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Mong Cai pig (Sus scrofa) is the Vietnamese indigen-
ous pig breed. The complete mitogenome of this breed
has been sequenced and characterized. It is deposited
in GenBank with accession number KX147100. There
were 37 genes (13 protein-coding, 2 rRNA, 22 tRNA
genes and a control (D loop) region) located in
16,711 bp of complete mitogenome. The phylogenetic
relationships of both mitogenome and D loop region
revealed the shortest genetic distance with Lantang
pig breeds and close relationship to some other pig
breeds in China regions. Taken together, the valuable
data provide essential information for genetic and
phylogenetic studies in Vietnamese indigenous animal.

Keywords: Genetic distance, mitochondrial-genome,
Mong Cai pig, phylogenetic relationships.

VIETNAM has twenty native breeds of pigs and most of
them have been recognized as must conserve livestock
gene sources of Vietnam'. The Mong Cai pigs are one
among them and largely distributed in the provinces of
the Northern region, and the northern part of the Central
Coastline in Vietnam. They are known for high fertility,
withstand low-nutrient food, hot climate condition and
resistance to infectious diseases. In the 70’s years of the
last century, the Mong Cai pig breeds were popular in the
northern area, but their population size has reduced now
because of the replacement with high growth foreign pig
breeds. Thus there is risk of disappearance of Mong Cai
pig breed in the livestock map. The excellent indigenous
genetic resources should be conserved and protected to
effectively use these animal gene resources and contri-
bute to the restoration plan.

Owing to the advantages of molecular methods, one of
these methods, mitochondrial (mt) DNA polymorphism
has become a useful tool to determine and understand
many aspects of animal origin and the dispersal of animal
species in the world®”. In addition, the variability of the
control region is considered to be important as it may
show the phylogenetic events in the past and is used to
analyse genetic distances among breeds”’. Thus the altera-
tions in the non-coding control region sequence used for

*For correspondence. (e-mail: thuytbvo@igr.ac.vn)
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Table 1. The sequences of primer pairs used for the amplification of mtDNA fragments from Mong Cai pig

Primers sequences

Annealing Size of PCR
Primer no. Forward sequence Reverse sequence temperature (°C) product (bp)
D-loop AGGAGACTAACTCCGCCAT GCGGATACTTGCATGTGT 54 1243
2 ACTAAGTCAATGCCTATTCTG CAAATGTATGAAACCTCAG 54 871
3 CTACACAATAACCTCCCATA TGGCACGAGATTTACCAACT 54 383
4 GCTCATAACGCCTTGCTC ATTCTTTCATCTTTCCCTT 54 1037
5 CACAACCATGCAAGAAGAGACA ACAACCAGCTATCACCAGGC 54 394
6 CCGTAAGGGAAAGATGAAAG TATGGTTATTTTGACTGGT 54 1099
7 CCGTGCAAAGGTAGCATA CCAACATCGAGGTCGTAA 55 417
8 TGGGGTGACCTCGGAGTAC AATATGGCGAAAGGTCCGG 54 1166
9 CGAGCAGTAGCCCAAACA GGTCGTATCGGAATCGTG 55 450
10 GTATCAGGCTTTAACGTAGA TGGTAATACTGCTGTCATTC 54 1128
11 CACAGAAGCAGCCACAAA ATGGGATAGGGATAAAGT 55 540
12 ACATAGGATGAATGACAGC TGGTGGAAGTAGTCAGAAAC 55 1194
13 GCACTGCCTTGAGCCTAC GTGTTCAGGTTGCGGTCT 55 561
14 CCCATTATGATTGGGGGTTT TGCTGTGTATGCGTCAGGAT 55 1134
15 CACTTTGTAATCATATTCGTAG TAGTTGGAAAGGGTAAGC 53 481
16 TTCATCTCACTAACAGCAG TTGAGTTCGGTTGATTCTG 55 1200
17 GCTTCATGCCCATTGTAC TTATAGCGGAATCCTGTG 55 662
18 GCAAGCCCAGAATCAACCG CGAGGAGGATTGAGGTGTT 55 1153
19 ATACCACATAGTAAACCCAA CCTGTAGCCACAAAGAAA 55 584
20 CTAAACACCTCAATCCTCC TTGGACGTAATCGGTACCG 55 1151
21 CCTTGCAGGGTTACTTAT TTCGGGTTGTGGTTTCTT 53 519
22 CGGTACCGATTACGTCCAA CCGATTAGATTGATGGATG 55 1165
23 ACCAGCTCTATCTGCTTA GAGGCTTTGATGTTGTTA 55 472
24 ATGATGACTAATAGCAAGCC GGGATGTAGTCCGAATTG 55 1198
25 CATCGGAGACATTGGATT AGTTGGCTTGAAGTTGAG 53 401
26 CCTACTCCTAGCTGCAGCAG ATTATGGAGATTACTCGTGG 55 1186
27 TCCGCATCATCATTACTA TTTATGGTGGACTTGGGT 55 611
28 TAATTACCACGAGTAATCTC TTCTACGAGGTCTGTTCCG 55 1093
29 GGAGCATCCATATTCTTT GGTGTAGTTGTCTGGGTCT 53 515
30 TCGTAGAATGAATCTGAGG GGTGATACGCATGTTGACTG 55 1099

