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Abstract. Chromosome studies were conducted on bat species in the Nsukka Local 
Government Area of Enugu State, Nigeria, to determine their karyotypes and assess 
relatedness. Chromosomes were isolated from the bone marrow and testes of various 
bat species using 0.4% colchicine for cell division arrest. A calibrated eye-piece grati-
cule was used for counting and measuring chromosomes from prepared slides. Cal-
culations for arm ratios and centromeric indices were performed to categorize chro-
mosomes, and ideograms were created based on these measurements. Standard karyo-
types for each species were established using photomicrographs of mitotic metaphase 
chromosomes. A total of eight bat species were sampled, representing the suborders 
Yinpterochiropera and Yangochiroptera. The species included Epomophorus wahlbergi, 
Epomophorus gambianus, Microteropus pusillus from Yinpterochiropera, and Nycteris 
major, Nycteris grandis, Nycteris arge, Scotophilus diaganii, and Scotophilus leucogaster 
from Yangochiroptera. The diploid chromosome numbers (2n) and fundamental num-
bers (FN) were as follows: Epomophorus wahlbergi (2n=35, FN=70), Epomophorus 
gambianus (2n=36, FN=79), Microteropus pusillus (2n=36, FN=79), Nycteris major 
(2n=40, FN=80), Nycteris grandis (2n=42, FN=82), Nycteris arge (2n=40, FN=78), Sco-
tophilus diaganii (2n=36, FN=45), and Scotophilus leucogaster (2n=36, FN=54). Vari-
ations in 2n and FN were attributed to centric fission and loss of p arm segments in 
some chromosomal pairs, leading to different morphological traits observed in the bat 
species. The study highlights the rich diversity of bat species in Nsukka and supports 
the use of karyotyping as an effective method for species differentiation.

Keywords:	 chromosomes, megabats, centric fission, Epomophorus, Microteropus, Nyc-
teris, Scotophilus.

INTRODUCTION

Bats, constituting a significant percentage of living mammals, belong to 
the order Chiroptera, which is the second most diverse order of mammals 
(Wilson and Reeder 2005; Stevens and Willig 2002; Simmons and Conway 
2003). They exhibit unique adaptations such as flight, echolocation, and a 
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wide range of ecological roles, feeding on various food 
sources like fish, insects, blood, nectar, and fruit (Fenton 
et al. 2016; Teeling et al. 2012). Bats play essential eco-
logical roles, including seed dispersal, pest control, and 
pollination of crops (e.g., agave for tequila production) 
(McCracken et al. 2012; Bumrungsri et al. 2013).

Bats are also known reservoirs for several deadly 
viruses, including Ebola, SARS, rabies, and MERS, often 
remaining asymptomatic (Wang et al. 2011; Drexler et 
al. 2012; Anthony et al. 2017). Remarkably, they have 
long lifespans and low cancer rates, which may provide 
insights into aging and longevity (Austad 2010; Wang et 
al. 2011).

The taxonomic classification of bats has evolved, 
with a shift from the “wide” polytypic to the “narrow” 
monotypic species concept due to advancements in mor-
phological and karyological techniques (Strelkov 2006; 
Kruskop 2005). Recent taxonomic revisions have identi-
fied 14 new Far Eastern bat species (Kruskop et al. 2012; 
Ruedi et al. 2015). However, African bats remain under-
researched, with over 70% of fossil data missing, compli-
cating conservation efforts (Teeling et al. 2012).

This study aimed to investigate the cytotaxonomy 
of bat species in Nsukka LGA, Enugu State, Nigeria, by 
determining chromosome numbers and characteristics, 
constructing karyotypes, and assessing species related-
ness, addressing the lack of cytotaxonomic data in this 
region.

MATERIALS AND METHODS

The study was conducted in the Nsukka Local Gov-
ernment Area (LGA) of Enugu State, Nigeria, within 
the northern senatorial zone (Figure 1). Nsukka LGA 
is characterized by its green, steep terrain and includes 
villages such as Alor-Uno, Ede-Oballa, and Okpuje, cov-
ering an area of 1,810 km² with a population of 309,448 
(ANON, 2006). The study sites included Obimo, Ibagwa-
Ani, Nsukka, and Obukpa (Figure 2).

DATA ANALYSIS

The data collected were analyzed based on observa-
tions from Abraham and Prasad (1983) and Adegoke and 
Ejere (1991). These observations facilitated the classifica-
tion of chromosomes into four groups: metacentric, sub-
metacentric, subtelocentric, and acrocentric. Additional-
ly, the relationships among the species were determined 
by measuring the chromosomes’ relative lengths and 
centromeric indices.

Trapping of experimental animals

Bats were trapped using a triple high mist net and 
a harp trap, following methods from Denys et al. (2013). 
Traps were set across potential flight paths for one night, 
checked every 10 to 20 minutes to prevent entanglement. 
Two bats (one male and one female) from each species 
were sacrificed for chromosome studies, with an addi-
tional specimen kept as a voucher.

Experimental design

The standard colchicine method was employed to 
prepare metaphase chromosome samples, following the 
protocol of Ejere and Adegoke (2001) with slight modi-
fications. This procedure involved administering an 
intraperitoneal injection of 0.1 ml of 0.4% colchicine 
to each bat species for 2 hours to halt mitotic cell divi-
sion. After euthanizing the bats with iso-fluorine, the 
hind leg bones were dissected and trimmed. Bone mar-
row was extracted using a heparinized syringe contain-
ing 3 ml of 0.55% KCl, which was then placed in labeled 
15 ml centrifuge tubes, homogenized, and allowed to 
sit for 15 minutes. The resulting suspensions were cen-
trifuged for 5 minutes at 1500 rpm, and the supernatant 
was discarded, leaving 0.5 ml of liquid in which the cells 
were resuspended. The cells were fixed with fresh cold 

Figure 1. Map of Enugu State showing Nsukka local government 
area. Source: Geospatial Analysis Mapping and Environmental 
Research Solution (2018). 
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Carnoy’s fixative and allowed to sit for about 30 seconds 
before undergoing centrifugation again, with the super-
natant removed. This centrifugation process in the fixa-
tive was repeated twice more, after which the cells were 
resuspended and diluted with the fixative prior to being 
spread on glass slides. The slides were stained in a Cop-
lin jar with 5 ml of Giemsa stain for 30 minutes, rinsed 
with tap water, and then placed in a slide warmer at 60 
°C for 2 hours. Stained slides were examined for divid-
ing cells under a light microscope at 10x magnification. 
Well-separated, countable metaphase chromosomes were 
measured and photographed under oil immersion at 
approximately 1000x magnification. The resulting pho-
tomicrographs were used to construct karyotypes (Ade-
goke and Ejere 1991; Ejere and Adegoke 2001).

Morphological identification

Morphological identification was performed accord-
ing to Happold and Happold (2013), and specimens were 
deposited at the University of Nigeria’s Zoology Muse-
um, tagged Ew, Ep, Mp, Nm, Ng, Na, Sa, and Sl.

Ethical approval

Ethical standards were upheld as per the Faculty of 
Biological Science Ethics and Biosafety Committee, Uni-
versity of Nigeria, Nsukka (Ref. Number: UNN/FBS/
EC/1013).

RESULTS

During the study, various species of bats from the 
families Yinpterochiropera and Yangochiroptera were 
identified in Nsukka LGA. The Yinpterochiropera fam-
ily included Epomophorus wahlbergi, Epomophorus gam-
bianus, and Microteropus pusillus, while the Yangochi-
roptera family featured Nycteris major, Nycteris grandis, 
and Nycteris arge. The Vespertilionidae family included 
Scotophilus leucogaster and Scotophilus diaganii. Table 
1 presents the chromosomal numbers and fundamental 
numbers (FN) along with karyotype diagrams.

For each bat species analyzed, distinct karyotypes 
were established based on size. For example, in Epomo-
phorus wahlbergi, the karyotype was categorized into 
three groups, with group one comprising four large 

Figure 2. Map of Nsukka Local Government Area showing the study area (Obimo, Ibagwa-ani, Nsukka and Obukpa).
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chromosomes, group two including medium-sized chro-
mosomes, and group three consisting of smaller chromo-
somes (Table 2). Similarly, Epomophorus gambianus and 
Microteropus pusillus displayed comparable karyotypic 
structures, with varying numbers of chromosomes in 
each size category (Tables 3 and 4).

Nycteris major, Nycteris grandis, and Nycteris arge 
were also analyzed, revealing three main size groups 
in their karyotypes (Tables 5, 6 and 7). For Nycteris 
major, it was noted that males and females had dis-
tinct chromosome arrangements and FN. Compari-

sons between species showed that Yinpterochiropteran 
bats shared similarities, particularly in their larger 
chromosomes. Notably, Epomophorus wahlbergi and 
Epomophorus gambianus had similar chromosome 
structures, especially in larger and some medium-
sized chromosomes.

Scotophilus diaganii and Scotophilus leucogaster each 
had a single large chromosome (Tables 8 and 9), while 
other species exhibited a range of large and small chro-
mosomes, indicating potential phylogenetic relation-
ships. Differences in chromosomal counts and struc-

Table 1. Diploid chromosome and fundamental numbers of various sampled bat species from Nsukka LGA, Nigeria.

S/N Bat species Mitotic metaphase 
chromosome spread Karyotype Diagram

Diploid 
chromosome 

number

Funda-mental 
number (FN)

1. Epomophorus wahlbergi Plate 1A Plate 1B Plate 1C 2n=35 70
2. Epomophorus gambianus Plate 2A Plate 2B Plate 2C 2n=36 79
3. Epomophorus (Microteropus) pusillus Plate 3A Plate 3B Plate 3C 2n=36 79

4. Nycteris major Plate 4A & Plate 4B Plate 4C (male) & 
Plate 4D (female) 

Plate 4E (male) & 
Plate 4F (female) 2n=40 80

5. Nycteris grandis Plate 5A Plate 5B (female) Plate 5C 2n=42 82
6. Nycteris arge Plate 6A Plate 6B Plate 6C 2n=40 78
7. Scotophilus diaganii Plate 7A Plate 7B Plate 7C 2n=36 45
8. Scotophilus leucogaster Plate 8A Plate 8B Plate 8C 2n=36 54

Table 2. Epomophorus wahlbergi’s chromosomal nomenclature based on centromeric indices.

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.40 9.00 14.40 37.50 Nearly submedian (-) 
2.	  7.20 7.20 14.40 50.00 Median 
3.	  6.30 7.20 13.50 46.67 Nearly median
4.	  4.50 7.20 11.70 38.46 Nearly median 
5.	  3.60 6.30 9.90 36.36 Nearly submedian (-)
6.	  2.80 6.56 9.36 29.91 Nearly submedian (-)
7.	  3.60 5.76 9.36 38.46 Nearly median 
8.	  3.96 5.40 9.36 42.31 Nearly median 
9.	  3.60 5.40 9.00 40.00 Nearly median 
10.	  2.60 6.40 9.00 28.89 Nearly submedian (-) 
11.	  2.50 5.60 8.10 30.86 Nearly submedian (-)
12.	  3.60 4.32 7.92 45.45 Nearly median 
13.	  2.70 3.60 6.30 42.86 Nearly median 
14.	  2.70 3.60 6.30 42.86 Nearly median 
15.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
16.	  1.80 1.80 3.60 50.00 Median 
17.	  1.80 1.80 3.60 50.00 Median
X. 3.60 3.60 7.20 50.00 Median

The chromosomal centromeric index (i) was calculated using the method i = 100s/c. In the above table, the chromosome lengths were 
measured in microns as described under materials and methods, and then individually converted to percentages of total complement
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tural characteristics were highlighted, with telocentric 
chromosomes prevalent in the Scotophilus species. Table 
10 summarizes that all bat species had at least one large 

chromosome, with specific similarities and differences 
noted in their karyotypic features (Figure 3).

Table 3. Epomophorus gambianus chromosomal nomenclature based on centromeric indices.

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.40 7.20 12.60 42.86 Nearly median 
2.	  6.30 6.30 12.60 50.00 Median
3.	  5.40 6.84 12.24 44.12 Nearly median
4.	  5.40 6.30 11.70 46.15 Nearly median
5.	  3.60 6.30 9.90 36.36 Nearly submedian (-)
6.	  2.50 7.40 9.90 25.25 Nearly submedian (-)
7.	  3.60 6.30 9.90 36.36 Nearly submedian (-)
8.	  3.60 5.40 9.00 40.00 Nearly median
9.	  4.50 4.50 9.00 50.00 Median 
10.	  3.60 5.40 9.00 40.00 Nearly median
11.	  3.60 4.50 8.10 44.44 Nearly median
12.	  2.70 3.96 6.66 40.54 Nearly median
13.	  1.50 3.60 5.40 33.33 Nearly submedian (-)
14.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
15.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
16.	  0.80 2.80 3.60 22.22 Nearly submedian (+) 
17.	  0.00 3.60 3.60 0.00 Terminal
X. 3.78 3.78 7.56 50.00 Median
X. 3.78 3.78 7.56 50.00 Median

Table 4. The nomenclature of the chromosomes of Epomophorus (Microteropus) pusillus using the centromeric indices. 

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 6.40 8.00 14.40 44.44 Nearly median
2.	  7.20 7.20 14.40 50.00 Median 
3.	  6.30 7.20 13.50 46.67 Nearly median
4.	  4.50 5.40 9.90 45.45 Nearly median
5.	  4.14 5.40 9.54 43.40 Nearly median
6.	  3.60 5.76 9.36 38.46 Nearly median 
7.	  3.60 5.76 9.36 38.46 Nearly median 
8.	  1.80 5.76 7.56 23.81 Nearly submedian (+)
9.	  2.20 5.36 7.56 29.10 Nearly submedian (-) 
10.	  3.60 3.96 7.56 47.62 Nearly median 
11.	  3.60 3.60 7.20 50.00 Median 
12.	  3.40 3.80 7.20 47.22 Nearly median
13.	  2.70 3.60 6.30 42.86 Nearly median 
14.	  1.80 2.70 4.50 40.00 Nearly median 
15.	  1.80 2.70 4.50 40.00 Nearly median 
16.	  1.80 1.80 3.60 50.00 Median 
17.	  0.00 3.60 3.60 0.00 Terminal
X. 3.60 3.60 7.20 50.00 Median
X. 3.60 3.60 7.20 50.00 Median
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Table 5. The nomenclature of the chromosomes of Nycteris major using the centromeric indices. 

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.40 9.90 15.30 35.29 Nearly sub-median (-)
2.	  5.40 8.64 14.04 38.46 Nearly median 
3.	  6.30 6.30 12.60 50.00 Median 
4.	  5.40 5.40 10.80 50.00 Median 
5.	  3.60 7.20 10.80 33.33 Nearly submedian (-)
6.	  3.60 6.30 9.90 36.36 Nearly submedian (-)
7.	  2.40 7.50 9.90 24.24 Nearly submedian (+)
8.	  3.60 5.76 9.36 38.46 Nearly median 
9.	  3.60 5.76 9.36 38.46 Nearly median 
10.	  3.60 5.40 9.00 40.00 Nearly median 
11.	  3.60 4.50 8.10 44.44 Nearly median 
12.	  1.80 6.30 8.10 22.22 Nearly sub median (+)
13.	  1.80 5.40 7.20 25.00 Submedian 
14.	  3.42 3.78 7.20 24.62 Nearly submedian (+)
15.	  2.70 3.60 6.30 42.86 Nearly median 
16.	  2.70 3.60 6.30 42.86 Nearly median 
17.	  2.70 3.60 6.30 42.86 Nearly median 
18.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
19.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
X. 3.60 3.60 7.20 50.00 Median
X. 3.60 3.60 7.20 50.00 Median
Y. 0.00 3.60 3.60 0.00 Terminal

Table 6. The nomenclature of the chromosomes of Nycteris grandis using the centromeric indices. 

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 7.20 9.00 16.20 44.44 Nearly median 
2.	  7.20 7.20 14.40 50.00 Median 
3.	  6.75 6.75 13.50 50.00 Median 
4.	  6.30 6.30 12.60 50.00 Median 
5.	  6.30 6.30 12.60 50.00 Median 
6.	  5.40 7.20 12.60 42.86 Nearly median 
7.	  5.85 5.85 11.70 50.00 Median 
8.	  4.50 6.84 11.34 39.68 Nearly median 
9.	  3.96 7.20 11.16 34.14 Nearly submedian (-)
10.	  5.04 5.40 10.80 46.67 Nearly median
11.	  4.50 5.40 9.90 45.45 Nearly median 
12.	  3.60 6.30 9.90 36.36 Nearly submedian (-)
13.	  1.80 7.20 9.00 20.00 Nearly submedian (+)
14.	  3.60 5.40 9.00 36.36 Nearly submedian (-)
15.	  2.80 6.20 9.00 31.11 Nearly submedian (-)
16.	  1.80 7.20 9.00 20.00 Nearly submedian (+)
17.	  3.60 5.40 9.00 36.36 Nearly submedian (-)
18.	  2.70 3.60 6.30 42.86 Nearly median 
19.	  2.70 3.60 6.30 42.36 Nearly median 
20.	  0.00 2.70 2.70 0.00 Terminal 
 X. 3.80 3.80 7.60 50.00 Median
 X. 3.80 3.80 7.60 50.00 Median
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Table 7. The nomenclature of the chromosomes of Nycteris arge using the centromeric indices 

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.40 9.00 14.40 37.50 Nearly submedian (-)
2.	  5.40 7.20 12.60 42.86 Nearly median 
3.	  3.60 7.20 10.80 33.33 Nearly submedian (-)
4.	  5.40 5.40 10.80 50.00 Median 
5.	  3.96 5.40 9.36 42.31 Nearly median 
6.	  3.60 5.76 9.36 38.46 Nearly median 
7.	  3.78 5.40 9.18 41.18 Nearly median 
8.	  3.60 5.40 9.00 40.00 Nearly median 
9.	  3.60 5.40 9.00 40.00 Nearly median 
10.	  3.60 5.04 8.64 41.67 Nearly median 
11.	  3.60 4.50 8.10 44.44 Nearly median 
12.	  3.60 4.32 7.92 45.45 Nearly median 
13.	  3.60 3.60 7.20 50.00 Median
14.	  3.00 4.20 7.20 41.67 Nearly median
15.	  2.40 4.80 7.20 33.33 Nearly submedian (-) 
16.	  3.24 3.60 6.84 47.37 Nearly median
17.	  2.88 3.60 6.48 44.44 Nearly median 
18.	  2.70 3.60 6.30 43.86 Nearly median 
19.	  0.00 3.60 5.40 0.00 Terminal
X. 3.60 3.60 7.20 50.00 Median
X. 3.60 3.60 7.20 50.00 Median

Table 8. The nomenclature of the chromosomes of Scotophilus diagonal using the centromeric indices

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.20 5.60 10.80 48.15 Nearly median 
2.	  3.60 5.40 9.00 40.00 Nearly median 
3.	  2.20 5.00 7.20 30.56 Nearly submedian (-) 
4.	  1.80 5.40 7.20 25.00 Submedian 
5.	  0.00 6.30 6.30 0.00 Terminal 
6.	  0.00 6.30 6.30 0.00 Terminal 
7.	  0.00 6.30 6.30 0.00 Terminal 
8.	  0.00 6.30 6.30 0.00 Terminal 
9.	  0.00 6.30 6.30 0.00 Terminal
10.	  0.00 6.30 6.30 0.00 Terminal 
11.	  0.00 6.30 6.30 0.00 Terminal 
12.	  0.00 6.30 6.30 0.00 Terminal 
13.	  0.00 6.30 6.30 0.00 Terminal 
14.	  0.00 5.40 5.40 0.00 Terminal 
15.	  0.00 5.40 5.40 0.00 Terminal 
16.	  0.00 4.50 4.50 0.00 Terminal 
17.	  0.00 4.50 4.50 0.00 Terminal 
X. 2.80 2.80 5.60 50.00 Median
Y. 0.00 3.60 3.60 0.00 Terminal
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Table 9. The nomenclature of the chromosomes of Scotophilus lecuogaster using the centromeric indices

