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Sequencing characterization and expression analysis of
interferon gamma (IFN-y) in Rusa deer (Rusa timorensis)

and Thai cervidae
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Abstract

To date, the interferon gamma (IFN-y) assay has become an important diagnostic tool which is applied
alternatively to define infection of intracellular pathogens. In this study, the molecular characteristics of IFN-y in Rusa
deer (Rusa timorensis), Hog deer (Axis porcinus), Sambar deer (Rusa unicolor) and Eld’s deer (Rucervus eldii) were
determined. Among the cervid family, the analysis of IFN-y cDNA sequences indicated 5 polymorphism nucleotide
positions. Deduced IFN-y amino acid compositions among the cervid group were negligibly different (98-100%
homology). Preliminary quantification of IFN-y mRNA expression in the cervidae by reverse transcription quantitative
real-time polymerase chain reaction (RT-qPCR) was demonstrated. qPCR primers were designed and tested for their
ability to quantify IFN-y mRNA with a suggested detection limit at 103 target molecules. Intra- and inter-assay
variations of RT-qPCR for IFN-y were 1.41 and 4.57, respectively. Expression ratio of IFN-y mRNA in mitogen-
stimulated peripheral blood mononuclear cells (PBMCs) relative to non-stimulated cells after normalization against -
microglobulin (32M) in the Rusa deer, Eld’s deer and Hog deer were 6.47+3.39, 22.91+7.21 and 17.66+1.30, respectively.
This preliminary demonstration may serve as the basic instrument for further development of rapid, simple and reliable
immunodiagnostic methods for the study of cervidae in Thailand.
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Introduction

Interferon gamma (IFN-y) is a pleiotropic
cytokine which is primarily produced by activated
CD4+ T cells, CD8+ T cells and Natural killer (NK)
cells. IFN-y is classified as a Thl cytokine, which is
important for host cell-mediated immune protection
(Schroder et al., 2004). The studies of IFN-y based
assays have been widely developed to assess the
disease-specific cellular immune responses in various
mammal species. To measure the IFN-y expression,
several techniques have been contributed such as
enzyme-linked immunosorbent assay (ELISA),
enzyme-linked immunospot (ELISPOT) and flow
cytometry, which determine IFN-y at protein level
(Chambers, 2013; Schmittel et al., 2001; Asemissen et
al, 2001). In addition, the quantitative real-time
polymerase chain reaction assay (RT-qPCR) has been
developed to determine IFN-y at mRNA level
(Harrington et al., 2006; Harrington et al., 2007).

The family cervidae commonly represents the
group of deer. This family consists of 47 deer species
distributed in almost every part of the world including
South-east Asia (Holmes et al., 2011). Cervids are
susceptible to and can be a reservoir for several
important intracellular pathogenic diseases, e.g.
bovine tuberculosis (BTB), paratuberculosis (Johne’s
disease) and brucellosis (Harrington et al., 2006). Thus,
characterizing IFN-y in cervidae might be useful for
better understanding of disease immune responses as
well as development of effective immunodiagnosis.

Thailand has 6 species of endemic wild deer
including Hog deer (Axis porcinus), Eld’s deer
(Rucervus  eldii), Schomburgk’s deer (Rucervus
schomburgki; extinct), Sambar deer (Rusa unicolor), Fea's
muntjac (Muntiacus feae) and Red muntjac (Muntiacus
muntjak) (Lekagul and McNeely, 1988). In addition,
Rusa deer (Rusa timorensis) was also introduced to
Thailand and widely promoted to commercial farming
for venison and velvet production (Sirikhant, 2003). In
this study the IFN-y cDNA sequences of Rusa deer and
Thai cervids including Hog deer, Sambar deer and

Table 1 Oligonucleotide primer sequences

Eld’s deer were characterized. Moreover, the IFN-y
assay was preliminarily established to quantify the
expression of IFN-y mRNA by real-time PCR.

Materials and Methods

Sequencing IFN-y cDNA of Thai cervidae: Heparinized
blood samples from adult Rusa deer, Hog deer, Sambar
deer, and Eld’s deer were collected. PBMCs were
isolated and cultured with 10 pg/ml Concanavalin A
(Con A) at 37°C, 5% CO», for 24 h. Total RNA was
extracted from the PBMCs according to Siebert and
Chenchik (1993). To remove any contaminated
genomic DNA, all samples were treated with DNase I
(Thermo scientific). First strand cDNA synthesis was
done by RT-PCR using RevertAid First Strand cDNA
Synthesis Kit (Thermo scientific) with oligo-(dT)
primer.

Completed IFN-y cDNA sequences were
amplified by primers according to Muangkram et al.
(2013). PCR was performed using Fusion® Hot start
Taq DNA polymerase II (Thermo scientific) following
the manufacturer’s instructions. PCR products were
analyzed and purified for sequencing by ABI 3070
system (Applied Biosystems). Obtained IFN-y
sequences and deduced amino acids were analyzed
with other sequences from GenBank database using
BioEdit software (Hall, 1999).