the phylogenetic analyses have been frequently per-
formed in several previous studies®’. Recently, the
complete pig mitogenome sequences and their phylo-
genetic relationships with other animal species were pub-
lished®. Fang and Andersson’ reported the haplotypes of
European and Asian pig groups using the hypervariable
control region sequence in more than 1500 mtDNA
samples. Hongo et al.'® researched mtDNA sequences of
30 Vietnamese pigs and compared them with 61 other pig
haplotypes. Their results showed that the Vietnamese
pigs had a genetic relationship to the Ryukyu wild boar
and other domestic pigs belonging to East Asia. Previous
studies reported the shortest genetic distance between the
indigenous pigs of Vietnam (e.g. I pig"', Huong pig'?,
Muong Khuong pig'® and Ha Lang pig'*) and Asian pig
breeds. Qu et al."” sequenced the D-loop region from 102
Yunnan indigenous pigs and indicated low genetic diver-
sity between this breed and randomly bred pig breeds.
Another researcher, Kim ef al.'® also determined phylo-
genetic relationships using the D-loop region variation
and the distinction time between Asian and European
groups using average pairwise distance method.

Vietnam is part of mainland Southeast Asia. However,
limited studies of mtDNA indicate the phylogenetic rela-

CURRENT SCIENCE, VOL. 116, NO. 9, 10 MAY 2019

tionship between the Vietnamese indigenous pig breeds
and Asian pigs. The origin of pig breeds has especially
been unknown. In previous studies, scientists have focused
on evaluating the process of growth and development,
namely the indices of growth, height, feed consumption,
physiological indicators, fertility capacities in I and
Mong Cai pig breeds'”'®. While we were carrying out this
research independently, Tran'® announced the mtDNA
sequence of the Mong Cai pig, but there was not much
genetic information about the pig genome given in that
study. Here we report more detailed information about
the gene organization and phylogenetics of the Mong Cai
pig mitogenome. This study has also provided the rela-
tionship of domestic Mong Cai pig breed with other pig
breeds in Asian and European regions and analysed the
genetic origin. The added information on pig genetics is
important for the livestock genetic diversity conservation
and application programmes in Vietnam.

Mong Cai pig samples were collected in the Trang Due
Breeding Centre, JSC Agricultural Investment and
Development (Hai Phong, Vietnam) according to the
management guidelines of the Vietnam National Institute
of Animal Sciences. Genomic DNA was isolated from
five millilitres blood of jugular vein samples using
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GeneJET™ Whole Blood Genomic DNA Kit (Thermo
Fisher, USA). The DNA final concentration was adjusted
to 20 ng/ml.

