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Taxonomic status of the Turkish members of the sections Hololeuce and Synochreati
of Astragalus (Fabaceae) was analysed using variation of morphological features, seed
proteins and RAPD markers. Dendrograms based on Nei’s genetic distance method
UPGMA were used to compare the species. The results of cluster analysis were in
broad agreement with morphological classifications of these species, and they were
slightly different to the arrangement of these species in Flora of Turkey. Based on
RAPD, seed protein and morphological analyses, A. vuralii H. Duman & Aytag is syn-
onymized with A. andrasovszkyi Bornm., A. cylindraceus DC. with A. globosus Vahl,
A. alindanus Boiss. with A. hirsutus Vahl, A. paecilanthus Boiss. & Heldr. with A.
sibthorpianus Boiss., A. squalidus Boiss. & No¢ with A. amoenus Fenzl, A. kangalicus
Kit Tan & Sorger with A. fragrans Willd., and A. seydishehiricus Kit Tan & Ocakverdi,
A. isparticus Kit Tan & Sorger and A. ocakverdii Kit Tan & Sorger with A. acmono-
tricus Fenzl. In addition to these, A. karputanus Boiss. & Noé should be treated as a
subspecies of A. bicolor Lam.
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Introduction

Astragalus is probably one of the largest genera
of vascular plants in Eurasia, with an estimated
number of 2500-3000 species. Many species are
narrow endemics, while relatively few are wide-
spread, distributed mainly in the Northern Hemi-
sphere, Central Asia, and western North America
(Podlech 1986, Maassoumi 1998). It is also the
largest genus in Turkey, where it is represented
by ca. 470 species in 62 sections (Chamberlain

& Matthews 1970, Davis et al. 1988, Ekim et al.
1991, Ozhatay et al. 1994, 1999, Adiguzel 1999,
Podlech 1999, Aytac 2001, Aytac et al. 2001,
Ekici & Ayta¢ 2001, Aytac & Ekici 2002, Gok-
turk et al. 2003).

In the Flora of Turkey, many taxonomical
problems in some genera and sections were
mentioned, but not solved, because of the limited
time and material. The editors suggested that
further revision should be carried out to solve
these problems (Chamberlain & Matthews 1970,
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Davis & Hedge 1975). Astragalus is an example
with many unresolved taxonomical problems,
for example in sections such as Onobrychium
and Hololeuce. The classical identification of
Astragalus of course depends on morphological
characteristics. These characteristics are often
affected by environmental and/or developmental
factors during plant growth (Cai et al. 1999).
The advent of molecular taxonomy techniques
offered a solution to many problems, which were
for a long time out of reach of classical taxo-
nomic methods and approaches. Currently, the
methods of construction of phylogenetic trees
on the basis of molecular data are widely used
in systematics. Due to the tremendous develop-
ments in the field of molecular biology, a vari-
ety of different molecular techniques to analyze
genetic variation has emerged in recent decades.

Some types of molecular markers used today
are RFLP, AFLPs, RAPD and seed protein pro-
files. RFLPs (Tanksley ef al. 1989) and RAPD
(Williams et al. 1990) are quite stable and highly
reproducible. RFLP markers are less polymor-
phic, more expensive and laborious compared
with RAPD. Seed protein profiles are a powerful
tool to ascertain genetic homology at the molec-
ular level and to resolve taxonomic and phyloge-
netic problems (Singh e al. 1994). Analysis of
seed protein profiles by sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
has been used succesfully for identification of
some plant species (Ladizinsky & Hymowitz
1979, Cooke 1984, Saraswati et al. 1993). To our
knowledge, there is no published information on
the use of DNA and protein markers for the char-
acterization of genetic diversity in the Astragalus
species we study in this contribution.

It was our objective to clarify the systematic
status of two sections of the genus Astragalus by
studying RAPD-PCR and seed protein profiles in
addition to morphological analysis.

Materials and methods

Morphological observations were carried out
from dried specimens conserved at a number
of herbaria (AEF, ANK, ATA, B, BM, CUM, E,
EGE, GAZI, HUB, ISTF, K, KNYA, M, MSB,
P, W) and fresh materials collected in the wild.

Information on taxa used in the present inves-
tigation is summarized in Table 1. The author
names follow Brummitt and Powell (2001).

A set of fifty 10-mer oligonucleotides from
Operon Technologies were used for RAPD
amplification. The conditions reported by Wil-
liams et al. (1990) were used for RAPD-PCR.
Amplification was achieved in a Techne (UK)
Progene thermocycler. After the cycling was
completed, 15 ul of the reaction products were
analysed alongside small molecular weight
markers on a 2% agarose gel in the presence of
ethidium bromide and photographed under UV
light.

