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Expression profile of developmentally important genes
can be used to optimize the in vitro culture system to
produce superior quality buffalo embryos. In nearly
all the studies on in vitro embryo production of buffa-
loes, the presumptive zygotes are subjected to an in
vitro culture system which involves use of TCM-199 or
simple media like charles rosenkrans and synthetic
oviductal fluid with or without serum; however, these
media do not fully mimic the in vivo conditions. The
inhibitory or stimulatory effects of culture conditions
on the expression of candidate genes involved in buf-
falo embryo development, quality and stress response
will help identify the post-fertilization culture envi-
ronment effects on in vitro developmental characteris-
tics of embryo. Further, identification of genes whose
expression profiles are frequently abnormal in in vitro
fertilized (IVF) embryo derived from different culture
systems will help provide markers for the diagnosis of
IVF embryo viability prior to embryo transfer, and
thus negate the time and money-consuming transfer of
non-viable embryos to recipient animals. The studies
reported here explore the possibility of establishing a
suitable culture system which provides greater in
vitro-development of embryos in buffalo.

Keywords: Buffalo, culture media, embryo, gene ex-
pression, in vitro production.

SUBSTANTIAL progress has been achieved in assisted re-
productive technology (ART) in animals during the last
decade. However, the overall efficiency of some of these
techniques is less than expected. For example, in vitro
culture of oocytes and embryos, composition of the media
and environmental conditions can have a profound effect
on the final outcome in in vitro fertilization. In spite of
progress made in procedures for in vitro maturation, fer-
tilization and culture of bovine oocytes, the percentage of
embryos which are able to develop normally in vitro is
less than that under in vivo conditions'™. Several differ-
ences have been shown between these two types of
embryos such as cell number, lipid content, tolerance to
cryopreservation and chromosomal abnormalities*®. De-
spite a similar maturation rate (87% versus 94%), a sig-
nificantly lower cleavage rate (65% versus 84%) has been
observed in buffaloes than in cattle”®. It is, therefore, a
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matter of concern to further improve in vitro embryo pro-
duction (IVEP) so that it can be extensively used in buf-
faloes.

Abundant evidence has been presented over the last
decade indicating that the developmental potential of
embryos in vitro depends mainly on the quality of the
oocyte from which it originates®*'’, as well as the culture
environment to which the embryos are exposed'''*. The
higher rates of pre-implantation development of bovine
embryos observed in commercially available sequential
medium (G1.3/G2.3), indicate the importance of quality
control in the preparation of culture media. Sub-optimal
culture conditions in the laboratory for media preparation
have been documented for buffalo in vitro fertilized
(IVF) embryos, and it has been reported that the quality
of water and chemicals used for preparation of media like
modified Charles Rosenkrans 2 (mCR2) and modified
synthetic oviductal fluid (mSOF) will affect in vitro
embryo development'. Addition of hormones like FSH
and estradiol improved in vifro maturation and further
development of buffalo oocytes, irrespective of the
source of sera supplement'®. Media like synthetic oviduc-
tal fluid (SOF) and Charles Rosenkrans (CR) for in vitro
culture of buffalo embryo have been used'’, but there is
no report in which the comparison of these media to sup-
port the development of buffalo zygotes to morula and
blastocysts stages has been made. Different media for
buffalo in vitro embryo culture with or without serum
have been compared'® and it has been shown that the SOF
medium is the most effective for supporting the develop-
ment of buffalo zygotes to morula and blastocyst stages.
There is no published report related to the effects of
different culture media for the mRNA expression of
genes affecting embryo development, quality and stress
response.

Gene expression has a fundamental role in the coordi-
nation of homeostatic and metabolic mechanisms
throughout life. Precise control of gene expression during
the pre-implantation phase of development is particularly
important. Several major developmental events occur
during this period, including the first cleavage division,
the timing of which is important, embryonic genome
activation, morula compaction which involves the estab-
lishment of the first intimate cell-to-cell contacts in the
embryo and blastocyst formation involving the differen-
tiation of two cell types, the trophectoderm and the inner
cell mass'""’. Thus, analysis of expression patterns of
developmentally important genes essential in early deve-
lopment provides a useful tool to assess the normality of
the produced embryos and to optimize assisted reproduc-
tion technologies. There are many reasons behind the
quality and biochemical aspects of IVF embryos to be
distinct as compared to in vivo counterparts. Studies of
gene expression in cells and embryos provide a better
understanding of several biochemical pathways at the
molecular level (‘molecular phenotype’) and can contrib-
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ute to the development of more efficient protocols for
IVEP. Findings from bovine embryonic genome studies
indicate that the currently used in vitro embryo develop-
ment conditions cannot fully mimic the in vivo conditions
with regards to mRNA expression™ 2.

