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ABSTRACT 

Peanut (Arachis hypogaea L.) is one of the most susceptible host crops to Aspergillus flavus invasion and subsequent 
aflatoxin contamination. In this report, a new member of PR10 family putative resistant gene (designated as ARAhPR10, 
No. EU661964.1) encoding a PR10 protein was isolated and characterized. Analysis of qRT-PCR showed that the ex- 
pression of ARAhPR10 was induced by pre-harvested A. flavus infection, but no significant difference was observed 
between resistant genotype “GT-C20” and susceptible genotype “Yueyou 7”. Seven transgenic peanut lines expressing 
the ARAhPR10 gene under the control of 35S promoter were obtained using the Agrobacterium tumefaciens-mediated 
method. Real time RT-PCR results showed that the expression level of the ARAhPR10 was significantly higher and the 
A. flavus infection and aflatoxin content were significantly lower in seeds of transgenic lines than that of the wild type. 
A significant negative correlation between ARAhPR10 expression at transcript level and seeds aflatoxin production was 
observed. Combining the previous results, it is suggested that ARAhPR10 expression play an important role in peanut 
host resistance to A. flavus infection and aflatoxin producing. 
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1. Introduction 

Peanut is one of the most susceptible host crops to As- 
pergillus flavus invasion and subsequent aflatoxin pro- 
duction. It was suggested that an effective solution to the 
problem would be the use of peanut varieties that are re- 
sistant/tolerant to infection by the aflatoxin-producing 
fungi, or resistant/tolerant to aflatoxin production if co- 
lonized by the fungus [1]. Several peanut genotypes with 
resistance to A. flavus infection have been identified. 
However, progress in incorporating resistant trait/genes 
from these genotypes with desirable agronomical traits 
has been slow, mainly due to the lack of understanding of 
resistant mechanism [1-3]. Excitingly, studies on host- 
resistance mechanisms had make great progress during 
the past twenty years. With the application of proteomics 
and genomics technology to high-throughput gene iden- 
tification, many resistance-associated proteins and genes 
have been identified in maize [4-6] and peanut [7-9]. 
These proteins and genes comprise seed storage proteins, 
antifungal proteins, pathogenesis-related proteins and 
stress-related proteins [4-9]. Among them, the role of 

PR10 in host resistant to aflatoxin received more atten- 
tion. 

PR10 family is one of the most important PR families 
among 17 PR families and a number of cDNAs encoding 
PR-10 proteins were obtained [10]. So far, there are 
many reports of cloning, expression and characterization 
of multiple PR-10 or PR-10-like proteins from plants 
[10-13]. Based on similarities in their amino acid se- 
quences, the PR-10 family comprises two distinct groups: 
intracellular pathogenesis related proteins (IPR) with ho- 
mology to ribonucleases [11], and (S)-norcoclaurine syn- 
thases [12]. Although biological function of has not yet 
been cleared, PR10 proteins in general exhibit allerge- 
nic, anti-fungal and ribonuclease activities [10,13,14]. 
Just like other PR proteins, PR10 is induced by both bi- 
otic [10,15] and abiotic stress, such as drought [16], wound- 
ing and cold-hardening[17]. 

The possible relationship of PR10 and host resistant to 
aflatoxin was first reported by Luo et al. [7]. PR10 gene 
showed significantly up-regulated in peanut cultivar A13 
and responded to A. parasiticus attack. Recently, a PR10 
gene (ZmPR10) was found to be associated with maize 
kernel resistance to A. flavus infection/aflatoxin con- *Corresponding author. 
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tamination, and was cloned from maize based on partial 
peptide sequences of the protein [18]. The ZmPR10 pro- 
tein over-expressed in E. coli possessed ribonuclease ac- 
tivity and inhibited A. flavus growth [18]. Subsequently, 
Xie et al. [19] cloned a novel PR10 gene (ZmPR10.1) 
from maize and found it was induced by A. flavus infec- 
tion. ZmPR10.1 showed a strong inhibition against A. 
flavus in vitro. Interestingly, in our earlier research, a 
PR10 up-regulated unique EST sequences was observed 
only in resistant genotypes “GT-C20” libraries after com- 
paring the gene expression profiling in developing seeds 
at different reproduction stages during A. parasiticus in- 
fection between “Tifrunner”, susceptible to A. parasiti- 
cus and “GT-C20” [8]. Xie et al. [20] was isolated and 
characterized this up-regulated PR10 (designated as ARAh- 
PR10, No. EU661964.1). Sequence alignments showed 
that ARAhPR10 showed high identity with the reported 
AhPR10 (gbAY726607) in peanut by 49.3% and with 
other PR10 proteins above 40% in other plants. The puri- 
fied recombinant ARAhPR10 protein showed RNase ac- 
tivity, but could not inhibit A. flavus growth in vitro. This 
result was consistent with Chadha P and Das RH’s re- 
ports [13]. In addition, in another earlier research, PR 10 
was not listed in significantly up-regulated proteins in the 
resistant cultivar challenged by A. flavus under drought 
stress [9]. A raised question was whether or not the 
PR10 can play a role in host resistant to aflatoxin con- 
tamination in peanut. The objective of this paper was to 
functionally characterize its role in alleviating aflatoxin 
contamination in peanut by overexpression of ARAh- 
PR10. 

