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  Introduction                                                

The genus Cotoneaster Medik. (Maloideae: 
Rosaceae), includes approximately 90 species, 
mainly distributed in Europe, temperate regions of 
Asia and Northern Africa. Numerous Cotoneaster 
species have become well-known ornamentals 
because of their desirable appearance (Dickoré 
& Kasperek, 2010). Egypt's only species in this 
genus and also one of the rarest plants in the 
country is Cotoneaster orbicularis Schltdl. Its 
distribution is restricted to the mountainous 
South Sinai, east of Arabia. It grows in crevices 
of smooth-faced rocky outcrops and in soft dykes 
(El Hadidi, 1991). It is traditionally well known 
in folk medicine for their antiviral, antitumor, and 
diuretic properties (Bolous, 1983), and a source 
of novel phenolic glycosides (El-Mousallamy et 
al., 2000)

C. orbicularis inhabits six sites on high 
elevated slopes and terraces of mountains in the 
Saint Catherine region, South Sinai (above 1700 
m). Populations contain a very low number of 
individuals, ranging from 14 to 38 adult plants.

The rarity of C. orbicularis and its challenging 
reduction in population size is apparently caused 
by increasing aridity of its habitat (Grainger, 2003). 
Anthropogenic effects, in addition to climate 
change (Giorgi & Lionello, 2008 and Issar, 2008), 
predict an even greater collapse in the size of its 
populations. Another constraint on the persistence 
of C. orbicularis is apomictic reproduction, which 
is typical for the majority of Cotoneaster species. 
Of about 450 putative species studied by Hylmö 
& Fryer (1999), less than 5% produced variable 
offspring and therefore appear to be sexually 
produced. In line with other plant genera where 
apomixis occurs, the apomictic Cotoneaster 
species seem to be polyploid whereas the sexual-
reproducing species are diploid (Hylmö & Fryer, 
1999). Frequently, small population sizes and 
rare gene flow within fragmented populations 
cause substantial inbreeding in a species and 
therefore deficient genetic diversity (Hansson & 
Westerberg, 2002; Frankham, 2005 and Jump et 
al., 2009). Inbreeding and low genetic diversity 
may limit the potential of a species to adapt to 
altering environmental conditions, subsequently 
leading to its extinction (Heller & Zavaleta, 2009). 

COTONEASTER orbicularis Schltdl, native to Egypt and the eastern part of the Arab 
peninsula, is an endangered species and the surviving individuals are dispersed in the 

mountains of South Sinai, Egypt. Several threats, including habitat aridification and the impact of 
human interference have caused a noticeable reduction in population size and number. Analyzing 
the genetic diversity and mating system of C. orbicularis is crucial for its conservation and 
management. In this study, six polymorphic microsatellite markers, formerly developed as 
species-specific markers, were used to assess the genetic variability and extent of inbreeding 
in the C. orbicularis populations. Flow cytometry of seeds was used to establish genome size. 
Low total heterozygosity (HT = 0.464) for all loci and populations, high differentiation between 
populations (FST = 0.634, RST = 0.889), and high levels of inbreeding (F = 0.906) were found. 
Most of the embryos possessed about 1.9 pg/2C DNA; however, embryos with 3.8 pg/2C DNA 
also occurred. The results provide markers that can be used in the management of conservation, 
including habitat recovery and ex-situ conservation, in order to prevent extinction.
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Accordingly, there is a necessity for an adequate 
assessment of the genetic variability and levels 
of inbreeding in C. orbicularis, as these data are 
crucial for the design of dynamic management 
strategies for the safeguarding of such rare species 
(Frankham et al., 2002).

The present study aims to provide information 
that can be used to determine the nature of 
C. orbicularis conservation programs. The 
objectives were to: (i) Quantify the genetic 
variability and genetic structure of C. orbicularis 
populations; (ii) Estimate the mating systems 
in natural populations of C. orbicularis; (iii) 
Determine nuclear DNA content (ploidy). All 
existing populations of C. orbicularis were 
sampled and the genetic diversity was evaluated 
by simple sequence repeats (SSR) analysis 
utilizing a group of six novel microsatellite loci 
(Mansour et al., 2016), since these are considered 
to be appropriate for revealing genetic variation 
even within severely rare and endemic species 
(Mansour et al., 2013). Nuclear DNA content was 
estimated by flow cytometry; the genome size for 
this species is reported for the first time.

