Research Article

Identification of genes encoding drought-induced transcription factors in

peanut (Arachis hypogaea L.)

Phat M. Dang', Charles Y. Chen” and C. Corley Holbrook®

'USDA-ARS, National Peanut Research Laboratory, PO Box 509, 1011 Forrester Dr. SE, Dawson, GA 39842
’Department of Agronomy and Soils, Auburn University, 201 Funchess Hall, Auburn, AL 36849
3 USDA-ARS, Crop Genetics and Breeding Research Unit, 115 Coastal Way, Tifton, GA 31793

Received on June 14, 2012; Accepted on October 7, 2012; Published on October 18,2012
Correspondence should be addressed to Phat M. Dang; Phone: +1 229 995 7432, Fax: +1 995 7416, Email:

Phat.Dang@ars.usda.gov

Abstract

Transcription factors play key roles in the regulation of
genes involved in normal development as well as toler-
ance to biotic and abiotic stresses. Specific transcrip-
tion factors that are induced in peanut under drought
conditions have not been identified. The objectives of
this study were to compare gene-expression patterns of
various transcription factors of a drought tolerant ver-
sus a susceptible peanut genotype under drought con-
ditions and to identify transcripts that were regulated
in a drought dependent manner. Twelve putative tran-
scription factors were identified and real-time PCR
analysis was performed which resulted in the identifi-

cation of three unique transcripts in which ahERF1
was highly induced in the recovery stage; ahERF7 and
ahERF8 were also highly induced by drought and re-
turned to nominal levels after recovery. These se-
quences contain DNA binding domains that are present
in the APETALA2/Ethelene Responsive Factors (AP2/
ERF) family of transcription factors which have been
shown to be induced by stress. Induction levels and
patterns of gene-expression of ahERF1, ahERF7 and
ahERF8 may be used to select plants that may have
higher drought tolerance.

Introduction

Drought is a major environmental stress that adversely
affects plant growth and can significantly reduce yield
and quality. In order to cope with dynamic environ-
mental changes, plants have evolved a complex net-
work of perception and signal transduction (Huang et
al. 2012; Hubbard et al. 2012; Ishibashi et al. 2012). It
has been established that signal transduction involves
both abscisic acid (ABA) dependent and ABA inde-
pendent pathways (Zhang et al. 2006; Boneh et al
2012). Transcription factors have been identified as
key effectors that regulate the expression of down-
stream genes involved in the acclimation process
(Yamaguchi-Shinozaki & Shinozaki 2006; Mizoi ef al.
2012; Rushton et al. 2012). The APETALA 2/
ethylene-responsive element binding factor (AP2/ERF)
represents a large family of plant-specific transcription
factors that are divided into four major subfamilies:
AP2, ERF, RAV (related to ABI3/VP1) and DREB
(dehydration-responsive element binding protein)
(Sakuma et al. 2002), which are involved in various
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stresses such as low or high temperature and water
stress (Mizoi et al. 2012). These proteins contain a
conserved DNA-binding motif approximately 60 resi-
dues in length (Kim et al. 2006) and contain 1 or 2
AP2/ERF domains (Sakuma et al. 2002). AP2/ERF
transcription factors regulate gene expression by bind-
ing to the cis-acting dehydration-responsive element/C
-repeat (DRE/CRT) or GCC-box sequence on the pro-
moters of the affected genes (Yamaguchi-Shinozaki &
Shinozaki 2006) and over-expression in transgenic
plants can enhance tolerance to various stresses (Kang
etal 2011).

Peanut (Arachis hypogaea L.) is a warm-
season legume that provides an important source of
proteins and oil for people living in the U.S. and many
parts of the world. Its production is adversely affected
by drought depending on duration or severity. Even in
peanut under irrigation, the amount and timing of wa-
ter application can be critical to optimize peanut yield
depending on variety and location (Hamidou et al
2012). Plant selection for superior drought tolerance
has been difficult due to extreme variability based on
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year and location (Araus et al. 2002). Low genetic
polymorphisms have been observed in cultivated pea-
nut (Kottapalli ef al. 2007), resulting in the need for
development of large number of molecular markers as
well as the identification of genes that are regulated
under drought stress. Recent advances in the develop-
ment of genomic resources for variety development are
promising (Pandey et al. 2012); however, selecting
plants with higher tolerance continues to be difficult
due to the multigenic nature of the drought response
and the strong environmental interactions (Ravi et al.
2011). Thus, development of gene-expression profil-
ing of tolerant and susceptible peanut genotypes may
provide a better approach for plant selection.