2. Materials and Methods 

2.1. Plant Material and Treatment 

A resistant cultivar “GT-C20” and susceptible cultivar 
“Yueyou 7” were collected and treated according to the 
method described by Wang et al. (2009). Aspergillus 
flavus isolate As 3.2890, a wild-type strain known to 
produce high levels of aflatoxin in peanut, was provided 
by Institute of Microbiology, Chinese Academy of Sci- 
ences. Both resistant cultivars “CT-20” and susceptible 
“Yueyou 7” were subjected to three treatments as Table 
1 showed (Table 1). The mature seeds were collected 
and immediately frozen in liquid nitrogen, and then 
stored in a freezer at −80˚C. 

2.2. Construction of the pCAMBIA1301- 
ARAhPR10 Overexpression Plasmid and  
Peanut Transformation 

To construct the chimeric genes consisting of the ARAh- 
PR10 coding sequence driven by cauliflower mosaic vi- 
rus 35S (CaMV35S) promoter, 471 bp ARAhPR10 ORF 

was amplified with sense prime: 5’-GGG CAT GGG 
CGT CTT CAC TTT TGA GGA-3’ and antisense prime: 
5’-AAG GCC TAT, GTG TTC TAA TAT TGA GAA 
GGG TT-3’. The PCR product with an NcoI site at the 5’ 
end and a StuI site at the 3’ end was subcloned into 
pMD18-T simple vector (TaKaRa). The resulting con- 
structs were digested with NcoI plus StuI, and then clon- 
ed into the binary expression vector pCAMBIA1301 di- 
gested with NcoI plus PmlI. After verification by PCR 
amplification and digested with NcoI plus BstⅡ, the 
recombinant expression vector was transformed into A. 
tumefaciens strain LBA4404 and transformed into sus- 
ceptible cultivars “Yueyou 7” by Agrobacterium-medi- 
ated transformation method. The transformed plants were 
screened on hygromycin (50 mg/L) selection medium 
and identified by PCR amplification with the hygromycin 
phosphotransferase (hpt) gene primers, sense primer: 
5’-ATG CCT GAA CTC ACC GCG AC-3’ and an- 
tisense primer: 5’-CTA TTC CTT GCC CTC GCAC. 
Total 45 positive events were determined and the seeds 
were harvested for further studies. The plasmid pCAM- 
BIA1301 was also transformed into peanut as control. 
The structure of recombinant pCAMBIA1301-ARAhPR- 
10 overexpression plasmid was showed in Figure 1. 

2.3. Evaluation of Transgenic Peanut Seeds for  
Changes in Resistance to A. flavus  
Colonization and Aflatoxin Production 

To determine the resistance of 7 transgenic peanut lines 
to A. flavus colonization. The mature seeds of T3 proge- 
nies was inoculated with A. flavus isolate As3.2890 and 
incubated according to Liang et al. [21]. At the 7th day 
of incubation, A. flavus colonization on the surface of 
inoculated seeds was rated according to a 0 - 5 scale. 
After visual rating of A. flavus colonization, the seeds (5 g) 
 
Table 1. plant material and treatment of CT-20 and Yue- 
you7. 

Plant material Material source Plant condition Treatments 

well-watereda

drought stressb

GT-C20 

Crops Research  
Institute, Guangdong 

Academy of  
Agricultural Sciences, 

China. 

Sterilized and 
plant in  

sterilized soil, 
kept in  

greenhouse at 
25˚C - 30˚C 

Drought & A. 
flavus stressc 

well-watereda

drought stressb

Yueyou 7 same with GT-C20 
same with 
GT-C20 

Drought & A. 
flavus stressc 

awatered normally; bstarting on the 60th day after sowing; cA. flavus 
(As3.2890)-contaminated corn powder was sprayed to pots at 60th days after 
planting and covered with soil, and watered with only 20 ml of water per 
day. All treatments were conducted simultaneously. 
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Figure 1. The structure of recombinant pCAMBIA1301- 
ARAhPR10 plasmid. 
 
were roasted in 115˚C and powdered, defatted with 20 ml 
of n-hexane, The defatted powders were mixed with 15 
ml aflatoxin B1 extract liquid (methanol: H2O = 1:1) and 
the aflatoxin B1 was extract by the protocol of the B1 
ELISA kit (Produced by the institute of microorganism 
research of Jiangshu Province, China). Seeds of no-trans- 
genic peanut and peanut transformed with vector plasmid 
pCAMBIA1301 were used as control. 