Chromosome 
Number

Short Arm 
(S) %

Long Arm 
(L) Total Length (C) % Centromeric Index 

(I) Nomenclature

1.	 5.40 6.30 11.70 46.15 Nearly median 
2.	  4.50 5.40 9.90	 45.45 Nearly median
3.	  3.60 5.40 9.00 40.00 Nearly median
4.	  1.80 7.20 9.00 20.00 Nearly submedian (+)
5.	  2.70 5.40 8.10 33.33 Nearly sub median (-)
6.	  0.00 8.10 8.10 0.00 Terminal
7.	  0.00 7.20 7.20 0.00 Terminal 
8.	  0.00 7.20 7.20 0.00 Terminal 
9.	  0.00 7.20 7.20 0.00 Terminal 
10.	  0.00 7.20 7.20 0.00 Terminal 
11.	  3.00 4.20 7.20 41.67 Nearly median 
12.	  0.00 7.20 7.20 0.00 Terminal 
13.	  0.00 6.64 6.84 0.00 Terminal 
14.	  0.00 6.84 6.84 0.00 Terminal 
15.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
16.	  1.80 3.60 5.40 33.33 Nearly submedian (-)
17.	  0.00 3.60 3.60 0.00 Terminal 
X. 4.05 4.05 8.10 50.00 Median
X. 4.05 4.05 8.10 50.00 Median

Table 10. A table showing the relationship among the bat species using autosomal chromosomes

Chromosome 
Number

Epomophorus 
wahlbergi

Epomophorus 
gambianus

Microteropus 
pusillus

Nycteris 
major

Nycteris 
grandis

Nycteris 
species Nycteris arge

Scotophilus 
diaganii 
(yellow-

bellied bat)

Scotophilus 
lecuogaster 

(white-bellied 
bat)

1.	  L, Sm L, Sm L, Sm L, Ac L, Sm L, Ac L, Ac L, Mc L, Sm
2.	  L, Mc L, Mc L, Mc L, Sm L, Mc L, Ac L, Sm M, Sm M, Sm
3.	  L, Sm L, Sm L, Sm L, Mc L, Mc L, Ac L, Ac M, Tc M, Sm
4.	  L, Sm L, Sm M, Sm L, Mc L, Mc L, Sm L, Mc M, Ac M, Sm
5.	  M, Ac M, Ac M, Sm L, Ac L, Mc L, Sm M, Sm S, Tc M, Sm
6.	  M, Ac M, Ac M, Sm M, Ac L, Sm L, Ac M, Sm S, Tc M, Ac
7.	  M, Sm M, Ac M, Sm M, Ac L, Mc L, Ac M, Sm S, Tc M, Tc
8.	  M, Sm M, Sm M, Ac M, Mc L, Sm L, Mc M, Sm S, Tc M, Tc
9.	  M, Sm M, Mc M, Ac M, Mc L, Ac L, Sm M, Sm S, Tc M, Tc
10.	  M, Ac M, Sm M, Sm, M, Mc L, Sm M, Ac M, Sm S, Tc M, Tc
11.	  M, Ac M, Sm M, Mc M, Mc M, Sm M, Sm M, Sm S, Tc M, Tc
12.	  M, Sm S, Sm M, Sm M, Ac M, Ac M, Sm M, Sm S, Tc M, Tc
13.	  S, Mc S, Ac M, Ac M, Ac M, Ac M, Sm M, Mc S, Tc S, Tc
14.	  S, Sm S, Ac S, Sm M, Ac M, Ac M, Sm M, Sm S, Tc S, Tc
15.	  S, Ac S, Ac S, Sm S, Sm M, Ac M, Sm M, Sm S, Tc S, Ac
16.	  S, Mc S, Ac S, Sm S, Sm M, Ac M, Sm S, Sm S, Tc S, Ac
17.	  S, Mc S, Tc S, Tc S, Sm M, Ac M, Sm S, Sm S, Tc S, Tc
18.	     S, Ac S, Sm S, Sm S, Sm   
19.	     S, Ac S, Sm S, Tc S, Ac   
20.	      S, Tc S, Tc    
21.	       S, Tc    

Key: L = Large; M = Medium; S = Small; Submetacentric = Sm; Metacentric = Mc; Acrocentic = Ac; Telocentric =Tc.
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DISCUSSION

This study identified bat species from the Megachi-
roptera (frugivorous bats) and Microchiroptera (insec-
tivorous bats), each exhibiting one large chromosome. 
The diploid chromosome number (2n) of the bat species 
analyzed ranged from 35 to 42, aligning with the known 
chromosome diversity in bats (2n=14 to 64) (Cibele et al. 
2017). This indicates a high degree of conservation in 
diploid chromosome numbers among bat groups (Cibele 
et al. 2017).

The Pteropodidae family (fruit bats) displayed a 
chromosome range of 35-36, similar to the 2n range of 
24-58 reported by Sotero-Caio et al. (2017). Specifically, 
Epomophorus wahlbergi was found to have 2n=35 and 
FN=70, differing from Kenyan and Zimbabwean species 
with 2n=36, FN=68 (Dulic and Mutere 1975; Peterson 
and Nagorsen 1975). This study confirms Epomopho-
rus wahlbergi follows the X0 sex chromosome system. 

Epomophorus gambianus exhibited 2n=36 and FN=70, 
aligning with the XX system for Epomophorus species. 
Microteropus pusillus currently known as Epomophorus 
pusillus also displayed 2n=36 and FN=70, contrasting 
with prior reports of 2n=35, FN=64 in Cameroon (Haid-
uk et al. 1981).

The Nycteridae family was characterized by varying 
diploid numbers, with Nycteris major showing 2n=40 
(FN=79 for males, FN=80 for females) and Nycteris 
grandis reported as 2n=42 (FN=82) (Porter et al. 2010). 
There were notable morphological and chromosomal 
differences observed among species within this fam-
ily, which is classified into Nycteris with diploid counts 
ranging from 2n=34 to 42 (Denys et al. 2013).

In the Vespertilionidae family, Scotophilus diaganii 
presented 2n=36 and FN=45, consistent with South Afri-
can specimens but differing in FN (52 and 50) reported by 
Schlitter et al. (1980) and Ruedas et al. (1990). Scotophilus 
leucogaster’s karyotype showed 2n=36, FN=54, differing 

Figure 3. Cluster relationship of the bat species using chromosomal indices.
Key:
• Epomophorus wahlbergi = E.w.,
• Epomophorus gambianus = E.g., 
• Microteropus pusillus = M.p.,
• Nycteris major = N.m., 
• Nycteris grandis = N.g., 
• Nyceris arge = N.a., 
• Sctotophilus diaganii = S.d., and Scotophilus lecuogaster = s.l
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from reports of 50 for specimens in Namibia and Burkina 
Faso (Ruedas et al. 1990; Volleth et al. 2006).

The chromosomes of these bat species differ from 
those of lizards, suggesting genus-specific variations. As 
research advances to molecular levels, previously mis-
classified species are being correctly positioned within 
taxonomic frameworks, revealing geographic influences 
on chromosomal variations (Foley et al. 2017). Notable 
patterns of karyotype similarities were identified across 
species, potentially linked to cryptic species and geo-
graphical isolation (Cibele et al. 2017).

In summary, this detailed study of the cytogenetics 
of bat species in Nsukka reported karyotypes for eight 
species: Epomophorus wahlbergi (2n=35), Epomophorus 
gambianus (2n=36), Microteropus pusillus (2n=36), Nyc-
teris major (2n=40), Nycteris grandis (2n=42), Nycteris 
arge (2n=40), Scotophilus diaganii (2n=36), and Scotophi-
lus leucogaster (2n=36). Further research utilizing mod-
ern cytogenetic techniques is needed to fill knowledge 
gaps in this field.
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Plate 1A . Mitotic metaphase chromosome of Epomophorus 
wahlbergi;Sex. Female.

Plate 1B. The karyotype of Epomophorus wahlbergi.

Plate 1C. A diagram of Epomophorus wahlbergi.
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Plate 2B. The karyotype of Epomophorus gambianus.

Plate 2A. Mitotic metaphase chromosome of Epomophorus gambi-
anus; Sex. Female. Plate 2C. A diagram of Epomophorus gambianus.
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Plate 3A. Mitotic metaphase chromosome of Microteropus pusillus; 
Sex. Female.

Plate 3B. The karyotype of Microteropus pusillus.

Plate 3C. A diagram of Microteropus pusillus.
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Plate 4F. A diagram of Nycteris major; Sex. Female.

Plate 4A. Mitotic metaphase chromosome of Nycteris major; Sex. Male.

Plate 4B. Mitotic metaphase chromosome of Nycteris major; Sex. 
Female.

Plate 4C. The karyotype of Nycteris major; Sex. Male.

Plate 4D. The karyotype of Nycteris major; Sex. Female.

Plate 4E. A diagram of Nycteris major; Sex. Male.
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Plate 5B. The karyotype of Nycteris grandis; Sex. female.

Plate 5A. Mitotic metaphase chromosome of Nycteris grandis; Sex. 
Female.

Plate 5C. A diagram of Nycteris grandis.
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Plate 6B. The karyotype of Nycteris arge.

Plate 6C. A diagram of Nyceris arge.

Plate 6A. Mitotic metaphase chromosome of Nycteris arge; Sex. 
Female.
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Plate 7A. Mitotic metaphase chromosome of Scotophilus diaganii; 
Sex. Male.

Plate 7C. A diagram of Sctotophilus diaganii.

Plate 7B. The karyotype for Scotophilus diaganii.
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Pate 8B. The karyotype for Scotophilus leucogaster.

Plate 8A. Mitotic metaphase chromosome of Scotophilus leu-
cogaster; Sex. Female.

Plate 8C. A diagram of Scotophilus leucogaster.
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Material 1. Ideogram of the karyotype of Epomophorus wahlbergi showing. (A) length variations (xxy shows sex chromosome of the male 
bat) and (B) centromeric locations.

								        A)� B)

Material 2. Ideogram of the karyotype of Epomophorus gambianus showing. (A) length variations (xx shows sex chromosome of the female 
bat) and (B) centromeric locations.

							       A)� B)

Material 3. Ideogram of the karyotype of Microteropus pusillus showing. (A) length variations (xx shows sex chromosome of the female 
bat) and (B) centromeric locations.

							       A)� B)

APPENDIX



24 Chinedu Innocent Ngene et al.

Material 4. Ideogram of the karyotype of Nycteris major showing. (A) length variations (xy shows sex chromosome of the male bat) and 
(B) centromeric locations. 

							       A)� B)

Material 5. Ideogram of the karyotype of Nycteris grandis showing. (A) length variations (xx shows sex chromosome of the female bat) and 
(B) centromeric locations. 

							       A)� B)

Material 6. Ideogram of the karyotype of Nycteris sp. showing. (a) length variations (xx shows sex chromosome of the female bat) and (b) 
centromeric locations.

							       A)� B)
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Material 7. Ideogram of the karyotype of Nycteris arge showing. (A) length variations (xx shows sex chromosome of the female bat) and 
(B) centromeric locations.

							       A)� B)

							       A)� B)

Material 8. Ideogram of the karyotype of Scotophilus diaganii showing. (A) length variations (xy shows sex chromosome of the male bat) 
and (B) centromeric locations. 

							       A)� B)

Material 9: Ideogram of the karyotype of Scotophilus lecuogaster showing: (A) length variations (xy shows sex chromosome of the male 
bat) and (B) centromeric locations.
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Material 10. Giemsa Stain Preparation.

0.5g of Giemsa powder was dissolved in 33ml glycerol and kept in an Erlmyer bottle in a dark compartment overnight. The next day, it 
was heated in a water bath set at 60°C for 2 hours and allowed to cool, after which 33 ml of methanol was added and thoroughly mixed. 
This solution was then stored in an amber-coloured bottle as the stock Giemsa stain. 6% of the stock Giemsa stain was diluted as described 
below: 
3 ml of the Giemsa stain, was diluted to 50 ml in Phosphate buffer, P.H. 6.8. The phosphate buffer was prepared fresh each time before 
usage by mixing 25 ml each of 9.464g of M/15 Na2HPO4 and 9.073g of M/15 KH2PO4, simultaneously.

Material 11. Chromosome Nomenclature in Relation to Centrometric Indices (Abraham and Prasad, 1982).

Nomenclature Notation R1 S/L R2 L/S I1 100s/c I2 100L/C

Median M 1.00 1.00 50.00 50.00
Nearly median Nm 0.99–0.61 1.01–1.63 49.99–38.01 50.01–61.99
Nearly submedian nsm(-) 0.60–0.34 1.64–2.99 38.00–25.00 62.00–74.99
Sub-median SM 0.33 3.00 25.00 75.00
Nearly submedian nsm(+) 0.32–0.23 3.01–4.26 24.95–18.20 75.01–81.80
Nearly subterminal nst(-) 0.22–0.15 4.27–6.99 18.10–12.51 81.81–87.49
Subterminal ST. 0.14 7.00 12.50 87.50
Nearly subterminal nst(+) 0.13–0.07 7.01–14.38 12.49–5.01 87.51–94.99
Nearly terminal nt 0.06–0.01 14.39–19.99 5.00–0.01 95.00–99.99
Terminal T 0.00 0.00 0.00 100.00
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Abstract. The clones of BAC library combined with FISH are an excellent tool for 
mapping and identifying full-length genes. The present study was to sequence, mine 
and characterize the BAC clones of Clarias magur (magur) genome. The end sequenc-
es of the BAC clones were bioinformatically mapped onto the genome scaffolds of 
magur to identify and locate the genes in each clone and FISH was utilized to locate 
clones on specific chromosomes of magur. A total of 13 BAC clones could be mapped 
using BAC end sequences on 12 genome scaffolds of magur. From the 13 clones, 34 
genes were mined, annotated and characterized. Physical mapping using BAC-FISH 
signal was used to localize two clones, 012H23 and 012H7 on 11th and 14th chromo-
some pairs of magur. The gene enrichment analysis revealed involvement of several 
genes in growth and regulatory processes, such as protein neddylation and metal ion 
transport. PPI Network analysis revealed two types of interactions among 11 nodes 
and between 10 edges; and 4 genes (ash2l, cnot2, lin7c, uba3) were identified to be 
important. The study reveals the presence of important genes on the 13 undertaken 
clones, making this a useful genomic resource. The FISH probe could not only be 
helpful in generation of basic information of gene location for identification of genes 
on the chromosomes as a chromosome marker, but also in detection of chromosom-
al defects arisen due to genetic mutation occurred if any on a particular location of 
reported genes in C. magur. 

Keywords:	 BAC clones, Clarias magur, end sequencing, FISH, PPI, SDG, synteny.

INTRODUCTION 

 Catfish is commercially and economically an important group in aquat-
ics and fisheries. The species Clarias magur (magur), which belongs to the 
Clariidae family, is popular because of its flavor and therapeutic qualities and 
is found throughout India, Nepal, Bhutan, and Bangladesh (Ng and Kotte-

https://riviste.fupress.net/index.php/caryologia
https://doi.org/10.36253/caryologia-3196
https://doi.org/10.36253/caryologia-3196
https://www.fupress.com
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
mailto:basdeo.kushwaha@icar.gov.in
mailto:uzmaafaq89@gmail.com
mailto:uzmaafaq89@gmail.com
mailto:uzmaafaq@iul.ac.in


28 Rashmi Verma et al.

lat, 2008; Devassy et al., 2009). The species is facing 
risks from overexploitation, wetland conversion, wide-
spread illegal introduction of invasive C. gariepinus spe-
cies and pesticide use in agricultural areas. According to 
the IUCN Red List (2010), magur is currently listed as 
endangered species because of several identified and uni-
dentified reasons and most importantly the disappear-
ing breeding habitats and its population in India. A lack 
of appropriate management strategies may lead to fur-
ther critical decline for the species in the years to come 
(Mishra et al.,2019). The United Nation is also con-
cerned towards the people, planet and prosperity and set 
sustainable development goals (SDGs) as its action agen-
da. Conservation of fish genetic resources through prop-
er planning, replenishing of fisheries and sustainable 
utilization of fish as food could be a better way to save 
our planet earth from over exploitation of water bodies 
and help in achieving the SDG no. 2 & 14. Owing to the 
species’ commercial significance, the efforts are being 
made to conserve it through restoration, and enhance its 
genetic makeup for future expansion. 

Genetic characterization is an important step 
towards the genetic conservation of a species. There are 
several methodologies for genetic characterization of a 
fish species and, construction of bacterial artificial chro-
mosome (BAC) library of a fish species is an important 
genomic resource. Fertility factor (F-) based plasmid 
vectors are known as bacterial artificial chromosomes 
(BACs) reproduce steadily at low copy numbers (Woo 
et al., 1994). According to Shizuya et al. (1992), the BAC 
clones’ large insert capacity allows them to carry whole 
genes with flanking distant regulatory DNA that provide 
signals for proper spatiotemporal gene expression. For 
whole genome sequencing, large insert DNA fragments 
of an organism between 100 and 300 kb into BAC clones 
were used in case of human genome project and some of 
plant species. BAC clones insert DNA are also been used 
for physical gene mapping in the past in several studies.

For fluorescent in situ hybridization (FISH), BAC 
clones are useful probes because they can suppress 
repetitive DNA sequences, making single-copy sequences 
detectable (Hanson et al., 1995; Jiang et al., 1995). Chro-
mosome mapping, genome sequencing, high-throughput 
BAC end (BE) sequencing, and other genomic stud-
ies can all be performed using BAC extracted DNA 
(Osoegawa et al., 2001, Osoegawa et al., 2004). Using 
clone as a probe in FISH is a dependable cytological 
method for chromosome identification. Genome map-
ping is vital for identifying and characterizing the 
genetic basis of phenotypic features in organisms and 
detecting specific genes of interest. To create a physi-
cal connection with unknown targeted sequences, BAC 

clones provide a practical and trustworthy landmark. 
BAC-FISH tool will help us assess how well a linkage 
map may create and covers a saturated genetic map on a 
broad scale. Some BAC based studies have been reported 
for C. magur but still there is need of expansion more 
such works to build detailed information on physical 
localization of genes using BAC library of C. magur. The 
present study aimed to analyze magur BAC clones using 
their end sequences and whole genome information for 
gene and SSR mining and pathway analysis which could 
aid in genomic selection programs or genetic diversity 
studies and complement aquaculture production. 

MATERIAL AND METHODS 

BAC library construction

Using genomic high molecular weight DNA from 
magur blood, the BAC library was built as part of an 
earlier research initiative supported by the Indian gov-
ernment’s Department of Biotechnology in New Delhi. 
In brief, the HindIII restriction enzyme was used to 
digest genomic DNA, size selection was performed and 
selected size insert DNA fragments were attached to 
the pCC1BAC vector (Epicentre Biotechnologies, Madi-
son, WI, USA). Subsequently, approximately 115kb DNA 
pieces were converted and propagated in Escherichia 
coli Phage Restraint DH10~ competent cells (Invitro-
gen, Burlington, ON, Canada). Using a Genetix Qpix 2 
Automated Arraying Bacterial Colony Picker (Molecular 
Devices, Sunnyvale, CA, USA), the modified BAC clones 
were robotically lifted, put on plates, and kept in Luria 
Broth (LB) culture.