The effect of early season or pre-flowering
stage drought does not seem to negatively affect pea-
nut yield and quality, and some reports have even
shown yield increases (Puangbut et al. 2010; Jon-
grungklang et al. 2011). The recognition of drought
can lead to the development a larger and deeper root
system in peanut which can result in better drought
tolerance (Jongrungklang et al. 2011) or a significant
rate of growth after the release of drought stress (Awal
& lkeda 2002). Understanding molecular processes
that are involved in the recognition and signal trans-
duction of drought stress will enable the selection of
plants with better resistance. The goal of this study
was to identify transcription factors that respond early
to drought stress and return to normal levels upon wa-
ter availability, by comparing a drought susceptible
genoptype (AP-3) and a tolerant genotype (C76-16)
under a short-term (21 days) drought treatment and
recovery.

Materials and Methods

Experimental design and plant treatments

Peanut genotypes C76-16 (drought resistant) and AP3
(susceptible) were selected for evaluation. Plants were
grown in a randomized block design in 2 (5.5 m X
12.2m) environmental controlled rainout shelters
(Blankenship et al. 1989) at the National Peanut Re-
search Laboratory, Dawson, GA, USA. Peanuts were
planted at a seeding rate of 20/m with 0.76m spacing
and irrigated to provide uniform germination. Three
5.5 m rows were planted for each genotype in each
treatment plot: full irrigation and drought treatment.
10-14 days after planting (DAP), germinated seeds
were counted for all plots to ensure consistent germi-
nation efficiency.

Irrigation treatment
Plants were irrigated based on evapotranspiration (ET)
replacement for peanut as described by Stansell er al.

(1976). Watermark moisture sensors (Irrometer, Riv-
erside, CA) were placed at 4” and 8” depth and read
every 4™ day. Irrigation was triggered based on an
average reading of -60 kPa for both 4” and 8 depth.
For drought treatment, water was completely withheld
for 3 wks, and then re-irrigated. Control plots were
fully irrigated throughout the experiment.

Sample collection and processing

Samples were collected once a wk for 5 consecutive
wks: stage 1 (43 DAP), stage 2 (50 DAP), stage 3 (58
DAP), stage 4 (64 DAP) and stage 5 (71 DAP). Fully
expanded leaves from the main stem (second nodal)
were randomly selected. Two plants were sampled per
row with 3 row replications per treatment. Fresh
leaves were collected in the morning (8-9 a.m.), placed
into plastic bags and stored on ice until all samples
were collected (~30 min). Approximately 0.1 to 0.15 g
leaf samples were placed into 2 mL homogenization
tubes and immediately frozen in liquid nitrogen for
RNA extraction. Third nodal leaves from the same
main stem were collected to determine relative water
content (RWC), specific leaf area (SLA) and leaf den-
sity moisture content (LDMC) on the same collection
day.

RWC, SLA, and LDMC measurements

Freshly collected leaves were immediately weighed
after collection and were subsequently fully sub-
merged in deionized water and placed under a white
light lamp for 2 h to ensure tissues were completely
turgid. Leaves were blotted dry and weighed. Leaf
area (LA) was measured using the LI-3100 area meter
(LI-COR Biosciences, Lincoln, NE, USA). Leaves
were placed into a 65°C oven for 2 days to ensure
complete dryness and then weighed.

RWC was determined based on the following formula
(Barrs & Weatherley 1962):

RWC (%) = [(FW — DW)/(TW-DW)] x 100

where FW is fresh weight; DW, dry weight and TW,
turgid weight. SLA is the ratio of leaf area to leaf dry
mass (LA/DW) and LDMC is the ratio of leaf dry
mass to saturated fresh mass (DW/TW).

