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Abstract: In this study the karyotype criteria of 35 taxa representing 24 species of Egyptian Astragalus have
been analyzed and their impact on the systematic delimitation of the studied species is discussed. Chromosome
numbers, based on x = 8 have been found in the majority of Astragalus species in Egypt. A diploid number
(2n = 16) was recorded in 22 taxa representing 17 species and polyploid numbers are recorded in six taxa
representing three species. Numbers based on x = 7 were recorded in four taxa of which three counts are
tetraploid with 2n = 28 representing 4. annularis, 4. mareoticus and A. vogelii. In addition, numbers based on
X = 6 were encountered in 4. frimesiris (2n = 12 and 2n = 24) and 4. boeticus (2n = 30). The chromosomes in the
studied species of Astragalus are generally small with a mean size ranging between (.82 and 1.59 pum. Short
chromosomes were particularly found m A. vogelii (MCL = 0.82 pm) and 4. boeticus (MCL = 0.87 pun), whereas
longer chromosomes were scored in 4. sinaicus (MCL = 1.59 pm). The karyotype in the studied taxa is mostly
comprised of metacentric to submetacentric chromosomes as indicated by their mean arm ratio that ranges
between 1.35 in 4. vogelii and 2.03 in A. asterias. The degree of karyotype asymmetry is indicated by high
values of TF% that ranges between 36.11% m 4. asterias and 47.48% m A. tribuloides. The A, value ranges
between 0.40 in 4. vogelii and 0.90-0.92 in samples of A. asterias. Distance trees illustrating the relationships
of the studied taxa, based on the analyses of karyotype features, have been constructed using Dice and Jaccard
similarity coefficients. The grouping of the examined species, in these trees, is discussed in the light of their

previous systematic treatments.
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INTRODUCTION

The genus Astragalus L. of the family Fabaceae 1s
the largest genus of flowering plants (Polhill, 15981)
comprising over 2000 annual or perennial herbaceous or
subshruby species grouped in 150 sections (Podlech,
1986). In Egypt, the genus 1s represented by 32-35
species, delimited in several sections and distributed
m  different phytogeographical regions of the country
(El-Hadidi and Fayed, 1995; Boulos, 1999). Many species
of Adstragalus exlubit valuable economic values.
Astragalus  hamosus 1., A. nmulticeps Benth and
A. tribuloides Del., are medically useful. Astragalus cicer
I.. is a promising legume species for forage production
(Towensend, 1981). Some species yield gum tragacantha,
which is used by printers and dyers (Ali, 1961). However,
several species of Astragalus have poisonous effects
on grazing animals (James, 1983; Daniel et al, 1984;
Panter and Hartley, 1989).

The first deliberate study on the chromosomes of
Astragalus was made by Ledingham (1960) who reported
chromosome numbers for 84 species giving counts for 53

species that were not previously made. He found that the
species from the old world have a basic chromosome
number of x =&, while those from the new world have
x = 11, 12 and 13. That report was substantiated by
another report by Ledingham and Rever (1963) in which
further counts for 83 species were given. The studies on
the cytology of Astragalus have ever since been made on
species in different geographic regions of the World
{(www.mobot.mobot.org).

Chromosome counts, based on x = 8 have been
reported 1n the vast majority of Old World species. In
addition, counts based on base numbers of x =7 orx =6
have been encountered in few species (Maassoumi, 1987,
Badr et al., 1996, Malallah et al., 2001). Meanwhile,
studies on the cytology of Astragalus in America
(Ledingham and Pepper, 1973; Martinez, 1974; Liston,
1990; Dopchiz ef af., 1995) confirmed the existence of
basic numbers ranging between 11 and 15. The
preponderance of species with a basic number of x = 8 led
Badr et al. (1996) to conclude that it is the primary basic
number in Astragalus. They further assumed that the
x =7 and x = 6 mumbers have been derived fromx = 8 by
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aneuploid loss of chromosomes. However, comprehensive
studies on the karyotype criteria of Astragalus species in
relation to their systematic treatment are generally lacking.