Materials and Methods                                         

Plant material
Six populations of C. orbicularis were sampled 

in the mountains and valleys of the Saint Katherine 
region, Egypt (Fig. 1), in the late summer 2014. 
The largest population sampled, Gebel Um Louz 
(UL), with 38 observed individuals was found 
in a crevice of smooth-faced rocky outcrops 
in a highly rugged area of Um Louz Mountain. 
Populations Al Qalaa (AQ), Nehaza Um Louz 
(NUL), Shqif Abu Shawht (SAS) were found 
in the same region, Wadi Gebal, east of the UL 
population at a distance of at least 1 kilometer 
from each other. The populations were of similar 
size with 20, 28, and 27 individuals, respectively. 
The Wadi Mezah (WM) population, consisting 
of 17 individuals, is located at a moderate slope 
hill west of the UL population. The smallest 
population, Wadi Shaq Mousa region (ShaMo), is 
located in a mountainous incision on the shaded 
base back of rocks and boulders, where only 14 
individuals could be counted during our sampling. 
Ten plants per population were analyzed by 
microsatellite markers. In total, 60 individuals 
were analyzed, which represented 41 % of the 144 
detectable plants of C. orbicularis. One to three 
green leaflets per individual were collected and 

preserved dry on silica gel until DNA extraction. 
Seeds for flow cytometry were collected from 
three populations only, ShaMo, UL, WM, because 
they were not set in three remaining populations. 

Genomic DNA isolation and PCR amplification
The isolation of genomic DNA was carried 
out using dried leaves with the DNeasy Plant 
Mini Kit, Qiagen. For each individual ten loci: 
Cor31, Cor35, and Cor36, Cor40, Cor41, Cor42, 
Cor43, Cor44, Cor53, and Cor54 were developed 
previously for C. orbicularis by Mansour et al., 
(2016) and tested for polymorphism; six loci 
exhibited polymorphism: Cor36, Cor40, Cor42, 
Cor44, Cor53, and Cor54 (Table 1). PCR was 
performed in a total volume 25 μl containing 2.5 
μl of 10× reaction buffer (1 μl MgCl2 (50 mM), 
0.5 μl of a mix of all 4 dNTPs (10 mM each), 
0.2 μl forward primer including the M13-tail (10 
μM), 0.5 μl reverse primer (10 μM), 0.5 μl of 
the universal M13 primer (10 µM) labeled with 
a fluorophore (FAM, NED, VIC, or PET), 0.1 μl 
Taq DNA polymerase (Dream Tag, Fermentas; 50 
U/μl), 1.0 μl bovine serum albumin (20 mg/ml), 
1.0 μl of 10 ng/µl genomic DNA, and sterilized 
water up to a final volume of 25 μl. All PCR 
reactions were performed in singleplexes using 
a C1000 Thermal Cycler (BioRad, USA) under 
the following conditions: initial denaturation at 
94ºC for 3 min, 40 cycles at 94ºC for 30 seconds, 
55ºC for 45 seconds and 72ºC for 1 min, 8 cycles 
at 94ºC for 30 sec, 53ºC for 45 sec, 72ºC for 1 
min, and a final extension step at 72ºC for 5 min. 
The resulting fluorescently labeled PCR products 
were analysed in multiplexes on a 3130xl Genetic 
Analyzer (Applied Biosystems, Foster City, 
CA, USA) using LIZ500 (Applied Biosystems, 
USA) as a size standard. The amplified fragments 
were scored using GeneMapper 4.0 (Applied 
Biosystems, USA), according to Arif et al.(2010).

Analysis of genetic variation and mating system
Genetic variation in C. orbicularis was 

analyzed by determining the number of alleles per 
locus (A) and the total heterozygosity (HT; used as 
measurement for total genetic diversity). Genetic 
differentiation among populations was tested 
with FST (Weir & Cockerham, 1984) and RST, 
an analogue of FST developed for microsatellite 
loci (Slatkin, 1995). An analysis of molecular 
variance (AMOVA; 999 permutations) was used 
to estimate the population genetic structure of C. 
orbicularis (Excoffier et al., 1992 and  Michalakis 
& Excoffier, 1996). The number of reproductively 
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successful migrants per generation (Nm) was 
calculated using the private allele method (Barton 
& Slatkin, 1986). The established heterozygosity 
(Ho), expected heterozygosity (He) under Hardy-
Weinberg equilibrium, and Wright’s, (1943) 
fixation index F = 1 - Ho /He were assessed for each 
locus in each population to test deviations from 
the Hardy-Weinberg equilibrium, which determine 
inbreeding. Chi-squared tests were applied to 
determine the concordance of genotype frequencies 
with Hardy-Weinberg equilibrium. All analyses 
were evaluated using GenAlEx 6.1 (Peakall & 
Smouse, 2006), except for HT, which was calculated 
according to Nei (1973), and considered for the 
number of individuals per population.

