants.
GSTs are a particularly interesting research topic since the
functions of some GST genes might be fully or partially
overlapping in terms of salt and drought stress tolerance.

In this study, our aim was to screen the members of the
poplar GST family that respond to salt and drought stresses
by semi-quantitative reverse trarscriptase (RT)-PCR analysis.
Seven members of the Tau class of the GST family were
screened based on transcript levels in the hybrid poplar
(Populus alba * P. tremula var. glandulosa) under conditions

of salt (Na(l) and drought [polyethylene glycol (PEG)]
stresses.

Materals and methods
Plant culture and stress treatments

A hybrid aspen clone BH1 [Populus alba % P. tremula
var. glandulosa (Patg)] was vegetatively propagated via
shoot-tip culture on solid rooting medium [half-strength
MS medium (Murashige and Skoog 1962) supplemented
with 3% sucrese, 0.2 mg/L indole-3-butyric acid, and 0.8%
agar; pH 5.8]. The cultures were maintained at 22°C and
40% humidity under white-fluorescent lighting provided at
an intersity of 200 pmol/nds for 16 h per day. The plants were
subcultured at 4-week mtervals until being transferred into
liquid medium prior to the stress treatments. For the stress
treatments, plants were removed fiom the solid nedium, washed
with sterile distilled water, and placed in test tubes containing
liquid medium with the same composition as the rooting
medum (except for a higher concentration of agar) supplemented
with 150 mM NaCl or 10% PEG 6000. Plants were harvested
after 0 (Control), 30 m, or 2 h exposure to the stress (Fig. 1).

RNA extraction and cDN A library construction

Fresh tissues (leaves and stens) were ground into a fine
powder in liquid nitrogen wsing a mortar and pestle. After
honogenization, total RNA was purified using the RNeasy
Plant Mini kit (Qiagen, Venlo, The Netherlands). The quality
and quantity of purified total RNA were confirmed by
spectrophotometric analysis and gel electrophoresis. Total
RNA (5 ng) was used to synthesize first-strand cDNAs by
the PrimeScript™ RT Reagent kit (TaKaRa, Otsu, Japan).

Control
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Fg. 1 Shoot-tip cultures of the hybrid poplar [Populus alba %
P. tremula var. glandulosa (Patg)] for stress treatments
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Transcript analysis by semi-quantitative RT-PCR

The expression of GST genes under our drought or salt
treatment conditiors was amalyzed with five replicates. The
poplar [3-actin gene was used as a control gene. The actin
forward primer sequence was 5-GCCATCTCTCATCGGA
ATGGAA-3', and the reverse primer sequence was 5-AGG
GCAGIGATTTCCITGCTCAS'. RI-PCR assays were perforned
with the PCR PreMix 20 Reaction kit (Bioneer, Dagjeon,
Korea) on a thermocycler (model T3000; Biometra GmbH,
Gottingen Germany). Some of the GST primers for the
semi-quantitative RT-PCR assays were designed according
to the previowsly reported primer sequences for P, trichoaaipa
GST genes (Lan et al. 2009), and the remaining ten pairs
were designed in our study (Table 1). The cycling conditiors
of the semi-quantitative RT-PCR assays consisted of
30 cycles of an initial denaturation at 95°C for 5 m,
denaturation at 95°C for 30 s, and annealing at 54 ~ 63°C,
and extension at 72°C for 40 s. The amplified products
were run on a 1 % agarose gel and visualized by UV-light.

Table 1. Primers for reverse transcription (RT)-PCR that were newly
designed based on the sequence information of Populus trichocarpa
in the Phytozyme database (http:/www.phytozomenet)