The importance of chromosomal information in
plant systematics and evolution has attracted the
attention of several workers. At the generic level and
below chromosome features have provided a range of
possibilities for understanding the affimties of taxa.
Examples illustrating the role of chromosomal data in
solving systematic problems in plant genera are found in
Allium (Badr and Elkington, 1978), Plantage (Badr and
El-Kholy, 1986), Ulex (Fernandez et al., 1993), Sesbania
(Abou El-Enain et al., 1998; El-Shazly and Abou El-Enain,
1999) and several others. As reported by several authors
Ledingham (1960), TLedingham and Rever (1963)
Ledingham and Pepper (1973), Martinez (1974),
Dopchiz et al. (1995) and Badr ef al. (1996), varnation in
chromosome number in Astragalus, differentiate Old
World species from those of America.

The cytology of the Egyptian Astragalus was first
studied by Badr et al. (1996) who described the
karyotype for 14 taxa representing eight species.
Chromosome counts for species of Egyptian Astragalus
were substantiated by Sharawy (2001) who reported
counts for 22 species. However, detailed karyotype
analysis has not been made. In this study, we describe the
karyotype criteria for 35 taxa representing 24 species of
the Egyptian Astragalus and discuss the impact of the
analyses of variation in these criteria on the systematic
treatment of species.

MATERIALS AND METHODS

Material of 35 taxa representing 24 species, two
subspecies and five varieties of the Egyptian 4Astragalus
L. were collected, through 2000 to 2005, as mature
flowering plants, from different localities in Egypt
(Table 1). Herbarial sheets for all taxa are deposited at the
Herbarium of Botany Department, Faculty of Science,
Ain Shams University, Cairo, Egypt. To obtain seeds for
cytological preparations, pods of all taxa were collected
from healthy plants; left to dry at room temperature, seeds
were then obtained from dry pods and kept at 4°C until
use. For cytological mvestigations, young root tips were
obtained from seeds that had been germinated in Pteri-
dishes, pretreated with 0.05% colchicine solution for 3 h
and fixed in 3:1 ethanol: glacial acetic acid for 24 h

For cytological preparations, root tips were
hydrolyzed for 6 min in 1 M HC at 60°C, washed briefly in
dd H,0 and stained in Feulgen = s solution for 1-2 h
Squashed preparation were made in 2 drops of 45% acetic
acid and made permanent by rinsing in absolute alcohol
and mounting in Buparal. Exammation of chromosomes
was made under the high power of light microscope
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using oil emersion lens. Photographs of well-spread
using Carl-Zeiss
photomicroscope 1II, at a magmfication of 2500 and
chromosomal measurements were made from
photographic prints. Somatic number of chromosomes
(2n) as counted in cytological preparations.

Total chromosome length of the haploid genome and
the mean chromosome length+standard error (MCL+SE).
Mean arm ratiotstandard error (arm ratioxSE) was
calculated for each karyotype by dividing the sum of long
arms length on the sum of short arms length. Based on the
measurements of chromosome length and arm ration, a
karyotype has been constructed and a karyotype formula
has been calculated, for each taxon, by arranging the
chromosomes in homologous pairs or groups in order
of decreasmg length and arm ratio as proposed by
Levan et al. (1965). The degree of karyotype asymmetry
was also determined by calculating total form percent
(TF %) using the equation of Huziwara (1962) as follows:-

chromosomes were made

Sum of short arm length

TF (%) = %100

Sum of total chromosome length

In addition, asymmetry based on the ratio between
the chromosome arms ratio and length has been estumated
for each taxon using the equation of Zarco (1986) as
follows:-

A = 1—23+n1
Bl

where:

A, = Intrachromosomal symmetry index that ranges from
zero to one,

n; = Number of homologous chromosome pairs or
groups,

b, = Average length for short arms 1n  every
homologous chromosome pair or group and

B, = Average length for their long arms. The equation is

formulated in order to obtain lower values when
chroemosomes tend to be metacentric.