BAC clone culture, DNA isolation and BAC end sequenc-
ing 

From the BAC library, consisting of 55,141 clones 
stored in 144 plates each of 384-well format, a plate (ID: 
012A) was chosen at random for BAC end sequencing 
and BAC-FISH. After thawing the plate, 15 μl of each 
clone was transferred to 15 ml centrifuge tubes for reviv-
al, culture and insert DNA isolation using previously 
reported methodology (Kumar et al., 2020). T7 forward 
(5’TAATACGACTCACTATAGGG3’) and pbRP1 reverse 
(5’CTCGTATGTT GTGTGGAATTGTGAGC3’) primers 
were used to sequence both ends of the clones on an ABI 
3500 Genetic Analyzer (Thermo Fisher Scientific, USA). 
The BAC end sequences (BESs) that were produced were 
then mapped onto the magur genome scaffolds and 
examined using a custom Perl script and the Blast tool. 
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For insert DNA isolation and BAC-FISH, the clones that 
were bioinformatically positioned on the same scaffolds 
were merged into a single culture. 

Chromosome preparation, probe labelling and BAC-FISH

With the help of a fisherman, live and healthy 
magur specimens were collected from a nearby pond 
in Lucknow, Uttar Pradesh, India, and brought to the 
lab in a live form. Using a conventional procedure, the 
metaphase chromosomal spreads were prepared in vivo 
from the anterior kidney cells. To make the DNA probe 
for BAC-FISH, one µg of isolated BAC insert DNA was 
taken from every clone. Using the direct labeling “nick 
translation” method, the DNA was tagged with the red 
f luorophore tetramethyl-rhodamine-5-dUTP (Roche, 
Basel, Switzerland) and green fluorescein-12-dUTP (Fer-
mentas, Vilnius, Lithuania). Metaphase chromosomal 
spreads that were two to three days old were subjected 
to FISH for 60 minutes at 95 °C (Kumar et al., 2017). 
VectaShield mounting media (Vector Labs, Burlingame, 
CA, USA) containing DAPI and antifade was used to 
counterstain the chromosomes for 60 minutes after 
hybridization. Two band filters were then used to view 
the slides under a Leica fluorescence microscope (Wet-
zlar, Germany): DAPI (excitation at 340–380 nm, emis-
sion at 461 nm) for chromosome visualization, I3 (excita-
tion at 450–490 nm) for fluorescein-labeled probe visual-
ization, and N2.1 (excitation at 515–560 nm, emission at 
595–605 nm) for rhodamine-labeled probe visualization. 
For probe signal screening, about 50 metaphase spreads 
per clone were analyzed. A consensus karyotype was cre-
ated after establishing karyotypes from good spread for 
every hybridized clone.

BAC mapped genes and functional description

Four hybridized clones with an e-value of 10-5 on 
the magur genome assembly (NCBI’s Genome Acc. No. 
QNUK00000000) had their BESs aligned using the 
BLASTN method. For further examination, the BESs 
that were aligned on the same scaffold were removed. 
Simple sequence repeats (SSRs) found in the genes iden-
tified from the clones were mined using the MISA bioin-
formatic program.

Comparative genomics and phylogenetics analysis

Ensembl and NCBI databases were searched for 
zebrafish (Danio rerio) and channel catfish (Ictalurus 

punctatus) genomes as queries and gene locations as well 
as chromosome information were retrieved to perform 
synteny analysis of annotated clone genes. Circos plot 
(Krzywinski et al., 2009) was used to visualize synteny 
among 3 fishes (magur, channel catfish and zebrafish) 
focusing on genes having same magur scaffolds but dis-
tinct positions on chromosomes. Phylogenetic study 
was performed using gene sequences from the channel 
catfish, zebrafish and magur scaffolds using MEGA tool 
(Kumar et al., 2016) and also using interactive tree of life 
(iTOL) v5.5 tool (Letunic et al., 2019) was used to visual-
ize the evolutionary lineages and DNA sequences phylo-
genetics structure.

Network analysis of proteins to proteins

The STRING 12.0 (Szklarczyk et al., 2023) database 
was used to analyze the protein-protein interaction (PPI) 
networks of the annotated genes, and the Cytoscape 
v3.6.0 program was used to show the results (Shannon et 
al., 2003). In order to guarantee interactions with a high 
degree of confidence and to be included in the interac-
tion network, the network was constructed using a strict 
confidence score threshold of 0.04.

Functional annotation and enrichment analysis

The identified genes were functionally annotated 
using Gene Ontology (GO) using BLAST and the Uni-
ProtKB/Swiss-Prot databases (http://www.uniprot.org/). 
The BLOSUM62 substitution matrix with an E-value of 
less than 1e-4 and a similarity of greater than 80% were 
the predetermined criteria used to pick BLAST hits. The 
GO framework was employed to annotate gene sets and 
KEGG pathway database (Kanehisa & Sato ,2020) was 
used to obtain information on molecular interactions 
and network reactions. The PANTHER gene ontology 
tool was used to perform functional enrichment analysis 
of the cluster network’s nodes in order to uncover func-
tionally enriched gene networks inside the GO Biologi-
cal Process and to learn more about the biological sig-
nificance of the genes.

RESULTS

BAC end mapping and gene mining

Sequence quality check resulted in a good qual-
ity sequence for 32 clones, out of which only 13 BAC 
clones could be sequenced with both forward and reverse 

http://www.uniprot.org/
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end sequences, rest 19 had either forward OR reverse 
sequence. BESs of these 13 BAC clones were only used 
for further downstream bioinformatic analysis. Good 
sequence size was indicated by the 13 clones’ forward and 
reverse end sequence lengths, which varied from 429 bp 
(forward end sequence of clone ID: 012G22) to 951 bp 
(reverse end sequence of clone ID: 012A12) (Table 1). The 
magur genome’s BES mapping showed that they were dis-
persed throughout 12 scaffolds. The size of the scaffolds 
varied from 4,200,247 bp (ID: 012H23 on Scaffold21) to 
340,296 bp (ID: 012H1 on Scaffold657). The lengths of 
the clones were predicted bioinformatically by aligning 
both end sequences of the clones on the scaffolds of the 
magur genome, and the clones size ranged from 45.98 kb 
(ID: 012J12 on Scaffold22) to 143.307 kb (ID: 012A12 on 
Scaffold111). A total of 34 genes were identified, anno-
tated and characterized after mapping BESs on magur 
genome scaffolds (Table 2, Supplementary Table 1). One 
BAC clone (012H23) contained 5 genes, 2 clones (012H7, 
012H21) contained 4 genes, 3 clones (012H8, 012J12, 
012G22) contained 3 genes, 5 clones (012H15, 012H1, 
012A12, 012B15, 012A15) contained 2 genes, while 2 
clones (012A22, 012G24) were found to possess only 
one gene each. The mean size of all clones was around 
113.196 kb. A total of 1275 SSRs could identified from the 
sequences of all 13 BAC clones using MISA tool (Table 1). 
BAC clone ID: 012H1 contained maximum SSRs (149), 
while clone ID: 012J12 contained least SSRs (33). 

Chromosomal complements and BAC-FISH

Metaphase chromosomal complements were gener-
ated manually with a diploid chromosome (2n) count 

of 50. According to the morphology and chromosome 
count, the karyotype was determined to be 14m + 20sm 
+ 8st + 8t with a fundamental arm number (FN) of 90. 
Clone ID: 012H23, contained maximum 5 genes (Table 
1) and labelled with green colour fluorescein-12-dUTP, 
was mapped on the 11th pair of sub-metacentric chro-
mosomes (Fig. 1), while clone 012H7, contained 4 genes 
(Table 1) and labelled with red colour rhodamine-
5-dUTP, was located on the fourteenth sub-metacen-
tric chromosomal pair. (Fig. 2). The chromosomes’ 
genes were clearly identified, and were compared with 
zebrafish and channel catfish for the synteny (Fig. 3) 
which represents the conserveness of the genes across 
these species.

Functional enrichment and gene ontology analysis 

The ‘cellular anatomical (GO:0110165)’ had the max-
imum number (13) of GO terms (Fig. 4). There are genes 
encoding proteins localized to specific molecular func-
tion such as the nucleus (e.g. MIER3A, UNC50), cyto-
plasmic vesicle membrane (e.g. SLC39A13) and lysosomal 
membrane (e.g. SPNS1). Enhancement of cellular constit-
uents such as ‘cellular anatomical entity’, ‘protein-con-
taining complex’ point towards cellular structures and 
protein interactions. Higher-order processes, like ‘mul-
ticellular organismal process’ and ‘response to stimulus’, 
hint at responses to environmental cues and organismal 
functions. Notably, enrichment in ‘binding’ and ‘cata-
lytic activity’ suggests significant involvement in these 
functions within the studied context. Additionally, ‘tran-
scription regulator activity’ and ‘ATP-dependent activity’ 
underscore their regulatory and energy-related roles. In 

Table 1. Details of BAC clones end sequences mapped on Clarias magur genome. 

S. No. Clone ID
Scaffold 

mapped on C. 
magur genome

Scaffold 
length Sequence length

BAC ends position 
mapped on C. magur 

scaffold

Estimated 
BAC size 

(kb)

Number of 
SSR on the 

BAC present 

%GC
content

No of 
Genes

1. 012H23 Scaffold 21 4200247 927 900 1536131 1653231 117.101 71 37.72 5
2. 012H7 Scaffold 27 3918154 907 618 1869141 1982924 113.784 81 38.41 4
3. 012H8 Scaffold65 2520177 698 518 1622436 1728132 105.697 120 40.78 3
4. 012H15 Scaffold72 2332806 802 892 603066 716705 113.64 82 38.3 2
5. 012H21 Scaffold222 1147004 573 582 694436 828095 133.66 130 38.65 4
6. 012J12 Scaffold22 4179625 799 898 2020754 2066733 45.98 33 39.11 3
7. 012G22 Scaffold68 2435928 429 310 243382 341745 98.364 62 38.6 3
8. 012H1 Scaffold657 340296 769 897 89407 211638 122.232 149 41.12 2
9. 012A12 Scaffold111 1875956 875 951 1206038 1325900 143.307 123 39.65 2
10. 012B15 Scaffold22 4179625 778 272 1788839 1911851 123.013 138 39.55 2
11. 012A15 Scaffold349 749303 859 338 359629 481144 121.516 68 39.57 2
12. 012A22 Scaffold368 723143 477 774 350497 444907 94.411 128 39.38 1
13. 012G24 Scaffold49 3144600 643 900 1454430 1593272 138.843 90 38.02 1
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Table 2. Annotation of genes from Mapped scaffold at C. magur genome.

S. No. From Protein names Gene Ontology (biological 
process)

Gene Ontology (cellular 
component)

Gene Ontology (molecular 
function)

1. tmem17 Transmembrane protein 17 NA ciliary membrane 
[GO:0060170]

symporter activity 
[GO:0015293]

2. agbl2 Cytosolic carboxypeptidase 2 
isoform X1

NA NA carboxypeptidase activity 
[GO:0004180]

3. agbl2 Cytosolic carboxypeptidase 
2 (ATP/GTP-binding 
protein-like 2) (Protein 
deglutamylase CCP2)

proteolysis [GO:0006508] cell projection 
[GO:0042995]; centriole 
[GO:0005814]; cytosol 
[GO:0005829]

metallocarboxypeptidase 
activity [GO:0004181]; zinc 
ion binding [GO:0008270]

4. Cnot2 CCR4-NOT transcription 
complex subunit 2 isoform 
X1

NA NA NA

5. washc4 WASH complex subunit 7 NA WASH complex 
[GO:0071203]

NA

6. pdxp Pyridoxal phosphate 
phosphatase

NA NA NA

7. mier3a Mesoderm induction early 
response protein 3-like

NA nucleus [GO:0005634] NA

8. DAT39_003426 G protein-coupled receptor 
kinase (EC 2.7.11.-)

phosphorylation 
[GO:0016310]; signal 
transduction [GO:0007165]

NA ATP binding [GO:0005524]; 
G protein-coupled 
receptor kinase activity 
[GO:0004703]

9. ash2l Set1/Ash2 histone 
methyltransferae complex 
subunit ASH2 isoform X2

methylation [GO:0032259] Set1C/COMPASS complex 
[GO:0048188]

methyltransferase activity 
[GO:0008168]

10. DAT39_006333 Serine/threonine-protein 
kinase SBK1-like

phosphorylation 
[GO:0016310]

NA ATP binding [GO:0005524]; 
protein kinase activity 
[GO:0004672]

11. nlrc3 NLR family CARD domain-
containing protein 3

NA cytoplasm [GO:0005737]; 
membrane [GO:0016020]

NA

12 wdr90 WD repeat-containing 
protein 90

NA NA NA

13. CHIA Acidic mammalian chitinase-
like

carbohydrate metabolic 
process [GO:0005975]

NA chitin binding 
[GO:0008061]; hydrolase 
activity, hydrolyzing 
O-glycosyl compounds 
[GO:0004553]

14. CHIA Acidic mammalian chitinase-
like

carbohydrate metabolic 
process [GO:0005975]

NA NA

15. CHIA Acidic mammalian chitinase-
like

carbohydrate metabolic 
process [GO:0005975]

NA chitin binding 
[GO:0008061]; hydrolase 
activity, hydrolyzing 
O-glycosyl compounds 
[GO:0004553]

16. CHIA Acidic mammalian chitinase-
like

carbohydrate metabolic 
process [GO:0005975]

NA NA

17. uba3 NEDD8-activating enzyme 
E1 catalytic subunit (EC 
6.2.1.64)

protein neddylation 
[GO:0045116]

NA ubiquitin-like modifier 
activating enzyme activity 
[GO:0008641]

18. mltF Membrane-bound lytic 
murein transglucosylase F

NA NA NA

19. lin7c Protein lin-7 homolog C exocytosis [GO:0006887]; 
protein transport 
[GO:0015031]

anchoring junction 
[GO:0070161]; plasma 
membrane [GO:0005886]

NA

(Continued)
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S. No. From Protein names Gene Ontology (biological 
process)

Gene Ontology (cellular 
component)

Gene Ontology (molecular 
function)

20. mybpc3 Myosin-binding protein C, 
cardiac-type (C-protein, 
cardiac muscle isoform)

NA NA NA

21. slc39a13 Zinc transporter ZIP13 
(Solute carrier family 39 
member 13) (Zrt- and Irt-
like protein 13)

NA cytoplasmic vesicle 
membrane [GO:0030659]

metal ion transmembrane 
transporter activity 
[GO:0046873]

22. pcm Argininosuccinate lyase NA membrane [GO:0016020] lyase activity [GO:0016829]
23. DAT39_002900 Uncharacterized protein NA NA NA
24 DAT39_002797 Suppressor of cytokine 

signaling 5-like
intracellular signal 
transduction [GO:0035556]; 
negative regulation of signal 
transduction [GO:0009968]; 
protein ubiquitination 
[GO:0016567]

NA NA

25. spns1 Protein spinster homolog 1 
(Spns1)

NA lysosomal membrane 
[GO:0005765]

transmembrane transporter 
activity [GO:0022857]

26. DAT39_006477 Ataxin-2-like protein isoform 
X1

NA NA RNA binding [GO:0003723]

27. pitpnbl Phosphatidylinositol transfer 
protein beta isoform-like

NA endoplasmic reticulum 
membrane [GO:0005789]; 
Golgi membrane 
[GO:0000139]

phospholipid transporter 
activity [GO:0005548]

28. unc50 Protein unc-50 NA nuclear inner membrane 
[GO:0005637]

NA

29. slc25a12 Calcium-binding 
mitochondrial carrier 
protein Aralar1-like

malate-aspartate shuttle 
[GO:0043490]

mitochondrial inner 
membrane [GO:0005743]

calcium ion binding 
[GO:0005509]

30. slc25a12 Calcium-binding 
mitochondrial carrier 
protein Aralar1-like

malate-aspartate shuttle 
[GO:0043490]

mitochondrial inner 
membrane [GO:0005743]

calcium ion binding 
[GO:0005509]

31. stk38a Serine/threonine-protein 
kinase 38

phosphorylation 
[GO:0016310]

NA ATP binding [GO:0005524]; 
protein serine/
threonine kinase activity 
[GO:0004674]

32. prex1 Phosphatidylinositol 
3,4,5-trisphosphate-
dependent Rac exchanger 1 
protein

anatomical structure 
development [GO:0048856]; 
intracellular signal 
transduction [GO:0035556]

NA guanyl-nucleotide exchange 
factor activity [GO:0005085]

33. DAT39_002823 Neurexin-1a isoform X10 anatomical structure 
development [GO:0048856]

membrane [GO:0016020] NA

34. DAT39_002905 Uncharacterized protein NA NA NA
35. Otogl Otogelin-like protein NA NA NA
36. Otogl Otogelin-like NA membrane [GO:0016020] transmembrane transporter 

activity [GO:0022857]
37. Otogl Otogelin-like protein L-arabinose metabolic 

process [GO:0046373]
NA alpha-L-arabinofuranosidase 

activity [GO:0046556]
38. Otogl Otogelin-like L-arabinose metabolic 

process [GO:0046373]
NA alpha-L-arabinofuranosidase 

activity [GO:0046556]
39. ypel1 Protein yippee-like 1 NA NA NA
40. bmp5-1 Bone morphogenetic protein 

5
NA extracellular region 

[GO:0005576]
growth factor activity 
[GO:0008083]

Table 2. (Continued).
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biological processes, the enrichment in ‘cellular process’, 
‘biological regulation’ and ‘metabolic process’ empha-
sizes their importance in various cellular activities and 
regulatory pathways. Overall, these genes represent a 
wide spectrum of biological functions, from molecular 
regulation to cellular structural integrity, highlighting 
the complexity and diversity of cellular processes. 

TMEM17 gene encodes a transmembrane protein, 
primarily situated within the ciliary membrane and 
facilitating symporter activity. AGBL2 gene is involved 
in proteolysis and is predominantly found in the cen-
triole and cytosol, with notable metallo-carboxypepti-
dase activity and zinc ion binding. WASHC4 interact 
with VCP in zebrafish and impacts muscle function as 

Figure 1. Karyotype of magur showing presence of FISH signals (green) of BAC clone 012H23 on 11th pair submetacentric chromosomes. 

Figure 2. Karyotype of magur showing presence of FISH signals (red) of BAC clone 012H7 on 14th pair submetacentric chromosomes. 
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well as autophagy with distinct roles in protein degra-
dation and ER stress. Pitpnb is crucial for double cone 
cell maintenance in the zebrafish retina, while Pitpna 
supports early development. Additionally, proteins, like 
PDXP, PCM and MLPF, contribute to pyridoxal phos-
phate phosphatase activity, lyase activity in the mem-
brane, and membrane-bound lytic murein transgluco-
sylase activity, respectively. Other proteins are essential 

for many biological functions, including signal trans-
mission. (DAT39_003426, DAT39_002797), intracellu-
lar transport (LIN7C, PITPNBL) and metabolic path-
ways (CHIA, SLC25A12). Notably, some proteins, like 
UBA3 and SLC39A13, are engaged in crucial regulatory 
functions such metal ion transport and protein ned-
dylation, respectively. Moreover, several genes encode 
proteins with undefined functions (e.g. DAT39_002905, 

Figure 3. Synteny visualization of 34 genes present on 12 scaffolds of magur genome with channel catfish and zebrafish. SF represents scaf-
fold of magur, IP represents channel catfish and ZF is zebrafish on which the gene are present.
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YPEL1). Overall, this classification illustrates the com-
plexity of biological systems by offering insights into 
the variety of gene functions across many cellular con-
texts and pathways.