Gene Primer name Sequence (5" to 3")
PatgGSTU6 GSTU6-F TTGGAAGGAGAGCTTGGAGA
GSTU6-R CTTCCTCAGCATCACAACGA
PatgGSTU41 GSTU41F GAAGGGACATGGAAGCAAAA
GSTU41-R  TCCACAATTCCGATCCTCTC
PatgGSTU43 GSTU43F  CCAGTGCTTGTITCATGATGG
GSTU43-R  TTGCCTTTTCCTGTTGCTCT
PatgGSTU44 GSTU4-F AGGGACAAGAGAAGGCAACA
GSTU4-R  GATGCAAACGAGGGAAGCTA
PatgGSTU45 GSTU45-F CGAGAAGTGTATGCCTGCAA
GSTU45-R  CCCAACCAGAAGCCTATGAA
PatgGSTUSS GSTUSSF  TTTTGGGGATGAGAGCTITG
GSTUS5-R  AAACCTCCTTCTGGCCACTT
PatgDHAR3 DHAR3-F GAAAGGTCCCAGTGGTGAAA
DHAR3-R TCCAATGCCTTCAATTCCTC
PatgGSTT2 GSTT2-F TTTGGTCGACCTCTGAATCC
GSTT2-R TGCGATCCGTTITCATCTGTA
PatgGSTZ1 GSTZI1-F AACCTTGCA AAAGGAGAGCA
GSTZ1-R CACCAAAGCCAGCATATGAA
PatgEF1By3 EF1By3-F CTGAACAAGGTCGGTGGATT
EF1By3-R TGTCAACCTTGGTCCATTCA

Results

Design of RT-PCR primers for hybrid poplar transcript
analysis

Prior to the semi-quantitative RT-P(R assays, primers designed
on the basis of the genome of P. trichocarpa (Lan et al.
2009) were tested using cDNA synthesized from our hybrid
poplar grown in the normal growth media. We detected 43
putative PatgGST transcripts among the 81 PargGSTs
identified in our hybrid poplar (data not shown), of which
only ten PatgGST transcripts were detected using the newly
designed primers listed in Table 1. The transcripts of the
remaining 38 PatgGST genes were not detected by RT-PCR.
Possible explamations for this failure to obtain amplification
products include sequence differences at the priming sites
between the two poplar species, development- and/or or
tissue type-specific expression, and/or inducible expression
under specific environmental conditions.

Isolation of salt stress response genes in hybrid poplar

Semi-quantitative analysis of the expression of the 81 PargGST
genes of hybrid poplar (P. dba % P. trenuda var. glandulosa)
was performed following exposure of the plants to 150
mM Na(l treatment for 30 m and 2 h (Fig. 1). Eight of
the 43 PatgGST genes amplified under the salt stress
condition were up-regulated. Of these, five (PagGSTUIS,
PatgGSTUIS, PatgGSTUR7, PatgGSTU45 and PatgGSTUH6)
were up-regulated in either the leaves (PatgGSTU27 and Palg
GSTUH46) or the stem (PatgGSTUIS, PatgGSTUIS and Paig
GSTU4), and three (PatgGSTU22, Patg GSTUS1 and Patg
GSTUS2) were induced in both the leaves and stens (Fig.

2). In contrast, PatgGSTUY expression was down- regulated
by the NaCl treatment (Fig 2). Almost all of the other

Patg GST genes anplified under this specific stress condition
did not show any visible change in the expression level when
compared with untreated control tissues (data not shown).

Isolation of PEG response genes in hybrid poplar

Drought-associated oxidative stress was induced in our study
by adding 10% PBEG 6000 to the growth media and sampling
the plants at 30 m and 2 h. Of the 43 PatgGST genes
amplified, 16 were up-regulated at the transcription level
following the 107 PEG 6000 treatment (Fig. 3). Most of
them were up-regulated in both the leaf and stem tissues,
but PatgGSTES was induced only in the stem (Fig 3). Among
the 16 PatgGST genes that were up-regulated in the presence
of 10% PEG were seven PatgGST genes that were induced
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leaf

stem

con 0.5h 2h

con 0.5h 2h

PatgGSTU15
PatgGSTU18
PatgGSTU22
PatgGSTU27
PatgGSTU45
PatgGSTU46
PatgGSTU51
PatgGSTU52

PatgGSTU9

Up-regulation

= Down-regulation

Actin

Fig. 2 Transcript analysis of Pafg glutathione S-transferases
(PatgGSTs) with NaCl treatment by semi-quantitative reverse
transcriptase (RT)-PCR. con ; Control (baseline)

leaf stem
con 05h 2h con 05h 2h
PatgGSTU2

PatgGSTU6
PatgGSTU8
PatgGSTU15
PatgGSTU18
PatgGSTU22
PatgGSTU27
PatgGSTU46
PatgGSTU51
PargGSTU52
PatgGSTF4
PatgGSTF5
PatgGSTF7
PatgGSTF8
PatgGSTT1
PatgTCHQD1
PatgGSTU54

PargGSTUSS
Actin

Up-regulation

] Down-regulation

|
1

Fig. 3 Transcript analysis of PatgGSTs with 10% PEG 6000
treatment by semi-quantitative RT-PCR. TCHQOD ; Tetrachloro-
hydroquinone dehalogenase, con ; Control (baseline)

in the Nad treatment: PutgGSTULS, PatgGSTUIS, PagGSTUZ2,
PargGSTU27, PatgGSTU46, PatgGSTUSI1, and PargGSTUS?
(Figs. 2 and 3). In cortrast, PatgGSTUS4 and PatgGSTUSS
were down-regulated following exposure to PEG 6000

(Fig. 3).

