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ABSTRACT

Putra WPB, Hartatik T, Sumadi. 2014. Growth hormone genotyping by MspI restriction enzyme and PCR-RFLP method in Aceh cattle
breed at Indrapuri District, Aceh Province, Indonesia. Biodiversitas 15: 1-5. The objective of this research was to identify growth
hormone (GH) gene in Aceh cattle at Indrapuri’s Breeding and Forage Centre (IBFC) of Aceh Cattle. Forty one cattle consisting of 21
male and 20 female cattle were used in this study. Polymerase Chain Reaction (PCR) - Restriction Fragment Length Polymorphism
(RFLP) and sequencing method was used to detect MspI site on GH gene. Based on the sequencing, it can be concluded that all cattle
were monomorphic. The frequency of TT genotype and T allele were 1.00 relatively. The transition of C (cytosine) into T (thymine) on
1549 position caused the lost of restriction site. The insertion of T and G (guanine) on 1542 and 1552 position caused the length of GH
gene were 329 bp in Aceh cattle.

Key words: Aceh cattle, GH gene, PCR-RFLP, sequencing, MspI restriction enzyme

INTRODUCTION

Aceh cattle were one of Indonesian beef cattle suitable
to be bred in Indonesia. This type of cattle adapts well to
Indonesian environment, tropical climate, and is able to
live on local water and food (Sari et al. 2010). Aceh cattle
are able to adapt well, but its productivity is still lower than
that of the imported one. By improving the productivity of
Indonesian local cattle, it is hoped that the breeders’
(especially IBFC of Aceh cattle) interest inbreeding local
cattle will increase, so that the population of local cattle is
increasing and is able to reduce Indonesian dependency on
beef and cattle from other countries.

The GH gene is a single peptide of molecular weight
equal to 22-kD secreted from pituitary gland in circadian
and pulsatile manner, the pattern of which plays important
role in postnatal longitudinal growth and development,
tissue growth, lactation, reproduction, as well as protein,
lipid and carbohydrate metabolism (Dybus et al. 2002). GH
gene with its functional and positional potential has been
widely used for marker in several livestock species
including the Indonesian local cattle (Jakaria et al.. 2009;
Sutarno 2010). Molecular genetic markers in animal
breeding programs could make selection precise and
efficient. Some of these markers are called candidate gene,
e.g. the growth hormone genes, which are usually selected
because there are biological significance on their
quantitative traits of interest.

The studies of GH gene MspI locus of Indonesian beef

cattle have been reported in Ongole crossbred cattle
(Sutarno et al. 2005; Sutarno 2010), Madura cattle
(Purwoko et al. 2003), Pesisir cattle (Jakaria et al. 2007),
Bali cattle (Jakaria et al. 2009) and Grati dairy cows
(Maylinda 2011). Their studies indicated that
polymorphism was found on Ongole crossbred cattle,
Madura cattle, Pesisir cattle and Grati dairy cows. Bali
cattle was monomorphic and the frequency of TT genotype
and T allele were 1.00 the same as Ongole cattle in India
(Lagziel et al. 2000). The research of GH gene using MspI
restriction enzyme in Aceh cattle has never been reported.
Based on description above it is necessary to carry out a
research to identify the genotype of GH gene MspI in
selected Aceh cattle at IBFC of Aceh cattle.

MATERIALS AND METHODS

Blood sample
The genomic DNA was extracted from blood using

Sambrook et al. (1989). The blood samples were taken
from 41 cattle at IBFC of Aceh cattle. The blood sample
from Aceh cattle was taken using venoject (Vacutainer®,
USA) 5 ml on jugular vein, and then it was kept in the
refrigerator (4 0C) for later laboratory analysis. The DNA
isolation, extraction, amplification and digestion were all
carried out in Laboratory of Animal Breeding, Faculty of
Animal Husbandry, Gadjah Mada University, Yogyakarta.
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Genome DNA extraction
Genome DNA extraction was carried out using

Sambrook et al. (1989) method which was modified using
buffer lysis cell on each sample containing of 15 μL 10%
SDS (Sodium Dodecyl Sulphate), 6 μL ddH2O and 7.5 μL
proteinase-K. The DNA was precipitated using 71 μL 5 M
NaCl and 600 μL 96 % ethanol. The precipitate was washed
three times by adding 1ml 70 % ethanol, centrifuged with
the speed 12,000 rpm for 5 minutes. Then the DNA
precipitate was dissolved in 100 μL ddH2O. The quality of
the total genome was analyzed using by 0.8 % agarose gels
electrophoresis in 1 x TBE (Tris-Boric-EDTA). Agarose
gels were made by weighing 0.10 g agarose powder and
placed into 12.5 ml buffer 1x TBE. Loading samples were
done by dropping 1 μL DNA genome, 1 μL loading dye
(Fermentas) and 5 μL ddH2O into each well of agarose gel
to run the electrophoresis processed. The products of
electrophoresis were immersed in the 0.1 μL ethidium
bromide (EtBr) at 50 Volt for 15 minutes