Four pathways, which provided insights into poten-
tial cellular mechanisms, could be predicted using PAN-
THER, viz. Nicotinic acetylcholine receptor signalling 
pathway (P00044), PI3 kinase pathway (P00048), p53 
pathway (P00059) and Ubiquitin proteasome pathway 
(P00060) (Fig. 5).

Study of protein-protein interactions

The protein-protein interaction (PPI) network analy-
sis identified 11 genes (mybpc3, prex1, stk38a, tmem17, 
ash2l, cnot2, lin7c, uba3, agbl2, slc39a13, wdr90) inter-
connected by 10 edges, representing their interactions. 
Cluster analysis revealed three distinct clusters repre-
sented by red, blue, and green colours. The red cluster 
includes mybpc3, prex1, stk38a, and tmem17, indicating 
close interactions likely involved in a shared functional 
pathway. The green cluster includes uba3, lin7c, cnot2, 
and ash2l, with uba3 acting as a central hub. The blue 
cluster includes agbl2, slc39a13, and wdr90, showing 
localized interactions. These clusters may represent dis-
tinct functional modules or pathways, providing insights 
into the biological roles and relationships among these 

genes and warranting further analysis to explore their 
functional and regulatory significance. (Fig. 6).

Comparative genomics and phylogenetics analysis

Based on the p-distances, four neighbor-joining (NJ) 
circular unrooted phylogenetic trees were built to clearly 
visualize 24 related genes found on the chromosomes of 
the zebrafish, channel catfish, and magur genome scaf-
folds. Wash4 gene of zebrafish did not cluster either with 
channel catfish or magur. Similarly, Aash2I gene of chan-
nel catfish did not cluster either with magur or zebrafish. 

Figure 4. Panther database analysis showing GO terms associated with molecular function, biological process and cellular components.

Figure 5. Panther database analysis.
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The NJ-phylogeny of genes representing in scaffolds 
(SF), SF_21, SF_21, SF_21, SF_21 and SF_27 combining 
magur with channel catfish and zebrafish produced two 
clusters. (Fig. 7a), as similar SF_27, SF_27, SF_65, SF_65, 
SF_72, SF_72 (Fig. 7b). Likewise, SF_22, SF_68, SF_68, 
SF_222, SF_222, SF_222, SF_222 and SF_222 generated 
4 clusters (Fig. 7c) and SF_111, SF_111, SF_349, SF_368, 
SF_657 & SF_657 generated 2 clusters (Fig. 7d). 34 
genes located on 13 BAC clones of magur genome were 
annotated with gene id; protein id; amino acid (AA) 
and gene size in bp. Mybpc3 gene present on clone ID: 

012H1 contained maximum AAs (1250), while the gene 
(DAT39_002900) present on clone ID: 012J12 possessed 
smallest (59 AAs) and rest gene were unannotated (Sup-
plementary Table 1). A total of 14 genes of magur (out of 
34 genes) were synchronized with zebrafish and chan-
nel catfish chromosomes by aligning end sequences of 
13 clones (Fig. 3; Supplementary Table 1). Remaining 20 
genes present on clones were found in chromosomes of 
either channel catfish or zebrafish, therefore, not consid-
ered for synteny visualization.

Figure 6. Protein-protein interaction network of 11 genes present on BAC clones. Cluster analysis of 11 genes grouped in three distinct 
clusters, as represented by red, green and blue colours. 
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DISCUSSION 

Several studies have been reported where BAC end 
sequences were utilized for genomic studies in differ-
ent biological contexts (Meyers et al., 2004; Baisvar et 
al., 2022), indicating BACs are an important resource of 
live genetic material. There are several databases of BAC 
end sequences developed for numerous model species, 
including human, rice, mouse, and sea urchin (Poulsen 
et al., 2004). Baisvar et al. (2022) have reported a BAC-

based partial physical map of magur genome employ-
ing whole genome and BAC clones. BAC libraries and 
their characterization using end sequencing of clones 
can provide insights into the magur genome. In the pre-
sent study, isolated plasmid DNA of 13 clones of magur 
genome. Of these, 14 genes were common to zebrafish 
and channel catfish. 

Metaphase chromosomal complements prepared 
were of good quality. Similar karyotype results have 
been obtained by other researchers in magur (Baisvar 

Figure 7. Phylogenetic trees constructed by neighbour-joining method based on p-distance of common genes present on chromosomes of 
channel catfish and zebrafish with gene present in magur scaffolds: (a) SF_21, SF_27 (b). SF_27, SF_65, SF_72 (c). SF_22, SF_68, SF_222 (d). 
SF_111, SF_349, SF_368, SF_657, SF_657. CM represents magur, IP represents channel catfish and ZF represents zebrafish. 
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et al., 2022; Kumar et al., 2021). Baisvar et al. (2022) 
employed BAC-FISH as a cytological marker for iden-
tifying individual chromosomes. BAC-FISH includes 
selecting an appropriate clone and obtaining high-
quality chromosomal spread for FISH signal detection 
as well as to distinguish chromosome-based morphol-
ogy. In the present study, two clones, viz. 012H23 (con-
taining 5 genes) and 012H7 (containing 4 genes), were 
mapped on 11th and 14th sub-metacentric chromosomes 
pair, respectively.

A network-based method for identifying and rank-
ing potential genes and their functional links is pro-
tein-protein interaction analysis. PPI analysis network 
revealed two interactions among 11 nodes and between 
10 edges. These interactions were assessed based on 
various parameters, including their source in the data-
base, experimental evidence, co-expression patterns and 
text mining, with a confidence score of 0.004 and PPI 
enrichment value (p-value of 0.000734). Clustering anal-
ysis of these 11 genes resulted in three distinct clusters. 
The red and green clusters contained 4 genes (mybpc3, 
prex1, stk38a, tmem17) and (ash2l, cnot2, lin7c, uba3) 
each, respectively, while the blue colour cluster consisted 
of 3 genes (agbl2, slc39a13, wdr90).

Gene enrichment analysis sheds light on a wide 
range of molecular and biological processes associated 
with the gene set under study. Deeper comprehension 
of the roles of the examined gene set in cellular activi-
ties and interactions is made possible by these analyses, 
which provide thorough insights into the biological pro-
cesses, molecular functions, and possible pathways con-
nected to the gene set. The GO categorizes genes into 
molecular functions, biological processes, and cellular 
components. Among cellular function binding was the 
most frequent, followed by transcription regulator activ-
ity and ATP-dependent activity. For biological processes, 
metabolic process and biological regulation each were 
the most prevalent (4), followed by response to stimulus 
and cellular process. Cellular anatomical entity was the 
most frequent (7 times), followed by protein-contain-
ing complex (twice). The genes in the list cover a wide 
range of cellular locations and biological roles. Four 
pathways, viz. nicotinic acetylcholine receptor signalling 
pathway (P00044), PI3 kinase pathway (P00048), p53 
pathway (P00059), and ubiquitin proteasome pathway 
(P00060), could be identified from PANTHER analy-
sis offering glimpses into synaptic transmission, cellular 
signalling, stress response and protein turnover, respec-
tively. The list also includes the ‘Inflammation medi-
ated by chemokine and cytokine signalling pathway 
(P00031)’, highlighting the genes involved in inflamma-
tion via chemokine and cytokine signalling. Addition-

ally, there are entries labelled as No PANTHER catego-
ry (UNCLASSIFIED), occurring ten times for cellular 
components and biological process, and nine times for 
molecular function. The presence of unclassified entries 
suggests potential novel functions requiring further 
investigation. 

CONCLUSION

BAC based genomic library is very useful resource 
for mapping of genes on the chromosomes using FISH. 
A total of 9 genes found to be present in two BAC clones 
of C. magur were mapped in this study. The BAC end 
sequencing of 13 clones and mapping on magur genome 
scaffolds generated information of a total of 34 genes. 
This is the first report of physical mapping of these 
genes in C. magur. The PPI network among 11 genes 
revealed their interaction in three different clusters. This 
information is valuable for the point of further utiliza-
tion of BAC resources of C. magur .
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Supplentary Table 1.

Stands Scaffold Genomic Accession Protein id Amino 
acid 

+ Scaffold21 QNUK01000021.1 KAF5907527.1 442aa
- Scaffold21 QNUK01000021.1 KAF5907528.1 208aa
- Scaffold21 QNUK01000021.1 KAF5907529.1 772aa
+ Scaffold21 QNUK01000021.1 KAF5907531.1 330aa
- Scaffold21 QNUK01000021.1 KAF5907532.1 1150aa
- Scaffold27 QNUK01000027.1 KAF5906889.1 200aa
- Scaffold27 QNUK01000027.1 KAF5906891.1 364 aa
+ Scaffold27 QNUK01000027.1 KAF5906892.1 495aa
- Scaffold27 QNUK01000027.1 KAF5906893.1 521aa
- Scaffold65 QNUK01000065.1 KAF5903982.1 149aa
+ Scaffold65 QNUK01000027.1 KAF5906893.1 521aa
+ Scaffold65 QNUK01000065.1 KAF5903985.1 295aa
- Scaffold72 QNUK01000072.1  KAF5903458.1 292aa
+ Scaffold72 QNUK01000072.1 KAF5903460.1 336aa
- Scaffold222 QNUK01000222.1 KAF5897751.1 83aa
+ Scaffold222 QNUK01000222.1 KAF5897752.1 200aa
- Scaffold222 QNUK01000222.1 KAF5897753.1 1250aa
+ Scaffold222 QNUK01000222.1 KAF5897754.1 376aa
- Scaffold22 QNUK01000022.1 KAF5907406.1 64aa
+ Scaffold22  QNUK01000022.1 KAF5907407.1 59aa
- Scaffold22 QNUK01000022.1 KAF5907408.1 552aa
+ Scaffold68 QNUK01000068.1 KAF5903764.1 926aa
- Scaffold68 QNUK01000068.1 KAF5903765.1 883aa
+ Scaffold68 QNUK01000068.1 KAF5903766.1 256aa
+ Scaffold657 QNUK01000657.1 KAF5890715.1 250aa
+ Scaffold657 QNUK01000657.1 KAF5890716.1 608aa
+ Scaffold111 QNUK01000111.1 KAF5901503.1 369aa
+ Scaffold111 QNUK01000111.1 KAF5901504.1 1125aa
+ Scaffold22 QNUK01000022.1 KAF5907397.1 711aa
- Scaffold22  QNUK01000022.1 KAF5907398.1 135aa
+ Scaffold349 QNUK01000349.1 KAF5894936.1 912aa
+ Scaffold349 QNUK01000349.1 KAF5894937.1 327aa
+ Scaffold368 QNUK01000368.1 KAF5894553.1 178aa
+ Scaffold49 QNUK01000049.1 KAF5905006.1 269aa
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Abstract. In this study, anther wall structure and the embryological features of male 
gametophyte development in Jurinea kilaea from Asteraceae family are described for 
the first time. Capitula of different sizes containing young flower buds of J. kilaea was 
collected from Tekirdağ, Saray - Kastro coast in July 2022 – 2024. Anthers separated 
according to their sizes under a stereo microscope were passed through arising alcohol 
series and embedded in Hisstore. Toluidine blue O solution was used to stain the sec-
tions. Slides were examined with light microscope and photographed by an Olympus 
E330 camera. In J. kilaea, anthers are tetrasporangiate. Anther wall consists of the out-
ermost epidermis, the endothecium, the middle layer and the innermost tapetum layer. 
Tapetum cells appear to have 1 or 2 nuclei. Tapetum is plasmodial type and, tapetum 
cells begin to degenerate towards the end of the tetrad phase. Microsporogenesis and 
pollen mitosis are generally regular. Asynchrony is observed during meiosis in young 
anther loci. Generally, decussate type tetrad was observed. Rarely pentads were also 
observed. Cytoplasmic channels were observed between microspores at different stages 
of microsporogenesis. The mature pollen grains of J. kilaea are generally composed of 
three nuclei and have a normal structure. However, there have been instances where 
pollen grains exhibit an abnormal structure. Pollen sterility ratio was found to be 
12.1%.

Keywords:	 Jurinea kilaea, Asteraceae, anther wall, microsporogenesis, pollen develop-
ment.

INTRODUCTION

The Asteraceae family is one of the largest flowering plant families, has 
12 subgenera and 43 tribes, which contain ca. 24,000–30,000 species placed 
within 1,600 genera (Susanna et al. 2019; Bona 2020; Rolnik and Olas 2021). 
It is represented in Turkey with a total of 1438 taxa, of which 152 genera, 
1230 species, 133 subspecies and 75 varieties (Yıldırımlı 1999). Therefore, 
Asteraceae family needs more data about the additional taxonomic characters 
such as anther and pollen development (Çetinbaş and Ünal 2015).

The Asteraceae family members are widely distributed in the world, except 
for the Antarctic region, especially in tropical and subtropical semi-arid regions 

https://riviste.fupress.net/index.php/caryologia
https://doi.org/10.36253/caryologia-2965
https://doi.org/10.36253/caryologia-2965
https://doi.org/10.36253/caryologia-2965
https://www.fupress.com
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/publicdomain/zero/1.0/legalcode
https://orcid.org/0000-0003-2005-7293
mailto:nuranekici@yahoo.com


42 Nuran Eki̇ci̇

such as the Mediterranean Region, Mexico and South Afri-
ca, in the forested regions of Africa, South America and 
Australia, in the prairies and in bush formations (Hey-
wood 1978). They are annual, biennial or perennial herbs; 
rarely shrubs, trees or climbing woody plants; their tissues 
may or may not carry latex (Saday 2005). 

Its most well-known taxa are daisies, dandelion, let-
tuce, endive, and artichokes. For ages, people have been 
using plants from the Asteraceae family for their nutri-
tional and medicinal benefits. The majority of the fam-
ily’s members share a similar chemical makeup despite 
their great diversity. For instance, all species are good 
sources of inulin, a naturally occurring polysaccharide 
with potent prebiotic qualities. They also possess potent 
antibacterial, anti-inflammatory, and antioxidant quali-
ties in addition to diuretic and wound-healing capa-
bilities (Rolnik and Olas 2021). Family Asteraceae as a 
sustainable planning tool in phytoremediation and its 
relevance in urban areas was studied by Nikolic and 
Stevovic (2015). Kartal (2016) examined calcium oxalate 
(CaOx) crystals in the tissues and organs of eighteen 
species in the Cardueae tribe (Asteraceae). 

Jurinea which is represented by about 300 species on 
earth, is mainly distributed in Central Asia, the Mediter-
ranean basin, Iran, and Turkey (Szukala et al. 2019). In 
Turkey Jurinea is represented by 18 species in Turkey. 6 
of these species are endemic to Turkey. The distributions 
of the endemic taxa are as follows: J. brevicaulis and J. 
cadmea have local distribution; J. alpigena, J. ancyrensis 
and J. cataonica have regional, and J. pontica has larger 
distribution. The distribution of the species according to 
the phytogeographic regions is as follows: 10 species of 
Irano-Turanian; 2 types of Mediterranean; It is an ele-
ment of 5 types of Euxine (2 types of Balkans, 1 type of 
Caucasian, 1 type of Turkey in Europea-Thrace) (Davis 
1975). They are usually herbaceous plants that can live 
for several years. Despite the richness of its species, only 
a few analyses on a regional scale have so far attempted 
to clarify the phylogenetic relationships within Jurinea 
(Doğan et al. 2010; Szukala et al. 2019; Bona 2020) 

Jurinea kilaea is a rhizomatous plant that grows in 
the foredunes of Turkey (Avcı et al. 2015). J. kilaea has 
been studied more systematically (Gülez et al. 2007; 
Özhatay et al. 2013; Özhatay and Öztekin 2015; Kut-
bay et al. 2017; Tuncay and Akalın 2018; Sürmen et al. 
2019; Uslu and Keçeli 2019; Ağır et al. 2016; 2017; 2021; 
Valcheva et al. 2020; Karaduman and Sağıroğlu 2021). 
Phylogenetic analysis of Jurinea (Compositae) species 
in Turkey based on ITS sequence data was performed. 
These include Jurinea kilaea (Doğan et al. 2010). Pappus 
and achene characteristics of J. kilaea is studied by Bona 
(2020). Morphological features of J. kilaea were studied 

by Saday in 2005. There are also biochemical studies 
with J. kilaea. The antioxidant activity and capacity of J. 
kilaea were investigated. Phenolic, flavonoid substance, 
antioxidant and antimicrobial properties were stud-
ied (Kılıç 2020). Fatty acid and amino acid profiles of J. 
kilaea was studied by Taç and Özcan (2019). 

Although there are many systematic studies on 
Asteraceae, there are very few cytoembryological studies. 
Some of these were made by Sun and Ganders (1987) on 
nine gynodioecious taxa of Hawaiian bidens, by Meriç 
et al. (2004) on Helianthus annuus L., by Yurukova-
Grancharova and Dimitrova (2006) on Crepis bithynica 
Boiss., by Li et al. (2010) on Chrysanthemum morifolium 
Ramat., by Kaur et al. (2010) on Inula cuspidata C.B. 
Clarke, by Liu et al. (2012) on Ambrosia artemisiifolia 
L., by Kaur et al. (2019) on some species of Lactuca L., 
by Gupta et al. (2017) on 45 species of Asteraceae from 
Parvati Valley in Kulu district, India, and by Chehrega-
ni and Salehi (2016) on Achillea tenuifolia. Palynologi-
cal studies were carried out by Wortley et al. (2012), 
Chehregani and Salehi (2016) and Gupta et al. (2017). 

In this study, Jurinea kilaea Azn, which is not 
endemic but can be considered endangered nationally 
and worldwide, was studied cyto-embryologically for the 
first time. This study will contribute to systematic and 
cyto-embryological studies on the Asteraceae family.

MATERIAL AND METHODS

As the study material, capitulums (8-13 mm) con-
taining young flower buds (1,5 -8 mm) of Jurinea kilaea 
was collected from Tekirdağ, Saray - Kastro coast in July 
2022 and July 2024. After being fixed in Carnoy’s fixative 
(1acetic acid: 3 absolute alcohol), it was washed in 96% 
ethanol and stored in 70% ethyl alcohol. Anthers (1-6 
mm) separated according to their sizes under a stereo 
microscope were passed through arising alcohol series 
and embedded in Hisstore (Leica, Historesin-embedding 
kit) according to the manufacturer’s instructions (http://
www.leicabiosystems.com/specimen-preparation/con-
sumables/mounting-edia-section-adhesive/details/prod-
uct/historesin-1/). Sections of 4 µm thickness were taken 
with a tungsten carbide blade on a Leica RM2255 model 
rotary microtome. Sections were kept in 0.5% Toluidine 
blue O solution (O’Brien et al. 1964) prepared in 0.1 M 
phosphate buffer (pH 6.8) for 2 minutes, washed in dis-
tilled water for 30 seconds and dried in air. It was closed 
with Entellan and made into a continuous preparation 
(Kartal 2015). Pollen taken at the time of flowering of J. 
kilaea was stained with Aniline blue (Merck). It was left 
at room temperature for half an hour. 1000 pollens were 
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evaluated by counting whether they were stained or not. 
Slides were examined with an Olympus CX31 microscope 
and were photographed by an Olympus E330 camera.