Discussion

Glutathione S-transferases of many plant species, including
Arabidopsis (Bianchi et al. 2002), wild soybean (Wei et
al. 2010), Amaranthaceae (Jha et al. 2011), and wheat
(Gallé et al. 2009), have been implicated in salt stress and

drought tolerance. However, poplar GSTs have not been
characterized in terms of tolerance against abiotic stress,
including salt and drought. Consequently, our aim was to
isolate putative candidate genes as first step toward understanding
the mechanism of salt and drought tolerance in woody plarts.

Based on our semi-quantitative RT-PCR results, we were
able to identify 17 poplar PatgGST genes that responded
to either salt- or oxidative stress-mediated drought: PargGSTUZ,
PatgGSTUb, PatgGSTUB, PatgGSIULS, PatgGSTUIS, Patg
GSTUZ2, PatgGSTUZ7, PatgGSTUYS, PagGSTU46, PagGSTUS |,
PatgGSTUS2, PatgGSTUSS, PatgGSTF4, PatgGSTF)S, Patg
GSTF7, PatgGSTF8 PatgGSTTI, and PatgTCHODI. These
genes were subjected to real-time RT-PCR to confirm
their induction at the trarscription level under the specific
stress condition tested (data not shown). Among the eight
subclasses of the poplar GST gene family, several GST
genes belonging to the Tau subclass were identified as
inducible under both the salt and PEG stress (Figs. 2 and 3).
Members of the Tau class of GST (GSTU) genes are plant
spedfic and well-known for their role in herbidde detoxification
(Axarli et al. 2009). Recently, extensive analysis of 81
GST family members in Populus were conducted by Lan
et al. (2009), which includes phylogenetic relationships
among them, their chromosomal locations, gene expression
pattemns in the different tissue types, and protein structural
features. However, their physiological roles regarding to
the stress tolerance have not been repated yet. In our study,
analysis of the transcriptional levels of Populus GSTs by
semi-quartitative RT-PCR led to the identification of candidate
geres for salt and drought tolerance. These include Pag
GSTUIS, PagGSTUIS, PagGSTUZ2, PatgGSTU27, PagGSTUH6,
PatgGSTUSI and PatgGSTUS2. These genes can be used in
future investigatiors to study the mechanism(s) of abiotic stress
tolerance as wdl as in geretic engineering atenpis to improve
the tolerance of woody plants to variows stresses.
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Supplementary Table 1. Primers designed by Lan et al. (2009) were initially used for RT-PCR in this experiment

Gene Primer name Sequence (5-3) Gene Primer name Sequence (5'-3")

GSTUI  PtGSTUIRTI TGTTGACAACAAGGTGTATTTTCCT GSTU42  PtGSTU4A2RT1  ACTTGAGCAAGCGGAAAGAGTGAT
PtGSTUIRT2 GCCTCT ATACTAAAGTTACCAAATG PtGSTU42RT2  TCCATATCITCCTAGAAAGGTTATTACC

GSTU2  PtGSTU2RT1 ATTTTGTTGACAAAAAGAT GI ATGACT GSTU43  PtGSTU43EX1  AGATATCATGGTAGGTGTGAAGCTCTICG
PtGSTU2RT2 ACATCTTCCTCAGCATCACAACA PtGSTU43EX2  TGAATT CITACTAATGGTGATGGTGGCAAG

GSTU3  PtGSTU3RT3 CTAGGCAGATTT TGI TGAT AAGA GSTU44  PIGSTU4A4EX1  AGATATCATGGAAGAAGI GAAGCTACTAGG
PtGSTU3RT4 ACATCAACGTAGCCGAGAGICIT PtGSTU44EX2  TAAGCTTTTATCATCITGGTGGAAAAATAC