DNA amplification
The DNA was amplified with Polymerase Chain

Reaction (PCR). Each PCR reaction was made with the
volume of 10 μL with the composition of 5 μL PCR master
mix (KAPA2G Fast ReadyMix PCR Kits, USA); 0.5 μL

primer forward and reverse; 0.5 μL DNA and 3.5 μL
ddH2O. The forward primer (GHMspI-F) was 5’-
CCCACGGGCAAGAATGAGGC-3’ and reverse primer
(GHMspI-R) was 5’-TGAGGAACTGCAGGGGCCCA-3’
(Mitra et al. 1995). The position of both primers for GH
gene is showed in Figure 1. The PCR protocols to amplify
the fragment were done by the initial denaturation
temperature steps at 94 0C for 5 minutes for 1 cycle,
followed by 30 cycles of denaturation at 94 0C for 1
minute, annealing at 60 0C for 50 seconds, elongation or
extension at 72 0C at 1 minute and a final extension at 72
0C at 5 minutes (Zhou et al. 2005). The PCR products were
then subsequently electrophorezed using 1 % agarose gels
in buffer 1x TBE. Agarose gels were made by weighing
0.10 g agarose powder and placed into 12.5 ml buffer 1x
TBE. Loading samples were done by dropping 1 μL PCR
product, 1 μL loading dye and 5 μL ddH2O into each well
of agarose gel and into control well of DNA ladder
(ФX174 DNA/BsuRI/HaeIII) to run the electrophoresis
process. The products of electrophoresis were immersed in
the 0.3 μL EtBr at 50 Volt for 15 minutes to identify the
length of the band. The picture of DNA band products were
visually taken on the UV transiluminator (UVP TEM-40,
USA) using camera and compared with DNA ladder
(marker) for allele and genotype identified.

Figure 1. The profile of locally Aceh cattle breed (photo: Bahrul Mahdi)
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Genotyping for GH gene
The GH gene fragments were digested by the PCR-

RFLP method with MspI restriction enzyme. The PCR
product of GH gene was digested 37 0C for 3 hours by
MspI restriction enzyme. Reactants consisted of 1.2 μL
Buffer 10x; 8.7 μL ddH2O; 0.1 μL MspI restriction enzyme
and 2 μL PCR product. A 1.5 % agarose gels were made by
weighing 0.20 g agarose powder and placed into 13 ml
buffer 1x TBE. Loading samples were done by dropping 10
μL PCR product of digested, DNA mixed with 2.5 μL
loading dye into each well of agarose gel and into control
well of marker to run the electrophoresis processed. The
products of electrophoresis were immersed in the 0.2 μL
EtBr at 50 Volt for 15 minutes to identify polymorphism of
alleles based on the length of the band. The picture of DNA
band products was visually taken on the UV
transiluminator using camera and compared with marker
for allele and genotyped identification. The MspI restriction
enzyme recognized only the restriction site of four
nucleotides for C↓CGG (Figure 2). The CC genotype
consisted of two bands (104 bp and 223 bp), CT genotype
consisted of three bands (104 bp, 223 bp, 327 bp) and TT
genotype consisted of one band (327 bp).

Sequencing of GH gene fragment
The PCR products of five cattle were used for sequence

analyses. Each reactant consisted of 30 μL PCR product;
10 μL forward and 10 μL reverse primer (10 pmol/UI)
repaired for sequencing process by Macrogen-BioSM
Indonesia. Sequences of GH MspI gene were used to find
nucleotide mutation in that’s fragments.

Data analysis
PCR-RFLP data were analyzed by

allele frequency (Falconer and Mackay
1996). The allele frequency was
calculated by counting method as:

 
2N

(CT)CC2
p


 and    

2N

CTTT2
q




Where p is the C allele frequency, q is
the T allele frequency and N is the total
number of cattle tested. The sequencing
results were paralleled with the GH gene
sequences from GenBank accessed code
M57764, JN232516, EF592533 and
EF592534 by alignment software (BioEdit
and ClustalW).

RESULTS AND DISCUSSION

Allele frequency of GH MspI gene
The DNA restriction of fragments

resulted in one genotype. Sequencing and
genotyping of GH MspI gene showed 329
bp for TT genotype in all samples (Figure

3). Study of GH MspI gene in several worlds’ cattle
reported that the frequency of T allele was higher in Bos
indicus (hump) cattle group and lower in the Bos taurus
(humpless) cattle group (Lagziel et al. 2000). The same
research results were also obtained that the frequency of T
allele 1,00 in Bali cattle (Jakaria et al. 2009) and Ongole
cattle (Lagziel et al. 2000). The comparison of T allele and
TT genotype frequency which used same primer (Mitra et
al. 1995) to other breed cattle in Indonesia is shown in
Table 1.

Figure 4. Genotyping result of GH MspI gene detected by 1.5 %
agarose gel. M : marker (ФX174 DNA/BsuRI/HaeIII), 1 : PCR
product (329 bp), 2-7 : TT genotype (329 bp)

Sequencing for GH MspI Gene
The samples which could be sequenced were five

samples from IBFC of Aceh cattle. The failure of sequence
was caused by unsuccessful amplification, limited number
of DNA, and too many peak duplication on sequence
graphic. The  analysis on  the diversity of nucleotide

329 bp

M 1 2 3 4 5 6 7

Figure 2. The position of Forward and Reverse primer in PCR product of GH gene

Figure 3. Position of Forward and Reverse primer based on GenBank (accessed
code M57764) and position of MspI restriction site