RESULTS

Androecium

Androecium of Jurinea kilaea consists of 5 stamens. 
Anther structure is caudate type. Anthers are united, 
tube-shaped, purple, basifix, filaments are free and white. 
In J. kilaea, anthers are tetrasporangiate. Pollen sacs are 
interconnected with connective tissue containing a vas-
cular bundle (Figure 1). When the anthers mature, the 
microsporangia split open from their stomium.

Anther wall

The anther wall was also examined during pollen 
development in J. kilaea. Young anther wall consists of 
the outermost epidermis, the endothecium, the middle 
layer and the innermost tapetum layer. Endothecium 
thickenings are not seen in the young anther wall. Epi-
dermis and endothecium cells are almost cubic in shape, 
and they have large nuclei relative to the cell size. Under 
the endothecium, there is a middle layer consisting of a 
very thin, single layer of flat cells. Tapetum cells appear 
to have 1 or 2 nuclei. The number of cells undergoing 
nuclear division is high. Asynchrony is observed during 
meiosis in young anther loci. The first stages of meio-
sis can be seen in one locus, and the tetrad stage can be 
seen in the other locus (Figure 1a).

Layers, the epidermis and the endothecium, remain 
intact in the mature anther wall. The epidermis layer 
consists of a single row of flat cells. It is seen that the 
cells of the endothecium layer are highly developed and 
increase in size compared to the other layers. It is also 
observed that fibrous thickenings develop in the cells of 
the endothecium layer. It is seen that the middle layer, 
which consists of a very thin and flat single layer of cells 
in the young anther, is completely degenerated in the 
mature anther. Tapetum is plasmodial type and, tape-
tum cells begin to degenerate towards the end of the tet-
rad phase. Then tapetal remnants from the degenerating 
tapetum are seen in the mature anther locus The asyn-
chronization between loci seen in the young anther also 
disappears in the mature anther (Figure 1b).

Microsporogenesis

In this study, microsporogenesis stages in J. kilaea 
were examined for the first time. In sections taken from 
the anther during the interphase phase, the nuclei of the 
pollen mother cells are of similar size and the nucleoli 
are conspicuous. There is no callose wall around the 
pollen mother cells (Figure 2a). During the leptotene 
stage, callose wall begins to form around the microspore 
mother cells (Figure 2b). In the zygotene stage, the chro-
matin material is in a loose state (Figure 2c). In pachy-
tene, homologous chromosomes come together. The 
nucleus is pulled towards the edge of the cell. This phase 
is also called the bouquet phase (Figure 2d). During the 
diplotene phase, the lengths of bivalent chromosomes 
begin to shorten. Callose wall formation is completed at 

Figure 1. Anther structure in J. kilaea. (a) young anther; (b) mature anther (arrowhead, callose; en, endothecium; ep, epidermis; ft, fibrous 
thickenings; ml, middle layer; ms, microspore; p, pollen; T, tetrad; t, tapetum; tr, tapetal remnants; vb, vascular bundle). 
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Figure 2. Microsporogenesis in pollen mother cells of J. kilaea. (a) interphase; (b) leptotene; (c) zygotene; (d) pachytene (bouquet stage); 
(e) diplotene; (f ) diakinesis; (g) metaphase I; (h) anaphase I; (i) telophase I; (j) dyad phase; (k) metaphase II; (l) anaphase ll; (m) telo-
phase II; (n) early tetrad phase; (o) late tetrad phase; (p) anomalies in tetrad phase (arrowheads, tetrad anomalies; ca-arrowheads, callose; 
cc; cytoplasmic channels; D, dyad; en, endothecium; ep, epidermis; ml; middle layer; ms, microspore; N; nucleus; Nu; nucleolus; PMC, 
pollen mother cell; t, tapetum; T, tetrad).
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this stage (Figure 2e). During the diakinesis phase, chro-
mosome shortening continues (Figure 2f). In metaphase 
I, the chromosomes line up on the equatorial plate and 
appear to be connected by spindle fibers (Figure 2g). 
In anaphase I, homologous chromosomes are pulled to 
the poles (Figure 2h). In telophase I, chromosomes lose 
their dense shape and return to their thread-like form. 
An intermediate lamella begins to form between the two 
nuclei, from the middle of the cell to the edges (Figure 
2i). Dyad occurs with successive type of cytokinesis (Fig. 
2j). In metaphase II, chromosomes align on the equato-
rial plate (Figure 2k). In anaphase II, sister chromatids 
are pulled to the poles with the help of spindle fibers 
(Figure 2l). It is observed that in telophase II, nuclei 4 
are formed at the edges. Cytokinesis is simultaneous 
type at tetrad phase (Figure 2m). Cytoplasmic channels 
were seen between microspores in the early tetrad phase. 

There is a well-developed callose wall around the tet-
rads (Figure 2n). In later stages, the callose wall around 
the microspores breaks down and the microspores are 
released (Figure 2o). Generally, decussate type tetrad 
was observed. In J. kilaea, pentads as well as tetrads were 
observed in the anther locus - arrowheads (Figure 2p). 
Cytoplasmic channels were observed between micro-
spores at different stages of microsporogenesis, such as 
telophase I (Figures 3a, 3b), early tetrad (Figure 3c) and 
tetrad stage (Figure 4d).

Microgametogenesis

In J. kilaea, it is observed that the microspores 
released after the callose wall degeneration in the tetrad 
stage are tricolpate and the intine layer begins to form 

Figure 3. Cytoplasmic channels in some phases of microsporogenesis in J. kilaea. (a) early telophase I; (b) early dyad phase; (c) early tetrad 
phase; (d) late tetrad phase (ca, callose; cc-arrowheads, cytoplasmic channels; en, endothecium; ep, epidermis; ml, middle layer; t, tape-
tum; T, tetrad).
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Figure 4. Pollen development in J. kilaea; (a) one-nucleated microspore phase after callose deposition; (b) wrinkled microspore phase (c) 
vacuolated microspore phase; (d) two-celled pollen phase, (e) three-celled mature pollen, (f ) abnormal shaped pollen (en, endothecium; 
ep, epidermis; e; exine; ft, fibrous thickenings; gn, generative nucleus; i; intine (arrows); ml, middle layer; ms microspore; N, nucleus; sn, 
sperm nucleus; t, tapetum; tr, tapetal remnants; V, vacuole; vn, vegetative nucleus).
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around them (Figure 4a). Then, it is seen that the exine 
layer begins to form over the intine (Figure 4b). After the 
formation of the exine layer is completed in the single-
nucleated stage, a vacuole that covers most of the cell is 
formed and the nucleus migrates to the pole where pol-
len mitosis will occur (Figure 4c). After first mitosis veg-
etative and generative nuclei are formed (Figure 4d). As 
the generative nucleus undergoes mitosis, sperm nuclei 
are formed and the three-nucleated mature pollen grain 
in J. kilaea completes its development (Figure 4d). Pol-
len grains of J. kilaea generally have a normal structure, 
and very rarely pollen grains with an abnormal structure 
have been observed (Figure 4e).

Pollen viability

Pollen viability in J. kilaea was examined using a 
light microscope. It was observed that pollens were gen-
erally stained well. Pollens were stained with aniline 
blue (Merck) prepared in lactophenol were considered 
fertile, others were considered as sterile pollen grains 
(Figure 5). 1000 pollens were counted. Pollen sterility 
rate was determined as 12.1%. Mature pollens are tricol-
pate and trinucleated.

DISCUSSION

In this study, the anther wall structure, and the 
developmental stages of the male gametophyte in Jurinea 
kilaea, which grows naturally on the coast of Tekirdağ-
Saray, were examined. The embryological studies on J. 
kilaea and the Asteraceae family, especially the genus 

Jurinea, are quite limited so the findings regarding the 
anther wall structure and microsporogenesis are dis-
cussed with the characteristics of other species belong-
ing to this family.

In J. kilaea, the androecium consists of 5 stamens, as 
in Aster subulatus Michx., Kalimeris indica (Linn.) Sch.-
Bip., Heteropappus arenarius Kitamura, Erigeron ann-
uus (Linn.) Pers. (Ao et al. 2009), male fertile and ster-
ile Chrysanthemum morifolium Ramat. (Li et al. 2010), 
Ambrosia artemisiifolia L. (Liu et al. 2012), Helianthus 
annuus L. (Çetinbaş and Ünal 2015) from Asteraceae. 
Anthers of J. kilaea are united, tube-shaped, purple, basi-
fixed, filaments are free and white. They are structur-
ally like anthers of H. annuus (Çetinbaş and Ünal 2015). 
They differ only in color. Anther appendage of J. kilaea 
is apiculate like Ainsliaea latifolia (D. Don) Schultz-
Bipontinus (Shekhar and Pandey 2009) and Ainsliaea 
qianiana (Shi et al. 2011) from Asteraceae family. When 
the anthers mature, the microsporangia split open from 
their stomium.

Anthers are tetrasporangiate in J. kilaea. The pol-
len sacs are interconnected with connective tissue con-
taining a vascular bundle as in C. bithynica (Yuruko-
va-Grancharova and Dimitrova 2006), A. subulatus, K. 
indica, H. arenarius, E. annuus (Ao et al. 2009), C. mori-
folium (Li et al. 2010), A. artemisiifolia (Liu et al. 2012). 

In J. kilaea, the young anther wall, as in Bidens 
cervicata Sherff (Sun and Ganders 1987), C. bithynica 
(Yurukova-Grancharova and Dimitrova 2006), A. subu-
latus, K. indica, H. arenarius, E. annuus (Ao et al. 2009) 
C. morifolium (Li et al. 2010), A. artemisiifolia (Liu et al. 
2012) H. annuus (Meriç et al. 2004; Çetinbaş and Ünal 
2015) consists of epidermis, endothecium, intermedi-
ate layer and tapetum, consisting of single-row cells 
from outside to inside. In the young anther, the cell 
sizes of the epidermis and endothecium layers are simi-
lar. Fibrous thickenings of the endothecium have not 
yet developed in the early stage. In the mature anther, 
transverse expansion occurs in the epidermis cells. The 
epidermis remains intact until the end of pollen develop-
ment in J. kilaea.

The endothecium layer has single-nucleated and 
rather larger cells than the epidermis in mature anther. 
It contains fibrous thickenings in the mature anther wall 
of J. kilaea as in C. bithynica (Yurukova-Grancharova 
and Dimitrova 2006) and C. morifolium (Li et al. 2010). 
In A. subulatus, K. indica, H. arenarius, E. annuus (Ao et 
al. 2009), A. artemisiifolia L. (Liu et al. 2012), H. annuus 
(Çetinbaş and Ünal 2015) no thickenings were seen in 
endothecium layer. 

In the young anther of J. kilaea, the middle layer con-
sists of a very flattened single layer of cells between the 

Figure 5. Pollen viability in J. kilaea (fp, fertile pollen; sp, sterile 
pollen).



48 Nuran Eki̇ci̇

endothecium and tapetum, as in B. cervicata (Sun and 
Ganders 1987), C. bithynica (Yurukova-Grancharova 
and Dimitrova 2006), C. morifolium (Li et al. 2010), A. 
artemisiifolia L. (Liu et al. 2012), H. annuus (Meriç et al. 
2004; Çetinbaş and Ünal 2015). In J. kilaea, the middle 
layer is not seen in the mature anther because it degen-
erates at the end of microsporogenesis - the beginning of 
pollen mitosis. In B. cervicata, the middle layer becomes 
vacuolated immediately after differentiation and appears 
more flattened with further development of the anther 
wall. It is not evident before the formation of the plasmo-
dial tapetum (Sun and Ganders 1987). In C. bithynica the 
middle layer is generally degenerates towards the end of 
prophase I of meiosis in PMCs, but occasionally stains 
darkly during metaphase I – anaphase I, degenerating 
parts of this structure can be observed (Yurukova-Gran-
charova and Dimitrova 2006). In C. morifolium, the mid-
dle layer flattened during meiosis and was still observable 
at the late mononuclear pollen grain stage but degener-
ated at the binucleate stage (Li et al. 2010). In H. annuus, 
the middle layer disappears when the pollen mother cells 
reach the tetrad stage (Çetinbaş and Ünal 2015).

There is a tapetum layer under middle layer in the 
innermost part of the anther wall. Some studies have 
summarized the different functions that tapetum cells 
can perform regarding the development of the pollen 
grain (Pacini et al. 1985). Some of these are the produc-
tion and release of callase enzyme; transfer of polysac-
charides into the locule provides the energy required 
during microsporogenesis and microgametogenesis cell 
divisions by the hydrolysis of these polysaccharides. 
In addition, from the synthesis of exine precursors to 
the formation of viscin threads; Tapetal cells are also 
responsible for the formation of a membrane resistant to 
acetolysis, the formation of orbicules or Ubisch bodies, 
the synthesis of sporophytic proteins, the production of 
trypsin, which covers the pollen grains and consists of a 
fibro-granular and a lipidic component, and the develop-
ment of pollenkitt (Gotelli et al. 2023).

Although tapetum cells carry a single nucleus in the 
early stages of microsporogenesis, most of them have 2 
or more nuclei in later stages. Normal mitosis, second-
ary nuclear divisions and nuclear fusion were observed 
in the tapetum cells of the anther wall in J. kilaea. Tape-
tum cells of J. kilaea usually have one or two nuclei. 
Polyploidy was observed in the tapetum cells of Achillea 
tenuifolia, from the Asteraceae family (Chehregani and 
Salehi 2016). The tapetum cells of A. subulatus, K. indica, 
H. arenarius, E. annuus (Ao et al. 2009) have uni- or bi-
nucleated, as in J. kilaea. 

Programmed cell death is a physiological cell death 
that selectively destroys cells that are no longer needed 

or have no function. Although programmed cell death 
has been studied primarily and mostly in animal cells, 
it has been shown to also occur in plant cells in recent 
years. The occurrence of programmed cell death in the 
cells of the tapetum layer, which is the innermost layer 
of the anther wall, has been examined in studies con-
ducted with transmission electron microscopy. While 
entering from the tetrad stage to the free microspore 
stage, it was shown that the tapetum cells lost their geo-
metric shape and microtubules disappeared in the cyto-
plasm, in Tillandsia albida, Lobivia rauschii by Papini et 
al. (1999). According to many ontogenetic palynologists, 
the tetrad stage is very important in determining the 
exine pattern (Gabarayeva et al. 2019). It was observed 
that the tapetum cells began to degenerate at the same 
stage in J. kilaea. 

It was observed that microsporogenesis stages were 
generally regular in pollen mother cells (PMC) in J. 
kilaea. Simultaneous type of cytokinesis was observed 
in C. bithynica (Yurukova-Grancharova and Dimitro-
va 2006), A. subulatus, K. indica, H. arenarius (Ao et al. 
2009), C. morifolium (Li et al. 2010), H. annuus (Çetinbaş 
and Ünal 2015), Galinsoga quadriradiata Ruiz & Pav. 
(Kolczyk et al. 2015), Ambrosia trifida (Gabarayeva et al. 
2019), as generally seen in dicots. In E. annuus, successive 
cytokinesis was observed in the dyad stage and simulta-
neous cytokinesis was observed in the tetrad phase (Ao 
et al. 2009). Two types of cytokinesis were observed in 
J. Kilaea, as in E. annuus. Successive type of cytokinesis 
was observed in A. artemisiifolia, as in monocots (Liu et 
al. 2012). As seen in many angiosperms, the callose wall 
in the PMCs of J. kilaea begins to form in the leptotene 
and disintegrate in the tetrad phase.

Asynchrony is observed during meiosis in young 
anther loci of J. kilaea as in K. indica, E. annuus (Ao et 
al. 2009). In one locus, the first stages of meiosis were 
observed, and in the other, the tetrad stage was observed 
in J. kilaea. The loci where the early stages of meiosis are 
seen are smaller in size than the loci where the tetrad 
stages are seen. It is thought that the asynchrony occur-
ring in the anther loci is related to the transmission of 
nutritional materials.

In the early stages of microsporogenesis, although 
the cells were surrounded by the cell wall and there was 
callose accumulation, connections between the pollen 
mother cells were seen. These connections are called 
cytoplasmic/cytomictic channels. They represent a dif-
ferent type of cell wall channels from plasmodesmata. 
They do not have an internal structure like desmotu-
bules and have relatively large openings compared to 
them (Baquar and Husain 1969; Mursalimov et al. 2010; 
Kolczyk et al. 2015). Cytoplasmic channels provide inter-
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cellular exchange of nutrients, water, ions, various mac-
romolecules and metabolites according to their reaction 
to environmental stimuli in plants (Wang et al. 2006). 

Cytomixis has been considered as an abnormal-
ity in previous studies due to occurrence of pathology 
(Morisset 1978) or traumatic injury of plants (Takats 
1959). Recently, it is generally accepted as a normal but 
rare cytological phenomenon. According to Mursalimov 
et al (2013), the absolute majority of cytomixis cases are 
recorded in microsporogenesis of angiosperms. Cyto-
mixis has been described in more than 400 plant species 
belonging to 84 families. Among the Asteraceae family, 
this process has been observed in Helianthus (Whelan 
1974), Artemisia (Malik and Kumari 2010), Galinsoga 
(Kolczyk et al. 2015) and Ambrosia (Gabarayeva et al. 
2019). This is the first report of the genus Jurinea. Cyto-
plasmic channels are seen between cells in the stages 
starting from the leptotene stage of meiosis I prophase 
and ending with the tetrad stage in J. kilaea.

In J. kilaea, decussate type tetrads are generally 
formed at the end of microsporogenesis. Besides these, 
rarely pentads were also seen. In H. annuus (Çetinbaş 
and Ünal 2015), E. annuus, H. arenarius (Ao et al. 
2009), C. morifolium (Li et al. 2010), Achillea tenuifolia 
(Chehregani and Salehi 2016) pollen mother cells pro-
duce tetrahedral microspore tetrads. H. arenarius (Ao 
et al. 2009) also produce decussate type tetrads as in J. 
kilaea. PMC of C. Bithynica generally produce also tetra-
hedral, rarely isobilateral tetrads (Yurukova-Grancharo-
va and Dimitrova 2006).

Mature pollens of J. kilaea are tricolpate and trinu-
cleated with echinate exine as in C. bithynica (Yurukova-
Grancharova and Dimitrova 2006). In J. kilaea, sterile 
pollen grains are transparent, smaller in size than nor-
mal pollen grains, and have a smooth structure because 
the exine layer is undeveloped. Sterile pollen grains of C. 
bithynica are of normal size (Yurukova-Grancharova and 
Dimitrova 2006). In A. subulatus, K. indica, H. arenarius 
and E. annuus 3-celled pollen grains were seen (Ao et al. 
2009). Pollens of Allittia, Lorandersonia and Pemberto-
nia, classified in Astereae, are also echinates (Wortley et 
al. 2012).

Pollen viability was investigated in some Lactuca 
species (Asteraceae) by Kaur et al. (2019). In L. orienta-
lis, 54-62% sterile pollen grains were observed because 
of chromosome bridges and nondisjunction during 
microsporogenesis. In L. serriola, L. dissecta, L. dolicho-
phylla and L. macrorhiza 100% fertile pollen was pro-
duced because of the normal distribution of bivalents 
(Kaur et al. 2019). In J. kilaea, the sterile pollen rate was 
determined as 12.1%. Cytoplasmic channels that seen 
during microsporogenesis and chromosome transitions 

occurred in those channels might be the reason for this 
sterility rate in J. kilaea.