For seed protein analysis protein extraction
was performed according to Saraswati et al.
(1993). Electrophoresis was carried out following
the Laemmli (1970) method. Each run included
marker proteins, of which molecular weights
were known (BioRad). Proteins on the gel were
fixed and stained overnight with Coomassie Bril-
liant Blue G-250 according to Demiralp et al.
(2000). Molecular weights of protein bands were
estimated by their relative mobilities.

In the data analysis, bands on RAPD and
SDS-PAGE gels were scored as either present
(1) or absent (0) for all species studied. Common
band analysis was conducted using the computer
programme POPGEN to determine the genetic
distance values between them. The figures for
genetic distance were then used as input data for
cluster analysis to generate dendrograms.

Results

Astragalus specimens were collected in Turkey
in 1995-1999 and studied morphologically
(Chamberlain et al. 1988, Davis et al. 1988,
Ekim et al. 1991).

For the RAPD-PCR analysis, 40 random
primers were tested in the amplification reactions
with Astragalus species. Among them, 10 prim-
ers were chosen for further analysis. Bands were
ranging from 200 bp to 1500 bp in size. Some
of the bands were monomorphic, while some of
them showed at least one polymorphism. RAPD
results clearly differentiated between each of the
twenty-seven species of Astragalus: A. incertus
Ledeb., A. hyalolepis Bunge, A. bicolor Lam.,
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A. vuralii H. Duman & Aytag, A. karputanus
Boiss. & Noé, A. caudiculosus Boiss. & Huett,
A. andrasovszkyi Bornm., A. alyssoides Lam.,
A. cylindraceus DC., A. alindanus Boiss., A.
hirsutus Vahl, A. cataonicus Bunge, A. dumanii
M. Ekici & Aytac, A. globosus Vahl, A. sibthor-
pianus Boiss., A. paecilanthus Boiss. & Heldr.,
A. stenosemius Boiss. & Nog, A. stenosemioides
Bornm. ex Chamb. & Matthews, A. amoneus
Fenzl, A. squalidus Boiss. & Nog, A. gaeobot-
rys Boiss. & Balansa, A. fragrans Willd., A.
kangalicus Kit Tan & Sorger, A. acmonotrichus
Fenzl, A. seydishehiricus Kit Tan & Ocakverdi,
A. isparticus Kit Tan & Sorger, and A. ocakverdii
Kit Tan & Sorger.

The analysis of seed proteins showed that all
studied genotypes had a specific protein pattern
except the species, which were taxonomic syno-
nyms based on morphological data. The seed
protein composition determined by SDS-PAGE
for members of the sections Hololeuce and Syno-

Table 1. Specimens used in this study.

chreati are presented in Figs. 1 and 2, respec-
tively. Based on the DNA electrophorograms
and protein profiles the indices of similarity
were calculated (Tables 2-3). The dendrogram
for section Hololeuce (Fig. 3) allows two main
groups to be distinguished. The upper group was
again subdivided into three subgroups having
genetic distances between 0% and 37%. The
upper cluster contains A. amoneus, A. squalidus,
A. vuralii, A. andrasovskyi, A. karputanus, A.
bicolor, A. cataonicus, A. dumanii, A. paecilan-
thus and A. sibthorpianus. Among these section
members, A. amoneus differs from A. squalidus
by a genetic distance of 37%. Astragalus vuralii
differs from A. andrasovszkyi by a genetic dis-
tance of 33%. Astragalus karputanus shows no
differences from A. bicolor (genetic distance
0%), A. cataonicus shows no differences from A.
dumanii (genetic distance 0%), and A. paecilan-
thus shows no differences from A. sibthorpianus
(genetic distance 0%).