Real-time PCR assay: qPCR primers of IFN-y and p2M
were designed based on the obtained sequencing data
and sequences available from GenBank (Table 1). Real-
time PCR was carried out by Fusion® Hot start Taq
DNA polymerase II (Thermo scientific) and EvaGreen®
dye (Biotium) was used as a dsDNA-specific binding
dye according to the manufacturer’s instructions. The
reactions were performed on C1000™ Thermal Cycler
and analyzed by CFX Manager software (Bio-Rad
Laboratories). Melting curve analysis was performed
immediately after amplification step by slowly
increasing temperature from 75 to 95°C (0.2°C/s).

Annealing

Target Oligonucleotide sequences (5'>3’) temperature SIZ:T;::) References
(9
Completed IFN-  F: GGCCTAACTCTCTCCGAAACA 55 510 Muangkram et
vy cDNA R: TATTGCAGGCAGGATGACCA al,, 2013
IFN-y F: GAAGAATTGGAAAGAGGAGAGTGAC 58 210 This study
quantification =~ R: AGATCATCCACCGAAATTTGAATCAGC
p2M F: TGTGTCTGGGTTCCATCCACCCCAG 58 23 This stud
quantification ~ R: TGCTTACAGGTCTCGATCCCACT Y

Primer efficiency and dynamic range of each
target gene were determined by generating standard
curves using 10-fold dilution series of standard
plasmid as previously described by Hein et al. (2001).
Real-time PCR efficiencies (E) for each target gene were
calculated by the following equation: E = 10(1/slope)
(Pfaffl, 2001). Intra-assay variation was determined by
triple repeats of standard curve qPCR over a range of
different dilutions. Inter-assay variation was examined
from triple different runs performed on different days.

For preliminary IFN-y mRNA quantification,
the PBMCs from Rusa deer (n=5), Eld’s deer (n=3) and

Hog deer (n=1) were diluted to 5 x 105 cells/well on a
24-well culture plate. The PBMCs were stimulated with
or without 10 pg/ml Con A, then cultured at 37°C, 5%
CO,, for 18 h. Total RN A was extracted and cDNA was
synthesized. qPCR was performed under the same
condition as above. Gene expression data were
recorded as qualification cycle (Cq), then were
calculated and expressed as relative expression ratio
according to the model of Pfaffl (2001).
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Results and Discussion

Completed IFN-y cDNA from Rusa deer, Hog
deer, Sambar deer, and Eld’s deer were successfully
obtained. The coding part of IFN-y gene was 501-bp,
encoding 166 amino acids. Multiple alignments of IFN-
y cDNA sequences among the deer species indicated 5
polymorphic sites (Table 2). The Rusa deer’s IFN-y
c¢DNA sequence was the most homologous with those
of Hog deer and Sambar deer, which had 100%
homology with each other. This result might be
because of the close relationship among the 3-deer
species, which were grouped in the same clade by the

phylogenetic study of cytochrome b (Pitra et al., 2004).
The alignment of deduced amino acid sequences of
cervid IFN-y with other ruminants is shown in Figure
1. There were negligible differences in the amino acid
compositions of IFN-y among the cervid group (98-
100% homology). Compared to other ruminants, the
degrees of homology were considerably high (91-94%).
However, the difference in amino acid compositions
between taxonomic families resulted in limitation of
inter-species activity. Previous studies revealed that
IFN-y immunoassay developed for bovine was
inapplicable in cervid due to the lack of antibody cross-
reactivity (Rothel et al., 1990; Slobbe et al., 2000).

Table2  Single nucleotide polymorphism of IFN-y cDNA of Rusa deer (R. timorensis), Hog deer (A. porcinus), Sambar deer (R.
unicolor) and Eld’s deer (R. eldii), and other sequences of cervid IFN-y cDNA reported in GenBank

Nucleotide sequence polymorphic positions

Species

019 186 470 497
Rusa timorensis (KX711963) A G G T
Axis porcinus (KX711965) A
Rusa unicolor (KX711964) . . A
Rucervus eldii (KX711966) T C A
Cervus nippon (JQ408441) A .
Cervus elephas (L07502) A C

Axis porcinus
Rusa unicolor
Rucevus eldii
Cervus nippon
Cervus elephas
Bos indicus
Bubalus bubalis
Capra hircus
Ovis aries

Axis porcinus
Rusa unicolor
Rucevus eldii
Cervus nippon
Cervus elephas
Bos indicus
Bubalus bubalis
Capra hircus
Ovis aries = = ..M....... (...ciciil ceeaan R... .