BIODIVERSITAS 15 (1): 1-5, April 20144

Table 1. The T allele frequency of GH gene in Indonesian beef cattle breeds

Frequency
Genotype AlleleCattle breeds N

CC CT TT C T
Breed type Authors

Bali 47 0.00 0.00 1.00 0.00 1.00 humpless Jakaria et al. (2009)

Limousine 22 0.41 0.45 0.14 0.64 0.36 humpless Jakaria et al. (2009)

Simmental 18 0.77 0.23 0.00 0.89 0.11 humpless Jakaria et al. (2009)

Grati 43 0.16 0.35 0.49 0.34 0.66 humpless Maylinda (2011)

Pesisir 133 0.05 0.30 0.65 0.20 0.80 hump Jakaria et al. (2007)

PO 114 0.43 0.50 0.07 0.74 0.26 hump Sutarno et al. (2005)

Madura 49 0.23 0.22 0.55 0.44 0.56 hump Purwoko et al. (2003)

Aceh 41 0.00 0.00 1.00 0.00 1.00 hump Research result

Note: N : individual number.

Table 2. The variation of Single Nucleotide Polymorphism (SNP) which has been identified in the third intron region from GH gene on
several cattle

Single Nucleotide Polymorphism (SNP)Position
Bos taurus 1 Vechur 2 Butana 3 Kenana 4 Aceh 5 Amino acid changes Type of mutation

1542 - T T T T CCC(Pro) > CTC(Leu) Insertion

1549 C T T T T CCG(Pro) > CTG(Leu) Transition

1552 - G G G G GCC(Ala) > GGG(Gly) Insertion

1615 G G G - G GGC(Gly) > GGG(Gly) Deletion

1669 G A A A A CAG(Gln) > CAA(Gln) Transition

1670 A G G G G ACC(Thr) > GCC(Ala) Transition

1695 C T T T T ACC(Thr) > ATC(Ile) Transition

1697 T T T - T TGC(Cys) > GCC(Ala) Deletion

Note: 1 = GenBank (M57764); 2 = GenBank (JN232516); 3 = GenBank (EF592534); 4 = GenBank (EF592534); 5 = sequencing results;
Pro = proline; Leu = leucine; Ala = alanine; Gly = glycine; Gln = glutamine; Thr = threonine; Ile = isoleucine; Cys = cysteine

sequence was conducted using alignment software. The
sequence of Aceh cattle DNA was parallel with the sample
comparison sequence from GenBank accessed code
M57764, JN232516, EF592533 and EF592534.

The result of GH MspI gene nucleotide sequence in
Aceh cattle, the change from C to T nucleotide was found
on position 1549 bp and 1695 bp. The transition of C into T
on position 1549 changed the MspI restriction site. This
result is similar to that of Musa et al. (2013) on Kenana
cattle and Butana cattle. Transition mutation of T into C on
1549 position was found in Iranian native cattle such as
Mazandarani, Golpaygani and Sarabi (Zakizadeh et al.
2006). Based on this sequence results it was concluded that
several mutation found in this region. The variation of
Single Nucleotide Polymorphism (SNP) which has been
identified in the third intron region from GH gene on
several cattle showed in Table 2. Sari et al. (2011) reported
that one new mutation on fifth exon on 2230 bp in which C
nucleotide turned into T nucleotide, and this was called
silent mutation (CTC/Leu > CTT/Leu). Based on the
sequencing result, it was concluded that the sequence of
Aceh cattle on third intron was similar to that of Bos
indicus groups (Vechur, Butana and Kenana).

CONCLUSION

Based on our research results, it can be concluded that
the T allele was common allele in Aceh cattle at IBFC of
Aceh cattle. The GH MspI gene was monomorphic in Aceh
cattle. The mutations occurred between C (cytosine) to T
(thymine) on 1549 position changed MspI restriction site.
The GH MspI gene nucleotide sequence of Aceh cattle on
third intron region was similar to that of Bos indicus based
on the GenBank sequence.

ACKNOWLEDGEMENTS

The authors would like to thank to all staff at IBFC of
Aceh cattle for their help in collecting sample. Thanks are
due to all staff at Laboratory of Animal Breeding, Faculty
of Animal Husbandry, Gadjah Mada University,
Yogyakarta for their tangible help during the study and
most particularly their skillful assistance in DNA analysis.



PUTRA et al. – Genetic diversity of Aceh cattle breed 5

REFERENCES

Dybus A. 2002. Associations og growth hormone (GH) and prolactin (PRL) genes
polymorphism with milk production traits in Polish Black and White cattle. J
Anim Sci 20: 203-212

Falconer DS, Mackay TF. 1996. Introduction to Quantitative Genetics. 4th ed.
Benjamin-Cummings Publishing Company, New York.

Jakaria DD, Noor RR, Martojo H, Duryadi D, Tappa B. 2009. Identification of
growth hormone (Gh) gene MspI and AluI loci polymorphism in beef cattle.
Proceedings of the 1st International Seminary of Animal Industry. Bogor
Agricultural University, Bogor, 23-24 November 2009. [Indonesian]

Jakaria DD, Noor RR, Martojo H. 2007. Evaluation of genetic diversity of growth
hormone (GH) gene on West Sumatera Pesisir cattle using PCR-RLFP marker.
J Indon Trop Anim Agric 30: 1-10 [Indonesian]

Lagziel A, Danise S, Hanotte O, Dhara S, Glazko V, Broadhead A, Davoli R, Russo
V, Soller M. 2000. Geographic and breed distribution of an MspI PCR-RFLP in
the bovine growth hormone (bGH) gene. Anim Genet 31: 210-213.