GSTU4  PtGSTU4RT3 GTCCATGATGGGAAACCTATTIT GSTU45 PtGSTU4ASEX1  AGATATCATGACTGAAGTGAAGTTGCT
PtGSTU4RT4 CCICCCAAGGTCATATACCITCTTA PtGSTU45EX2  TGAATT CITACTAATACTTCCAAGAGGAAGC

GSTU5  PtGSTUSRT1 ATTTGTGGAACAAAGGTGCTTTATA GSTU46  PtGSTU46RT3  AATTTACTGAGGAGAAGIGICIGATG
PtGSTUSRT2 CATATCTTCTTCCCAAAATAAT TTACC PtGSTU46RT4  CAGCCCATTGCTAGATCTAAATAA

GSTU6  Pt(STU6RTI GATTTGTGGAACAAAGGTGATTTACT GSTU47  PtGSTU4TRT1  AACTTCAAGGACGAGCCCATAA
PtGSTUGEX2 TCTCGAGITACTACTCAAGCCCAAACT PtGSTU47RT2  ACGGTATGCCCTTCAGITTCAG

GSTU7  PtGSTU7RI3 GAATCCTGTTCACTCGAAAATCCT GSTU48  PtGSTU48RT1  AACTTCAAGGACGAGCCCATAA
PtGSTU7RT4 CGAGGTCATATATCTTTITTIGTCAACA PtGSTU48RT2  ACGGTATGCCCTTCAGITICAG

GSTUS  PtGSTUSRT3 TGTCGACAAAAAGATATATGACTTTG GSTU49  PtGSTUA9RT1  TGACAAGAAGGCGTACCGGTTC
PtGSTU8RT4 GAAAGGAAGTAGI GCTACATCAACAT PtGSTU49RT2  GCAATCAACT TGGGGCACTC

GSTU9  PtGSTU9RI3 GTCCATGATGGAAAACCTATTTG GSTU50  PtGSTUSORT1 ~ CATGGCCTAGTCCTTTCAGITATA
PtGSTU9RT4 CCAAGGICATATAACTTTTTGI CAA PtGSTUSORT2 ~ GAGGAAATTTCTGGGGTTCA

GSTUI0 PtGSTUIORT1  TGTTGACAAAAAGATATATGCCCTC GSTU51 PtGSTUSIRT2  CACTCCATTCATCTICTCTATGGC
PtGSTUIORT2  TCAT AGGCAT AAAACCAGCAAAG PtGSTUSIEX3  AGAATTGCCCTTAAT AT TAAATCTGC

GSTUI1 PtGSTULIRT1  TGTTAAAGAGGAAGAGCTTGAGATG GSTU52 PtGSTUS2RT1  TTGTTATTCTTGAGTITTATCGATGAG
PtGSTULIRT2  AAGGCTATATCTGCCATCCCTAC PtGSTUS2RT2  GCTTCAACGGCCAGTTTTAT

GSTUI2 PtGSTUIZRT3  GGTGGAGACAGTATTGGGATAGC GSTU53  PtGSTUS3RT1  TTAAGCTGCTAGGAACATGGC
PtGSTUI2RT4  CTTAAAGAAGGI' AACCGACCAGC PtGSTUS3RT2 CGAGGAAATTTCTGAGGTTCC

GSTUI3 PtGSTUI3RT1I  TTGCGAGTCCATGATCATTGIG GSTUS4  PIGSTUSART3  CTGGGCAGATTTTGTTGATAAGA
PtGSTUI3RT2  CCITTAGCATGAAACATTCTCCG PtGSTUS4RT4  CATCAACGTAACCGAGGGTGIC

GSTUI4 PtGSTUI4RT1  CATAAGAAGGITCCGGTACTTGTTC GSTU55 PtGSTUSSRT1  CATCGACAAGAAGATGTATCCTACIG
PtGSTUI4RT2  TTCTCITCITCAGI GGCT GGG PtGSTUSSRT2  AACTCGGGCAACCATGCTCC

GSTUI5 PtGSTULSRT3  TTGACAAGAAGATATATAACAATGCC GSTU56  PtGSTUS6RT1  TCAGATGTTCAGGAGAGAACT CGA
PtGSTUISRT4  TCCATGCAGTGATCT TTGGAC PtGSTUS6RT2 G ATGGGTCAGGTAGGTTCTTGG

GSTUI6 PtGSTUIERT1  ATTGAGGCTGAGTGTCCAAGGT GSTU57 PtGSTUSTRT1  GCCTCITGCCTGATGATCCTT
PtGSTUL6RT2  TTCTTCT TGAGCAGCAACACGT PtGSTUS7RT2  CTGAGACTCCATTGGGCAAAAG