RNA extraction

Frozen leaves were pulverized with 0.28 mm ceramic
beads in 2 mL tubes using an Omni Bead Ruptor 24
(Kennesaw, GA, USA). Total RNA was extracted us-
ing the method described by Chomczynski & Sacchi
(1987) with the modifications of adding 1% PVPP in
the homogenization solution and a LiCl precipitation
step to further separate DNA from RNA. RNA con-
centration was determined using the Nanodrop 2000c
spectrophotomer (Thermo Scientific, Wilmington,
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DE); quality was evaluated by RNA gel electrophore-
sis (Sambrook et al. 1989) and images were captured
on the Gel Logic 200 Imaging System (Kodak, Roch-
ester, NY). Prior to reverse-transcription, RNA was
DNAse-treated with Turbo DNA-free (Ambion, Aus-
tin, TX).

Identification of peanut transcription factors

The peanut expressed-sequence tags (EST) project
identified twelve putative transcription factors that
may have a role in biotic stress (Guo et al. 2009). Se-
quence alignment was performed by Sequencher se-
quence analysis software v5.0 (Gene Codes, Ann Ar-
bor, MI). Partial sequences were utilized to search
against the EST NCBI database to identify other ho-
mologous sequences that can align to produce longer
sequences and provide a higher number of sequences
in overlapping regions for greater confidence. The
original NCBI accession numbers with the correspond-
ing consensus and new identifiers are listed in Supple-
mentary Table 1. Open-reading frames (ORFs) were
electronically translated to produce putative protein
and searched against the NCBI protein database. Pro-
tein physical parameters were performed using Prot-
Param (http://web.expasy.org/protparam). This web-
based program is a tool which allows the computation
of various physical and chemical parameters for a
given protein. These parameters include molecular
weight, amino acid composition, theoretical pl value
and extinction coefficient of a particular protein which
can be compared to other proteins to associate similar
structure or function.

Primer design and testing

Primers for real-time PCR were designed using Primer
Express v3 (Applied Biosystems). Serial dilutions
(1:2) of pooled cDNAs from drought treated peanut
leaves were utilized to determine primer efficiency.
Regression analysis was performed on the Ct values
generated from real-time PCR plotted against the log
of transformed dilution series.

Reverse transcriptase

For cDNA synthesis, 1 mg total RNA was denatured at
65°C for 5 minutes in the presence of 1 mL oligo dT
(50 mM) in a total volume of 13 mL and immediately
placed on ice for 2 minutes. To each sample, 4 mL of
5x Reaction Buffer (Invitrogen, Carlsbad, CA) was
added and allowed to incubate at 25°C for 10 minutes
followed by the addition of 2 mL 10x Reaction En-
zyme. The reaction mix was incubated at 42°C 1 hour,
heated to 85°C for 5 minutes to terminate the reaction,
diluted 1:100 with 10 mM Tris pH 7.5 and stored at
4°C until use.

Real-time PCR conditions

Real-time PCR was performed on an ABI 7500 real-
time PCR machine utilizing RT?> SYBR Green qPCR
Mastermix with ROX (Qiagen, Valencia, CA) as fol-
lows: 4 mL of diluted cDNA, 0.4 mM of each primer
and 12.5 mL of qPCR mastermix in a 25 mL reaction
volume. PCR cycling conditions consisted of 4 stages:
2 min at 50°C, 10 min at 95°C, followed by 40 cycles
of 15 sec at 95°C and 1 min at 60°C, and a dissociation
curve analysis which consisted of 15 sec at 95°C, 20
sec at 58°C and 15 sec at 95°C. Three independent
reactions were performed for each sample.

Data analysis

Raw Ct values from the real-time PCR were analyzed
according to Livak & Schmittgen (2001). All samples
were first normalized to the Actin gene as an internal
control, and then treated samples were normalized to
controls to determine the relative changes in gene-
expression. Levels and standard errors at difference
stages for both C76-16 and AP-3 were graphed using
SigmaPlot v10 (Systat Software, Chicago, IL). Analy-
sis of variance was performed using Statistix 9
(Analytical Software, Tallahassee, FL). Differences
between means were determined using Student’s
paired t-test method at the P = 0.05 level.