In conclusion, the anther wall structure, pollen 
development and pollen viability of J. kilaea, which 
grows naturally in a very limited area in Turkey and 
Bulgaria, were examined for the first time. The data 
obtained from this study will contribute to the cytologi-
cal and embryological features used in the taxonomy of 
the Asteraceae family in recent years. 
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Abstract. Assessing genome size in plant species using flow cytometry requires fresh 
plant material from both the target species and appropriate internal standards. The use 
of fresh material from the standards is sometimes difficult. For this reason, a research 
about three preservation methods and their results when using the plants in flow 
cytometry has been conducted. We have focused on four of the most used internal 
standards in flow cytometry to estimate the nuclear DNA amount. Our results pointed 
out that the best method of conservation was lyophilisation. The conservation meth-
od based on drying with silica gel is more advisable to establish the ploidy level than 
to provide an absolute value of nuclear DNA content. Finally, ultrafreezing is not an 
appropriate preservation method. 

Keywords:	 flow cytometry, freezing, genome size, internal standards, lyophilisation, 
silica gel preservation. 

INTRODUCTION

The genome size, also named the nuclear DNA amount or 2C value, is 
a parameter that can be related to many other characteristics of an organ-
ism and its environment (Wakamiya et al. 1993; Wang et al. 2021). The term 
‘C-value’ was coined by Swift (1950), the ‘C’ accounting for ‘constancy’ and 
referring to the DNA content of an unreplicated haploid chromosome comple-
ment. Later, several studies have established the influences of environmental 
factors on the variation of this parameter, although it was initially proposed 
as a constant of the organism and even of the species (Greilhuber et al. 2005). 
Other studies pointed out that some genuine variation exists, even within a 
species (Šmarda and Bureš 2010; Díez et al. 2013; Kolář et al. 2017; Boutte et 
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al. 2020; Becher et al. 2021), and that this can be due to 
intrinsic (ploidy level, aneuploidy, recombination rates, 
tandem repeats) or extrinsic (altitude, latitude, soil type, 
etc.) factors. Genome size information is crucial as the 
base to perform whole genome sequencing (WGS) and 
thus further research on this parameter, still unknown 
for a huge percentage of plant species, is needed (Pellicer 
et al. 2022). Despite there are many studies devoted to 
the importance of protocols and their effect on the accu-
racy of measurements, often highlighting the constancy 
of the value, the relative proximity to the genome size of 
the studied plants, the absence of some interfering cyto-
sol metabolites or the possibility of producing low coef-
ficients of variation in the measurements (Jedrzejczyk 
and Sliwinska 2010; Suda and Leitch 2010; Temsch et 
al. 2022), very few studies have been performed focused 
on methods of preservation and storage of plant material 
(Čertner et al. 2021; Tang et al. 2023), and even less on 
this aspect applied to internal standards.

The most commonly used technique to estimate 
genome size is flow cytometry (FCM), which allows esti-
mating the amount of nuclear DNA by the relationship 
of the intensity of the measured fluorescence of the stud-
ied plants and the internal standard (Doležel and Bar-
tos 2005; Hare and Johnston 2011). The quantification 
of the DNA of plant cells by flow cytometry basically 
requires fresh plant material from the target species and 
internal standards, and this need complicates the trans-
fer and the storage of the samples (Doležel and Bartos 
2005). The possibility of using fresh material from the 
standards is sometimes difficult, because the plant is not 
always available in its optimal state when the collected 
samples are analysed, although cultivation makes it pos-
sible in many cases. The same, and more complicated 
when dealing with wild plants, goes for the target plants, 
either because they were collected long time ago and are 
pending to be processed or because of slow processing. 
Storing plants in a conventional cold room at 4 °C, or 
freezing them at -18 °C, does not prevent their degra-
dation, at least after a more or less long period of time. 
The temperature above 4 °C causes the breaking of the 
hydrogen bonds between the nitrogenous bases. Even 
environmental water can separate the two DNA chains 
by hydrolysis. A good conservation system would be nec-
essary to avoid problems arising from the poor condition 
of the target plants and standards when there are delays 
in their processing that may be due to different reasons.

Facing the difficulty to standardize a preserva-
tion method for the great diversity of existing species, 
here we have focused on four of the most used internal 
standards in flow cytometry to assess the nuclear DNA 
amount of plants: Lycopersicon esculentum, Petunia 

hybrida, Pisum sativum, and Triticum aestivum, with the 
aim of testing different preservation methods, lyophilisa-
tion (also known as freeze drying), drying in silica gel 
and freezing at ultra-low temperature, and comparing 
the results obtained.

MATERIALS AND METHODS

Plant material and preservation treatments

Fresh material from leaves of tomato [Lycopersicon 
esculentum Mill. ‘Montfavet 63/5‘ (2C=1.99 pg, Marie 
and Brown 1993)], petunia [Petunia hybrida Vilm. 
‘PxPc6’ (2C=2.85 pg, Marie and Brown 1993)], common 
pea [Pisum sativum L. ‘Express long’ (2C=8.37 pg, Marie 
and Brown 1993)] and wheat [Triticum aestivum L. ‘Tri-
ple Dirk‘ (2C=30.9 pg, Marie and Brown 1993)] were 
obtained from seeds and grown in a greenhouse at the 
Faculty of Pharmacy and Food Sciences (University of 
Barcelona), and treated with three conventional preser-
vation systems usually used at the laboratories: lyophili-
sation, drying in silica gel and freezing at ultra-low tem-
perature. Freezing was performed at -85 °C in a freezer 
Sanyo Electric Corporation (Moriguchi City, Osaka, 
Japan). The lyophilisation was carried out with a lyoph-
iliser, FTS Systems Inc. (Stone Ridge, New York, USA) 
preserving the plant material into airtight glass jars by 
following the steps: 1) 2 minutes in liquid nitrogen 2) 
immersion of the sample in crushed ice and, 3) lyophili-
sation during 48 hours under vacuum < 500 mTorr. For 
the silica gel drying, the samples were kept in silica gel 
at room temperature for one month before the measure-
ment (time 0). 

The water percentages were obtained by drying in 
an oven until constant weight. 

Flow cytometry assessments

Pisum sativum was used as standard to assess the 
genome size of Triticum aestivum, Petunia hybrida and 
Lycopersicon esculentum, while Petunia hybrida was the 
standard chosen to establish the nuclear DNA amount 
of Pisum sativum. Five individuals by each of the three 
treatments of the four standards and two samples of 
each individual were measured. To carry out the meas-
urements, the standard with a DNA content closest to 
the theoretical value of the target standard has been cho-
sen. When used as internal standards in this research, 
the leaf materials were always fresh.

An amount of 40-50 mg of young leaf tissue was 
used for sample preparation. Leaf material of each inter-
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nal standard studied together with the leaf material of 
the plant used here as internal standard, as mentioned 
above, was submerged in 1,200 µL of isolation buffer 
LB01 (Doležel et al. 1989), supplemented with 100 µg/
mL of ribonuclease A in a Petri dish, and mechanically 
chopped using a razor blade. The extract obtained was 
filtered to 20 µm pore nylon mesh, and stained with 36 
µL of propidium iodide (1 mg/mL). Samples remained 
on ice until analysis. 

The DNA measurements were carried out in a flow 
cytometer Epics XL (Coulter Corporation, Hialeah, Flori-
da, USA). The cytometer used has an air-cooled argon-ion 
laser tuned at 15 mW and 488 nm of wave length excita-
tion with forward scatter (FS) and side scatter (SS). FS 
measures the particle size and SS measures the particle 
complexity. Fluorescence was collected to 620 nm band 
pass filter (red). Two replicates of five different leafs of 
each plant were analysed. Acquisition was automatically 
stopped at 8,000 nuclei counts. The results were acquired 
by the System II Software version 3.0 (Coulter Electron-
ics). Prior to analysis, the instrument was checked with 
standard fluorescent beads (Coulter Electronics). 

For all the target plants, measurements were carried 
out immediately after the treatment (t0) and after six 
months (t6) in the same individual.

Statistical analyses

The variation of the cytometric measurements is 
usually expressed as the half peak coefficient of varia-
tion (HPCV). This parameter, expressed in percentage, 
indicates the dispersion of fluorescence intensities as the 
ratio of the standard deviation to the mean measured 
at 50% peak height. In addition, the mean, standard 
deviation, coefficient of variation (CV) and confidence 
interval (CI) were also calculated for each standard and 
treatment. A paired sample t-test was carried out to 
determine whether the mean difference between the GS 
values between t0 and t6 is zero for each treatment and 
standard. Previously, a Shapiro-Wilk test of normality 
was carried out for all samples. 

Statistical analyses were performed using XLSTAT 
2023.1.1 (Lumivero 2023), Excel 16.0.4266 by Microsoft 
Office (Microsoft Corporation).

RESULTS AND DISCUSSION

The results of descriptive statistics are included 
in the Table 1. No genome size measurements have 
been obtained for Triticum aestivum lyophilized for six 
months. 

The calculated parameters (mean, SD, CV and CI) 
reveal a great dispersion of values in the assessments 
of genome size of the standards. In fact, in many cases 
the established value of the standard (Marie and Brown 
1993) does not fall within the confidence interval calcu-
lated from the average and standard deviation of each 
subset of data. In the lyophilized material, only in Pisum 
sativum (t6) and Lycopersicon esculentum (t0) the estab-
lished values for both internal standards fall outside 
the interval, while for the remaining treatments (silica 
gel and freezing), almost all standards values fall out, 
excepting for the frozen material of Petunia hybrida (t6) 
and Lycopersicon esculentum (t0) (Table 1). These results 
point out that the best treatment to preserve samples 
is the lyophilisation, while silica gel preservation is the 
least recommended, despite the results for frozen wheat 
are missing, probably due to DNA degradation during 
the freezing process. 

Results of p-values from the Paired t-test are dis-
played in Table 2. Shapiro-Wilk test reveals that 2C val-
ues of most data subsets follow a normal distribution. 
P-values below 0.05 (Table 2) indicate that there are sta-
tistically significant differences between the genome size 
measurements at t0 and t6 into the same standard and 
treatment. In this case, the different standards behave 
differently over time, which allows us to assert that some 
characteristics of the plant species and, in particular, of 
their leaves, influence their state of conservation. Thus, 
we note that Triticum aestivum and Pisum sativum, with 
a lower water content (74.35% and 80.22%, respectively) 
are the species showing less genome size variation over 
time, while Petunia hybrida (87.97%) and Lycopersicon 
esculentum (85.53 %) are more time sensitive.

Although a considerable effort has been dedicated 
to defining the characteristics of the internal standards 
employed in quantifying DNA, one of the relevant ones 
being the easy availability (Temsch et al. 2022), the stud-
ies on the preservation of plant material for flow cytome-
try are very scarce. Some authors (Tang et al. 2023) have 
investigated for alternative solutions such as the use of 
spores and pollen as internal standards. These authors 
claim that these standards are ready-to-use, easy to han-
dle, and include long-term storage compared to tradi-
tional fresh leaf standards. 

Čertner et al. (2021) have analysed the advantages 
and limitations of different strategies and material stor-
age, but they have not specifically focused on internal 
standards. The authors conclude that frozen plants can 
be stored for up to months or years, and silica gel-dried 
material for up to two years, in both cases only for 
ploidy level determinations. In fact, these authors only 
consider as viable materials for genome size estimation 
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in absolute fresh tissue units freshly germinated seed-
lings (which consist also of fresh tissue), and glycerol-
preserved nuclei, with silica gel-desiccated tissue, dry 
seeds, frozen tissue and chemically-fixed tissue as apt for 
ploidy level determination. Concerning dried material, 
this agrees with the evidences of usefulness of such tis-
sues for ploidy level determination brought by Suda and 
Trávníček (2006). Indeed, Sliwinska et al. (2021) recom-

mend to avoid preserved (herbarium vouchers, silica gel-
dried tissue, frozen tissue) or fixed samples for a robust 
genome size assessment in plants. Bourge et al. (2018) 
state that measurements in dried samples could be less 
precise and even need correction factors. Conversely, 
Wang and Yang (2016) affirm that desiccated tissues 
that remain green (without brown or yellow marks), and 
stored at -80 °C for less than six months are suitable for 
genome size estimations with absolute values.

According to the present results, we can add lyoph-
ilisation, which is not included in any of previous men-
tioned studies, as another preservation method allow-
ing nuclear DNA content assessment in absolute units, 
and confirm the non-suitability of silica gel-desiccated 
and frozen materials for such precise estimations, 
although they can be appropriate for ploidy level deter-
mination.

Table 1. Descriptive statistics for the 2C values of the internal standards immediately after the treatment (t0) and after six months preserved 
(t6).

Triticum aestivum Petunia hybrida Pisum sativum Lycopersicon 
esculentum

2C (pg) 30.9 2.85 8.37 1.99
H2O content (%) 74.35 87.97 80.22 85.53

t0
Mean (x̄)±SD 30.914±0.671 2.882±0.028 8.321±0.164 2.092±0.076
Coefficient of variation (CV) 2.171 0.970 1.976 3.651
Confidence interval (CI) [30.080; 31.747] [2.847; 2.917] [8.117; 8.525] [1.997; 2.187]* Lyophilised

t6
Mean (x̄)±SD 31.537±0.596 2.903±0.073 8.050±0.149 1.963±0.050
Coefficient of variation (CV) 1.890 2.515 1.846 2.569
Confidence interval (CI) [30.797; 32.278] [2.812; 2.994] [7.866; 8.235]* [1.900; 2.026]

t0
Mean (x̄)±SD 31.841±0.523 3.144±0.024 7.979±0.171 2.037±0.031
Coefficient of variation (CV) 1.644 0.779 2.140 1.523
Confidence interval (CI) [31.191; 32.491]* [3.113; 3.174]* [7.767; 8.191]* [1.998; 2.075]* Silica gel-preserved

t6
Mean (x̄)±SD 32.004±0.206 2.587±0.164 8.044±0.112 1.404±0.131
Coefficient of variation (CV) 0.643 6.352 1.396 9.332
Confidence interval (CI) [31.749; 32.260]* [2.383; 2.791]* [7.905; 8.184]* [1.242; 1.567]*

t0
Mean (x̄)±SD 34.165±0.362 2.690±0.029 7.424±0.056 2.092±0.091
Coefficient of variation (CV) 1.059 1.088 0.752 4.353
Confidence interval (CI) [33.716; 34.615]* [2.653; 2.726]* [7.354; 7.493]* [1.979; 2.205] Frozen

t6
Mean (x̄)±SD missing 2.784±0.233 7.680±0.356 2.412±0.112
Coefficient of variation (CV) missing 8.360 4.634 4.645
Confidence interval (CI) missing [2.495; 3.074] [7.238; 8.122]* [2.273; 2.551]*

Table 2. p-values from the paired t-test. *Statistically significant dif-
ferences in 2C values between immediately after the treatment (t0) 
and after six months preserved (t6).

Triticum 
aestivum 

Petunia 
hybrida

Pisum 
sativum

Lycopersicon 
esculentum

Llyophilised p=0.222 p=0.558 p=0.070 p=0.023*
Silica gel preserved p=0.537 p=0.002* p=0.539 p=0.000*
Freezing - p=0.414 p=0.198 p=0.017*
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Concluding remarks

The optimal conservation method among the three 
evaluated is lyophilisation. At the initial time point, the 
values align closely with those of the fresh material, and 
even after six months, there are no noteworthy differenc-
es between both values. Lyophilisation emerges as a more 
convenient and cost-effective option for sample preserva-
tion, when compared to the commonly used cryogenic 
technique involving liquid nitrogen in situ (Čertner et al. 
2021), which is not always practical in field work.

Drying with silica gel stands as a generally acceptable 
conservation method. However, its effectiveness dimin-
ishes in tissues with higher water content, as evidenced 
by an increase in the coefficient of variation of results. 
This technique is better suited for determining ploidy 
levels than providing an absolute DNA content value.

On the other hand, ultrafreezing proves to be the 
least effective preservation method among the three 
tested. This inferiority is likely attributed to the freez-
ing process allowing ample time for structural water to 
degrade a portion of the DNA. 

In summary, lyophilisation stands out as the best 
choice, offering comparable values to fresh material at 
time 0 and maintaining consistency over a 6-month 
period. The current results allow to add lyophilisation 
to the other systems of preservation (apart from using 
fresh tissue, which is ideal whenever possible) proposed 
to date to estimate genome size, whereas freezing and 
silica gel-drying are confirmed to be useful to preserve 
plant materials for ploidy level establishment, but not for 
nuclear DNA content assessment in absolute units.

ACKNOWLEDGEMENTS

We thank Jaume Comas, Ricard Álvarez, Rosa-
rio González and Sonia Ruiz (Centres Científics i Tec-
nològics, Universitat de Barcelona) for the assistance giv-
en in flow cytometric measurements and Laboratory of 
Plant Physiology (Faculty of Pharmacy and Food Scienc-
es, University of Barcelona) for lyophilisation facilities. 
This research was supported by projects 2017SGR1116 
and 2021SGR00315 from the Generalitat de Catalunya.

REFERENCES 

Becher H, Powell RF, Brown MR, Metherell C, Pellicer J, 
Leitch IJ, Twyford AD. 2021. The nature of intraspe-
cific and interspecific genome size variation in taxo-
nomically complex eyebrights. Ann Bot. 128(5):639–
651. https://doi.org/10.1093/aob/mcab102

Bourge M, Brown SC, Siljak-Yakovlev S. 2018. Flow 
cytometry as tool in plant sciences, with empha-
sis on genome size and ploidy level assessment. 
Genet App. 2(2):1–12. https://doi.org/10.31383/
ga.vol2iss2pp1-12

Boutte J, Maillet L, Chaussepied T, Letort S, Aury J-M, 
Belser C, Boideau F, Brunet A, Coriton O, Deniot 
G, et al. 2020. Genome Size Variation and Compara-
tive Genomics Reveal Intraspecific Diversity in Bras-
sica rapa. Front Plant Sci. 11:577536. https://doi.
org/10.3389/fpls.2020.577536

Čertner M, Lučanová M, Sliwinska E, Kolář F, Loureiro 
J. 2021. Plant material selection, collection, pres-
ervation, and storage for nuclear DNA content 
estimation. Cytometry Part A. 1–12. https://doi.
org/10.1002/cyto.a.24482

Díez CM, Gaut BS, Meca E, Scheinvar E, Montes‐Her-
nandez S, Eguiarte LE, Tenaillon MI. 2013. Genome 
size variation in wild and cultivated maize along alti-
tudinal gradients. New Phytol. 199(1):264–276.

Doležel J, Binarová P, Lucretti S. 1989. Analysis of nucle-
ar DNA content in plant cells by flow cytometry. Biol 
Plantarum 31:113–120.

Doležel J, Bartoš J. 2005. Plant DNA Flow Cytometry 
and Estimation of Nuclear Genome Size. Ann Bot. 
95(1):99–110. https://doi.org/10.1093/aob/mci005

Hare EE, Johnston JS. 2011. Genome size determination 
using flow cytometry of propidium iodide-stained 
nuclei. Methods Mol Biol. 772:3–12. https://doi.
org/10.1007/978-1-61779-228-1_1

Jedrzejczyk I, Sliwinska E. 2010. Leaves and Seeds as 
Materials for Flow Cytometric Estimation of the 
Genome Size of 11 Rosaceae Woody Species Con-
taining DNA-Staining Inhibitors. J Bot. 930895. htt-
ps://doi.org/10.1155/2010/930895

Kolář F, Čertner M, Suda J, Schönswetter P, Husband 
BC. 2017. Mixed-ploidy species: progress and oppor-
tunities in polyploid research. Trends Plant Sci. 
22(12):1041–1055.