Species Collection site Altitude (m) Habitat Collectors

Sect. Hololeuce

A. incertus A8 Trabzon: pass Soganli 2600 meadows M. Ekici 2138 et al.
A. hyalolepis B8 Erzurum: Palanddken mt. 2900 meadows M. Ekici 2016 et al.
A. bicolor A8 Erzurum: Erzurum 2000 steppe M. Ekici 1990 et al.
A. karputanus B5 Nevsehir: Géreme 1100 steppe M. Ekici 2102 et al.
A. caudiculosus B8 Erzurum: Palanddken mt. 2750 meadows M. Ekici 2027 et al.
A. andrasovszkyi B4 Konya: Cihanbeyli 1000 steppe M. Ekici 2066 et al.
A. vuralii B4 Ankara: Polath 850 steppe M. Ekici 2061 et al.
A. alyssoides B8 Erzurum: Palandéken mt. 2700 meadows M. Ekici 2014 et al.
A. cataonicus C3 Isparta: Dedegdl mt. 2400 screen M. Ekici 2038 et al.
A. dumanii B6 K.Marag: Berit mt. 2300 screen M. Ekici 2057 et al.
A. hirsutus C3 Konya: Beysehir 1400 screen M. Ekici 1877 et al.
A. alindanus C2 Antalya: Elmali. 2100 screen M. Ekici 1938 et al.
A. globosus B8 Erzurum: Palandéken mt. 2400 meadows M. Ekici 2012 et al.
A. cylindarceus B5 Kayseri: Ali Dag 1750 steppe M. Ekici 1910 et al.
A. sibthorpianus A2 Bursa: Uludag 2100 steppe M. Ekici 2113 et al.
A. paecilanthus C3 Isparta: Gigekdag 1600 Quercus forest M. Ekici 2086 et al.
A. amoenus C3 Konya: Seydisehir 1600 Pinus forest M. Ekici 1889 et al.
A. squalidus B4 Ankara: Ahlatlibel 1200 steppe M. Ekici 2109 et al.
Sect. Synochreati

A. gaeobotrys B2 Usak: Usak 950 Pinus forest M. Ekici 1897 et al.
A. fragrans A8 Erzurum: Narman 2400 meadows M. Ekici 1997 et al.
A. kangalicus A6 Sivas: Kangal 2000 steppe M. Ekici 1923 et al.
A. acmonotrichus B2 Kutahya: Murat Dagi 1500 screen M. Ekici 2059 et al.
A. ocakverdii C4 Konya: Seydisehir 1600 Pinus forest M. Ekici 2062 et al.
A. isparticus C3 Isparta: Gigekdag! 1700 forest M. Ekici 2034 et al.
A. seydishehiricus C4 Konya: Seydisehir 1400 open Quercus M. Ekici 1956 et al.
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Fig. 2. Electrophoretic pattern of seed proteins in Astra-
galus sect. Synochreati. (1) A. gaeobotrys, (2) A. fra-
grans, (3) A. kangalicus, (4) A. seydishehiricus, (5)
A. isparticus, (6) A. ocakverdii, (7) A. acmonotrichus,
(8) Marker (myosin 200.000, -galactosidase 116.250,
phosphorylase b 97.400, serum albumin 66.200, oval-
bumin 45.000, carbonic anhydrase 31.000, trypsin
inhibitor 21.500, lysozyme 14.400, apotinin 6.500 Da).

13 14 15 16 17 18 19

Fig. 1. Electrophoretic
pattern of seed proteins
in Astragalus sect. Holo-
leuce. (1) A. incertus,
(2) A. hyalolepis, (3) A.
bicolor, (4) A. karpu-
tanus, (5) A. caudiculo-
sus, (6) A. andrasovsz-
kyi, (7) A. vuralii, (8) A.
alyssoides, (9) A. cat-
aonicus, (10) A. dumanii,
(11) A. hirsutus, (12) A.
alindanus, (13) A. globo-
sus, (14) A. cylindraceus,
(15) A. sibthorpianus,
(16) A. paecilanthus,
(17) A. stenosemius,
(18) A. amoenus, (19) A.
squalidus.

The lower group was also subdivided into
two subgroups having genetic distances between
0% and 63%. The second group contains A.
globosus, A. cylindraceus, A. hyalolepis, A.
incertus, A. alyssoides, A. stenosemius, A. sten-
osemioides, A. caudiculosus, A. hirsutus and
A. alindanus. Among these, A. globosus differs
from A. cylindraceus by a genetic distance of
0.3%, A. hyalolepis differs from A. incertus and
A. alyssoides by a genetic distance of 0.3% and
28% respectively, A. stenosemius differs from
A. stenosemioides by a genetic distance of 37%,
and A. caudiculosus differs from A. hirsutus by
a genetic distance of 63%. Astragalus hirsutus
shows no genetic differences from A. alindanus
(genetic distance 0%).

The dendrogram for section Synochreati
(Fig. 4) allows two groups to be distinguished.
The upper cluster contains only A. gaeobotrys
having genetic distances to all other members
of the section between 47% and 98%. The lower
cluster was subdivided into two groups having
genetic distance between 0% and 28%. Astra-
galus fragrans and A. kangalicus grouped in the
first cluster, and the second cluster consisted of
A. isparticus, A. acmonotrichus, A. seydishe-
hiricus and A. ocakverdii. Among these species,
A. gaeobotrys differs from A. fragrans and A.
kangalicus by genetic distances of 69% and
47% respectively, A. fragrans differs from A.
kangalicus by a genetic distance of 13%, and
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A. amoenus
_EA. squalidus
A. vuralil
A. andrasovszkyi
__EA. karputanus
A. bicolor
A. cataonicus
A. dumanii
E-.A. paecilanthus
A. sibthorpianus
A. globosus
A. cylindraceus
A. hyalolepis
A. incertus
A. alyssoides
[—A. stenosemius
A. stenosemioides
A. caudiculosus
AEA, hirsutus

A. alindanus

Fig. 3. Dendrogram of Astragalus sect. Hololeuce.