In addition, the mating system of C. 
orbicularis was assessed by calculating multilocus 
(tm) and single-locus (ts) outcrossing rates of the 
six sampled populations. Inbreeding in plant 
populations might arise from either selfing and/
or mating with close relatives (i.e., biparental 
inbreeding). The level of biparental inbreeding was 
estimated by calculating the difference between 
the multilocus outcrossing rate tm and the single-
locus outcrossing rate ts (Ritland, 2002) for all six 
microsatellite loci. Positive values of this difference 
indicate biparental inbreeding. These analyses were 
performed using the multilocus mating system 
program MLTR version 3 for Windows (Ritland 
2004), which implements the maximum likelihood 

methods developed by Ritland & Jain (1981) and 
Ritland (2002).

Flow cytometry
For flow cytometric analysis true seeds were 

isolated from the Marie & Brown (1993)fruits. 
Many fruits were empty or contained degenerated 
seeds, which limited the number of analyzed 
individuals. A single embryo of C. orbicularis 
and a fragment of the leaf of an internal standard 
(Petunia hybrida P ×  Pc6, 2.85 pg/2C;) were 
chopped simultaneously in a Petri dish containing 
1 ml Galbraith’s buffer (Galbraith, et al. 1983), 
supplemented with propidium iodide (PI; 50 µg/
ml) and ribonuclease A (50 µg/ml). After chopping, 
the suspension was passed through a 50 µm mesh 
nylon filter. For each sample, 5000-7000 nuclei 
were analysed after incubation of the sample for 
20-30 min on ice, using a CyFlow SL (Partec 
GmbH,  Münster, Germany) flow cytometer 
equipped with a high-grade solid-state laser with 
green light emission at 532 nm, long-pass filter 
RG 590 E, DM 560 A, as well as with side (SSC) 
and forward (FSC) scatters. Histograms were 
analysed using a FloMax (Partec GmbH, Münster, 
Germany) software. Coefficient of variation 
(CV) of G0/G1 peak of C. orbicularis ranged 
between 2.97 and 5.58. Nuclear DNA content was 
calculated using the linear relationship between 
the ratio of the 2C peak positions Cotoneaster/
Petunia on a histogram of fluorescence intensities.

Fig.1. Locations of the six known populations of Cotoneaster orbicularis in St. Catherine, Egypt protectorate. 1 - 
ShaMo (Shqif Shobak, Wadi Shaq Mousa), 2 - UL (Gebel Um Louz), 3 - AQ (Al Qalaa), 4 - NU (Nehaza 
Um Louz), 5 - SAS (Shqif Abu Shawht), 6 - WM (Wadi Mezah) 
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TABLE 1. Measures of genetic variation and Hardy-Weinberg equilibrium in the six extant populations of 
Cotoneaster orbicularis. 
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Results and Discussion                                           

Genetic variability and genetic structure of 
populations

The largest size population: UL, revealed 
polymorphism at three out of six tested microsatellite 
loci. The populations with an intermediate size, AQ, 
NUL, SAS, and WM were polymorphic for one, two, 
two, and three loci, respectively, whereas the smallest 
population, ShaMo, contained three polymorphic loci 
(Table 1). The percentage of polymorphic loci were 
50% in ShaMo, UL, and WM populations, 33.33% in 

A- number of alleles ,  Ho - observed heterozygosity, He - expected heterozygosity, F - Wright’s fixation index, ns - not significant,                  
* P<0.05, ** P<0.01, *** P<0.001). All values were calculated for 10 individuals per population.

NUL and SAS populations, 16.67% in AQ population. 
The highest mean number of alleles per locus Na 
was 2.33 (WM population), whereas the lowest 1.17 
(AQ population; Table 1). The means of effective 
number of alleles per locus Ne, Shannon’s Index I, 
and expected heterozygosity He ranged between 1.03, 
0.054, 0.030 in AQ population and 1.994, 0.581, 
0.323 in WM population, respectively (Fig. 2). The 
mean of private number of alleles per locus varied 
between 0 in NUL and AQ populations and 1.333 in 
WM population. Total heterozygosity, averaged over 
all loci and populations, was HT = 0.464. 