Lumivero. 2023. XLSTAT statistical and data analysis 
solution. New York, USA. https://www.xlstat.com/es.

Marie D, Brown SC. 1993. A Cytometric Exercise in 
Plant DNA Histograms, with 2C-Values for 70 Spe-
cies. Biol Cell. 78(1-2):41–51.

Pellicer J, Hidalgo O, Vallès J, Garnatje T. 2022. Sobre la 
necessitat d’estudiar trets genètics que influeixen en 
l’organització i l’estructura del genoma en projectes 
de seqüenciació de plantes. Treballs Soc Cat Biol. 
72:10–15. https://raco.cat/index.php/TreballsSCBio-
logia/article/view/409868

Sliwinska E, Loureiro J, Leitch IJ, Šmarda P, Bain-
ard J, Bureš P, Chumová, Z, Horová L, Koutecký 

https://doi.org/10.1093/aob/mcab102
https://doi.org/10.31383/ga.vol2iss2pp1-12
https://doi.org/10.31383/ga.vol2iss2pp1-12
https://doi.org/10.3389/fpls.2020.577536
https://doi.org/10.3389/fpls.2020.577536
https://doi.org/10.1002/cyto.a.24482
https://doi.org/10.1002/cyto.a.24482
https://doi.org/10.1093/aob/mci005
https://doi.org/10.1007/978-1-61779-228-1_1
https://doi.org/10.1007/978-1-61779-228-1_1
https://doi.org/10.1155/2010/930895
https://doi.org/10.1155/2010/930895
https://www.xlstat.com/es
https://raco.cat/index.php/TreballsSCBiologia/article/view/409868
https://raco.cat/index.php/TreballsSCBiologia/article/view/409868


58 Màrius Mumbrú et al.

P, Lučanová M, et al. 2021. Application‐based 
guidelines for best practices in plant flow cytom-
etry, Cytometry Part A. 101(9):749–781. https://doi.
org/10.1002/cyto.a.24499

Šmarda P, Bureš P. 2010. Understanding intraspecific var-
iation in genome size in plants. Preslia 82(1):41–61.

Suda J, Trávníček P. 2006. Reliable DNA Ploidy Deter-
mination in Dehydrated Tissues of Vascular Plants 
by DAPI Flow Cytometry—New Prospects for Plant 
Research. Cytometry Part A. 69A: 273–280. https://
doi.org/10.1002/cyto.a.20253

Suda J, Leitch IJ. 2010. The quest for suitable reference 
standards in genome size research. Cytometry Part 
A. 77: 717–720. https://doi.org/10.1002/cyto.a.20907.

Swift H. 1950. The constancy of desoxyribose nucleic acid 
in plant nuclei. Proc Nat Acad Sci USA 36:643–654.

Tang SK, Lee PH, Liou WT, Lin CH, Huang YM, Kuo 
LY. 2023. Fern Spores-“Ready-to-Use” Standards for 
Plant Genome Size Estimation Using a Flow Cyto-
metric Approach. Pl ants 12(1):140. https://doi.
org/10.3390/plants12010140

Temsch EM, Koutecký P, Urfus T, Šmarda P, Doležel 
J. 2022. Reference standards for flow cytomet-
ric estimation of absolute nuclear DNA content in 
plants. Cytometry Part A. 101:710–724. https://doi.
org/10.1002/cyto.a.24495

Wakamiya I, Newton RJ, Johnston JS, Price HJ. 1993. 
Genome size and environmental factors in the 
genus Pinus. Amer J Bot 80:12351241. https://doi.
org/10.1002/j.1537-2197.1993.tb15360.x

Wang G, Yang Y. 2016. The effects of fresh and rapid 
desiccated tissue on estimates of Ophiopogon-
eae genome size. Plant Div. 38:190–193. https://doi.
org/10.1016/j.pld.2016.08.001

Wang D, Zheng Z, Li Y et al. 2021. Which factors con-
tribute most to genome size variation within angio-
sperms? Ecol Evol. 11:2660–2668. https://doi.
org/10.1002/ece3.7222

https://doi.org/10.1002/cyto.a.24499
https://doi.org/10.1002/cyto.a.24499
https://doi.org/10.1002/cyto.a.20253
https://doi.org/10.1002/cyto.a.20253
https://doi.org/10.1002/cyto.a.20907
https://doi.org/10.3390/plants12010140
https://doi.org/10.3390/plants12010140
https://doi.org/10.1002/cyto.a.24495
https://doi.org/10.1002/cyto.a.24495
https://doi.org/10.1002/j.1537-2197.1993.tb15360.x
https://doi.org/10.1002/j.1537-2197.1993.tb15360.x
https://doi.org/10.1016/j.pld.2016.08.001
https://doi.org/10.1016/j.pld.2016.08.001
https://doi.org/10.1002/ece3.7222
https://doi.org/10.1002/ece3.7222


Caryologia. International Journal of Cytology, Cytosystematics and Cytogenetics 78(1): 59-66, 2025

Firenze University Press 
https://riviste.fupress.net/index.php/caryologiaCaryologia

International Journal of Cytology,  
Cytosystematics and Cytogenetics

ISSN 0008-7114 (print) | ISSN 2165-5391 (online) | DOI: 10.36253/caryologia-3030 

Citation: Rocha, R. B., Benzaquem, 
D. C., Passos, P. S., Silva, E. K. C., 
Carvalho, N. D. M., Neves, D. B. 
S., Silva, P. R. L., & Fantin, C. (2025). 
Cytogenetic diagnosis of patients with 
suspected premature ovarian failure in 
Manaus, Brazil. Caryologia 78(1): 59-66. 
doi: 10.36253/caryologia-3030 

Received: September 20, 2024

Accepted: June 21, 2025

Published: October 1, 2025

© 2025 Author(s). This is an open 
access, peer-reviewed article pub-
lished by Firenze University Press 
(https://www.fupress.com) and distrib-
uted, except where otherwise noted, 
under the terms of the CC BY 4.0 
License for content and CC0 1.0 Uni-
versal for metadata.

Data Availability Statement: All rel-
evant data are within the paper and its 
Supporting Information files.

Competing Interests: The Author(s) 
declare(s) no conflict of interest.

Cytogenetic diagnosis of patients with 
suspected premature ovarian failure in Manaus, 
Brazil

Ruan Barboza Rocha1, Denise Corrêa Benzaquem1, Paloma de Sousa 
Passos1, Evellyn Karine Cruz da Silva1, Natália Dayane Moura Car-
valho2, Daria Barroso Serrão das Neves3, Paula Rita Leite da Silva3, 
Cleiton Fantin1,*

1 Laboratório de Citogenética Humana, Universidade do Estado do Amazonas, Manaus, 
Brasil
2 Instituto de Saúde e Biotecnologia, Universidade Federal do Amazonas, Coari, Brasil
3 Departamento de Ginecologia, Universidade do Estado do Amazonas, Manaus, Brasil
*Corresponding author. Email: cfantin@uea.edu.br

Abstract. Premature ovarian failure (POF) is a clinical syndrome that is characterized 
by loss of ovarian function in women of childbearing age and generally occurs before 
the age of 40. Genetic causes account for about 20 to 25% of cases of POF. However, 
in many cases, the origin of the condition remains idiopathic. The objective of this 
study was to perform cytogenetic research in a group of patients affected by POF in 
order to identify the type and frequency of chromosomal alterations. Fifteen patients 
were referred to the Human Cytogenetics Laboratory of the Amazonas State Univer-
sity (UEA) by gynecology specialists from two public health institutions in Manaus, 
Amazonas, Brazil, for chromosomal analysis. The analysis was performed via periph-
eral blood lymphocyte culture using the GTG banding method. The karyotypes were 
assembled with the help of the GeneAll-HD® software and the results were interpreted 
according to the ISCN 2016 standards. Of the fifteen patients analyzed, nine (60%) 
had no chromosomal abnormalities, while six (40%) exhibited chromosomal abnor-
malities. Of the alterations identified, three patients (20%) presented numerical alter-
ations of the X chromosome with mosaicism, two patients (13%) showed autosomal 
numerical alterations involving chromosomes 15 and 21, both with mosaicism, and 
one patient (7%) exhibited a structural alteration in the form of terminal deletion of 
the long arm of the X chromosome. The results obtained in this study have the poten-
tial to improve the accuracy of the diagnosis, assist in medical decisions, provide ade-
quate prognoses and facilitate reproductive management through genetic counseling.

Keywords:	 Premature Ovarian Failure, G-band karyotype, chromosomal alterations, 
X chromosome, medical diagnosis.

INTRODUCTION 

Premature ovarian failure (POF) is a clinical syndrome that is defined by 
the loss of ovarian function in women of childbearing age, generally before 
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the age of 40. The main symptoms of POF are menstrual 
disorders such as amenorrhea or oligomenorrhea, as well 
as having high levels of gonadotropins and low levels of 
estradiol. These symptoms result in hypoestrogenic and 
hypergonadotropic clinical pictures (Goswami and Con-
way 2005; Eshre 2016; Chon 2021). The first reports of 
this syndrome were made in 1942 by Fuller Albright, 
who named the condition “primary ovarian failure” 
(Albright 1942).

The overall incidence of POF is estimated to be 
approximately 1% in women aged under 40 and 0.1% in 
women under 30 (Rahman and Panay 2021). In the mid 
and long term, this condition can cause an increase in 
cardiovascular diseases, a decrease in bone mineral den-
sity with a risk of osteoporosis, and a progressive decline 
in fertility with neurological effects, resulting in a gener-
al reduction in the woman’s life expectancy (Podfigurna-
Stopa et al. 2016; Wesevich 2020). 

The etiology of POF is highly heterogeneous and 
causes can be genetic, autoimmune, metabolic, infec-
tious and iatrogenic (Jiao et al. 2012; Qin 2015). Genetic 
causes account for approximately 20 to 25% of patients 
with POF (Ayed et al. 2014; Qin 2015; Luo et al. 2023). 
The most common genetic cause of POF is alterations 
involving the X chromosome. These changes can be of 
the numerical type, such as monosomy X, trisomy X, 
mosaicism X, or structural changes, such as deletions X, 
X-autosome translocations and isochromosomes (Hol-
land 2001; Baronchelli et al. 2011). 

In the diagnosis of POF, a complete gynecologi-
cal evaluation is carried out with physical, biochemical 
and imaging examinations, which mainly include the 
measurement of high gonadotropin levels and low estra-
diol levels in patients under the age of 40 years who have 
symptoms of oligomenorrhea or amenorrhea lasting at 
least 4 months. The specialist can ascertain this condi-
tion when examining women with menstrual disorders. 
In cases of secondary amenorrhea, it is necessary to 
exclude pregnancy by examining serum levels of beta-
hCG. After confirming the diagnosis of POF through 
physical and biochemical examinations, due to its heter-
ogeneity, it becomes necessary to request complementary 
examinations, such as cytogenetic analyses including 
karyotyping, in order to determine the etiology (Eshre 
2016; Jankowska 2017).

Cytogenetic and molecular investigations of these 
alterations have allowed us to identify two critical 
regions in the long arm of the X chromosome, in Xq13-
q21 and Xq26-27 (Powell et al. 1994; Sala et al. 1997). 
Although chromosomal alterations primarily involve 
the X chromosome, an increasing number of alterations 
involving autosomal chromosomes have been reported 

in the literature (Goswami and Conway 2005). Chro-
mosomal abnormalities have long been recognized as a 
frequent cause of POF, with widely varying percentages 
reported in the literature in both primary and secondary 
amenorrhea, thus suggesting the need for cytogenetic 
analyses (Lakhal et al. 2010; Ceylaner et al. 2010; Kalan-
tari et al. 2013; Ayed et al 2014). Nonetheless, in most 
cases, the etiopathogenesis of this condition still remains 
idiopathic (Rudnicka et al. 2018).

Given the strong impact of the disease on the qual-
ity of life of these women, it is important to highlight the 
value of cytogenetic investigations, including karyotyp-
ing, which can be requested for women affected by POF, 
in order to detect the presence of chromosomal altera-
tions that may be associated with this condition (Di-Bat-
tista 2020). In Brazil, most studies involving the cytoge-
netic diagnosis in women affected with POF are concen-
trated in the southern and southeastern regions of the 
country and cytogenetic investigations related to POF in 
the state of Amazonas have not yet been carried out. 

Therefore, the purpose of this study was to conduct 
cytogenetic analyses in patients affected by this condi-
tion. The results obtained have the potential to offer 
crucial information to the medical and scientific com-
munity of the northern region of Brazil. These findings 
not only fill a gap in current knowledge, but also have 
the potential to drive the development of more effective 
prevention and treatment strategies for POF.

MATERIALS AND METHODS

Patients 

A prospective study was conducted in patients with 
suspected premature ovarian failure who were seen at two 
public health institutions in Manaus, Amazonas, Brazil: 
the department of Climacteric, Gynecology and Mastol-
ogy in the Araújo Lima outpatient clinic at the Getúlio 
Vargas University Hospital (HUGV), and the department 
of Gynecology and Obstetrics at the Codajás Polyclinic.

The inclusion criteria for the study were as follows: 
patients treated by the Unified Health System (SUS) in 
Manaus, Amazonas, and affected by POF according to 
the guidelines of the European Society of Human Repro-
duction and Embryology ESHRE (Eshre 2016). Criteria 
for diagnosis of POF included: (I) primary or secondary 
oligo/amenorrhea for at least four consecutive months 
before the age of 40. (II) high levels of FSH >25 IU/mL 
and low levels of estradiol <20 pg/mL in the blood, (III) 
in two dosages more than 4 weeks apart. Patients with 
conditions known to induce POF, such as chemotherapy 
or radiotherapy and ovarian surgery, were excluded.
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The study was approved by the Ethics Commit-
tee of the Universidade do Estado do Amazonas (UEA), 
under CAAE number 95704617.0.0000.5016. The par-
ticipation of the patients was voluntary and an informed 
consent form was signed by all the participants. A total 
of 15 patients were referred to the Human Cytogenetics 
Laboratory of the Universidade do Estado do Amazonas, 
where 5 mL of peripheral blood was collected by veni-
puncture with a disposable sterile syringe for subsequent 
culture of lymphocytes. 

Cytogenetic analysis 

The karyotype analysis was performed using periph-
eral blood lymphocyte cultures following the methodol-
ogy described by Moorhead et al. (1960), with modifi-
cations. The GTG-banding technique was performed 
according to Seabright (1973), with modifications. The 
resolution obtained was 400-500 bands per genome. The 
karyotype was determined using an optical microscope 
(Coleman® Trinocular N126T-Infinito Plano Led), with 
30 metaphases per patient being analyzed and, in cases 
of suspected mosaicism, this number was increased to 50 
metaphases. The metaphases were photographed using 
ScopeImage software (version 9.0) and karyotyped using 
GeneAll-HD software. The results obtained from the 
GTG-banding were interpreted according to the norms 
present in the International System for Human Cytoge-
netic Nomenclature ISCN (McGowan-Jordan 2016).

Statistical analysis 

Statistical analyses were performed based on data 
obtained from patient records, which were compiled and 
analyzed using Microsoft Excel® software. The relative 
frequency of the following parameters were obtained: 
distribution of the results of the normal and altered kar-
yotypes involved (autosomal or sexual); and were rela-
tive to the frequency of chromosomal analyses in POF 
patients.

RESULTS 

Between April 2022 and February 2023, chromo-
somal analyses were conducted at the Laboratory of 
Human Cytogenetics (UEA) in 15 patients suspected of 
premature ovarian failure (POF). The results revealed 
that nine of these patients (60%) presented a normal 
karyotype 46,XX, without any numerical or structur-
al chromosomal alterations, representing the majority 
of the cases analyzed. However, in six patients (40%), 
numerical or structural chromosomal alterations involv-
ing autosomal chromosomes and the X chromosome 
were identified (Table 1).

The prevalence of chromosomal alterations found 
in patients with POF was as follows: 20% of the patients 
presented numerical alterations of the monosomy type 
of the X chromosome with mosaicism, while 13% dem-
onstrated numerical alterations in autosomal chromo-
somes, including pairs 15 and 21, both with mosaicism 
(Figure 1). In addition, 7% of patients exhibited a struc-
tural alteration characterized by a terminal deletion in 
the long arm of the X chromosome (Figure 2). 

DISCUSSION 

According to Chen et al. (2023), the cytogenetic analy-
sis of blood lymphocytes, using the karyotype, is an impor-
tant tool in the detection of chromosomal alterations, both 
numerical and structural, and plays a crucial role in under-
standing the underlying genetic causes of POF. 

This work is the first cytogenetic study using periph-
eral blood of a population of women affected by POF in 
the northern region of Brazil, since most studies involv-
ing cytogenetic diagnosis in women with POF are per-
formed in the southern and southeastern regions of the 
country. In our study, six patients with POF were iden-
tified as having numerical or structural chromosomal 
alterations involving both autosomal chromosomes and 
the X chromosome, with these alterations representing 
40% of the total number of cases. 

Table 1. Chromosomal abnormalities found in patients with POF.

Nº Age Alterations Chromosome Karyotype

001 19 Numerical-Monosomy-Mosaic Sexual 45,X[4]/46,XX[46]
002 36 Numerical-Monosomy-Mosaic Sexual 45,X[3]/46,XX[47]
003 37 Numerical-Monosomy-Mosaic Sexual 45,X[4]/46,XX[46]
004 34 Numerical-Monosomy-Mosaic Autosomal 45,XX,-15[6]/46,XX[44]
005 34 Numerical-Monosomy-Mosaic Autosomal 45,XX,-21[5]/46,XX[45]
006 22 Structural-Deletion-Non-mosaic Sexual 46,X,del(X)(q22-24;qter)
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One study conducted in patients affected by POF 
who were submitted to karyotype examinations in a 
public community genetics service in the state of Rio 
Grande do Sul, Brazil, demonstrated that 41 (29%) of 
the 141 confirmed cases presented numerical and struc-
tural alterations related to the X chromosome (Rosa et 
al. 2008). In another retrospective study involving 43 
women affected by POF, conducted in public genetic ser-
vices of the southern region of the country, Besson et al. 
(2023) identified, mainly in the X chromosome, numeri-
cal and structural chromosomal alterations in 14 (32.6%) 
of the participating women.

Our results also resemble those of a Turkish cytoge-
netic study involving women affected by POF, which 
identified a prevalence of chromosomal alterations in 
39 (52%) of the 75 participating patients (Ceylaner et al. 
2010). On the other hand, in another Turkish cytoge-
netic study, a lower prevalence of numerical and struc-
tural chromosomal alterations involving both autosomal 

chromosomes and the X chromosome was identified in 
44 (25%) of the 175 cases analyzed in women with POF 
(Geckinli et al. 2014). In an Egyptian cytogenetic study 
involving 30 women with POF, it was observed that sev-
en cases (23.3%) had chromosomal alterations, including 
numerical and structural alterations in the X chromo-
some (Issa and Elhady 2022).