2.4. Quantification of ARAhPR10 Expression  
Accumulation in Seeds Responded to  
Pre-Harvested A. flavus Attacks and  
Transgenic Seeds Using Real Time RT-PCR 

Total RNA was isolated from seeds subjected to pre- 
harvested A. flavus attacks and drought stress and seeds 
of 10 transgenic peanut lines using Trizol reagent (Invi- 
trogen, Carlsbad, CA), and genomic DNA was removed 
by adding RNase-free DNase I (Takara). And then, the 
RNA samples were purified with the RNeasy Cleanup 
Kit (Qiagen). Nano drop ND-1000 Spectrophotometer 
and agarose gel electrophoresis was performed to test 
RNA quality as described by Aranda, et al. [22]. For all 
the samples, 4 μg of total RNA was converted to cDNA 
using PrimeScript II 1st Strand cDNA Synthesis kit (Ta- 
kara) according to the manufacturer’s protocols. Quanti- 
tative real-time RT-PCR was performed with SYBRR 
Premix Ex Taq™II kit (Takara) and a LightCycler 480 
instrument (Roche) equipped with Light-Cycler Software 
Version 1.5 (Roche) based on the manufacturer’s instruc- 
tions [23]. Amplifications reactions were carried out in a 
total volume of 20 μl. PCR cycling was: 95˚C for 10 s, 
followed by 45 cycles of 95˚C for 10 s, 60˚C for 10 s, 
and 72˚C for 20 s. Data collection was performed during 
the annealing phase of the each amplification. Then 
processing of the melting curve was from 62˚C to 95˚C 
with reading the intensity of fluorescence every 0.2. The 
actin gene was used as an internal control for calculating 

relative expression abundance. The amplicon of this gene 
is 104 bp and the primers are: forward (5’- GTTCC 
ACTAT GTTCC CAGGC A-3’) and reverse (5’-CTTCC 
TCTCT GGTGG TGCTA CA-3’). All real-time PCR 
reactions were technically repeated three times. The rela- 
tive quantification of RNA expression was calibrated us- 
ing formula 2-ΔΔCt method [24]. 

3. Results 

3.1. Expression of ARAhPR10 Following  
Pre-Harvested Aflatoxin Contamination 

To validate whether the expression of the ARAhPR 10 
genes had relationship with pre-harvested A. flavus infec- 
tion, total RNA were extracted from pods of resistant 
cultivar “CT-20” and the susceptible cultivar “Yueyou7” 
under well-watered (control), drought stress and A. flavus 
infection accompanied with drought stress on the 30th days 
after treatments, and the expression levels of ARAhPR10 in 
resistant and susceptible genotypes were analyzed through 
real time RT-PCR (Figure 2). The results demonstrated 
that the expression levels of ARAhPR10 were not sig-
nificant changes in both resistant and susceptible cultivar 
with drought treatment. However, the significantly ele-
vated expression levels of ARAhPR 10 genes were meas-
ured in both resistant and susceptible cultivars with A. 
flavus infection under drought stress, and there was not 
significant difference in the induced expression levels 
between resistant cultivar “CT-20” and susceptible culti-
var “Yueyou 7” (Figure 2). The results indicated that 
ARAhPR10 gene in preharvested seeds could induced by 
A. flavus infection. 

3.2. Generation, Verification and Expression  
Analysis of Transgenic Plants 

Overexpression approach was employed to investigate 
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Figure 2. ARAhPR10 gene expression in young pods of re- 
sistant and susceptible cultivar in response to drought stress 
and pre harvested A. flavus inoculation by Real time RT- 
PCR. 
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the role of ARAhPR10 in host resistance to A. flavus in- 
fection and aflatoxin production in cultivar peanut. A 
total of 45 transgenic peanut plants carrying ARAhPR10 
gene were regenerated after the screening with hygromy- 
cin (50 mg/L). Seven of T3 transgenic lines were se- 
lected to investigate further, compared with non-trans- 
genic plants and transgenic plants with control plasmid 
pCAMBIA1301, hereinafter refer to control plants. Ge- 
nomic DNA and total RNA were isolated from the ma- 
ture pods to confirm the transformation and to determine 
the level of ARAhPR10 expression. All of 7 transgenic 
lines were confirmed to be positive for the presence of 
ARAhPR10 gene and hpt gene by PCR (Table 2). The 
ARAhPR10 transcript level varied greatly among the 
transgenic lines, ranging from 54.86244 -fold to 1317.026- 
fold. The lowest expression is in transgenic line PR-957 
and the highest expression is in transgenic line PR-975. 
The average transcript level of the transgenic lines is 
776.6068, significantly higher than that in control plants 
(Table 2). 