Fig. 2 Allelic patterns of six loci across the studied populations of Cotoneaster orbicularis.
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TABLE 2. Analysis of molecular variance (AMOVA) for populations of C. orbicularis based on data from six 
microsatellite loci.

Source Df
Sum of 
squares

Mean 
squares

Estimated 
variance Percentage

Among Populations 5 105.008 21.002 0.994 64%
Among Individuals within populations 54 62.100 1.148 0.574 36%
Total 59 167.108 1.568 100%

Analysis of six polymorphic loci, 
considering low values of mean number of 
alleles per locus Na, means of effective 
number of alleles per locus Ne, Shannon’s 
Index I, expected heterozygosity He, and the 
total genetic diversity of C. orbicularis, have 
been revealed very low genetic variation in all 
populations of C. orbicularis. Similarly, low 
genetic diversity has been previously reported 
for populations of C. orbicularis (Mansour et 
al., 2016) as well as other isolated and endemic 
species (e.g. Hamrick & Godt, 1989; Hamrick 
et al., 1992; Crowford et al., 2011and Hirai et 
al., 2012). 

Genetic variation in general, and, 
specifically, in rare Cotoneaster species, 
can be influenced by reproductive systems. 
For instance, C. schantungensis, endemic to 
China, exhibits considerable gene flow among 
its populations, and consequently has a high 
genetic diversity (Ma et al., 2015), whereas 
the two apomictic populations of C. wilsonii, 
endemic to South Korea, exhibit low genetic 
diversity (Park et al., 2009). Thus, the present 
results suggest apomictic reproduction in C. 
orbicularis.

Reduced genetic diversity can be a result 
of genetic drift and inbreeding in species 
with limited and declining population size 
(Blomqvist et al., 2010; Jacquemyn et al., 
2010 and Smyser et al., 2012). Random loss 
of alleles and thus the low genetic variation 
observed in this study could be due to the 
severe reduction of population size observed 
in C. orbicularis especially in the last few 
decades; the number of individuals varied 
between 14 and 38.

On the other hand, high genetic 
differentiation was observed among the 
studied C. orbicularis populations (FST = 
0.634, RST = 0.889). The results of AMOVA 
(Table 2) confirmed that the greatest genetic 

differentiation existed among populations 
(64%, P = 0.010), while it was much lower 
among individuals within populations (36%, P 
= 0.010). These high measures of differentiation 
among populations coincided with very low 
gene flow between populations (Nm = 0.142). 
Moreover, the limited distribution area of C. 
orbicularis resulted in only two to five alleles 
scored per locus (Table 1). These results are in 
agreement with the pattern for elevated genetic 
differentiation between populations of some 
other rare species (Hamrick & Godt, 1989 and 
Hamrick et al., 1992), including another plant 
taxa in the South Sinai region (Wolff et al., 
1997; Zaghloul et al., 2012 and Jimenez et al., 
2014).

Low seed dispersal in C. orbicularis could 
be the main reason for the low gene flow among 
populations. Indeed, seed dispersal has been 
described to be imperfect in Cotoneaster species 
because of the seed size and characteristic fruit, 
which fall close to the mother plant (Pritchard 
et al., 2014). Seeds of C. orbicularis lack any 
obvious adaptations for wind-driven dispersal 
and are likely being dispersed by birds and small 
mammals. This limits seed dispersal at high 
elevated mountains sites. Thus, the main source 
of gene flow is pollen flow, observed in other 
Cotoneaster species, especially in those that are 
diploid and undergo sexual reproduction (Hylmö 
& Fryer, 1999). However, natural fragmentation 
of the habitat of C. orbicularis, as well as the 
remarkably sharp topography of the St. Catherine 
Protectorate, are most likely the reasons confining 
pollinator abundance. This can explain the 
presence of numerous empty seeds produced.

The migration rate found here in C. orbicularis 
(Nm = 0.142) was much lower than the value 
properly required to cease genetic drift (Spieth, 
1974). Therefore, genetic drift, in addition to 
low gene flow, could result in an added reduction 
of genetic diversity in the populations of C. 
orbicularis.
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Therefore, diploid individuals escaped loss of 
genetic variation delaying its extinction due to the 
polyploidy that is exhibited by individuals with a 
tetraploid genome. The high inbreeding coefficient 
detected by our analyses, then, can be better 
explained by recurring apomixes in C. orbicularis.