In order to find out relationships based on the
karyotype features of the studied taxa, total chromosome
length per genome of all taxa has been plotted against the
measures of karyotype asymmetry values (mean arm ratio,
TF% and A, value). In addition, the recorded karyotype
features have been coded and analyzed with the software
NTSYS-pc 2.1 (Rohlf, 1993) using UPGMA (Sckal and
Michener 1958) and Neighbor-joming (Saitou and Nei,
1987) methods in order to produce distance trees that
illustrate the relationships among the studied taxa.
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Table 1: A list of the taxa used in the present study, assigned to species and sections and summary of their karyotype features

Karyotype Karyotype
Mean asymmetry formula
TCL MCL (um) r-value

Taxa and their sections Localities 2n x  (um) 4SE +SE TF% A, m sm A
Section Ankylobus (Stev.) Bge.
A. mispicuius DC. Burg El Arab, 26 km south west of Alexandria
A. hispidulus spp. Kralikianus ‘Wadi El Arish, Sinai 16 8 11.84 1.46+0.04 149032 4624 043 7 1 -
(Coss.) Tickh. ex Boulos. 16 & 11.68 1.48+0.06 1.50+020 4580 048 5 3 -
Section Buceras Bge.
A. hamosis L. Alexandria-Matruh road, 115 km east of Matruh 32 8 10.00 1.25+0.04 140+022 4166 052 6 2 -
A. hamosus v. brachyceras Ledeb. Alexandria-Matruh road, 80 km east of Matruh Wadi 32 8 10.88 1.36+0.12 144+031 4140 058 5 3 -
A hamosus v. brachyceras Ledeb. El Arish, Sinai 64 8 10.64 1.33+0.09 142+011 4433 060 4 3 -
A. hamosus v. buceras Rouy. Burg El Arab, 26 km south west of Alexandria 32 8 10.40 1.30+0.04 137+0.18 4204 051 4 4 -
Section Carpini DC.
A carpinus L. Matruh-Sallum road, 10 km west of Matruh 16 8§ 11.04 1.38+0.09 141+0.11 4189 052 7 1 -
Section Chronopus Bge.
A dactylocarpoiis Boiss. spp. Saint Catherine, Wadi Sahab 16 8 11.76 1.47+0.06 153009 4092 05 5 3 -
acinaciférus (Boiss)E
A. fruticosus Forssk. El Arish-Rafah road (El Kharouba) 16 8 1192 1.49+0.14 1.51+018 3996 049 5 3 -
A. sieberi DC. Saint Catherine, Wadi Tabuk 16 & 11.68 1.46+0.11 1.52+022 4064 045 5 3 -
A frigonus DC. Alexandria-Matruh road, 20 km east of Matruh 16 8 11.36 1.4240.05 1.51+016 4103 058 7 1 -
Section Cyamodes Bge.
A. boeticus L. Matruh-Sallum road, 10 km west of Matruh 30 6 5.22 0.87+0.05 1.66x026 3756 084 3 2 1
Section Eremophysa Bge.
A kakiricus DC. Gabal Labna, 60 km south of El Arish 16 & 11.76 1.47+0.13 155007 3945 057 6 2 -
Section Falcinellus Bge.
A. eremophilus Boiss. Cairo-Hurghada road, 100 km north of Hurghada 16 8 12.08 1.51+0.05 1.56+0.13 3950 058 4 4 -
Section Haematodes Bge.
A. annudaris Forssk Alexandria—Matruh road, 115 km east of Matruh 14 7 10.71 1.53+0.17 151018 3993 056 6 2 -
A. annularis Forssk. Wadi El Arish, Sinai 28 7 10.50 1.50+0.11 1.56+020 37.57 060 5 3 -
Section Harpilobus Bge.
A. cornigatus Bert. Saint Catherine, Wadi Sahab 32 8 11.44 1.43+0.15 148035 4127 052 5 3 -
A. hauarensis Boiss. Saint Catherine, Wadi Sahab 16 8§ 10.56 1.32+0.06 148+028 4167 050 &6 1 1
A. marecticus Del. Cairo-Suez road, 85 km east of Cairo 28 7 9.66 1.38+0.09 1.61+047 388 048 4 1 1
A. trimestris L. Rashid fixed sand dunes 24 6 8.58 1.43x0.07 147024 4168 049 6 - -
A. trimestris L. Port Said-El Arish road, 120 km west E1 Arish 12 6 894 1.49+0.08 141032 4141 043 6 - -
Section Herpocaulos Bge.
A. vogelli (Webb.) Bornm. Hurghada-Safaga road, 40 km south Hurghada 28 7 574 0.82+0.04 1354016 4268 040 7 - -
Section Platyglottis Bge.
A. bombycinus Boiss. Cairo-Suez road, 85 km east of Cairo 16 8 11.04 1.38+0.13 160+0.21 3892 051 5 3 -
A, bombyrinus v. sinaicus Sitj. Saint Catherine, Wadi E1 Arbeen 16 8 10.88 1.36+0.14 161033 3727 050 5 3 -
A. peregrinus Vahl. El Zaranik Protectrate, 20 km west El Arish 16 8 1032 1.294+0.05 162+0.12 3853 048 8 - -
Section Poterinm Bge.
A. spinosis (Forssk) Muschl. Taba, Sinai 16 8 10,72 1.34+0.07 148035 4102 050 6 2 -
Section Sesamei DC.
A. asterias Stev. ex Ledeb. Burg El Arab, 26 ki south west of Alexandria 24 8 1136  1.42+0.12 203030 3671 0% 2 5 1
A. asterias Stev. ex Ledeb. ‘Wadi El Arish, inside the airport 16 8 11.52 1.44£0.06 193x041 3611 092 2 5 1
A schimperi Boiss., Saint Catherine, Wadli Sahab. 16 8§ 10.24 1.28+0.06 144+0.19 4135 0.55 7 1 -
A. sinaicus Boiss. ‘Wadi El Arish, inside the airport 16 8 12.72 1.59+0.08 166x041 3887 074 6 2 -
A stella L. Port Saic-El Arish road, 120 km west E1 Arish 16 & 10.08 1.26+0.04 172+0.12 4356 061 5 2 1
A. tribuiloides Del. Saint Catherine, Wadi Tabuk 16 8§ 11.04 1.38+0.13 1.79+0.19 4748 065 6 1 1
A tribuloides v. mavreoticus Sirj. Burg El Arab, 26 km south west of Alexandria 16 8 11.12 1.39+0.06 177014 4482 066 6 1 1
A. tribuiloides v. minutus Boiss. Burg El Arab, 26 ki south west of Alexandria 16 8§ 10,72 1.34+0.04 1.89+049 4499 063 5 2 1
A tribuloides v. minufus Boiss. ‘Wadi El Arish, inside F1 Arish airport 16 8 10.56 1.3240.03 1.81+047 4327 061 5 1 1