The complete mitogenome of Mong Cai pig was ampli-
fied by PCR method with fragment generated primer
pairs (Table 1). All PCRs were conducted in Eppendorf
Mastercycler Gradient. A volume of 50 ul reaction mix
containing 2 wl of genomic DNA was used for PCR that
was performed following our previous study protocols' ™.
Five ul of PCR products were visualized on 1% TBE
agarose gel electrophoresis and ethidium bromide stained
and then stored at 4°C. Corrected size PCR products were
prepared for sequencing using GeneJET™ PCR Purifica-
tion Kit (Thermo Fisher, USA), according to the manu-
facturer’s recommendations.

The purified products were sequenced according to
dideoxynucleotide chain termination method™ using the
ABI Big Dye Terminator v 3.1 Sequencing Standard Kit
(Applied Biosystems, Foster City, CA) and performed on
each template on the automated ABI 3500 Genetic
Analyser (Applied Biosystems), following the manufac-
turer’s protocol.

The complete mitogenome was assembled using DNA
Dragon software. Gene annotation was performed by
MITOS and DOGMA software. MITOS software also
predicted the putative secondary structures of transfer
RNA genes. Gene circular structure of mitochondria was
built using GenomeVx. MUSCLE alignment method in
MEGAG6 was used to align sequences of Mong Cai pig
and other references. The best Bayesian tree topology
was calculated in BEAST software and Figure Tree soft-
ware was used to build the phylogenetic tree.

The formation of Mong Cai pig’s mtDNA showed a
closed circular double helix DNA sizing approximately

trnL1
trnS1

13.33kb~/
trnH [

| Mitochondrial Mong Cai Pig Genome “
\ (16,711 bp) |

"\
\

10.67kb

S

8.00kb tr
trnS2
coxl

a§K cox2 trnD

Figure 1. The circular map of the mtDNA of Mong Cai pig
(GenomeVx).
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16,711 bp, encoding 2 rRNAs, 22 tRNAs and 13 hydro-
phobic polypeptides (Figure 1). There were 11 non-
coding regions (59 bp) that were dispersed over the whole
mt genome, ranging from 1 to 32 bp, and the largest of
these locations was between tRNA Cys and tRNA Tyr
(32 bp). Mong Cai mtDNA was encoded for 3794 amino
acids, and the most frequent codons were Methionine
(ATG and ATA) and followed by GTG (Valine). Twelve
protein-coding genes showed ATG (9 genes) and ATA (3
genes) start-codon, while only ND4[ showed a GTG start-
codon. There were six TAA stop-codon genes and two
TAG stop-codon genes. The incomplete stop-codon is
performed with T- or TA- from the alignment of three
genes (e.g. COX2, ND3 and ND4 genes). Five gene posi-
tions showed overlaps — between tRNA [Ile and tRNA Gln
(3 bp), ATPase8 and ATPase6 (43 bp), ND4 and tRNA
His (7 bp), ND6 and tRNA Glu (14 bp), tRNA Glu and
Cytb (3 bp). In addition, all protein-coding genes except
ND6 were located on H strand and exhibited a negative
GC skew (from —0.20 to —0.56) and a positive AT skew
(from 0.0 to 0.35).

Like other vertebrate animals, the Mong Cai pig had
gene content and organization the same as those of Sus
scrofa. Besides, codon usage and amino acid frequencies
in the mt genome Mong Cai pig is similar to the other
European and Asian pigs®' *. The base composition ratio
of Mong Cai pig mt genome was 34.7% (A), 25.8% (T),
13.3% (G) and 26.2% (C). The nucleotide content of the
entire mt genome sequence of Mong Cai pig is biased
toward A + T rich (60.5%) that may be affected on the
start of replication and transcription, in accordance with
mt genomes of other Asia pigs™. In addition, the mt
genome of Mong Cai pig has shown 16 intergenic
regions, length ranging from 1 to 43 bp. The structure of
genes in Mong Cai mtDNA was also the same as other
vertebrates.