Results

Physiological indicators of plant water stress
Relative water content (RWC), specific leaf area
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Figure 1. Soil moisture measurements at 4” and 8” depths
of drought and irrigated plots. Watermark readings were
taken once a week for soil dry-down stages (1-4) and a re-
irrigation stage (5). More negative readings (kPa) in
drought-treated plot at both 4” and 8 indicated that soil
moisture was decreasing over time and returned to standard
levels after irrigation. Fully irrigated plot showed minor
fluctuation in readings over all stages (1-5).
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Figure 2. RWC (A, B), SLA (C, D), LDMC (E, F) measurements for AP-3 and C76-16 at drought stages (1-4) and recovery

(5). Treated samples were compared to irrigated controls.

(SLA), and leaf density moisture content (LDMC) rep-
resent measurable physiological traits that indicate
plant stress (Girdthai et al. 2010; Vile et al. 2005).
Treated plants were observed to be healthy with no
signs of water stress compared to irrigated controls
even when soil moisture was observed to decrease
over time (Figure 1). Figure 2 illustrates the RWC,
SLA, and LDMC trends of drought treatment com-
pared to the irrigated control. For the first collection
date, RWC, SLA and LDMC of treated plants were not
different than the irrigated control. At stage 2, soil
moisture was slightly reduced in the drought treatment.

However, RWC, SLA, and LDMC showed similar
trends under both treatments. At stage 3, RWC, SLA
and LDMC for both AP-3 and C76-16 showed no dif-
ference compared to the irrigated control while soil
water content was significantly reduced (P < 0.05)
from -70 to -150 kPa at 4” and -59 to -79 kPa at 8”
depth. At stage 4, RWC and LDMC showed upward
trends similar to the irrigated control for AP-3 and C76
-16 even when soil moisture continued to a negative
trend above the maximum reading threshold of the
moisture sensor of 199. SLA showed a negative trend
different (P < 0.05) than the control for AP-3 while
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C76-16 showed no difference compared to the irri-
gated control. After tissue collection for stage 4,
plants were irrigated to evaluate plant recovery. At
stage 5, RWC of drought treatment showed no differ-
ence from the irrigated plot for both AP-3 and C76-16
with soil moisture similar to the

irrigated plot. SLA and LDMC were significantly dif-
ferent (P < 0.05) compared to the control for C76-16
while AP-3 was not different. Observed patterns of
RWC, SLA and LDMC for the drought treatment and
irrigated control indicated that a mild and short-term
water stress was applied.

Identification of putative peanut transcription fac-
tors

Twelve putative transcription factors were identified
from a reported EST dataset (Guo et al. 2009) and
were designated as ahERF1 to 12. An NCBI protein
database search identified that ahERF1-2 and ahERF5-
12 contained a DNA binding domain commonly found

Table 2. Primers and amplicons characteristics.

in the AP2/ERF family of transcription factors and
ahERF3-4 contained a multiprotein bridging factor 1
(MBFT1) with a prokaryotic DNA binding domain helix
-turn-helix (HTH) found in the xenobiotic response
element (XRE) family of transcription factors. Over-
expression of the AP2/ERF transcription factor or of
MBF1 in transgenic plants enhanced tolerance to
drought and/or heat (Zhang et al. 2009; Kim et al.
2007). These represented candidate genes that were
evaluated in a peanut drought experiment. Primer and
amplicon details are listed in Table 2.

Real-time PCR results

The variation in fold change ranged from 0 to 12 for
ahERF1, 0 to 5 for ahERF2-6 and ahERF9-12 while
ahERF7 and ahERF8 were between 0 and 60. For
ahERF1, no difference in the levels of gene-expression
was observed at stage 1 between the two genotypes
(Figure 3A). C76-16 was 2.0 (1.51/0.760) fold higher
(P < 0.05) at stage 2, 1.3 (4.19/3.20) and 2.9

. . Regression
Gene ID Direction Primers A.m plicon T Efficiency coegfﬁcient
size (bp) (%) R?