TCL = Total Chromosome Length, MCL = Mean Chromosome Length, Mean r-ratio = Mean arm ratio, SE = Standard Error, TF% = Total Form percent, m = Metacentric
chromosome, SM = Submetacentric chromosome and A = Acrocentric chromosome

RESULTS AND DISCUSSION

The cytological data for the examined taxa is

summarized in Table 1 and their karyotypes are illustrated
in Fig. 1-3. Chromosome numbers based on the basic
number of x = 8 are found in the majority of the studied
taxa, a diploid number of 2n = 16 1s recorded 1n 22 taxa,
whereas a triploid number (2n = 24) 1s recorded in one
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sample of 4. asterias (section Sesamei). In addition, a
tetraploid mumber (2n = 32) is counted in 4. corrugatus, of
section Harpilobus and in three samples of A. hamosus
(section Buceras) and a hexaploid (2n = 64) is recorded in
A. hamosus var. brachyceras. Numbers based onx = 7 are
found m A. annularis (two samples) and A. mareoticus
of section Harpilobus and in 4. vogelii (section
Herpocaulos); all these samples are tetraploid (2n = 28).
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However, one additional sample of 4. anmularis is found
diploid with 2n = 14. Meanwhile, numbers based onx =6
are encountered in two samples of A. trimestris of section
Harpilobus; one diploid with 2n = 12 and the other
tetraploid with 2n = 24 and in A beeticus (section
Cyamodes) where a pentaploid number (2n = 30) is
recorded.

The chromosomes of the examined taxa of Astragafus
are generally small. Total chromosome length (TCL) varies
about two folds between species (Table 1). Astragalus
boeticus of section Cyamodes (TCL = 5.22) and 4. vogelii
of section Herpocaulos (TCL = 5.74 pm) extubit much
shorter chromosomes compared to other species.
Meanwhile, longest TCL (12.72 um) have been found in
A. sinaicus (x = 8) of section Sesamei. In the remaining
taxa, TCL ranges between 8.58-894 pum in the two samples
of A. trimestris and 12.08 um in A. eremophilus. Similarly,
shortest MCT. was scored in 4. boeticus (0.821£0.05 pm)
and longest MCL m 4. sinaicus (1.594+0.08 pm).