The non-coding control region of Mong Cai pig was of
length 1275 bp and contained essential transcription and
replication elements®. There were 18 repeat regions (5'-
tacacgtgcg) in the sequence. This number showed a signi-
ficant difference between the Mong Cai and other breeds
such as Duroc (10 repeats), Landrace (13 repeats), Large-
white (6 repeats), Lanyu (25 repeats), Japanese wild boar
(1 repeat) and Ryukyu wild boar (1 repeat) respectively.

As seen in almost all other Sus scrofa mitochondrial
genome, Mong Cai pig exhibited 22 tRNA genes with
length ranging from 59 to 75 bp. The cloverleaf shape of
secondary structure in 21 tRNA has predicted a DHU arm
with 4-8 bp and DHU loop with 3—10 bp in length, 8—
10 bp and 5-9 bp in TyC arm and T yC loop respectively
(Figure 2). In particular, tRNA Ser/ lacked the DHU arm
and loop of the cloverleaf structure and only appeared in
the TyC arm and loop with 59 bp in length, shorter than
any known annotated tRNA in Mong Cai pig mt genome.

We have analysed the phylogenetic relationship of
Mong Cai pig and other pigs by complete mtDNA

CURRENT SCIENCE, VOL. 116, NO. 9, 10 MAY 2019
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tmA (Alanine)

trnC (Cysteine)

Figure 2.

sequences (Figure 3). The results showed two large
clusters, including wild boars and local breeds in Europe
and Asia regions. In the phylogenetic tree, Vietnamese
breeds (e.g. Mong Cai, Huong, Ha Lang, Muong Khuong
and I pig) joined the Asian clade. For instance, the indi-
genous I breed had the closest genetic relationship with
Banna mini — a Mekong region pig breed. While Huong,
Ha Lang and Mong Cai pig breeds were close to Lan-
tang — a South China region pig breed, Muong Khuong
pig breed was close to Bihu breed from the region in cen-
tral China. Genetic distance analysis among the pig
breeds showed that Mong Cai pig had the largest genetic
distance with the wild boar (WB)— Malaysia pig
(0.0376), Lanyu pig (0.0256), European pigs (0.0158)
and the shortest genetic distance with Lantang pig
(0.0003).

CURRENT SCIENCE, VOL. 116, NO. 9, 10 MAY 2019

trnD (Aspartic acid)

tmE (Glutamicacid) tmF (Phenylalanim)

The clover leaf secondary structure of 22 tRNAs predicted in the mtDNA of Mong Cai pig (MITOS and DOGMA).

In the previous studies, the mitochondrial genome ana-
lyses indicated a difference in the origin of pig breeds in
European and Asian areas and accepted the hypothesis on
separated origins of these native pig populations™*’.
Also, Berkshire pigs are related to Asia breeds'®*®*. In
addition, the studies on the morphological characteristics
in Mong Cai pig and Lantang pig also showed the simi-
larity in body conformation and colour characteristics.
They are all small to medium in body size with small
black heads with upright ears. There are two white bands
running around the abdomen and the shoulder, adding a
large black circle in the middle to create a black saddle.
In addition, the black patches are also found in other
places on the body®®. We hypothesized that for thousands
of years, the locals in the boundary areas between
Mong Cai town, Quang Ninh province, Vietnam and
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Figure 3. The phylogenetic tree between Mong Cai pig and other pig
breeds using mitogenome sequences (BEAST and figure tree).