In domestic species, there is a large body of evidence
demonstrating that the culture media can perturb gene
expression in the developing embryo®. This is the case,
not only when one compares in vitro and in vivo culture
systems, but also when comparisons of different in vitro
culture systems are made® >’ It is clear from the above
discussion that the post-fertilization culture environment
can have a dramatic effect on the pattern of mRNA abun-
dance of many developmentally important genes in the
embryo. This effect has been generally measured in blas-
tocysts at the end of the culture period. Evidence for a
temporal association between culture environment and
gene expression is scarce. In nearly all the studies on
IVEP of buffalo, the presumptive zygotes are subjected to
an in vitro culture (IVC) system which involves use of
TCM-199, a complex medium co-culture with buffalo
oviductal epithelial cells or granulosa cells and supple-
mented with serum; even though it has been demonstrated
that primary oviduct®™® " and granulosa cell’'** cultures
secrete a series of factors which act in a paracrine manner
stimulating development to the blastocyst stage. This sys-
tem is quite complex and blastocyst yield associated with
this is very low. Simultaneously, many studies indicate
that varying concentrations of serum in culture media
inhibit the expression of many genes related to embryo
development and quality. For IVEP, no particular culture
environment has been adjudged as the best or optimal
medium and simple media like SOF and CR were found
capable of supporting the developments of buffalo
zygotes to blastocyst stage even in the absence of co-
culture with somatic cells. Yet these media do not fully
mimic the in vivo conditions'®. Morula and blastocysts
cultured in TCM-199 supplemented with serum carry a
large number of high-density lipid droplets, suggesting
the presence of polyunsaturated fatty acids (PUFAs)>.
This increase in PUFA, which has been described to
down-regulate mRNA expression of proteins involved in
lipid metabolism can predispose the embryo to oxidative
injuries triggering lipid peroxidation chain reaction and
consequent membrane damage®*. Higher serum content in
culture media leads to alterations in membrane function
and permeability, especially in mitochondrial membranes
and may cause irreversible loss of cellular respiration,
oxidative phosphorylation and ion transport compromis-
ing embryonic metabolism and messenger RNA expres-
sion®. Serum supplementation has been shown to
increase the number of immature mitochondria®®, inhibit
cell division®” and induce mitochondria-mediated apop-
tosis®®. Foetal calf serum (FCS) also increases the
percentage of apoptosis, reducing the number of cells per
blastocyst and the blastocyst rate®”.
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Gene expression studies might help assess the quality
of embryos and optimize IVEP and related assisted re-
production technologies**'. It has been reported that
many of the differences in quality can be attributed to the
culture environment medium-induced changes in mRNA
abundance™. Studies on the embryonic genome indicate
that the currently used in vitro embryo development con-
ditions cannot fully mimic the in vivo conditions with re-
gard to mRNA expression”’*?. During the culture period,
the presence of serum (10% FCS) can induce a number of
subtle modifications in blastocyst development, including
the increased expression of stress responsive genes
(MnSOD, GPX-4) and decreased expression of embryo
quality genes like interferon-tau®*’. As far as gene ex-
pression in in vitro-produced buffalo embryos in relation
to culture environment is concerned, the literature is
scarce. It has been reported that the total cell number and
expression profile of developmentally important genes
should be employed to optimize the in vitro culture sys-
tem to produce superior quality buffalo embryos* and
housekeeping genes such as GAPDH, RPS15 and RPSI8
can be used as a reliable normalizer in gene expression
studies associated with in vitro early embryonic devel-
opment in buffalo’’. Expression pattern of metabolism
genes such as G6PDH and LDH; and developmentally
important genes such as HSPA-1A4, LIF and LIFR[ can be
used as a biomarker during embryonic development as a
tool to optimize in vitro culture conditions for buffalo
embryos*® . Although IVEP would be an effective tech-
nique to improve the efficacy of transferable embryo pro-
duction in buffalo, IVEP improvement is important for
high-quality embryos®. The identification of genes
whose expression profiles are frequently abnormal in IVF
embryo from different culture systems will provide mark-
ers for the diagnosis of IVF embryo viability prior to
embryo transfer and, therefore, potentially negate the
time- and money-consuming transfer of non-viable
embryos to recipient animals. From such a study, it is
possible to establish a suitable culture system which
encourages greater in vitro development of embryos in
buffalo.