Maylinda S. 2011. Genetic polymorphism of growth hormone locus and its
associations with body weight in Grati dairy cows. Int J Biotechnol Mol Biol
Res 2 : 117-120.

Mitra AP, Sciilee CR, Balakrisiinan, Pirciiner F. 1995. Polymorphisms at growth
hormone and prolactine loci in Indian cattle and buffalo. J Anim Breed Genet
112: 71-74.

Musa LMA, Reissmann M, Ishaq IA, Rahamtalla SA, Brockman G, Peter JK. 2013.
Characterization of the growth hormone gene (GH1) in Sudanese Kenana and
Butana cattles. J Anim Prod 3: 28-34.

Purwoko A, Sutarno, Etikawati N. 2003. DNA polymorphism at locus-2 growth
hormone gene of Madura cattle growth. Biodiversitas 4: 7-11

Sari EM, Noor RR, Sumantri C, Trimargawati E. 2010. Identification of genotype
DNA microsatellite in association with performance of Indonesian Aceh cattle.
J Genet Eng Biotechnol 8: 43-51

Sari EM, Noor RR, Sumantri C, Yunus M, Han JL, Muladno. 2011. Identification of
Single Nucleotide Polymorphism on growth hormone gene in Aceh cattle. Med
Pet 36: 21-25.

Sutarno, Junaidi A, Baharudin T. 2005. DNA polymorphism at locus-2 growth
hormone gene of Madura cattle. Biodiversitas 6: 77-81.

Sutarno. 2010. Genetic variation among Indonesian native cattle breeds based on
polymorphisms analysis in the growth hormone loci and mitochondrial DNA.
Biodiversitas 11: 1-5

Zakizadeh S, Rahimi G, Ashtiani SRM, Javaremi AN, Shahrbabak MM, Reinecke P,
Reissmann M, Masoudi AA, Amirinia C, Mirhadi SA. 2006. Analysis of bovine
growth hormone gene polymorphisms in three Iranian native breeds and
Holstein cattle by RFLP-PCR. Biotechnology 5: 385-390.

Zhou GL, Jin HG, Liu C, Guo SL, Zhu Q, Wu YH. 2005. Association of genetic
polymorphism in GH gene with milk production traits in Beijing Holstein cows.
J Biosci 30: 595-598.



BIODIVERSITAS ISSN: 1412-033X
Volume 15, Number 1, April 2014 E-ISSN: 2085-4722
Pages: 6-11 10.13057/biodiv/d150102

Four newly recorded species of Dryopteridaceae from Kashmir valley,
India

SHAKOOR AHMAD MIR1,♥, ANAND KUMAR MISHRA1, ZAFAR AHMAD RESHI2,
MAHESHWAR PRASAD SHARMA1

1Department of Botany, Jamia Hamdard, Hamdard Nagar, New Delhi-110062, India. Tel: +91-8802139884, ♥email: shakoorsam@gmail.com
2Department of Botany, University of Kashmir, Hazratbal, Srinagar-190006, Jammu & Kashmir, India.

Manuscript received: 13 January 2013. Revision accepted: 24 January 2014.

ABSTRACT

Mir SA, Mishra AK, Reshi ZA, Sharma MP. 2014. Four newly recorded species of Dryopteridaceae from Kashmir valley, India.
Biodiversitas 15: 6-11. Habitat diversity, elevation, cloud cover, rainfall, seasonal and temperature variations have created many ideal
sites for the luxuriant growth of pteridophytes in the Kashmir valley, yet all the regions of the valley have not been surveyed. In
Kashmir valley the family Dryopteridaceae is represented by 31 species. During the recent extensive field surveys of Shopian district
four more species viz., Dryopteris caroli-hopei Fraser-Jenkins, Dryopteris blanfordii subsp. nigrosquamosa (Ching) Fraser-Jenkins,
Dryopteris pulvinulifera (Bedd.) Kuntze and Polystichum nepalense (Spreng) C. Chr. have been recorded for the first time from the
valley. The taxonomic description, synonyms, distribution and photographs of each species are given in this article.

Key words: Dryopteris, Kashmir valley, Shopian, pteridophytes, new records

INTRODUCTION

The ferns originated in ancient tropical habitats and
have been successful in many types of environments for
thousands of millennia. According to Rothwell and Stockey
(2008) ferns first appeared in the fossil record during the
Middle Devonian 390 million years ago. Ferns have
continued to evolve and diversify up to the recent ages.
However according to Chapman (2006) about 15% of all
fern and lycophyte species may not yet be known to
science. The total number of known ferns is estimated at
about 12000 species worldwide belonging to 225-230
genera (Kramer and Green 1990) and 37 families (Smith et
al. 2006). Dryopteridaceae is a large and diverse family of
leptosporangiate ferns that have a world-wide distribution,
but it has the highest density of genera and species in the
temperate regions of the Northern Hemisphere, especially
in the hills and mountains of eastern Asia (Ching 1965;
Tryon and Tryon 1982; Wu and Ching 1991; Wu 2000).
Ching (1965) founded the family Dryopteridaceae based
on the type genus Dryopteris Adans. The members of this
family are usually terrestrial and medium-sized plant
bearing creeping, ascending or erect rhizome clothed with
non-clathrate scales at apices; petioles with numerous
vascular bundles arranged in a ring; pinnate or forking
veins; and rounded to reniform spores with winged perine.
This family includes about 1700 species belonging to 40-45
genera, of which the two largest genera are Dryopteris with
225-300 species (Kramer 1990; Fraser-Jenkins 1986;
Zhang et al. 2012), and Polystichum with 260-300 species
(Barrington 1995; Mabberley 1997; Kung et al. 2001;
Driscoll and Barrington 2007). The characteristic features