GSTUI7 PIGSTUITRT3  CATTGACAAGAAGATATATAACAATAC GSTU58 PtGSTUS8RT1  TGAAACGI'GGAAGCAGTCTCC
PtGSTULITRT4  CATGCAGCGATCATTGGAA PtGSTUS8RT2  GCAATAAAAAGGGACTAAGGCAAC

GSTUIS PSTUISRT1  TGATGACAAGGI CCTCCAGICA GSTF1 PtGSTFIRTI TAGI GI CCCAGTAGACGAAGCCT
PtGSTUISRT2  CAAGGTCTACTAGTCCAATTGC PtGSTFIRT2 AGTCCACCACCIGTTTACATTCIT

GSTUI9 PIGSTUIRT1  TGACATCTCATATGGACTATTCGTITA GSTF2  PtGSTF2RTI TTCGCACCAAGAATGAATATCC
PtGSTUIRT2  GCAACTTATCATTIGTCGGGATG PtGSTF2RT2 AAAGATGTCCCITGI'CCGTAGC

GSTU21 PGSTU2IRT1  GCICGGITTTGGATTCAATATG GSTF3  PtGSTF3RTI ACCTCICGI' GI TCTGACT TGICIG
PtGSTU2IRT2  AAGCCAACAAGTGAAGAGICCAA PtGSTF3RT2 COGTAGCCAGI TTCCTTGAATCIT

GSTU22 PtGSTU22RT3  TTGGGGTGGI TGAGAACCAC GSTF4  PtGSTF4RT1 TAAAGTCCACGGAAGCACCC
PtGSTU22RT4  TAGGAGITCGAGCTGGCTIGC PtGSTFART2 GCGI' GGGCAATGTATTGAGTG

GSTU23 PtGSTU23RT1  GAGCCATGATACGCTITTIGGA GSTF5  PtGSTFSRTI TGAAACTCCATGGAAGCGTTT
PtGSTU23RT2  TATCTTTTICTATGACGTCAACGGIT PtGSTFSRT2 CCAGTTGAGTCCCCTIGCTG

GSTU24 PSTU24RT1  ACTCTTGCAATACAATCCT ATCCAC GSTF6  PtGSTFERT1 TIGAAACTCCATGGRAACCCCTA
PtGSTU24RT2  TTGATTGCAAAACCTTATCATCAC PtGSTF6RT2 CCCAGTTGAGTCCCCTTGCTA

GSTU25 PtGSTU2SEX1  AGATATCATGGCAGAAGI GAAGCTACATG GSTF7  PtGSTFTRTI CICTGGCGI GCTGACATGC

PtGSTU2SEX2  TGAATTCT TACTAGTTCT TGCCTAACTICTCC PtGSTFRT2 GI' AGCCAGTCOOCTTGAACTTC
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Supplementary Table