The karyotype in the studied taxa 13 mostly
comprised of metacentric to submetacentric chromosomes
as indicated by their mean arm ratio. This ratio ranges
between 1.35+0.16 in 4. vogelii and 1.934+0.30 to 2.03+0.30
m A. asterias (Table 1). The low value of the Standard
Error (SE) for mean arm ratio values indicates low degree
of karyotype asymmetry in the studied taxa. The degree of
karyotype asymmetry is also indicated by high values of
TF% that ranges between 36.11% in A. asterias and
47.48% in A. tribuloides, the examined samples of the
latter species and the two samples of A. hispidulus show
higher TF% compared to other species. Similarly, the A,
ranges between 0.40 in 4. vogelii and 0.90-0.92 in the two
samples of 4. asterias. These values confirm the low
karyotype asymmetry as indicated by the values of arm
ratio and TF%.

The plotting of TCL against arm ratio (Fig. 4a)
distinguish most of the species that have base
mumbers of x = 6 and x = 7. In particular, this figure
clearly distinguish 4. boeticus (2n = 30, x = 6) of Section
Cyamodes and 4. vogelii (2n = 28, x = 7) of Section
Herpocaulos, the two samples of A. trimestris (2n=12; 24,
x = 6) of section Harpilobus and the two samples of
A asterias(2n =16, 24, x = 8) and A. sinaicus (2n = 16)
of section Sesamei The plotting diagram of total
chromosome length agamst the A, values (Fig. 4b) also
clearly distinguished A. boeticus, A. vogelii, A. trimestris,
A. asterias and 4. singicus. The plotting diagram of total
chromosome length against the values of total form
percent (Fig. 4¢) also clearly distinguished 4. boeticus,
A. vogelii and the two samples of 4. trimestris and also
the two samples of A. hispidulus (2n =16, x = 8) of Section
Ankylobus, the octaploid sample of 4. hamosus (2n = 64,
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x = 8) of section Buceras and the four samples of
A. tribuloides (2n =16, 24, x = 8) of section Sesamei. The
remaimng taxa, that mostly have a numbers based x =8
are not sufficiently differentiated by the plotting of
chromosome length against the arm ratio or A, values.
The neighbor joimng tree illustrating the
relationships between the studied samples of Astragalus
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is illustrated in Fig. 5. In this tree, A. mareoticus (x = 7),
A. boeticus (x = 6) and 4. vogelii (x = 7) and the samples
of 4. hamosus, with polyploid numbers based on x = 8 are
separated, as different clusters, from a large group that
comprises other taxa. In the latter group, the two samples
of A. trimestris (x = 6), A. corrugatus (x = 8) and the two
samples of 4. anmularis (x = 7) are also distinguished
separate clusters at high distance. The remaiming taxa (all
with x = 8) are divided in two major groups; the first
comprises two subgroups; a large one that includes
A. sinaicus, A. stella, A. tribuloides, A. schimperiand
A. asterias and a smaller one comprised of 4. peregrinus
and 4. bombycinus. In the other group, 4. eremophilus
and A. kahiricus as well as 4. spinosis and A. haurensis
are differentiated from a group comprising the remaiuing
seven samples. This group is differentiated into two
clusters; one including A. trigonus, 4. dactylocarpous
and A. carpinus and other 4. sieberi, A. fruticosus and the
two samples of 4. hispidulus.

I ey

A. hispidulus1
A. hispidulus?

A. fruticosus
A. sieberi

I

—

A. carpinus

A. dactylocarpous
A. trigonus

A. hauarensis

The UPGMA tree illustrating the relationships
between the studied samples of Astragalus (Fig. 6) also
separated 4. mareoticus, A. boeticus and A. vogelii and
the samples of 4. hamosus, as different clusters from
other taxa. The two samples of A. trimestris are also
clearly distinguished from other taxa. However, in this tree
A. corrugatus and the two samples of A. annularis are not
separated, as in the NJ tree whereas, the two samples of
A. hispidulus are clearly delimited as a distinguished
cluster. The remaining taxa are divided in two major
groups; the first comprises two subgroups; a larger one
that mcludes 4. stella, A. sinaicus, A. tribuloides,
A. schimperi and 4. asterias The other group is divided
into three subgroups; the first comprises 4. corrugatus
and the two samples of 4. annularis; the second of
A. peregrinus, A. bombycinus, A. eremophilus and
A. kahiricus and the third of 4. spirosis and A. haurensis
and a cluster comprised of A. sieberi, A. fruticosus,
A. trigonus, A. dactylocarpous and A. carpinus.