Nuclear DNA content
Flow cytometric estimation of nuclear DNA of 

species belonging to the family Rosaceae family is 
rather challenging because of the presence in the 
leaf cytosol of phenolic compounds, which are 
well known inhibitors of PI staining (Jedrzejczyk 
& Sliwinska, 2010). Seeds of Cotoneaster species 
are free of these inhibitors and therefore were 
used in the present experiment. Flow cytometric 
estimation of nuclear DNA content revealed that 
most of the embryos possess about 1.9 pg/2C 
DNA (Table 3). However, in each population also 
some embryos with double the amount of DNA, 
3.8 pg/2C, occurred. There were some differences 
in genome sizes between populations; genome size 
of ShaMo appeared to be higher than that of the two 
other populations. However, because only single 
seeds were available for this population it was not 
possible to perform statistical analyses to estimate 
the significance of those differences.

Genome size has been estimated previously 
only for six Cotoneaster species, and 2C ranged 
between 1.41 and 2.77 pg (Dickson et al., 1992 and  
Jedrzejczyk & Sliwinska, 2010). Since the previously 
estimated haploid genome size for this genus is 0.7 
pg, present estimations for C. orbicularis, 1.92 pg/2C 
and 3.78 pg/2C, correspond to diploid and tetraploid 
chromosome numbers, respectively. The presence 
of tetraploid embryos confirmed that in some cases 
apomixis occurred in the studied populations (Hylmö 
& Fryer, 1999). To our best knowledge those are the 
first estimations of the nuclear DNA content of C. 
orbicularis. 

TABLE 3. Nuclear DNA content (pg/2C ± SD) in three populations of Cotoneaster orbicularis grown in Mount St. 
Catherine, Egypt, estimated by flow cytometry (n – number of analysed seeds)

Population 

Nuclear DNA content

n Diploid n Tetraploid 

ShoMo

UL

WM

1

10

17

1.954

1.926 ± 0.045

1.911 ± 0.018

1

5

3

3.881

3.774 ± 0.087

3.789 ± 0.015
Mean 28 1.918 ± 0.031 9 3.778 ± 0.082

Mating system of C. orbicularis
All loci, except Cor44 in the UL population, 

significantly departed from Hardy-Weinberg 
equilibrium because of heterozygote deficiency, 
as demonstrated by the positive values of the 
fixation index F, which ranged from 0.822 to 
1.000 (Table 1) and averaged 0.906 across all loci 
and populations. The multilocus outcrossing rate 
(tm) estimates are 1.200 (± 0.002, SE) in Sha Mo, 
NUL, SAS and WM populations, 1.155 (± 0.000, 
SE) in UL population and 0.001 (± 0.000, SE) in 
AQ population, whereas the population single-
locus outcrossing rates (ts) are 1.200 (± 0.002, SE) 
in ShaMo, NUL, and SAS, 1.174 (± 0.001, SE) in 
UL, 1.136 (± 0.000, SE) in WM population and 
0.001 (± 0.000, SE) in AQ population. Values of 
(tm – ts) are equal to zero in five populations and 
0.064 in WM.

The majority of Cotoneaster species are 
obligately apomictic (Hylmö & Fryer, 1999). 
Sexual reproduction exists in some diploid species. 
In the Alps and Pyrenees, Favarger (1969, 1971) 
found diploid as well as tetraploid specimens of 
Cotoneaster integerrimus sensu lato. The present 
results indicate that C. orbicularis is heavily 
apomictic, with an average value of Wright’s, 
(1943) fixation index F = 0.906, reflecting a 
pronounced deficit of heterozygotes. Inbreeding 
in self-compatible plants, such as C. orbicularis, 
may be autonomous (i.e., without pollinator 
assistance) or induced by foraging pollinators, and/
or by crossing between related individuals (i.e., 
biparental inbreeding). We detected low biparental 
inbreeding only in WM (tm – ts = 0.064), suggesting 
that some degree of cross-fertilization between 
individuals that share the same alleles occurs in this 
population, but not in the other five populations. 
Therefore, it seems that gametes transfer between 
individuals within populations are very limited, 
most likely due to infrequent pollinator services. 
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Conclusion and Recommendations                                                   
This study provides the first molecular assessment 
of genetic variability, genetic structure, and 
mating systems for the surviving populations 
of C. orbicularis using SSR loci. The results 
reveal exceptionally low genetic diversity, high 
inbreeding, and high genetic differentiation 
among populations. The estimation of nuclear 
DNA content reveals the presence of diploid and 
tetraploid chromosome numbers, existence of 
tetraploid individuals indicating the presence of 
apomixes in populations of C. orbicularis.