ahERF1 F GGCAGAGGCCCTGGGGCAAG 71 70 102.0 0.930
R GCCGAGCCAGACACGGACCC 70

ahERF2 F TCGCGTTCACGGCGGGTTAC 81 66 94.3 0.998
R GCCCCTCCTCTTGCCGGACT 68

ahERF3 F TGTGGGGCCCATATCGCAGGA 70 66 101.9 0.990
R CTTGGCCGCAGCGTTTGGTG 66

ahERF4 F CTGGCGAAGCAGATCAATGAG 64 62 83.8 0.999
R GCTGGGCTTTGCCGTTCT 62

ahERF5 F GGCAAGAAAGCCAAGGTGAAT 71 61 91.7 0.997
R AGATTTGGCCTGGCACGTT 61

ahERF6 F CCCGTTTTCGCGGTGTCCGA 111 66 914 0.989
R CAGCCTCGGCGGTGTCGAAG 68

ahERF7 F CCGAACTCGGCCCGCACCTT 138 66 83.3 1.000
R ACGCGGACACGATTCGGCTGG 68

ahERF8 F GTTTCGGCGGCGGAGCTTCA 84 66 87.6 0.957
R TGCGTTGGCCGAAGGTGTCC 66

ahERF9 F GGGGAAGTGGGTGGCGGAGA 81 68 94.2 0.999
R GCGGCCACCGGTGTTGTGTA 66

ahERF10 F CTTGTTGCTGCTGTTACGTTGTTC 72 62 86.1 0.999
R TTGCCTCCGCCGTTACAC 62

ahERF11 F GCCATTGGTGCTGCCCTTGC 76 66 109.8 0.973
R TGGGGAAGTTGAGGCGGGCA 66

ahERF12 F GGCAAGAAAGCCAAGGTGAAT 71 61 84.2 0.999
R AGATTTGGCCTGGCACGTT 61

Actin F ACGAGCTTCGTGTGGCTCCTG 68 66 91.8 0.996
R GGCCTTTGGGTTGAGGGGTGC 68
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(1.88/0.66) fold lower (P < 0.05) for stages 3 and 4,
and 4.9 (12.5/2.56) fold higher (P < 0.05) at stage 5,
compared to AP-3. C76-16 was 1.2 (2.26/1.86) fold
higher (P < 0.05) at stage 1 for ahERF2, 1.4
(1.6/0.816) fold lower (P < 0.05) at stage 3, and 1.2
(1.30/1.13) fold higher (P < 0.05) at stage 5, compared
to AP-3 (Figure 3B). No differences were observed at
stages 2 and 4. For ahERF3, no differences were ob-
served for stages 1 to 3 between the two genotypes
(Figure 3C). C76-16 was 1.2 (0.579/0.496) and 1.4
(1.22/0.876) fold lower (P < 0.05) at stages 4 and 5
than AP-3. No difference was observed at stage 1 for
ahERF4 between genotypes (Figure 3D). C76-16 was
2.1 (2.59/1.21) fold higher (P < 0.05) at stage 2, 1.77
(0.380/0.214) and 1.85 (2.02/1.09) fold lower (P <
0.05) at stages 3 and 4, and 4.1(1.11/0.496) fold lower
(P <0.05) at stage 5, compared to AP-3. For ahERFS5,
no difference was observed at stage 1 between geno-
types (Figure 3E). C76-16 was 1.4 (1.47/1.09) fold
higher (P < 0.05) at stage 2 but 2.0 (2.15/1.05) and 2.2
(1.44/0.659) fold lower (P < 0.05) for stages 3 and 4,
respectively. No difference was observed at stage 5.
The level of gene-expression for ahERF6 in C76-16 at
stage 1 was 1.8 (3.16/1.75) fold higher but showed no
difference at stages 2 and 3, when compared to AP-3
(Figure 3F). At stage 4, C76-16 was 1.9 (1.44/0.741)
fold higher and no difference was observed at stage 5.
For ahERF7, C76-16 was 13.2 (6.29/0.476) fold lower
(P <0.05) at stage 1 and no difference was observed at
stage 2 (Figure 3G). At stage 3, C76-16 was 447
(47.83/0.107) fold higher (P < 0.05) compared to AP-3
and 100 (47.83/0.476) fold higher, (P < 0.05) com-
pared to stage 1 of C76-16. No difference was ob-
served for stage 4 and C76-16 was 18.6 (3.85/0.207)
fold lower (P < 0.05) than AP-3. No difference was
observed for stage 1 of ahERF8 between genotypes
(Figure 3H). C76-16 was 2.7 (11.2/4.16) fold higher
(P <0.05) at stage 2, 7.2 (14.9/2.06) higher (P < 0.05)
at stage 3, and 4.5 (34.9/7.82) fold higher (P < 0.05)
than AP-3. However, C76-16 was 11 (9.47/0.864) fold
lower than AP-3 at stage 5. For ahERF9, C76-16 was
2.0 (2.32/1.18) fold higher (P < 0.05) at stage 1 while
no difference was observed at stage 2, compared to AP
-3 (Figure 3I). C76-16 was 1.5 (2.36/1.59) fold higher
(P <0.05) at stage 3 and 2.5 (1.01/0.406) fold lower (P
< 0.05), compared to AP-3. At stage 5, C76-16 was
1.3 (2.45/1.84) fold lower (P < 0.05) than AP-3. No
differences were observed for stages 1 to 3 for
ahERF10 (Figure 3J). C76-16 was 1.9 (1.25/0.659)
fold lower (P < 0.05) than AP-3 at stage 4 and no dif-
ference was observed at stage 5. For ahERF11, no
differences were observed for stages 1 to 4 with a de-
creasing trend with the lowest point at stage 4 and in-
creasing trend at stage 5 with C76-16 at 1.9 (2.90/1.52)