A. spinosus

A. kahiricus
A. eremophilus

A. bombycinus

A. bombycinus2

A. peregrinus
A. asterias]
A. asterias? e
A. schimperi :'—

A. tribuloides4
A. tribuloides
A. tribuloides2

A. stella

A. tribuloides3

|_r—
—

A. sinaicus

A. annularisl

A. annularis2

A. corrugatus

A. trimestris1

A. trimestris2

A. hamosus1

A. hamosus2

A. hamosus3
A. hamosus4

A. vogelii
A. boeticus

A. mareoticus

2.0

T 1
7.0 9.5 10.0

Distance coefficient

Fig. 5: A neighbor joming tree illustrating the relationships among the studied 35 taxa of Astragalus, based on the

analysis of karyotype criteria
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A. hispidulus1

A. hispidulus?2
A. carpinus

A. dactylocarpous
A. trigonus

A. fruticosus

A. sieberi

A. spinosus

A. hauarensis
A. kahiricus

A. eremophilus
A. bombycinusl
A. bombycinus2
A. peregrinus
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Fig. 6: UPGMA tree illustrating the relationships among the studied 35 taxa, of Astragafus based on the analysis of

karyotype criteria

The studied species of Egyptian Astragalus are
delimited mn 13 sections (Podlech, 1986; 1991, Table 1).
Section Ankylopus is represented by two samples of
A. hispidulus, one representing the type 4. hispidulus
and the other A. hispidulus ssp. kralikianus. Both
samples have 2n = 16 with metacentric and submetacentric
chromosomes (Fig. la and b), the two samples also have
closely similar chromosome length and mean arm ratio but
slightly different A, value (Table 1). The subspecies
kralikianus differs from the type by shorter and broader
pods and smaller number of seeds (Boulos, 1999).
Podlech and Aytac (1998) favored the consideration of
A. hispidulus ssp. kralikianus as a separate species lLe.,
A. kraliki Batt.; a view supported by the electrophoretic
profile of storage seed protein (Al-Nowaihi et al., 2002).
However, the karyotype features of the examined samples
do not justify the proposed delimitation. The UPGMA tree
appear to justify the delimitation of 4. hispidulus n a
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separate section but in the NJ ftree this species is
assoclated with the species m section Carpim
(A. carpinus) and section Chronopus (4. dactvlocarpois,
A. fruticosus, A. sieberi and A. trigonus). All these
species have 2n = 16 and similar TCL and mean arm ratio
but slightly different A, value (Table 1).

Karyological similarities are evident among the
examined four species of section Chronopus ie.,
A.  dactvlocarpous, A. fruticosus, A. sieberi and
A. trigonus. All four species have 2n = 16 with closely
similar chromosome length, arm ratio TF% and A,
(Table 1). The resemblance in chromosome criteria among
these species 1s correlated with similarities m their seed
protein electrophoretic profiles (Al-Nowaihi ef al., 2002).
However, morphological and anatomical features
distinguished A. fruticosus from the other three species
(Sharawy, 2001). Podlech (Personal Communication, 2001)
favored the delimitation of this species m subsection
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Astragalus and the other three species in section
Chronopus. However, this view 1s not substantiated by
the karyotype features reported here. On the contrary,
karyotype analysis and the analysis of chromosome data
support close relationships between these species.
Furthermore, the NJ tree, based on these data, mdicates
close relationships among the species
Chronopus and A. carpimis of section Carpini and
A. hispidulus (section Ankylopus).

Section Buceras is represented by four samples of
A. hamosus; all have polyploid chromosome numbers
based on x = 8, three samples are tetraploid with 2n = 32
and one sample of 4. hamosus spp. brachyceras has
2n = 64 (Table 1). The tetraploid number has been
frequently reported for 4. hamosus but pentaploid
(2n = 40), hexaploid (2n = 48) and other aneuploid
numbers were also recorded m this species (Loeve and
Kjellquisst, 1974; Horjales, 1976; Diaz Lifante et al., 1992).
In Egyptian material, Badr ef af. (1996) recorded 2n =32 in
A. hamosus and 2n = 40 in 4. hamosus ssp. buceras,
however, 2n = 64 in A. hamosus ssp. brachyceras is
recorded here for the first time. The chromosomes of
all samples of 4. hamosus are metacentric and
sumbetacentric (Fig. 1¢-f) with similar TCL, MCL, arm
ratio, TF% and A, values (Table 1).