A. isparticus differs from A. acmonotrichus by
a genetic distance of 28%. Astragalus seydishe-
hiricus shows no differences from A. ocakverdii
(genetic distance 0%).

Discussion

Astragalus amoenus and A. squalidus grouped
in the first cluster. Different populations of these
two species show a similar protein banding pat-
tern. We have collected these two “species” in
different localities and suggest A. squalidus to
be a synonym of A. amoenus, a conclusion sup-
ported by the results of seed protein analysis and
RAPD analysis.

Another member of the first cluster, A. cat-
aonicus, is related to A. dumanii, but can be
distinguished by characteristics such as bracts,

A.gaeobolrys

A. fragrans

A. kangalicus

A. Isparticus

A. acmonotrichus

A. seydisehiricus

A. ocakverdii

Fig. 4. Dendrogram of Astragalus sect. Synochreati.

calyx, calyx-teeth and stipule (Appendix). Astra-
galus karputanus only differs from A. bicolor
in the leaflet number, that being 5-8 and 8-15
respectively. We therefore reduce A. karputanus
to a subspecies of A. bicolor. The protein analy-
sis data provided evidence that these two taxa
are very closely related.

Also in the first cluster, A. andrasovszkyi
was recorded as a new species in 1915 from
type collection only, and it was not collected
again until 1993 (but the collections were pub-
lished as a new species A. vuralii by Duman and
Aytag (1993). We collected the taxon from type
locality in 1995 and, after close morphological
examination, we regard A. vuralii as a synonym
of A. andrasovszkyi (Appendix). The last mem-
bers of the first cluster, A. paecilanthus and A.
sibthorpianus were treated as separate species in
Flora of Turkey, only differing in the length of
calyx and standard. However, after a thorough
morphological study (Appendix), it is clear that
A. paecilanthus is a taxonomic synonym of A.
sibthorpianus. In seed protein analysis the band-
ing patterns of the two are similar.

Table 3. Genetic distance values based on RAPD results and seed proteins of Astragalus sect. Synochreati. (1) A.
fragrans, (2) A. kangalicus, (3) A. gaeobotrys, (4) A. acmonotrichus, (5) A. seydishehiricus, (6) A. isparticus, (7) A.

ocakverdii.
1 2 4 5 6 7
A. fragrans -
A. kangalicus 0.1335 -
A. gaeobotrys 0.6931 0.4700 -
A. acmonotrichus 0.4700 0.2877 0.9808 -
A. seydishehiricus 0.4700 0.2877 0.4700 0.2877 -
A. isparticus 0.4700 0.2877 0.4700 0.2877 0.0000 -
A. ocakverdii 0.4700 0.2877 0.4700 0.2877 0.0000 0.0000 -
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The first members of the second large clus-
ter are A. globosus and A. cylindraceus. These
two species are very similar morphologically.
In the Flora of Turkey, A. cylindraceus keyed
out in error as having two bracteoles; this con-
flicts with the description, where bracteoles are
described as being absent or up to 5 mm. We
have found that several specimens are morpho-
logically intermediate between A. globosus and
A. cylindraceus and such specimens cannot be
placed with certainity in either species. The
intermediates, as well as the protein pattern, sup-
port our conclusion to reduce the latter name into
synonymy with the former.

In the second group, the protein banding
patterns of A. hyalolepis, A. incertus and A.
alyssoides differ from each other. Astragalus
incertus has sub-bifurcate hairs on the leaflets,
which renders it easily distinguishable from the
two other species. Astragalus stenosemioides
and A. stenosemius also grouped in the second
cluster. Both are endemic to Turkey and are
closely related morphologically and have similar
protein patterns. The remaining members of the
second cluster are A. alindanus and A. hirsutus,
which were regarded as closely related in the
Flora of Turkey, and our molecular results sup-
port that notion.