fold lower (P < 0.05), compared to AP-3 (Figure 3K).
No difference was observed at stage 1 for ahERF12
between the two genotypes (Figure 3L). C76-16 was
3.5 (3.19/0.903) fold higher (P < 0.05) at stage 2, and
2.2 (2.17/0.990), 1.5 (1.86/1.22) and 2.0 (2.84/1.43)
fold lower (P < 0.05) at stages 3 to 5, respectively.

Protein elements

The DNA binding element found in APETALA2 and
ethylene responsive factors were identified in ahERF1-
2 and ahERF5-12, while MBF1 was present in ahERF3
-4 (Table 2). ahERF1 was of interest since it showed a
strong gene-induction in the recovery stage for C76-
16, compared to AP-3; and ahERF7 and ahERF8 were
of interest since they showed coordinated and strong
levels of gene induction and returned to almost compa-
rable levels as in the controls after the release of
drought. ahERF1 was composed of 90 residues (270
aa) with a single AP2/ERF binding domain located
between aa 105 and 135 (YRGIRQRPWGKWAAEIR
DPHKGVRVWLGTF). It was predicted to be 29.9
kDa with a pl value of 5.12 and an extinction coeffi-
cient of 44,460, indicating instability. Asparagine
(10.0%), Aspartic acid (9.3%), Glycine (8.1%) and
Leucine (7.8%) were highly represented. ahERF7 was
composed of 76 residues (228 aa) with a single AP2/
ERF binding site. It was predicted to be 24.8 kDa with
a pl value of 6.22 and an extinction coefficient of
34,950, also indicating instability. Alanine (13.2%),
Proline (10.5%) and Serine (14.0%) amino acids were
highly represented but devoid of Cysteine. A con-
served DNA binding domain was located between aa
45 and 75 (YRGVRMRQWGKWYVSEIREPKKRNRI
WLGTF) that matched a cd00018 sequence cluster in
the NCBI protein database. This binding domain is
found in APETALA2 and EREBP (ethylene respon-
sive element binding protein) transcription factors that
specifically bind to an 11-bp GCC-box on the promot-
ers of ethylene responsive genes (Allen ef al. 1998).
ahERFS8 was a partial sequence with 280 aa in length.
Protein database search revealed that it contained two
AP2 binding domains (YRGVTRHRWTGRYEAHLW
DNSCRREGQSRKGRQVYLGG) and (YRGVTRHH
QHGRWQARIGRVAGNKDLYLGT), representative
of AP2 belonging to the AP2/ERF family of transcrip-
tion factors (Allen et al. 1998) and also matched the
¢d00018 sequence cluster.