Podlech and Aytac (1998) regarded 4. hamosus a
polymorphic species i morphological characters, an
observation supported by differences in chromosome
number among different samples. However, the variation,
m chromosome number among different samples of
A.  hamosus, not associated with morphological
and anatomical resemblances (Sharawy, 2001) and
similarities 1 the electrophoretic profiles of seed protein
(Al-Nowaihi et af., 2002). The samples of 4. hamosus are
clearly delimited as a distinguished group in the NT and
UPGMA distance trees. The analysis of chromosome
features thus support the position of 4. hamosus in
section Buceras as proposed by Podlech (1986 and 1991).

The chromosome number of 2n = 30 reported n
A. boeticus of section Cyamodes 1s most likely pentaploid,
based on x = 6 and 1s sumilar to previous counts reported
for this species by several authors (Ledmgham, 1960,
Ledingham and Rever, 1963; Martinez, 1974; Fernandes
and Quiros, 1978; Badr et al., 1996). The karyotype is
comprised of metacentric and submetacentric short
chromosomes. The chromosomes of this species, like that
of 4. vogelii (2n = 28) of section Herpocaulos, are
extremely short compared to other species. However, the
karyotype of A. boeticus is more asymmetric as judged by

of section

1s

higher mean arm ratio, TF% and A, value compared to
that of 4. vogelii (Table 1).
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The analyses of karyotype data separate 4. vogelii
and A. boeticus as well as A. mareoticus (2n = 28), of
section Harpilobus, from other species, at high distance
coelficients between them. In the UPGMA tree, these
three species are clearly distinguished from all other taxa.
The high distance coefficients among these species, in
both the NI and UPGMA trees, may be congruent with
the delimitation of 4. boeticus m section Cyamodes and
A. vogelii in section Herpocaulos as proposed by Podlech
(1986 and 1991 ) and agree with differences between them
in morphological, anatomical and seed protein criteria as
described by Sharawy (2001 ) and Al-Nowaili et al. (2002).

Both the NJ and UPGMA trees clearly indicated the
separation of 4. mareoticus from other species of section
Harpilobus. This section 1s represented in this study by
four species that have different chromosome numbers and
exhibit variable arm ratio, TF% and A, values. Numbers
based onx =8 are found in 4. corrugatus (2n = 32) and
A. hauarensis (2n = 16) and numbers basedon x = 6 in
A. trimestris (2n = 12; 24). Meanwhle, a tetraploid rmumber,
based on x = 7 (2n = 2&) is found in 4. mareoticus. The
chromosome counts and karyotype features of these
four species do mnot support their grouping in
section Harpilopus (Podlech, 1991) and 1s contrary to
similarities in their seed protein electrophoretic profile
(Al-Nowaihi et al., 2002). In the NT tree, A. trimestris and
A. corrugatus are assoclated together at high distance
coefficients between them. In the UPGMA tree,
A. corrugatus appeared associated, at relatively high
coefficient, with 4. anmnularis (section
Haematodes). In both trees 4. hauarensis 13 grouped
with 4. spinosus of section Poterium; both species have
2n = 16 and similar karyotype features (Table 1). The
karyotype features and the analyses of chromosomal data
thus de not support the grouping of the above four
species i section Harpilopus as proposed by Podlech
(1986 and 1991).

Two samples of 4. annularis (section Haematodes)
have been examined in this study, one has a diploid
number of 2n = 14 and the second a tetraploid number of
2n =28 (Fig. 2¢ and d). The diploid number was recorded
in Egyptian material by Badr et al (1996) and the
tetraploid number 1s recorded here for the first tine. The
chromosomes of the two samples have similar length
and arm ratio but the diploid sample shows slightly higher
TF% and lower A, value (Table 1). The karyotype
criteria for A. annularis support the morphological and
anatomical characters (Sharawy, 2001) and seed protein
electrophoretic profile (Al-Nowaihi et al., 2002) that justify
the delimitation of this species in section Haematodes as
proposed by Podlech (1986). This 1s confirmed by the
position of the two samples of A. anmularis mthe NI tree.

distance
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The association of this species with 4. corrugatus in the
UPGMA tree may be merely reflecting similarities in
chromosome measurements.