Morphologically, A. gaeobotrys was distin-
guished from the others by fruit shape. Astra-
galus fragrans differs from A. kangalicus in the
leaflets, peduncule and calyx length. According
to morphology and genetic distances, we con-
sider A. fragrans a taxonomic synonym of A.
kangalicus. Seed protein profiles of A. ispar-
ticus, A. ocakverdii, A. seydishehiricus and A.
acmonotrichus were very similar and the genetic
distances among these four range between 0%
and 28%; they are also very similar morphologi-
cally. Astragalus ocakverdii is identical with and
thus a taxonomic synonym of A. acmonotrichus
in section Synochreati. Similarly, the morpho-
logical features of A. isparticus and A. sey-
dishehiricus fall within the range found in A.
acmonotrichus.

As a result of molecular studies in conjunc-
tion with morphological data and field observa-
tions, we conclude that the number of species
recognised in the sections Hololeuce and Syno-
chreati is less than previously thought. Although

A. ocakverdii is usually included in section Holo-
leuce (Davis 1988), a morphological analysis
indicates that it should be transferred to section
Synochreati. The accepted names in the list are
in bold and their taxonomic synonyms in italics
but not in bold.

1. Astragalus sect. Hololeuce Bunge

Mém. Acad. Imp. Sci. Saint Pétersbourg 11 (16): 104.
1868. — Lectorype (Podlech 1990): A. hololeucus Boiss.
& Buhse.

Astragalus alyssoides Lam.

Encycl. Méth. Bot. 1: 317. 1785. — Lectorype (Podlech
1998): Armenia. ‘Astragalus orientalis, argenteus angustifo-
lius, flore leucophaeao’, J.P. de Tournefort 29 (P-LA: photo
MSB!; isolectotypes BM; P-TRF nr. 3634!: photo MSB!).

Astragalus amoenus Fenzl

Pug. PL. Nov. Syr.: 4. 1842. — Tragacantha amoena
(Fenzl) Kuntze, Revis. Gen. 2: 943. 1891. — LECTOTYPE
(Podlech 1999): Turkey. In alpibus Tauri occid., aestate 1836
Th. Kotschy 124 (W!; isolectotypes B!, BM, G, G-BOIS, K!,
LE, M!, MSB!, OXF, P!, W!).

Astragalus squalidus Boiss. & Nog

Diagn. pl. orient., ser. 2, 2: 29. 1856, syn. nov. — HoLo-
TYPE: Turkey. Prope Sivas, VI.1842 No¢ 1084 (G-BOIS; iso
B!)

Astragalus andrasovszkyi Bornm.

Magyar Bot. Lapok 14: 54. 1915. — Type: Turkey.
Lycaonia, Anatolia centr., ad pag. Karabagh, 17.V.1911
Andrasovszky 442 (holotype B!; isotypes: BP, JE)

Astragalus vuralii H. Duman & Aytac

Thaiszia 1: 19. 1991, syn. nov. — Horotype: Turkey. B3
Ankara, 18 km W of Polatli, Acikir district, 840 m, 25.V.1990
H. Duman & Z. Aytag 3032 (GAZI!; isotypes ANK!, HUB!).

Astragalus bicolor Lam.
Encycl. Méth. Bot. 1: 317. 1785.

subsp. bicolor

Tragacantha bicolor (Lam.) Kuntze, Revis. Gen. 2:
943. 1891. — Lecrorype (Podlech 1998): Armenia. ‘Astra-
galus armeniacus incanus, angustifolius, fl. in eod. capitulo
candid. et purpureo’, J.P. de Tournefort (P-LA; isolectotypes
B-W 14082, BM, M!, P-JUSS 15253, P-TRF nr. 3629: photo
MSB)).

subsp. karputanus (Boiss. & Nog¢) Ponert

Feddes Repert. 83: 631. 1973. — Astragalus karputanus
Boiss. & Nog, Diagn. pl. orient., ser. 2, 2: 26. 1856. — Tra-
gacantha karputana (“Boiss.” Boiss. & No¢) Kuntze, Revis.
Gen. 2: 945. 1891. — HovrorypE: Armenia. Prope Karput
Armeniae mer., VI.1852 F.W. Noé 963 (G-BOIS).
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Astragalus cataonicus Bunge

Mém. Acad. Imp. Sci. Saint Pétersbourg 11 (16): 107.
1868. — Tragacantha cataonica (Bunge) Kuntze, Revis.
Gen. 2: 943. 1891. — Syntypes: Turkey. In Tauro cilicico [in
summo jugus inter Gisyl deppe et Koschan, 2350 m], Th. Kot-
schy 158 (K!); in Tauro cilicico, alpe ‘Bulgar Dagh’, in rupes-
tribus montis Gisyl Deppe, 80007, 1853 Th. Kotschy 169.