Discussion

Plants can respond to drought by deploying an escape
mechanism in which their life cycle is completed be-
fore a severe drought occurs or an avoidance/tolerance
mechanism in which physiological, biochemical and
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Figure 3. Real-time PCR results of twelve putative peanut transcription factors
comparing AP-3 and C76-16. Relative fold changes ranged from 0 to 12 for
ahERF1 (A), 0 to 5 for ahERF2-6 (C-F) and ahERF9-12 (I-L) and 0 to 60 for
ahERF7-8 (G-H) were plotted in drought stages (1-4) and recovery (5).

physical parameters are modulated
to maintain growth and develop-
ment (Harb et al. 2010). In nature,
variations in duration and severity
of different droughts occur which
likely result in the evolution of
plants with different combinations
of molecular processes. Peanut
seems to exhibit an avoidance/
tolerance response with changes in
root architecture (Puangbut et al.
2009; Jongrungklang et al. 2011)
or a physiological and biochemical
modulation in the recognition of
stress and recovery (Awal & lkeda
2002; Puangbut et al. 2010). Ex-
ogenous expression of Arabidopsis
DREBIA transcription factor in
transgenic peanut resulted in
stronger root growth under drought
stress, compared to wild type con-
trols (Vadez et al. 2012). Peanut
transcription factors may be in-
volved in the recognition and re-
sponse leading to drought acclima-
tion or tolerance. Patterns of gene-
expression were evaluated compar-
ing a drought tolerant (C76-16) and
a susceptible (AP-3) genotype to
identify differences in drought rec-
ognition and response.

C76-16 may recognize drought
stress earlier than AP-3. ahERF7
gene-expression was significantly
(P <0.05) induced up to 100 fold,
compared to the initial stage for
C76-16 and one wk earlier than AP
-3. This result suggests that
ahERF7 gene-expression is critical
for drought response since it is sig-
nificantly induced under drought
and is reduced to a very low level
after drought release. Earlier
drought recognition and response
maybe provide a selective advan-
tage of C76-16 compared to AP-3.
ahERFS8 gene-induction was posi-
tively correlated with relative soil
moisture during drought treatment
and was significantly higher (P <
0.05) for C76-16 compared to AP-
3. Transcription of ahERF8 was
highly regulated with only 4 ESTs
being identified from a total of
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253,274 peanut ESTs in the NCBI database. ahERF8
was induced by drought and returned to a low level
after the release of drought stress. This temporal in-
duction indicated that ahERFS is important in the
drought response which may lead to plant acclimation
o tolerance.

A strong recovery after the release of drought
was observed in peanut with significant increases in
relative growth rate, net N, assimilation rate, root to
shoot (R:S) ratio and a flush of flowers upon the re-
lease of drought (Awal & lkeda 2002). ahERF1 in
C76-16 was 4.9 (12.5/2.56) fold induced (P <0.05)
following recovery, compared to AP-3 (Figure 3A). In
Arabidopsis, Expansins that are involved in cell expan-
sion were induced in the acclimation process (Harb et
al. 2010) and may lead to rapid growth after the re-
lease of drought.

The expression of ahERF1 can induce the ex-
pression of downstream genes important in the accli-
mation process. The ethylene responsive element
binding proteins interact with cis-acting GCC box in
promoter regions of defense-related genes and regulate
gene-expression (Hao et al. 1988). Overexpression of
LeERF in tomato enhanced drought tolerance and up-
regulated stress related genes such as proline syn-
thetase (P5CS), late embryogenesis protein (LEA),
lipid transfer protein (Itpg2) and cystein protease (tdi-
65) (Lu et al. 2010). Arabidopsis plants transformed
with ERF5 and ERF6 resulted in significant increased
resistance against Botrytis cinerea and induced a set of
46 genes, a majority of which were associated with the
defense response (Moffat et al. 2012). In general, spe-
cific downstream genes can be activated based on the
timing and duration of stress that can result in toler-
ance or resistance.

Conclusion

Comparison of contrasting drought responsive geno-
types emphasized the importance of plant selection in
utilizing acclimation capacity in early-season drought.
The correlation of plant drought response to specific
patterns of gene-expression can identify important
genes in the acclimation process. Variation in the pat-
terns of gene-expression of the same transcript be-
tween two very similar peanut genotypes suggested
differences in the promoter regions. Induction levels
and patterns of gene-expression of drought-inducible
genes may be used to select plants that may have
higher drought tolerance.
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