Guangdong province, South China have established a
special trade model to exchange and sell goods in the
border area of both countries. Even the pig breeds such as
the indigenous Guangdong pigs (Lantang breeds) have al-
so been traded in both areas and gradually contributed to
the development of Vietnamese domestic pig breeds’'.
However, this still does not provide sufficient evidence to
confirm the common origin of Mong Cai and Lantang
breeds when maker genes were not used in this study.
The results also indicated that the Mong Cai pig was
found to be genetically close to other domestic pigs of
China in the Southern region, Huang He and Yangtze
River, besides the Lantang pig. This result was different
from other previous studies about the Asian domestic pig
population that confirmed their origin from multiple
sources in Asia’>*?. Therefore, further studies on genetic
indicator are required for accurate answers on the origin
of Vietnamese indigenous pig breeds, and the relationship
between them and the other Asian pigs.
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Early Oligocene (Rupelian)
dinoflagellate cysts and calcareous
nannofossils from Lumpy Clay
Member of Maniyara Fort Formation,
Kutch, Gujarat, India

Poonam Verma* and Abha Singh
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Lucknow 226 007, India

The Palaeogene succession of Kutch, Gujarat exhibits
huge shallow marine carbonate deposits of Middle
Eocene and Oligocene ages. These deposits were
mainly dated on the basis of larger benthic foramini-
fers. The paucity of foraminifers in the intermittent
units of the succession resulted in discrepancy in
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precise dating of these strata. Lumpy Clay Member of
Maniyara Fort Formation is one such example. This is
considered as unfossiliferous in terms of foraminifers
and was dated on the basis of foraminiferal assem-
blages of underlying Basal and overlying Coral Lime-
stone members. In the present study, palynological
biostratigraphy is proposed for the Lumpy Clay
Member exposed at Bermoti Village, in Kutch. On the
basis of age-diagnostic calcareous nannofossil and di-
noflagellate cyst assemblages, the studied succession
has been dated as Middle Rupelian (~31 Ma). The
palynological data suggests a shallow marine
neritic depositional setting, occasionally swept by open
oceanic water.

Keywords: Calcareous nannofossils, dinoflagellate
cysts, Kutch, Lumpy Clay Member, Maniyara Forth For-
mation, Rupelian.

DURING the Eocene—Oligocene transition, intense climat-
ic and oceanographic changes occurred coupled with the
first major continental-scale glaciation of Antarctica'?.
These complex series of events occurred over an
extended period between ~33.5 and 34.0 Ma, causing
environmental disturbances that led to a global biotic
turnover seen in both terrestrial and marine records of
shallow-water and deep-sea environments. Spanning this
transition interval, many thick Cenozoic limestone depo-
sits containing larger benthic foraminifers are common
within the Indo-Pacific region’®. However, due to
lowered global sea level during the Eocene—Oligocene
transition, many stratigraphic sections are incomplete,
with hiatuses or unconformities. In India, the Amravati
Formation of Cambay Basin’ and Fulra and Maniyara
Fort formations of Kutch Basin®'” are considered to be
among the most complete sections with some hiatuses.
The Kutch sedimentary basin in the western continen-
tal margin of India is a peri-cratonic rift basin which
archives almost complete sedimentary records from Mid-
dle Jurassic to the present, interrupted by several episodes
of non-deposition. The nearly complete, richly fossilifer-
ous and easily accessible outcrops of Cenozoic sediments
exposed in the western part of the Kutch mainland extend
offshore into the present-day continental shelf.
Particularly, the marine Oligocene outcrops in the
western part of Kutch have been initially recognized
under the Nari Series of Pakistan'"'2. Later, Biswas and
Raju, and Biswas'* designated the Oligocene strata of
Kutch as the Maniyara Fort Formation (Table 1), exposed
in a type section near Bermoti Village along the Bermoti
River. The Maniyara Fort Formation consists of a succes-
sion of bedded, yellow to ochre-coloured foraminiferal
limestone with a basal greyish—green glauconitic siltstone
overlying the Middle Eocene Fulra Limestone. The
formation is richly fossiliferous with a variety of echinoids,
pelecypods, gastropods, corals, foraminifers and
crabs. Nummulites fichteli and Miogypsinoides are the
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