Astragalus caudiculosus Boiss. & A. Huet

Diagn. pl. orient., ser. 2, 2: 25. 1856. — Tragacanatha
caudiculosa (“Boiss.” Boiss. & A. Huet) Kuntze, Revis.
Gen. 2: 943. 1891. — Astragalus xerophilus Ledeb. subsp.
caudiculosus (Boiss. & A. Huet) Ponert, Feddes Repert. 83:
631. 1973. — HovoryepE: Turkey. Tech Dagh prope Erzeroum
Armeniae, 9000-10000, VII.1853 A. Huet du Pavillon (G-
BOIS; isotypes BM, G, GOET, K!, P: photo MSB!).

Astragalus dumanii M. Ekici & Aytag

Ann. Bot. Fennici 38: 171-174. 2001. — HoLOTYPE:
Turkey, prov. Maras, [C6] Goksun, Berit Dagi, 2300-2400 m,
8.9.1997, M. Ekici 2057 & Aytag (GAZI!; isotype MSB!).

Astragalus globosus Vahl

Symb. Bot. 1: 60. 1790. — Lectorypt (Podlech 1998):
‘A. orientalis, foliis viciae argenteis, caule nudo, erecto flo-
ribus luteis’, J.P. de Tournefort (P-TRF 3644: photo MSB!;
isolectotypes B-W 14081, M!)

Astragalus cylindraceus DC.

Astragalogia: 223. 1802, syn. nov. — TypE: ‘A. orien-
talis foliis viciae incanis, caule nudo erecto, floribus luteis’,
J.P. de Tournefort (vidi olim in hb. Desfontaines; holotype
P-TRF 3621, photo MSB!).

Astragalus hirsutus Vahl

Symb. Bot. 1: 59. 1790. — Lecrorype (Podlech 1998):
‘A. orientalis, candidissimus tomentosus’, J.P. de Tournefort
(P: hb. Vaillant: photo MSB!; isolectotype B-W 14080).

Astragalus alindanus Boiss.

Diagn. pl. orient., ser. 1, 2: 85. 1843, syn. nov. — HoLo-
TYpE: Turkey. In Caria prope Moglah, Alindam veterum,
P.M.R. Aucher-Eloy 1326 (G-BOIS; isotypes G, P!)

Astragalus hyalolepis Bunge

Mém. Acad. Imp. Sci. Saint Pétersbourg 11(16): 105.
1868. — Syntypes: In Iberia, Alvar, Wilhelms; prope Tri-
alethi, E. Wiedemann (LE, P: photo MSB!); ad lacum Gokt-
scha ad pedem montis Tschitschaglu, 2000 m, A. P. Owerin
(P: photo MSBY!); ibid. N. von Seidlitz (P: photo MSB!).

Astragalus incertus Ledeb.
FIL. Ross. 1: 647. 1843. — HorLorype: Turkey. Mt. Ararat,
Hehn (LE).

Astragalus sibthorpianus Boiss.
Diagn. pl. orient., ser. 1, 2: 84. 1843. — Tragacantha
sibthorpiana (Boiss.) Kuntze, Revis. Gen. 2: 948. 1891.

— Synryees: In Olympo Bithyno, J. Sibthorp; ibid., P.M.R.
Aucher-Eloy 1348 (BM!, G-BOIS, K!, LE, MSB!, OXF, P);
ibid., VI1.1842, E. Boissier.

Astragalus paecilanthus Boiss. & Heldr.

Diagn. pl. orient., ser. 2, 6: 54. 1859, syn. nov. — SyN-
Types: Turkey. Davros Dagh Pisidiae, 1530 m, 26.V. (fl.)
(K!, OXF); ibid., 6.6. (fr.) 1845 T.H.H. von Heldreich (G-
BOIS, K!, P, W!); Ouchak [Usak] Phrygiae, alt. 3000, 26.V.
& 6.VI.1857, B. Balansa 1127 (B!, BM, G, JE, K!, LE,
MSB!, OXF, P!, W!); Davros Dagh Pisidiae, 5000-6000",
28.V.1848, V.1848 T.H.H. von Heldreich.

Astragalus stenosemioides D.F. Chamb. & V.A. Matthews

Notes Roy. Bot. Gard. Edinburgh 29: 303. 1969. — HoL-
otype: Turkey, BS Kayseri, Cappadocia, mt. Argaei (Erciyas
Da.), 2700-3000 m, 18.VI.1890 J.EN. Bornmiiller 1637
(BM; isotypes: B!, BR, K!, W!).

Astragalus stenosemius Boiss.

Diagn. pl. orient., ser. 2, 2: 27. 1856. — Tragacantha
stenosemia (Boiss.) Kuntze, Revis. Gen. 2: 948. 1891. —
HovorypE: Turkey. Prope Bakker Maaden (Ardana) Armeniae
meridionalis, VI.1852 F.W. Noé 813 (G-BOIS; isotype W!).

