
34

well as autophagy with distinct roles in protein degra-
dation and ER stress. Pitpnb is crucial for double cone 
cell maintenance in the zebra	sh 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 unde	ned functions (e.g. DAT39_002905, 

Figure 3. Synteny visualization of 34 genes present on 12 sca�olds of magur genome with channel cat	sh and zebra	sh. SF represents scaf-
fold of magur, IP represents channel cat	sh and ZF is zebra	sh on which the gene are present.
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YPEL1). Overall, this classi	cation illustrates the com-
plexity of biological systems by o�ering 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 identi	ed 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 signi	cance. (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 zebra	sh, channel cat	sh, and magur genome scaf-
folds. Wash4 gene of zebra	sh did not cluster either with 
channel cat�sh or magur. Similarly, Aash2I gene of chan-
nel cat	sh did not cluster either with magur or zebra�sh. 

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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DISCUSSION 

Several studies have been reported where BAC end 
sequences were utilized for genomic studies in di�er-
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 zebra�sh 
and channel cat�sh. 

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 cat	sh and zebra	sh with gene present in magur sca�olds: (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 cat	sh and ZF represents zebra	sh. 
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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 e�ect on the accu-
racy of measurements, o�en 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-
	cients 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 
(‰ertner 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 �ow cytometry (FCM), which allows esti-
mating the amount of nuclear DNA by the relationship 
of the intensity of the measured �uorescence of the stud-
ied plants and the internal standard (Dole‹el and Bar-
tos 2005; Hare and Johnston 2011). The quanti	cation 
of the DNA of plant cells by �ow 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 (Dole‹el and Bartos 
2005). The possibility of using fresh material from the 
standards is sometimes di‡cult, 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 a�er 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 di�erent 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 �ow cytometry to assess the nuclear DNA 
amount of plants: Lycopersicon esculentum, Petunia 

hybrida, Pisum sativum, and Triticum aestivum, with the 
aim of testing di�erent 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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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 a�er six months, there are no noteworthy di�erenc-
es between both values. Lyophilisation emerges as a more 
convenient and cost-e�ective option for sample preserva-
tion, when compared to the commonly used cryogenic 
technique involving liquid nitrogen in situ (‰ertner et al. 
2021), which is not always practical in 	eld work.

Drying with silica gel stands as a generally acceptable 
conservation method. However, its e�ectiveness dimin-
ishes in tissues with higher water content, as evidenced 
by an increase in the coe‡cient 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, o�ering 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 con	rmed to be useful to preserve 
plant materials for ploidy level establishment, but not for 
nuclear DNA content assessment in absolute units.
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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 a�ected by POF in 
order to identify the type and frequency of chromosomal alterations. Fi�een 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® so�ware and the results were interpreted 
according to the ISCN 2016 standards. Of the 	�een patients analyzed, nine (60%) 
had no chromosomal abnormalities, while six (40%) exhibited chromosomal abnor-
malities. Of the alterations identi	ed, 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 de	ned by 
the loss of ovarian function in women of childbearing age, generally before 

https://www.fupress.com
mailto:cfantin@uea.edu.br


60

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 	rst 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 e�ects, resulting in a gener-
al reduction in the woman’s life expectancy (Pod	gurna-
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. A�er con	rming 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 a�ected 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 a�ected 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 a�ected by this condi-
tion. The results obtained have the potential to o�er 
crucial information to the medical and scienti	c com-
munity of the northern region of Brazil. These 	ndings 
not only 	ll a gap in current knowledge, but also have 
the potential to drive the development of more e�ective 
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 Uni	ed Health System (SUS) in 
Manaus, Amazonas, and a�ected 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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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 	xed in the 	xa-
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-
	ed based on the book ‘Pteridophyte Flora of the Western 
Ghats, South India’ by Manickam and Irudayaraj (1992) 
and con	rmed 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; 	rst 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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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 so� 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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