of Dryopteris genus are the presence of ctenitoid hairs on
fronds, absence of groove on costae and costules. The other
genus, Polystichum is characterized by absence of ctenitoid
hairs on fronds and presence of an adaxial groove on costae
and costules.

The Kashmir valley or the Vale of Kashmir, a deep
elliptical bowl-shaped valley beautifully enclosed in a
magnificent amphitheater of mountain ranges- the Great
Himalayas and the Pir Panjal, is the central division of
Jammu and Kashmir State (Wadia 1975). Total area of the
valley is about 15,948 km2, virtually 64% of which being
hilly. Altitude of the valley plain at its summer capital
Srinagar is 1,675 m above mean sea level (Srivastava 1998)
and the highest peak among its surrounding mountains is
that of the ‘Kolahoi or Gwashibror’ with an altitude of
5,420 m. Owing to the vast variety of edapho-climatic and
physiographic heterogeneity, the valley harbors diverse
ecosystem types, including lakes, springs, rivers, cultivated
fields, orchards, subalpine and alpine meadows, mountain
slopes and terraces, permanent glaciers, etc., which equally
support diverse floristic elements (Gupta 1982; Singh et al.
1998) and renders suitable habitat for supporting rich flora
of cryptogams, especially pteridophytes. Therefore the
study was taken to explore in-depth pteridophyte wealth of
Shopian district, Kashmir Himalaya.

MATERIALS AND METHODS

Study area
The study was carried out in Shopian district of

Kashmir valley. The region is located in the south and
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south-west extremity of the valley in close proximity of
Pir-Panjal range (Figure 1). Most of the area of this district
is hilly with the altitudinal range from 1700 to 4500 meters.
The district lies between latitude of 33020′ and 34054′ N
and longitude of 73035′ and 75035′ E. Total area of Shopian
district is 812.70 km2, of which more than half about
442.98 km2 is occupied by alpine zone with a considerable
portion under meadowlands and glaciers. The temperature
ranges from an average daily maximum of 32ºC and
minimum of 15ºC during summer to an average daily
maximum of 4ºC and minimum of -4ºC during winter
(Bhat et al. 2012). It receives annual precipitation of about
1050 mm. The district also possesses rich soil diversity,
namely hill soils, alluvial soils and Karewa soils (Raza et
al. 1978). Great altitudinal variation and contours of hills
shapes the district into a gradually heightening slope with a
wavy appearance that adds magnificent variation in
vegetation. Besides, edapho-climatic variations, mountain
slopes and terraces, permanent glaciers, large number of
stream and streamlets and significant precipitation in this
district have built many ideal sites for the luxuriant growth
of pteridophytes. Although, some earlier works on
pteridophytes of the valley had been done by Clarke
(1880), Beddome (1883, 1892), Stewart (1945, 1951, 1972
and 1984) and Kapur (1985), the collective contribution of
these workers resulted in the discovery of only 90 species
and 4 varieties (belonging to 29 genera) from Kashmir (Dar
et al. 2002). In this connection, attempts have been made to
explore in-depth the Perido-flora of this area.

Regular field trips were carried out in and around
different areas of Shopian district for the collection of fern
and fern allies from June to November during the years
2011 and 2012. During the survey we not only confirmed
the presence of the various species of Dryopteridaceae
reported earlier, but also discovered four more species viz.,
Dryopteris blanfordii subsp. nigrosquamosa, Dryopteris
caroli-hopei and Dryopteris pulvinulifera, Polystichum
Nepalense that constitute new records for Kashmir valley.
The specimens were identified by the consultation of
relevant literature and study of herbarium specimens
deposited in the Herbarium, Botanical Survey of India

(BSI), Dehradun. Help has also been taken from Dr. H. C.
Panday (Scientist 'D') and Brijesh Kumar from BSI,
Dehradun, India. The voucher specimens are deposited in
Department of Botany, Jamia Hamdard and in the
Herbarium of University of Kashmir (KASH), India.

RESULTS AND DISCUSSION

A detailed account comprising taxonomic descriptions,
synonyms, distribution and figures of these newly recorded
species is provided here under:

Dryopteris blanfordii
Dryopteris blanfordii subsp. nigrosquamosa (Ching)

Fraser-Jenk., Bull. Brit. Mus. (Nat. Hist.), Bot. 18: 388
(1989).

Dryopteris nigrosquamosa Ching, Bull. Fan Mem. Inst.
Biol. 2: 194 (1931); Dryopteris gushaingensis Ching, Fl.
Xizangica 1: 269 (1983).