The low genetic variation and high level of 
inbreeding are the main threats to the existence of 
the remaining wild populations of C. orbicularis, 
likely caused by aridification-mediated, 
demographic reduction (Keller & Waller, 2002; 
Vilas et al., 2005 and Frankham, 2005) even 
in predominantly self-fertilizing populations 
(Husband & Schemske, 1996). To guarantee 
the conservation of C. orbicularis in the short 
and long term there should be a focus on habitat 
preservation and restoration, including a careful 
management of water resources and restriction 
of grazing in the region. Given the rarity of 
this species and the high genetic differentiation 
among its populations, these measures should 
be complemented by a thorough sampling of 
seeds from as many populations and individuals 
as possible (Holsinger & Gottlieb, 1991). 
Some of these seeds should be incorporated 
into a germplasm bank for long-term, ex-
situ conservation and eventual population 
reinforcement and reintroduction, and other 
seeds should be used to implement a breeding 
program aimed at determining the consequences 
of inbreeding depression in C. orbicularis.

Since among the seeds, even originated from 
the same population, individuals of different 
ploidy can occur, the ploidy of the plants should 
be checked before using them in a breeding 
program.
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 Cotoneaster الشوحط  لنبات  الجينوم  حجم  المتقارب،  التزاوج  الوراثى،مستوي  تقديرالتنوع 
orbicularis Schldt بجبال جنوب سيناء  بواسطة الواسمات الوراثية والتدفق الخلوي. 

حسن منصور1,2 و إلويرا سيلوينسكى3
1 قسم علوم األحياء - كلية العلوم واألداب برابغ - جامعة الملك عبد العزيز - رابغ - 1122 ، المملكة العربية السعودية ، 2قسم 

النبات - كلية العلوم - جامعة قناة السويس -اإلسماعيليه - مصرو3 معمل البيولوجيا الجزيئية والقياسات الخلوية - قسم وراثة النبات 
والفسيولوجى والتقنية الحيوية - جامعة العلوم والتكنولوجيا بيدكوشت - بوالندا.

نبات الشوحط من النباتات المتوطنة بمصر و الجزء الشرقى بشبه الجزيرة العربية ويعتبر من 
األنواع المعرضة لخطر اإلنقراض حيث تتواجد على هيئة عشائر مبعثرة ذات أعداد قليلة على 
جبال جنوب سيناء بمصر.  وتواجه إستمرارية هذا النوع  عدة مخاطر بيئية، حيث تسببت عوامل 
جفاف البيئة واألنشطة البشرية فى إنخفاض ملحوظ فى حجم وأعداد العشائر النباتية  للشوحط 
مما يستدعى العمل على وضع وتصميم برامج للحفاظ  وصون العشائر النباتية المتبقية لهذا النوع 
التزاوج بشكل أساسى فى صون وأكثار  التنوع الوراثى وطرق  النادر وتساهم تحاليل  النباتى 

األنواع النباتية النادرة.

وقد شملت الدراسة إستخدام  عدد ست واسمات وراثية متعددة األشكال لتحليل مستويات 
التنوع الوراثى ومدى تاثير نظام تزاوج األفراد المتقاربة على إستمرارية عشائر نبات الشوحط.

كما إستعملت  تقانة التدفق الخلوى فى هذا البحث ألول مرة فى تقديرحجم الجينوم لنبات 
الشوحط ومن ثم تحديد مستوى الصيغة الصبغية لهذا النوع.

وأظهرت النتائج إنخفاض فى  معامل تباين الالقحة  HT = 0.464 لجميع المواقع الجينية محل 
الدراسة، وإرتفاع بمعامل التمايز الوراثى فيما بين العشائر FST = 0.634, RST = 0.889 وكذلك 
إرتفاع معامل تزاوج األفراد المتقاربة F = 0.906 وأشارت قياسات التدفق الخلوى  لألجنة التى 
تم تحليلها إلى أن إحتوائها على pg/2C DNA 1.9 مع وجود أجنة أخرى تحتوى خاليا ها 
علىpg/2C DNA 3.8 مما يشير إى وجود أفراد  ذات صيغة صبغية رباعية باإلضافة إلى 

األفراد ذات صيغة ثينائة المجموعة الصبغية.

توفر نتائج الدراسة البيانات المتطلبة في إدارة وصون عشائر نبات الشوحط ،وكذلك الحفظ 
خارج الموقع، وذلك لمنع انقراض هذا النوع النباتى.