3.3. Evaluation of Fungal Growth and Aflatoxin  
Production in Overexpression Transgenic  
Seeds 

To evaluate the peanut seeds tolerance to A. flavus colo- 
nization and aflatoxin production in seven overexpres- 
sion transgenic peanut lines, the mature seeds of 7 puta- 
tive transgenic plants and non-transgenic and transgenic 
plant with pCAMBIA1301 vector were evaluated (Fig- 
ure 3). Seeds generated by control plants showed higher 
A. flavus colonization at the end of 7 d artificial incuba- 
tion, whereas seeds from transgenic lines showed sig- 
nificantly lower level of A. flavus colonization (Table 2). 
Aflatoxin content analysis of infected seeds showed con- 
trol plants had higher aflatoxin production level, however, 

6 transgenic lines (PR225, PR962, PR975, PR1083, 
PR1211, PR1138 had significantly low level of aflatoxin 
production. A line (PR957) had fairly higher level of 
aflatoxin production compared to other transgenic lines 
(Table 2). Analysis of correlation coefficient between 
the transcript level of ARAhPR10 expression and the 
changes in fungal colonization or aflatoxin production 
showed the significant negative correlations (correlation 
coefficient r = −0.745 to −0.777). These data strongly 
demonstrated that overexpression of ARAhPR10 can al- 
leviate A. flavus colonization and aflatoxin production in 
peanut. 

4. Discussion 

Earlier functional analysis of PR 10 showed that over- 
expressing PR-10 genes in transgenic plants are not con- 
sistent. Over-expression of STH-2, a member of the 
Ypr10 family, has not resulted in enhanced resistance of 
potato to pathogens [25]. Similar negative results have 
also been observed in the studies of pea PR-10.1 [26]. 
However, expression of the pea PR-10.1 gene in potato 
confers resistance to early dying disease [27]. In the re- 
cent studies, Chen et al. [28] found RNAi-silenced ker- 
nels had a significant reduction in PR10 production and 
lower in aflatoxin production compared to no-RNAi- 
silenced kernels in maize. In this paper, overexpression 
of 7 ARAhPR10 transgenic lines resulted in significantly 
high level of ARAhPR10 expression and low level of A. 
flavus infection rate and aflatoxin production in peanut. 
As the expression of ARAhPR10 was induced by pre- 
harvested A. flavus infection, but no significant differ- 
ence was observed between resistant genotype “Yueyou 
20” and susceptible genotype “Yueyou 7”, and the puri-
fied recombinant ARAhPR10 protein could not inhibit A. 
flavus growth in vitro. 

 
Table 2. Evaluation of ARAhPR10 expression and fungal colonization and aflatoxin production in 7 putative transgenic pea- 
nut lines. 

Line name Transformation 
ARAhPR10 expression 

in seeds 

Hyg(R)  
expression

in seeds 

Colonization 
rating 

Aflatoxin content in 
seeds (ppb) 

ARAhPR10 level in 
mature seeds 

PR-225 pCAMBIA1301-ARAhPR10 + + 1.2 B** 4.43 ± 0.12G** 987.9093 

PR-957 pCAMBIA1301-ARAhPR10 + + 2.5 B** 232.27 ± 0.26C** 54.86244 

PR-962 pCAMBIA1301-ARAhPR10 + + 2.1 B** 2.57 ± 0.08H** 743.2298 

PR-975 pCAMBIA1301-ARAhPR10 + + 1.8 B** 8.81 ± 0.05F** 1317.026 

PR-1083 pCAMBIA1301-ARAhPR10 + + 2.7 B** 4.76 ± 0.01G** 912.9676 

PR-1121 pCAMBIA1301-ARAhPR10 + + 2..3 B** 20.17 ± 0.25D** 1145.528 

PR-1138 pCAMBIA1301-ARAhPR10 + + 2.6 B** 12.13 ± 0.39E** 274.6408 

PC-CK1 pCAMBIA1301 - + 4.6 A 525.54 ± 0.06B** 1 

PC-CK2 N0-transgenic - - 5.0 A 600 ± 0.53A 0.356561 

*: t < 0.05; **: t < 0.01. 
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Figure 3. Antifungal effect of un-transgenic and transgenic 
peanut seeds (line 2). A. un-transgenic seeds; B. transgenic 
seeds overexpressed pCAMBIA1301; C & D. transgenic 
seeds overexpressed pCAMBIA1301-ARAhPR10. 
 

The evidence suggested that the ARAhPR10 proteins 
might be involved in signal transduction networks and 
stress responses pathways and play an important role in 
host resistant to aflatoxin contamination. 

5. Conclusion 

ARAhPR10 expression play an important role in peanut 
host resistance to A. flavus infection and aflatoxin pro- 
ducing, overexpression of ARAhPR10 can alleviate A. fla-
vus colonization and aflatoxin production in peanut. 
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