 Rhizome long, obliquely ascending, thick, clothed with
scales. Stipes ca. 8 cm long, longitudinally grooved,
densely fibrillose and scaly: scales broadly ovate, fuscous-
brown, concolorous, crinkled, margins with filamentous
projections, apex acuminate, gradually smaller upward,
lanceolate to linear, sparse higher up, stipe base dark-
brown; rachis scaly and fibrillose; fibrils dark-brown at
base, higher up light-brown. Lamina 2-pinnate, ca. 40 cm
long, 12 cm broad, lanceolate to oblong-lanceolate, slightly
tapered below to a truncate base, thinner with herbaceous
texture, adaxially glabrous, apex acuminate; pinnae ca. 18
pairs, ca. 7 cm long, 1.5-2 cm broad, slightly distant,
alternate, horizontally spreading, shortly stalked, oblong-
lanceolate, apex acuminate: pinnules ca. 14 pairs,
separated, lanceolate to oblong-lanceolate, sessile, slightly
oblique, lowest pair of pinnules slightly stalked and large
than those above it, further up narrowly attached and
becoming widely attached to the pinna costa, lobed; lobes
narrow, rectangular with truncate apices, upper lobes
becoming pointed and ending in a single acute tooth,
segment apex rarely sharply serrate. Veins pinnate, forked;
costae and costules sparsely scaly. Sori indusiate, round, in

Figure 1. Research site “Shopian” located at south-west of Kashmir, Jammu and Kashmir, India
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1 row on each side close to the costa, usually only upper
half of lamina fertile; indusia rounded to reniform,
membranous, margin entire irregular. Spores dark-brown,
perinate, perine folded.

Figure 2: A, B, C
Habitat: Steep Abies forests
Specimen examined: Shopian, Dubjan, 2750 m alt.,

05.07.2011, Shakoor Ahmad, 847 (KASH).
Distribution: China (Fraser-Jenkins 1989).

Dryopteris caroli-hopei
Dryopteris caroli-hopei Fraser-Jenk., Bull. Brit. Mus.

Nat. Hist. Bot. 18: 422 (1989).
Aspidium dilatatum var. patuloides H. Christ, Societe

Botanique de France 1: 41, 1905; Dryopteris
pseudomarginata Ching, Sporae Pterid. Sin. 327: 1976.

Rhizome, short stout, prostrate, scaly: scales adnate,
brown, ovate-lanceolate. Stipe long, c 30-45 cm, thick, 0.4-
0.5 cm, stramineous, base brownish, densely scaly; scales
pale-brown, ovate-lanceolate, apex acuminate, stipe
upward with sparsely adpressed scales and fibrils. Lamina
large, 2-3 pinnate, ovate-lanceolate, c 65 cm long and 40
cm broad, pale-green, costa sparsely linear-lanceolate
scaly, basal pinnae tripinnate, pinnate on the upper part,
apex acuminate and pinnate; pinnae c 23 pairs, up to 20 cm
long and 7 cm broad, obliquely spreading, alternate,
stalked, triangular lanceolate, matted upper surface, costa
sparsely fibrillose on lower surface; pinnules c 12-18 pairs,
up to 4 cm long, 1.5 cm broad, short stalked, sessile
upwards, alternate, narrowly triangular lanceolate, apex
acute, pinnatisect; pinnulet or pinnule lobes, c 8-10 pairs
per pinnule, adnate to costule, ovate-lanceolate, with
rounded and obliquely pointed apices, margin serrate,
pinnules on the basiscopic side of the pinnae in the lower
half of the frond are longer than those on the acroscopic
side. Veins simple or forked, conspicuous abaxially,
slightly distinct adaxially, 8-10 pairs per pinnule. Sori
indusiate, small, rounded, not crowded, one per segment,
entire lamina fertile, indusia brown; round-reniform, entire,
persistent. Spores pale-brown, perinate.

Figure 2: D, E, F
Habitat: Near stream banks under shade
Specimen examined: Shopian, Imamsahib, 1866 m alt.,

15.07.2011, Shakoor Ahmad, 844 (KASH).
Distribution: India (Arunachal Pradesh, Manipur,

Meghalaya, Nagaland, Uttar Pradesh, Jammu division.),
Bhutan, China (Tibet, Yunnan), Nepal (Khullar 2000;
Chandra 2000).

Dryopteris pulvinulifera
Dryopteris pulvinulifera (Bedd.) Kuntze, Revis. Gen.

Pl. 2: 813 (1891).
Dryopteris harae H. Ito, Fl. E. Himalaya 1: 476 (1966);

Lastrea pulvinulifera Bedd., Ferns Brit. India, (1870);
Nephrodium pulvinuliferum (Bedd.) Baker, Syn. Fil.
(1874); Nephrodium sparsum var. squamulosum C. B.
Clarke, Trans. Linn. Soc. London, Bot. 1: 524 (1880);
Lastrea pulvinulifera var. zeylanica Bedd., Suppl. Ferns S.
India (1876).