2. Astragalus section Synochreati DC.
Prodr. 2: 291. 1825. — Lkcrorype (Podlech 1990):
Astragalus fragrans Willd.

Astragalus acmonotrichus Fenzl
Pug. P1. Nov. Syr.: 5. 1842. — Hovrotype: Turkey. Taurus
occ., Th. Kotschy 121 (W!; isotypes K!, LE, P!)

Astragalus ocakverdii Kit Tan & Sorger

PL. Syst. Evol. 154: 115. 1986, syn. nov. — HOLOTYPE:
Turkey. C4, prov. Konya, Seydisehir, Tinaz Dagi, 1600 m,
11.VI.1981 H. Ocakverdi 1348 (KNYA!; isotypes E!: photo
MSB!)

Astragalus seydishehiricus Kit Tan & Ocakv.

Notes Roy. Bot. Garden Edinburgh 44: 157. 1986, syn.
nov. — Hororype: Turkey. C4 Konya, Seydisehir, north side
of Kuyucak Dag, c. 1500 m, 28.VI.1982 H. Ocakverdi 1628
(E!: photo MSB!)

Astragalus isparticus Kit Tan & Sorger

Aliso, 11: 626. 1987, syn. nov. — Horotype: Turkey.
C3 Isparta, Cicekdag, 1800 m, 17.VL.1967 F. Sorger 67-6-15
(W!; isotype: E!)

Astragalus fragrans Willd.

Sp. PL. 3: 1294. 1802. — HovrotYPE: ‘A. orientalis min-
imus foliis viciae, flore ex viridi-flavescente odoratissimo’,
Tournefort cor. 28 (B-Willd. 14049; isotypes BM!, P-TRF
3620).

Astragalus kangalicus Kit Tan & Sorger
Aliso 11: 626. 1987, syn. nov. — HoLotypg: Turkey. B6
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Sivas, 40 km E Kangal, 2000 m, 29.V1.1970 F. Sorger 70-
22-62 (W!)

Astragalus gaeobotrys Boiss. & Balansa

Diagn. pl. orient., ser. 2, 2: 29. 1859. — HOLOTYPE:
Turkey. In Phrygiae monte Almadagh, au nord d’Ouchak,
10.VI1.1857 B.Balansa 325 (G; isotype P!)

Acknowledgements

We are grateful to Prof. D. Podlech for his valuable advice.
We also thank all of the curators of herbaria we visited for
their kind permission to work, TUBITAK (The Scientific and
Technical Research Council of Turkey) for financial support
(Project No: TBAG-1471), Gazi University BAP (Scien-
tific Research Project) and DAAD (Deutscher Akademischer
Austauschdienst) for providing a visit to Germany. We are
also indebted to Prof. Dr. Tuna Ekim for useful comments
and help. We are also greatful to Prof. Dr. Zeki Aytag and Dr.
Gregory Tomlin for revision of the English language.

References

Adigiizel, N. 1999: A new species of Astragalus (Fabaceae)
from East Anatolia, Turkey. — Ann. Bot. Fennici 36:
231-233.

Aytacg, Z. 2001: Astragalus L. — In: Guner, A., Ozhatay, N.,
Ekim, T. & Bager, K. H. C. (eds.), Flora of Turkey and
the East Aegean Islands, 11th ed.: 79-88. Edinburgh
Univ. Press, Edinburgh.

Aytag, Z., Ekici, M. & A¢ik, L. 2001: A new species of Astra-
galus L. (Leguminosae) from South Anatolia. — Bot. J.
Linn. Soc. 136: 131-135.

Aytac, Z. & Ekici, M. 2002: A new species of Astragalus
(Sect. Proselius) (Leguminosae) from Central Anatolia-
Turkey. — Nordic J. Bot. 22: 59-63.

Bachmann, K. 1992: Nuclear DNA markers in angiosperm
taxonomy. — Acta Bot. Neerlandica 41: 369-384.

Brown, J. K. M. 1996: The choice of molecular marker meth-
ods for population genetic studies of plant pathogens.
— New Phytologist 133: 183-195.

Brummitt, R. K. & Powell, C. E. 2001: Authors of plant
names. — Royal Bot. Gardens, Kew.

Cai, Z. H, Li, P, Dong, T. T. X. & Tsim, K. W. K. 1999:
Molecular diversity of 5S-rRNA spacer domain in Fri-
tillaria species revealed by PCR analysis. — Planta
Medica 65: 360-364.

Chamberlain, D. F. & Matthews, V. V. 1970: Astragalus
L. — In: Davis, P. H. (ed.), Flora of Turkey and East
Aegean Islands, 3rd ed.: 49-254. Edinburgh Univ. Press,
Edinburgh.