A diploid number of 2n = 16 18 reported for
A, kahiricus of section Hremophysa (Fig. 2a) and
A. eremophilus of section Falcinellus (Fig. 2b). The
same number was reported for material of 4. eremophilus
from Saudi Arabia (Badr and Gassim, 1992) and Egypt
(Badr et al., 1996). The karyotype of both species is
comprised of metacentric and submetacentric. The two
species also have siumilar chromosome length, arm ratio,
TF% and A, value (Table 1). These resemblances are
reflected mn the NJ tree; in which the two species are
delimited together, at a relatively high distance coefficient.
The grouping of these two species in the NT tree is
contrary to their separation in two sections by Podlech
(1986 and 1991). In the UPGMA tree, A. kahiricus and
A. eremophilus are grouped at low distance coefficient
but delimited with A. peregrinus and 4. bombycinus of
section Platyglottis; all four species have 2n = 16 but the
former two species have longer chromosomes, lower arm
ratio and higher FF% and A, value.

Section Platyglottis 1s represented m this study by
two samples of 4. bombycinus and one sample of
A. peregrinus; all three samples are diploid with 2n=16.
The same number was reported m both species by
Ledingham and Rever (1963) and in A. peregrinus by
Brullo et al. (1991) and Badr et al. (1996). The karyotype
of both samples of 4. bombycinus is composed of
metacentric and submetacentric chromosomes (Fig. 2k
and 3a) and that of 4. peregrinus have eight pairs of
metacentric chromosomes (Fig. 3b). However, both
species have similar arm ratio, TF% and A, value, but the
latter species has shorter chromosomes (Table 1). The
delimitation of 4. bombycinus and A. peregrinus, as one
group, in the NT tree, agree with similarities among them
in morphological and anatomical characteristics and
pollen type (Saad and Taia, 1988). These data combined
with similarities among these two species in spermoderm
characters (Sharawy et al, 2003) and seed protein
electrophoretic profiles (Al-Nowaihi et al., 2002) support
therr delimitation together in
(Podlech, 1991).

Chromosome numbers based on x = 8 have been

section  Platyglottis

recorded 1n nine taxa representing five species of section
Sesamei (Table 1). One sample of 4. asterias has a triploid
number of Zn = 24 and the other eight samples have a
diploid number of 2n = 16. The same number was only
reported, in Egyptian material, for A. sinaicus by
Badr et al. (1996). The karyotype of the nine taxa 1s

illustrated in Fig. 3d-l. They differ in chromosome
length that ranges from 1.59+0.08 pm in A. sinaicus to
1.264£0.04 um in A. stella. In the karyotype of the latter
species (Fig. 3h) a satellite 1s observed on the short arms
of the chromosome pair numbered 3. The two samples
of A. asterias are distinguished by higher mean arm
ratio and A, value that indicates asymmetric karyotype
(Table 1).

In the NT and UPGMA trees, the species of section
Sesamei are clearly distinguished as one group; only
A. sinaicus and A. stella are shightly distinet from the
samples representing the other three species. This
distinction 1s in agreement with the view of Gazer (1993),
who proposed four groups for section Sasamei typified
by A. asterias, A. sinaicus, A. stella and A. schimperi
respectively. Astragalus asterias possesses sessile
leaves and fruits with double indumentum (Sharawy,
2001). Saad and Taia (198%) also found that this species
has A. palaestinus pollen type that differs from the pollen
types in section Sasamei. Moreover, evidence from seed
protein electrophoretic analysis indicated the grouping of
A. asterias with A. tribuloides (Al-Nowaihi et ai., 2002)
that 1s comrelated with similarities between these two
species in spermoderm characteristics (Sharawy et al.,
2003). However, in this study samples representing both
species are grouped with 4. schimperi indicating close
relationship between these three species. Chromosomal
criteria and analysis of karyotype data, as presented here,
support the grouping of the five species that has been
delimited mn section Sesamei by Podlech (1986 and 1991).
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