1. Primers designed by Lan et al. (2009) were initially used for RT-PCR in this experiment (continued)

Gene Primer name Sequence (5-3) Gene Primer name Sequence (5'-3")
GSTU26 PtGSTU26RT1  TTTGCTGAAGAGAAGIGITTGATG GSTF8  Pt(STF8RTI TGAAGACCGTGGACCGAATC
PtGSTU26RT2  CAGCTTCTTCCAT AACATTCAGC PtGSTF8RT2 TTTTCCICGTAAGTCCTGACCAG
GSTU27 PGBTU27RTI  CTACTGGATTTTGAGAT GAGTCCC GSTF9  PtGSTFIRTI CQCOGTGTATTGCT TTGCITATCT
PtGSTU27RT2 CAATAGGATAAATCTICTTGTCGATG PtGSTFIRT2 TTGCTCGTGAT TCTGACAATAGTG
GSTU28 PtSTU28RT1  TGGATAAACATATTTTCCCAAACG DHARI  Pt(STHIRTI AAGGGTATTGCITACTTITGGAGG
PtGSTU28RT2  TAGAAAAAGTTGAAGAAGGGAATAAGT PtGSTHIRT2 AGGTGGAATTGCCAATGGTG
GSTU29 PtGBSTU29RTI  TGGATAAACATATTTTCCCAAACG DHAR?  PtGSTH2RT1 TCATCTTAAAGCACACGGTCCA
PtGSTU29RT2  AATCGGCT TTCCTTCATGGA PtGSTH2RT2 ATGATATGTTCCT TAGCAQCCT TG
GSTU30 PtGSTU30RT1  TTGATGAGGI GT GGAAGGAT AGC DHAR3  PtGSTH3RT1 QGCATCTCAAGGGTCCTTTCAT
PtGSTU30RT2  AGTGCTATATCAACGTAGCCGATG PtGSTH3RT2 ACATGTTCCTCGGCAGCTCIT
GSTU31 PGSTU3IRTI  GGACTTGAGGGACAAGAGTGCA GSILI PtGSTLIRTI CACAATAACGAAGTGAAAGGAGAGTC
PtGSTU3IRT2  GAAGGTAGCAAAGGAGI CTTGCC PtGSTLIRT2 TTTGAATGI GGAATTATTGGCT TT
GSTU32 PtGBTU32RTI  CGAGGGACGAGAT CACAAAAT GSTL2 PtGSTL2RTI CTCCTACACTGATACATTCAACCGT
PtGSTU32RT3  ATCTCAAATACCTTCITGTCAATAAAA Pt(STL2RT2 AACACTTCTGACAGGAAGATGCAG
GSTU33 PtGBTU33RTI  GAACTTGAGGGACAAGAGTGCAT GS1L3 PtGSTL3RTI AATTCAAGGGCACAGIGTATACTG
PtGSTU33RT3  TCTCGAATACCTTCTTGI CAATAAAA PtGSTL3RT2 QCAAGAAGATATTGAGICITTCAACA
GSTU34 PtGBTU34RT1  TGACAAGAAGGTTTTIGATGCAAC GSTT1 PtGSTTIRTI CATGGTGCAGCTGAATATGTCA
Pt(STU34RT2  CCACTATATCGACAAACCCAAAGG PtGSTTIRT2 ACTGCAATCCTTTTCATCCAA
GSTU35 PtBTU3SRTI  TGACAAGAAGGTTTTTGATGCAAC GSTI2 PtGSTT2RTI1 TOGCAGCTCAGTTGAATITAT
PtGSTU3SRT2  CCACTATATCGACAAACCCAAAGG PtGSTI2RT2 CTATGGATGGITGGCTACTIGC
GSTU36 PtSTU36RT3  GAGITATCAAGGGI'GCTTCCTIT GS1Z1 PtGSTZIRTI AAATCTCCAAGITGCCAGTATCG
PtGSTU36RT4  CTTTCACCGCCGAAAAACTT PtGSTZIRT2 GI' AGCAAT CTGTGGGGCCAA
GSTU37 PtGBSTU37RTI  AAGGGTGCTGCCTTTAGTGC GS122 PtGSTZ2RT1 TGGT CCAGATGAGGTGATTCC
PtGSTU3RT2  AGTCTCTTCATGGAGCCAGTCAC Pt(STZ2R12 CCTTGATAGAAGAGGGAACTGAGTC
GSTU38 PtBTU3ERT1I  CAAGGGTGCITCCITTAGGGA EFIByl PtSTGIRTI ATTTTGOGCTGGI TCATACCA
PtGSTU38RT2  CGAGGCAAAGTGGCIGGTTC PtGSTGIRT2 AAATCCCAAAGTCAGGTTACAGG
GSTU39 PGBSTU3RTI  GACITGATGAACGGAAAGAGTGAT EFIBy?  PtGSTG2RTI GGTATTGTATGCCGGTAAGACG
PtGSTU39RT3  CCTAGAAAGATCAT TTATCTTTTTATCAA PtGSTG2R12 CAATTGCATTGCTCTCGAAGATA
GSTU40 PtGSTU40RT3 ~ ACTACATCGACAAGAAGATTTATCCTAT EFIBy3  PtSTG3RT1 ACTCCTGAAGGICCCGTGTTT
PtGSTU40RT4  GGTGTAAAAGAAGCTGTAGAACGG PtGSTG3R12 CIGGAGGAAGGTAGGGTTGAT
GSTU41 PGSTU41EXI  AGATATCATGGAAAAGGGAGTGAAACITTITAA  TCHQD! PtTCHQIRTI TGACTCACTTAGTCCTCT TGAA
PtGSTU4IEX2  TGAATTCT TAT CAGGCATGAGGI GCTGC PtTCHQIRT2 ACTTCTGAAACGAACAAAGCACC
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