Rusa timorensis MKYTSYILAL QLCVLLGFSG SYGQGPFFKE IENLKEYFNA SNPDVAEGGP LFIEILKNWK EESDRKIIQS QIVSFYFKLF ENFKDNQVIQ 90

Rusa timorensis RSVDIIKQDM FQKFLNGSSE KLEDFKKLIQ ISVDDLQIQR KAINELIKVM NDLSPKSNLR KRKRSQSLFR GRRASM 166

ZZzZZZZZZZ
5

Figurel Multiple alignment of deduced IFN-y amino acid sequences of Rusa deer and Thai cervids with other ruminants including
Sika deer (Cervus nippon; JQ408441), Red deer (Cervus elaphas; 1.07502), Cattle (Bos indicus; AF533686), Buffalo (Bubalus
bubalis; AF484688), Goat (Capra hircus; U34232) and Sheep (Ovis aries; NM001009803). The dots indicate the conserved
amino acid sequences relative to Rusa deer IFN-y. The arrow indicates the signal peptide cleavage site.

The standard curves of IFN-y and (2M
quantification were generated. The characterization
and validation parameters of RT-qPCR are indicated in
Table 3. The melting curve analysis revealed that the
melting temperature (Tm) of IFN-y and p2M in all
analyzed species were 82.20°C and 86.40°C,
respectively (Figure 2B). Gel electrophoresis showed
RT-qPCR products at sizes of 210 bp for IFN-y (Figure
2C) and 223 bp for p2M (data not shown).

In cervids, RT-qPCR wusing hydrolysis
(TagMan) probe has been primarily developed to detect
IFN-y mRNA in Elk (C. elaphas), and has been
evaluated for cross-detection in Red deer, White-tailed
deer and Reindeer (Harrington et al., 2006; Harrington
et al, 2007). The present study preliminarily
demonstrated RT-qPCR using EvaGreen® to detect
IFN-y mRNA in deer species found in Thailand. The
qPCR primers were designed to be universally used for
all cervids and were successfully demonstrated in Rusa
deer, Hog deer and Eld’s deer. IFN-y mRNA in Con A-
stimulated PBMCs was quantified and reported as

mRNA expression ratio relative to non-stimulated
PBMCs after normalization against f2M. In Rusa deer,
the IFN-y relative expression ratio was 6.47+3.39, lower
than those of Eld’s deer and Hog deer, which were
22.9147.21 and 17.66+1.30, respectively, similar to that
reported in Red deer (Harrington et al., 2006). Both
primer design and detection system can affect the
sensitivity of qPCR (Wong and Medrano, 2005; Curry
et al., 2002). A previous study in Red deer indicated
that RT-qPCR using hydrolysis probe could provide
more sensitivity than using DNA-binding dye (Hein et
al., 2001; Harrington et al., 2006; Harrington et al.,
2007). In addition, studying different deer species
might require different PBMC’s stimulated conditions,
which possibly leads to difference in IFN-y mRNA
expression results. Thus, further studies of the
validation of stimulated condition as well as base-line
IFN-y mRNA expression profiles of each species, or
even individuals, of a defined method should be
initially evaluated.
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Basic molecular genetic knowledge is
necessary for developing a disease-specific cytokine
detection method. This study firstly characterized IFN-
y cDNA sequences of cervidae found in Thailand, and
then subsequently used the obtained data to set up the
preliminary quantification of IFN-y mRNA in Rusa

deer, Hog deer and Eld’s deer. Therefore, IFN-y assay
by RT-qPCR applied for disease-specific detection
should be further evaluated in order to develop rapid,
simple and reliable diagnostic tools for the study of
cervidae in Thailand.

Table3  Characterization and validation parameters of real-time PCR quantification for IFN-y and 2M in cervidae

o Correlation - Intra-assay Inter-assay
Target Quantification range coefficient (r) PCR efficiency (E) variation (%) variation (%)
IFN-y 103-1010 0.994 191 1.41 4.57
B2M 101-108 0.994 2.00 1.74 4.86
A B
Amplification |
T T T " Hog deer
: : : : " Rusa deer
1500 e ............ T Eld’s deer
g
5 1000 - ey S
] : &
: ¥
0 A
0 10 0 !I) AD 50
Cycles
C
bp 5552 S k5
1 = IFN-y standard plasmid
2 = Hog deer cDNA
3 = Rusa deer cDNA
S00—54 4 = Eld’s deer cDNA
- 5 = Sterile ddH,0
o § 0§ § 2

Figure2  IFN-y real-time PCR amplification plots and melting curve analysis of multiple cervid species including Hog deer, Rusa
deer and Eld’s deer. (A) Real-time PCR amplification plots of IFN-y cDNA obtained from Con A-stimulated PBMCs. RFU
stands for reactive fluorescence units. (B) Melting curve analysis RT-qPCR with quantitative IFN-y primers using cDNA
templates of Hog deer, Rusa deer and Eld’s deer. (C) Gel electrophoresis of RT-qPCR products.
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