In a Chinese cytogenetic study, chromosomal altera-
tions were present in 64 (12.1%) of the 531 cases of POF 
analyzed (Jiao et al. 2012). In addition, a study involving 
Tunisian women with POF showed that 10.8% (108) of 
the 1,000 patients submitted to karyotype analysis had 
chromosomal alterations, mainly numerical ones of the 
X chromosome (Lakhal et al. 2010). Significant differenc-
es in the percentage of chromosomal alterations identi-
fied in various studies involving POF may be associated 
with ethnicity (Luborsky 2003). Luborsky et al. (2003) 
conducted a multi-ethnic epidemiological study and 
identified variations in the occurrence of POF, with the 
largest differences observed in Caucasian, African Amer-
ican and Hispanic women. Thus, the prevalence of POF 
may present ethnical differences, as well as regional ones 
due to lifestyle and environmental factors, which still 
need to be more fully investigated (Ishizuka 2021).

In our study, we identified that the highest preva-
lence of chromosomal abnormalities was of X chromo-
some monosomy, with a low frequency of mosaicism in 
three patients, representing 20% of the cases analyzed. 
The result obtained here is in line with what was found 
in a study that investigated women with POF and identi-
fied a 21.9% prevalence of chromosomal alterations with 
the presence of low frequency mosaicism of the X chro-
mosome in the cases analyzed (Gersak and Veble 2011). 

The most common chromosomal alteration in a 
cytogenetic study involving 179 Iranian women was 
X-chromosome mosaicism, which was present in 27.77% 
of cases (Kalantari 2013). It is said in the literature that 
karyotypes 45,X, with or without mosaicism, in numeri-
cal alterations of the X chromosome, can manifest them-
selves clinically with symptoms of primary or secondary 
amenorrhea (Turkyilmaz 2022). X-chromosome mosai-
cism is usually associated with sexual development and 
abnormal reproductive performance in women, resulting 
in infertility, recurrent miscarriages and cases of POF 
(Gersak and Veble 2011).

The results confirm previous observations and 
emphasize the critical role of alterations involving the 
X chromosome, with low frequency mosaicism, as one 
of the possible etiologies of POF (Ceylaner et al. 2010). 
Two intact X chromosomes are essential for the main-
tenance of ovarian function, since many genes that are 
likely involved in ovarian function escape X inactivation 

Figure 1. Frequency of the results from the karyotypic analyses in 
POF patients.

Figure 2. Karyotype with deletion on the long arm of the X chro-
mosome, 46,X,del(X)(q22-24;qter).
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and are necessary for normal ovarian function, devel-
opment, and maintenance (Davison 1999; Zinn 2001). 
In addition, low-frequency mosaicism involving the X 
chromosome can influence the survival rate and acceler-
ate the aging of ovarian cells through different mecha-
nisms, including a decrease in the number of germ cells 
or acceleration of their postnatal destruction and early 
oocyte atresia (Neves et al. 2020; Issa and Elhady 2022). 

Other numerical alterations of the monosomy type, 
involving autosomal chromosomes 15 and 21, were 
observed in our study. The alterations were found in 
two nulliparous patients (34-year-old monozygotic twin 
sisters), representing 13% of the cases. In both cases, a 
low-frequency mosaicism was observed. The literature 
describes that POF is related to familial occurrence in 
about 12% to 15% of cases (Van Kasteren et al. 1999; 
Ferrarini et al. 2013; Franić et al. 2016; Rudnicka et 
al. 2018). To date, in the literature, there have been no 
reports of patients with POF who presented the absence 
of autosomal chromosomes 15 or 21 in their karyotypes. 

However, Hosseini et al. (2011), reported a case of 
a 27-year-old Iranian woman affected by POF who pre-
sented a balanced translocation between autosomal 
chromosomes 15 and 21. The literature describes the 
occurrence of partial deletion of 21q in a case of a wom-
an affected by POF (Zeng 2019). Another case of POF 
was reported in a 36-year-old woman, in which cytoge-
netic analyses revealed the presence of a supernumerary 
marker, which was characterized by fluorescent in situ 
hybridization (FISH) and comparative genomic hybridi-
zation (array CGH). The marker was derived from chro-
mosome 15 and contained only heterochromatic mate-
rial (Bertini 2012). Another study identified a patient 
with POF who had an autosomal mosaicism involving 
trisomy 21 (Baronchelli et al. 2011).

Other autosomal chromosome-related changes have 
been identified in patients with POF; in a study conduct-
ed by Issa et al. (2022), reciprocal translocations between 
the X chromosome and chromosome 9 were found. In 
another study, conducted by Jiao et al. (2012), a Robert-
sonian translocation between chromosomes 13 and 14 
was identified in women affected by POF.

Regarding the structural alterations identified in the 
present study, we found one patient (7%) who presented 
a terminal deletion in the long arm of an X chromo-
some in all the metaphases examined. Similar findings 
were observed in a cytogenetic study in women affected 
by POF in Egypt, which identified a terminal deletion 
in the long arm on one of the X chromosomes, in the 
absence of mosaicism in all the metaphases analyzed 
(Issa and Elhady 2022). The complete or partial absence 
of an X chromosome, as seen in Turner syndrome, leads 

to ovarian dysgenesis characterized by primary amenor-
rhea and phenotypic features such as short stature (Gos-
wami and Conway 2005; Portnoi et al. 2006). However, 
terminal deletions of the chromosome Xq are among 
the most common cytogenetic alterations. Two critical 
regions associated with POF have been defined in pre-
vious studies on X chromosome rearrangements: Xq13-
Xq21 and Xq23-Xq27; these regions have been charac-
terized for ovarian development and function (Persani 
2009; Beke et al. 2013; Barros 2020; Besson et al. 2023).

Previous studies have shown that deletion of both 
the short arm and the long arm of the X chromosome 
can result in primary or secondary amenorrhea (Sybert 
and McCauley 2004). These observations suggest that 
genes that are important for normal ovarian function are 
located on both arms of the X chromosome (Cordts 2010). 
The high frequency of chromosomal alterations found 
in the present study emphasizes the importance of rou-
tine cytogenetic (karyotyping) tests in the investigation of 
patients affected with POF, for diagnostic definition and 
adequate genetic counseling for patients and their families.

However, even in the face of normal karyotyping 
results, the possibility of genetic alterations cannot be 
ruled out, since possible mutations in different genes can 
cause POF. The most common single-gene cause that 
results in this condition is pre-mutation of the FMR1 
gene, located on the long arm of the X chromosome. 
This mutation is based on increased expansion of CGG 
trinucleotide repeats from 55 to 199 in the untranslated 
region. Patients with this pre-mutation have an increased 
risk of developing POF (Jin 2012; Rudnicka et al. 2018).

Therefore, a more detailed investigation is necessary 
for these patients and should involve tests using molecu-
lar techniques for diagnostic confirmation.

CONCLUSION 

POF continues to be a serious medical problem and 
significantly affects the patient’s life. In most cases, its 
etiopathology remains unexplained. The relationship 
between chromosomal alterations and some cases of 
POF is clearly demonstrated in the present study. The 
cytogenetic findings highlight the importance of chro-
mosomal analysis via conventional cytogenetics in the 
investigation of this condition. In most cases, it was pos-
sible to identify both numerical (20%) and structural 
(7%) chromosomal alterations, mainly involving the X 
chromosome, including low frequency mosaicism, which 
is directly associated with this condition. 

In addition, it was possible to detect numerical 
alterations of the monosomy type involving autosomal 
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chromosomes (13%) referring to pairs 15 and 21. This 
information is fundamental in clinical practice for the 
correct diagnosis, adequate prognosis and reproductive 
management through genetic counseling. Such results 
aim to contribute to medical decision-making during its 
diagnosis and help direct a multidisciplinary therapeutic 
approach by specialists. 

Early diagnosis of POF is extremely important for 
maintaining the physical and mental health of these 
patients, as it can provide etiological explanation, help 
in the prevention of bone and cardiovascular health, 
and guide fertility options. Thus, the diagnosis repre-
sents a fundamental milestone in promoting the qual-
ity of life of these patients. These findings are essential 
to the understanding of POF and may have significant 
implications in the diagnosis and management of this 
condition.
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Abstract. The Lomariopsidoid deer tongue fern genus Elaphoglossum, with about 600 
epilithic species, is with either monomorphic or partially dimorphic simple fronds 
having acrostichoid sori. Due to the rare occurrence of fertile fronds, chromosome 
number reports are rarely available with the presence of maximum number of diploid 
species with n=41. Out of seven species of Elaphoglossum from India, five species are 
present on the Western Ghats of South India itself with three South Indian endemic 
species. The present study shows that the globally threatened endemic fern Elaphoglos-
sum nilgiricum Krajina ex Sledge from the type locality Nilgiris, India is a tetraploid 
sexual with 2n=164 chromosomes. This is the first chromosome count for this globally 
threatened South Indian endemic fern E. nilgiricum Krajina ex Sledge.

Key words:	Pteridophyte, Elaphoglossum, cytology.

INTRODUCTION

Pteridophytes, the primitive vascular plants, are the dominant group 
of terrestrial plants on the earth next to flowering plants. India, with 
varied habitats and climate, is with about 1200 species of pteridophytes 
(Fraser-Jenkins et al. 2017, 2018, 2021). The Lomariopsidoid deer tongue 
fern genus Elaphoglossum, with about 600 epilithic species, is with either 
monomorphic or partially dimorphic simple fronds having acrostichoid 
sori. There are only seven species of Elaphoglossum (Elaphoglossum angu-
latum (Blume) T. Moore, E. beddomei Sledge, E. commutatum (Mett. ex 
Kuhn) Alderw., E. marginatum T. Moore, E. nilgiricum Krajina ex Sledge, 
E. stelligerum (Wall. ex Baker) T. Moore ex Salom and E. stigmatolepis 
(Fee) T. Moore) in India (Fraser-Jenkins et al. 2021). Maximum number 
(six) of Elaphoglossum species are present in South India, where three 
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species {E. beddomei Sledge, E. nilgiricum Krajina ex 
Sledge, E. stigmatolepis (Fee) T. Moore} are endemic. 
All the above three South Indian endemic Elaphoglos-
sum species are present in Nilgiris, Tamilnadu (India) 
itself (Manickam and Irudayaraj 2003). From India, 
chromosome number reports are available under four 
names of Elaphoglossum (E. beddomei Sledge – n=82 
(4x), E. conforme Sw. n=41 (2x), n=82 (4x), E. laurifo-
lium (Thours) Moore n =82 (4x), E. stelligerum (Wall. 
ex Bak.) Moore ex Alston & Bonner – n=82 (4x), n=164 
(8x) (Bir and Verma 2010). Out of three South Indian 
endemic species of Elaphoglossum, only one species (E. 
beddomei Sledge n=82, 4x Irudayaraj and Manickam 
1991) is cytologically known. The globally threatened 
endemic species E. nilgiricum Krajina ex Sledge is 
cytologically unknown. Next to morphology, cytology 
plays an important role in plant taxonomy as recently 
proved in Sonchus species from Punjab (Sidhu & Singh 
2021). Usually diploid ferns are rare when compared to 
polyploid ferns (Benniamin et al. 2008) and thus, for 
conservation program cytological knowledge is also 
important. In the present study cytological study has 
been made on this endemic fern in order to know the 
chromosome number and ploidy level.

MATERIALS AND METHODS 

For general ecological and taxonomical studies, her-
barium specimens housed in St. Xavier’s College Her-
barium (XCH) Palayamkottai, India were observed. For 
cytological study materials were collected from the shola 
forest in Naduvattom, Nilgiris, India. The leaf tips from 
young 1-2cm length leaves were directly fixed in the fixa-
tive (Mixture of Ethyl Alcohol: Chloroform: Acetic Acid 
in 6:3:1 ratio) without any pretreatment. For the obser-
vation of mitotic chromosomes, simple acetocarmine 
squash technique was followed. Specimens were identi-
fied based on the book ‘Pteridophyte Flora of the Western 
Ghats, South India’ by Manickam and Irudayaraj (1992) 
and confirmed with Dr. V. Irudayaraj. 

RESULTS AND DISCUSSION

The globally threatened South Indian endemic deer 
tongue fern Elaphoglossum nilgiricum Krajina ex Sledge 
is restricted in distribution (Kerala, Tamilnadu - India) 
on the Globe. The observation on herbarium specimens 
preserved in St. Xavier’s College Herbarium, Palayam-
kottai, India, shows the presence of only nine gather-

Table 1. Distribution and ecology of globally threatened deer tongue fern Elaphoglossum nilgiricum Krajina ex Sledge based on St. Xavier’s 
College Herbarium (XCH-Palayamkottai) specimens. 

S. No. Voucher 
Number

Date of 
collection Altitude Collectors Locality Habitat ecology

1 RHT 33400 25.08.85 950M VSM & KMM Kerala, Pathanamthitta, Peermedu, 
Vandiperiyar Hills, Kakki dam.

Terrestrial; roadside; fully shaded. 
Fronds covered by imbricate shining 
scales; first record.

2 RHT 33678 03.09.85 1000M VSM & KMM Kerala, Pathanamthitta, Muzhiar-Kakki 
Hills, Muzhiar-Kakki road. Moist mud slopes along the road.

3 XCH 284 13.10.91 2300M VSM tamilnadu, nilgiris, pykara stream. Occasional epiphyte on partially 
exposed roadside.

4 XCH 588 28.10.91 2300M VSM Tamilnadu, Nilgiri, shola short cut 
from the T.R. Bazaar to Naduvattum.

Epiphyte, abundant on trees on the 
shola interior; sori are rare in frond.

5 XCH 1917 05.05.92 1700M VSM Tamilnadu Coimbatore, Valparai, 
Akkamalai forest.

Epiphyte in the interior of shola. Rare. 
Sterile. First record for the Anamalais.

6 XCH 2139 22.05.92 1700M VSM Tamilnadu, Coimbatore, Valparai, 
Akkamalai to grass Hill, path forest.

Epiphyte on stream banks in the 
evergreen forest. Rare. Sterile.

7 XCH 3180 04.05.93 850M VSM Kerala, Palghat, Silent valley forest. Rare, on fully shaded in vallicolic open 
forest. Sterile. Lithophyte.

8 XCH 3447 27.05.93 1800M VSM Tamilnadu, Coimbatore, Valparai, 
Akkamalai forest stream.

Epiphyte, on fully shaded the 
evergreen forest; rare, sterile. Collected 
previously form the same stream.

9 XCH 3455 27.05.93 1800M VSM Tamilnadu, Coimbatore, Valparai, 
Akkamalai forest.

Epiphyte, on fully shaded in stream, 
the stream banks in evergreen shola; 
occasional, sterile.

XCH = St. Xavier’s College Herbarium, Palayamkottai; VSM = V.S.Manickam; KMM=K.M.Matthew.
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ings (Table 1) from South India (Six from Tamilnadu-
Akkamalai Forest, Valparai, Naduvattom Forest, Nil-
giris; three from Kerala-Around Kakki Hills and Silent 
Valley). Out of nine gatherings, six are epiphytes two are 
terrestrials and one is lithophyte. The present gathering 
from Naduvattom forest, Nilgiris (Fig. 1A,B) is also an 
epiphyte on large moist tree trunk along with another 
fern Hymenophyllum gardneri Bosch. Thus the endem-
ic fern E. nilgiricum Krajina ex Sledge is restricted to 
southern Western Ghats (Kerala, Tamilnadu), India. 

Elaphoglossum nilgiricum Krajina ex Sledge is a 
small epilithic or terrestrial fern with short creeping 
rhizome bearing simple fronds of about 15-25 cm. The 
distinguishing feature of this deer tongue fern is the 
absence of cartilaginous border of the lamina and the 
presence of shining, imbricate scales densely on the 
whole fronds (Fig. 1C-G). Fertile fronds are very rare 
and they are with slightly longer stipe. Sori on fertile 
fronds are acrostichoid. 

The cytological study on the gathering from Nadu-
vattom, Nilgiris shows the presence of ca. 164 chromo-
somes in the cells of leaf tip (Fig. 1H,I). Since the fertile 
fronds are very rare, meiotic chromosome count could 
not be made. This endemic fern E. nilgiricum Krajina 
ex Sledge is a tetraploid sexual (2n=ca.164) species like 
another South Indian common endemic fern E. bed-
domei Sledge (n=82) (Irudayaraj and Manickam 1991). 
Since, this fern is globally threatened one, before its 
extinction, it is important to know the chromosome 
number and ploidy level of this fern. The chromosome 
number of another endemic fern E. stigmatolepis (Fee) T. 
Moore is still unknown. It is important to find out the 
reason for the rare occurrence of the tetraploid endem-
ic fern E. nilgiricum Krajina ex Sledge and the common 
occurrence of the tetraploid endemic fern E. beddomei 
Sledge in South India. Usually diploid epilithic ferns like 
Grammitidaceious species with erect rhizome and chlo-
rophyllous spores are rare in contrast to terrestrial poly-
ploid species with achlorophyllous spores (Benniamin et 
al. 2008). The above two deer tongue epilithic ferns are 
polyploid with short creeping rhizome and achlorophyl-
lous spores (Manickam and Irudayaraj 1992). The size 
of the spores in the above tetraploid species are more or 
less similar without much of difference. i.e 45 x 30 µm in 
E. nilgiricum Krajina ex Sledge and 50 x 35 µm in E. bed-
domei Sledge (Manickam and Irudayaraj 1992). 

The tetraploid E. beddomei is very common on 
southernmost part of the Western Ghats, Tirunelveli 
Hills in contrast to E. nilgiricum which is rarely distrib-
uted towards the northern part of the Southern Western 
Ghats (Anamalais, Nilgiris, Silent Valley) (Manickam and 
Irudayaraj 1992, 2003). Thus, although these two species 

are tetraploids with achlorophyllous spores, they require 
specific ecological niches with specific atmospheric tem-
perature and moisture. Thus, the species E. beddomei 
with the requirement of more maritime moisture and less 
land moisture, is commonly present on Tirunelveli Hills, 
the extreme tip of the Western Ghats in the extreme 
southern part of Peninsular India with the sea surface 
on three sides (East, West and South). In contrast, E. nil-
giricum Krajina ex Sledge occurs in northern part of the 
southern Western Ghats (Anamalais, Kakki Hills, Silent 
Valley) with more or less equal proportion of maritime 
and land moisture. Thus, each and every fern will require 
optimum temperature which is controlled by the propor-
tion of maritime and land moisture depends upon the 
topography of the locality (Ramesh et al. 2020). In the 
meantime fronds of E. beddomei Sledge is sparsely cov-
ered by minute scales in contrast to densely scaly fronds 
of E. nilgiricum with the indication of high degree of 
drought tolerance in the later species (Manickam and 
Irudayaraj 1992). From the present study, it is clear that 
apart from morphology and cytology, ecology of spe-
cific niche plays an important role for the survival of the 
above two endemic deer tongue ferns. Both in situ and ex 
situ conservation measures should be adapted to conserve 
this globally threatened deer tongue fern Elaphoglossum 
nilgiricum Krajina ex Sledge.
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Figure 1. Elaphoglossum nilgiricum Krajina ex Sledge 1, 2. Epiphyte on a tree in a Shola forest in Naduvattom, Nilgiris, 3. Habit, 4. Simple 
frond clothed by soft scales, 5. Herbarium specimen (XCH 0588) from Nilgiris showing short creeping rhizome bearing simple fronds, 6. 
Illustration showing habit, scales from rhizome and frond, 7. Apical portion of scale from frond, 8, 9 - Mitotic chromosomes from leaf tip 
cells (2n = ca. 164).
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