Rhizome short-creeping, thin, densely clothed with
bright golden, linear-lanceolate scales. Stipes long, 30-35
cm, almost the same length as the lamina, dia. 0.2 cm, pale,
base curved just above the point of attachment, densely
scaly; scales long, narrowly lanceolate, glossy, bright
golden in color, stipe upward glabrous or containing
scattered, narrowly lanceolate, dark scales; rachis glabrous,
except for dense covering of small, dark-brown, hair-like
scales, especially near the attachment of costa to the rachis.
Lamina lower part 4-pinnate, upper part 3-pinnate, deltoid-
lanceolate, apex acuminate, c 45 cm long, c 40 cm broad,
dark-green adaxially, herbaceous; pinnae c 20 pairs,
alternate, overlapping, deltoid-lanceolate; pinnules c 17
pairs in largest pinna, triangular lanceolate, shortly
petiolate, pinnate, base cunate, apex acuminate, basal
basiscopic ones longest; pinnulets c 11 pairs in the largest
pinnule, obliquely spreading, deeply pinnatifidly lobed,
acroscopic lobes more developed, wider and longer, apices
acutely pointed and bearing a few insignificant, small,
acute teeth; pinnulet segments or ultimate segments longer
on the acroscopic side of the pinnulet, ending in a few
small acute teeth; costa with sparse small, black-brown
scales adaxially. Veins pinnate. Sori indusiate, rounded,
small, regularly in one row on each side of costule; indusia
rounded-reniform, thin, lifting deciduous. Spores regular.

Figure 2: G, H, I
Habitat: Growing on steep forest floor under shade
Specimen examined: Shopian, Heerpur, 2600 m alt.,

08.07.2011, Shakoor Ahmad, 813 (KASH).
Distribution: India (Sikkim, Darjeeling, Meghalaya,

Nagaland), Bhutan, China, Nepal, Sri Langka, Philippines
(Khullar 2000; Chandra 2000).

Polystichum nepalense
Polystichum nepalense (Spreng.) C. Chr. Index Filic.

fasc. 10: 84 (1906).
Aspidium nepalense Spreng, Syst. Veg. 4: 97 (1827);

Polystichum atroviridissimum Hayata, Icon. Pl. Formosan.
4: 190 (1914).

Rhizomes erect to sub-erect, thick, scaly; scales light
brown. Stipes c 5 cm long, straw colored, scaly and
fibrillose, basal scales ovate to lanceolate, pale-brown,
paler higher up on stipe, glossy, margin with short
projections, apex acuminate; rachis fibrillose and sparsely
clothed with small cuspidate scales intermixed with a
number of large ovate, light-brown ones. Lamina pinnate,
linear-deltoid or lanceolate, c 24 cm long and 4 cm broad,
coriaceous; pinnae c 28 pairs, falcate, alternate, up to 2.5
cm long and 0.7 cm broad (largest), acute, shortly petiolate,
adpressed scales on abaxial side, adaxially glabrous, base
auriculate, auricle attached to the rest of the pinna, margin
irregularly more or less entire or slightly serrate with pale
colored teeth, lower pinnae slightly reduced in size
compared to above. Veins and veinlets numerous in small
groups. Sori indusiate, many, medial in one row on either
side of mid-vein; indusia brown, membranous, large,
margin undulate, persistent. Spores dark-brown, perinate.

Figure 2: J, K, L
Habitat: Rocky meadows near stream
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Figure 2. A, B, C. Dryopteris blanfordii subsp. nigrosquamosa; D, E, F. Dryopteris caroli-hopei, G, H, I- Dryopteris pulvinulifera; J,
K, L- Polystichum Nepalense
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Specimen examined: Shopian, Secjan, 2400 m alt.,
15.09.2011, Shakoor Ahmad, 928 (KASH).

Distribution: India (Arunachal Pradesh, Darjeeling hill,
Himachal Pradesh, Manipur, Meghalaya, Mizoram, Naga-
land, Sikkim, Uttarakhand) Afghanistan, Bhutan, China
(Tibet, Yunnan), Japan, Myanmar, Nepal, Philippines, Sri
Langka, Vietnam (Khullar 2000; Chandra 2000).

Discussion
Ferns inhabit a great variety of substrates, climates, and

light regimes, both in habitats dominated by flowering
plants and those where few angiosperms can survive. They
also represent a critical evolutionary step, bridging the
functional gap between nonvascular bryophytes and seed-
bearing vascular plant. The earlier fern collectors in the
Kashmir were R. McLeod and T. Thomson. Subsequently
many European (mainly British) botanists gathered
collections from Kashmir, notable among them being J.
Winterbottom, J.E.T. Atchinson, V. Jacquemont, H. C.
Levinge, E.W. Trotter, A. Meebold, W.N. Kolz, J. Marten,
G.A. Grammie, C. Stokoe, J. C. Mcdonell etc. The classical
work of Clarke (1880), Beddome (1883, 1892) and Hope
(1903) also include several ferns from the Kashmir. Ralph
Randles Stewart (1937, 1945, 1951, 1957 and 1972) is
utmost fern collector of Kashmir. Recently Wani et al.
(2012) presented an up-to-date account of fern and fern
allies of Kashmir valley, Gurez and Ladakh. The authors
also included ecological status, phytogeographical affinity
and the distributional data of collected ferns. Of the total
taxa reported, 30 taxa belong to family Dryopteridaceae,
20 to Woodsiaceae and 13 taxa to the family Aspleniaceae.
47 taxa (42%) were recorded to be rare or endangered.