Compared with conventional superovulation and
embryo transfer, production of embryos in the laboratory
has several advantages, but the success rate is low. It is,
therefore, a matter of concern to further improve IVEP so
that it can be widely used for buffaloes. A proper expres-
sion of all developmentally important genes in a well-
orchestrated manner is essential for appropriate develop-
ment of an embryo. Findings from bovine embryonic
genome studies indicate that the currently used in vitro
embryo development conditions cannot fully mimic the in
vivo conditions with regards to mRNA expression. The
culture medium has a significant role to play in the de-
velopment of embryos in most of the species, including
buffalo. Many of the differences in the quality of in vitro-
produced embryos can be attributed to culture environ-
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ment-induced changes in mRNA abundance. Different
culture media like TCM-199, mCR2 or mSOF have been
used for the in vitro culture of buffalo embryos. Yet these
media do not fully mimic the in vivo conditions and most
of them have supported embryo development to varying
rates. The quality of water and chemicals used for the
preparation of such formulations with respect to toxicity
levels and batch-to-batch variation is a concern for labo-
ratory-made media like mCR2 or mSOF. Such effects
resulting from suboptimal culture conditions in the labo-
ratory for media preparation have also been documented
for buffalo IVF embryos. High concentrations of serum in
culture media inhibit the expression of many genes re-
lated with embryo development and quality. The study of
inhibitory/stimulatory effects of different culture condi-
tions on the expression of candidate genes involved in
buffalo embryo development, quality and stress response
will help elucidate the role of post-fertilization culture
environment on in vitro developmental characteristics of
the embryo. Thus it may be possible to establish a suit-
able culture system which encourages greater in vitro
development of embryos for commercial application of
this technology in buffaloes.
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The present study aims at using GIS hydrology tool
for calculating inflow/outflow fluxes across the bound-
ary of a study area in a situation where physical
boundaries in the vicinity of the study area cannot be
identified. This approach has an edge over the sim-
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plest approach of no flow or constant head boundaries
alone, which may be far from reality. The reported
methodology will improve groundwater modelling in
the areas where the hydrological cycle is predicted
because of climate change.

Keywords: Climate change, groundwater flow models,
hydrological boundaries, lateral fluxes.

RECENT analyses using the terrestrial water storage-
change observations from the NASA Gravity Recovery
and Climate Experiment satellites have reported that
groundwater is being dramatically depleted in the Indian
states of Rajasthan, Punjab and Haryana (including
Delhi). During the 2002-2008 study period, 109 km® of
groundwater has been lost. The decreasing water levels in
these regions are largely attributed to unsustainable con-
sumption of groundwater for irrigation and other uses
along with increased run-off and/or evapotranspiration,
which may further be exacerbated by climate change'. In
such regions, groundwater management is important
to combat the emerging problem of its overexploitation
and contamination®. Groundwater modelling in such re-
gions can aid in its management. Numerical codes such
as MODFLOW, FEFLOW, etc. are most commonly used
for simulation of groundwater flow processes. However,
there are many methodological challenges like data scar-
city, especially unknown fluxes (boundary fluxes, re-
charge, leakage, evapotranspiration), heterogeneity and
resulting parameter uncertainty and non-uniqueness of
model calibration, which the researchers need to over-
come in order to use a robust and dependable groundwa-
ter model. Considerable research has been undertaken for
estimating the parameters of transmissivity and storage
coefficient and recharge in deterministic groundwater
models®'°. However, less research has been directed on
estimation of boundary fluxes as these require both an
accurate physical representation of the system and its
differentiation from the adjacent groundwater system and
appropriate specified boundary conditions. Attempts are
generally made to use no flow or constant head bounda-
ries alone, but this may not be always true and is also far
from reality''. The absence of well-defined physical
boundaries in the near vicinity of zone of interest and
necessitate a methodology to compute influx and outflux
at the boundaries. GIS is an important tool which offers
facilities for creating profile graphs, extract values to a
point, creating buffer, interpolation tools, etc. that could
be used along with Darcy’s law to estimate the average
flow across a given boundary. In a groundwater flow and
transport modelling of Pali district, Rajasthan, India, a
GIS-based methodology was demonstrated to calculate
the average flux across the boundary''. The study area
boundary was grouped into eight segments on the basis of
average values of gradients for individual line segments
and the mean gradient values for these line segments
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