The four species of pteridophytes mentioned above
have been reported from other parts of the world and also
from different states of our country, India. The three
species D. blanfordii subsp. nigrosquamosa, D.
pulvinulifera and Polystichum nepalense are new to the
Jammu and Kashmir state, whereas the fourth D. caroli-
hopei has earlier been reported from the Jammu division
only. D. caroli-hopei differs from D. Pulvinulifera in
having thick rhizome, broad-ovate stipe scales, 2-3-pinnate
pale-green lamina and lobed pinnules with bluntly
acuminate apex. P. Nepalense differs from its closest
species P. lonchitis in bearing broad base and pinnae
margin more or less entire or slightly serrate. Similarly D.
blanfordii subsp. nigrosquamosa contrasts from D.
blanfordii subsp. blanfordii by long-sub-erect rhizome,
short stipe densely clothed with fuscous-brown ovate scales
and shallowly lobed pinnules.

CONCLUSION

Since exploration, inventory and documentation of
phytodiversity (including non-flowering plants), is a
minuscule step in the larger goal of sustainable utilization
of earth’s resources, the present study was undertaken to
document the Pteridophytic wealth of District Shopian,
Kashmir valley, India. The present communication reports
the four species of ferns, viz. Dryopteris caroli-hopei

Fraser-Jenkins, Dryopteris blanfordii subsp. Nigro-
squamosa (Ching) Fraser-Jenkins, Dryopteris pulvinulifera
(Bedd.) Kuntze and Polystichum nepalense (Spreng) C.
Chr that constitute new record for Kashmir valley.
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ABSTRACT

Ragavan P, Ravichandran K, Jayaraj RSC, Mohan PM, Saxena A, Saravanan S, Vijayaraghavan A. 2014. Distribution of mangrove
species reported as rare in Andaman and Nicobar islands with their taxonomical notes. Biodiversitas 15: 12-23. During the recent field
survey it was found that among 15 rare mangroves in Andaman and Nicobar Islands, ten rare species i.e. Acanthus ebracteatus,
Acrostichum speciosum, Bruguiera cylindrica, Cynometra iripa, Cynometra ramiflora, Lumnitzera racemosa, Rhizophora hybrids,
Sonneratia alba, Sonneratia griffithii and Xylocarpus mekongensis are present in Andaman and Nicobar islands. In addition to Acanthus
volubilis, Brownlowia tersa and Sonneratia ovata are recorded after their first report.

Key words: Andaman and Nicobar islands, mangroves, rare species

INTRODUCTION

Rarity in natural systems is common and is most often
defined by two attributes: a species' distribution and its
abundance. Species are considered rare if their area of
occupancy or their numbers are small when compared to
the other species that are taxonomically or ecologically
comparable (Flather and Sieg 2007). Mangrove forests are
unique plant communities of the critical interface between
terrestrial, estuarine, and near-shore marine ecosystems in
tropical and subtropical regions (Polidoro et al. 2010).
Despite its ecological and economical values, globally
mangrove areas are disappearing at the rate of
approximately 1% per year (FAO 2003, 2007). However,
little is known about the effects of either widespread or
localized mangrove area loss on individual mangrove
species or populations due to the lack of species
information. The mangroves of Andaman and Nicobar
islands (ANI) are gregarious, dense and diverse in nature
and found along the tidal creeks, bays and lagoons.
However, the mangrove plant diversity in many areas of
ANI has not drawn much attention. Only few references are
available regarding the mangrove diversity in ANI (Sahni
1957; Blasco 1977; Mall et al. 1987; Dagar et al. 1991;
Singh and Garge 1993; Debnath 2004; Mandal and Naskar
2008; Kathiresan 2008). Among them Dagar et al. (1991)
critically surveyed the mangroves of ANI and listed out 34
true mangrove species. After that Kathiresan (2008)
reported the occurrence of 36 mangrove species in ANI; of
which 15 species were rare i.e. Acanthus ebracteatus,

Acrostichum speciosum, Aegialitis rotundifolia, Bruguiera
cylindrica, Bruguiera sexangula Ceriops decandra,
Cynometra iripa, Cynometra ramiflora, Kandelia candel,
Lumnitzera racemosa, Rhizophora lamarckii, Sonneratia
alba, Sonneratia apetala, Sonneratia griffithii and
Xylocarpus mekongensis. After that no such detailed survey
has been taken place in ANI and the occurrence of certain
mangroves species viz. Aegialitis rotundifolia, Aglaia
cucullata, Rhizophora x lamarckii, Sonneratia griffithii,
Xylocarpus mekongensis and Acanthus volubilis were
doubted by earlier studies (Mall et al 1987; Dagar et al
1991; Debnath 2004). Further, the mangroves of rare
occurrence are poorly understood for their ecology and
biology (Kathiresan 2008). So it became necessary to find
out the truth behind the existence and distribution of these
rare species, because species composition of mangroves is
a basic and important prerequisite to understanding all the
aspects of their structure and function, as well as their
biogeographical affinities for their conservation and
management (Jayatissa et al. 2002; Wang et al. 2003).

MATERIALS AND METHODS

Random survey was carried out in major creeks/
mangroves areas in 8 forest division of Andaman and
Nicobar islands (ANI), Bengali bay, India (Figure 1; Table
1). The total of 30 sites was visited and it was achieved
using a combination of road plus small boat transportation