Cooke, R. J. 1984: The characterisation and identification
of crop cultivars by electrophoresis. — Electrophoresis
5:59-72.

Davis, P. H. & Hedge, 1. C. 1975: The Flora of Turkey. Past,
present and future. — Candollea 30: 331-351.

Davis, P. H., Mill, R. R. & Tan, K. 1988: Flora of Turkey and

the East Aegean Islands (Suppl.) 10: 114-124. — Edin-
burgh Univ. Press, Edinburgh.

Demiralp, H., Celik, S. & Koksel, H. 2000: Effects of oxidiz-
ing agents and defatting on the electrophoretic patterns
of flour proteins during dough mixing. — Eur. Food Res.
Technol. 211: 322-325.

Ekici, M. & Aytag, Z. 2001: Astragalus dumanii (Fabaceae),
a new species from Anatolia, Turkey. — Ann. Bot. Fen-
nici 38: 171-174.

Ekim, T., Ayta¢, Z. & Duman, H. 1991: Some new taxa of
Astragalus L. and comments on Turkish Caragana Lam.
— Thaiszia 1: 17-29.

Gepts, P. 1995: Genetic markers and core collections. — In:
Hodgkin, T., Brown, A. H. D., van Hintum, T. J. L.
& Morales, E. A. V. (eds.), Core collections of plant
genetic resources: 127-146. John Wiley & Sons, Chich-
ester.

Gokturk, R. S., Dugen, O. D. & Sumbiul, H. 2003: A new
species of Astragalus L. (Fabaceae/Leguminosae) from
southwest Anatolia. — Israel J. Pl. Sci. 51: 67-70.

Ladizinsky, G. & Hymowitz, T. 1979: Seed protein electro-
phoresis in taxonomic and evolutionary studies. — Appl.
Genet. 54: 145-151.

Laemli, U. K. 1970: Cleavege of structural proteins during
the assembly of the head of bacteriophage T4. — Nature
227: 680-684.

Maassoumi, A. A. 1998: Astragalus in the old world, check-
list. — Islamic Rep. Iran, Min. Jahad-e Sazandgi Res.
Inst. Forests & Rangelands.

Ozhatay, N., Kultur, S. & Aksoy, N. 1994: Check list of addi-
tional taxa to the Supplement Flora of Turkey. — Turk-
ish J. Bot. 18: 502.

Ozhatay, N., Kultur, S. & Aksoy, N. 1999: Check list of addi-
tional taxa to the Supplement Flora of Turkey. — Turk-
ish J. Bot. 23: 155-156.

Podlech, D. 1986: Taxonomic and phytogeographical prob-
lems in Astragalus of the Old World and South West
Asia. — Proc. Roy. Soc. 89: 37-43.

Podlech, D. 1999: New Astragali and Oxytropis from North
Africa and Asia, inluding some new combinations and
remarks on some species. — Sendtnera 6: 135-174.

Saraswati, R., Matoh, T., Sasai, T., Phupaibul, P., Lumpkin,
T. A., Kobayashi, M. & Sekiya, J. 1993: Identification
of Sesbania species from electrophoretic patterns of seed
proteins. — Trop. Agric. 70: 282-285.

Singh, A. K., Santosh, G. & Jambunathan, R. 1994: Phylo-
genetic relationships in the the genus Arachis based on
seed protein profiles. — Euphytica 74: 219-225.

Tanksley, S. D., Young, N. D., Peterson, A. H. & Bornierbale,
M. W. 1989: RFLP mapping in plant breeding new tools
for an old science. — Biotechnologia 7: 257-264.

Walton, M. 1993: Molecular markers: which ones to use?
— Seed World 131: 22-29.

Whitkus, R., Doebley, J. & Wendel, J. F. 1994: Nuclear DNA
markers in systematics and evolution. — In: Phillips, R.
L. & Vasil, I. K. (eds.), DNA-based markers in plants:
116-141. Kluwer Acad. Publ., Dordrecht.

Wolf, K. & Rijni, J. 1993: Rapid detection of genomic
variabilty in Chrysanthemum using random primers.
— Heredity 71: 335-341.



ANN.BOT.FENNICI Vol.41

Acik et al.

314

leaul| 0]

a)e|ngns o} Jeaul| aye|ngns-Jeaul| aye|ngns aye|ngns Jenbuen} Aimouseu aye|ngns adeys «
ww g-g ww G'1-60 ww 6-¢ ww 6-¢ wuw y—g ww g-g yibus) «
uiee) xAlen
sliey sliey

3OB|Q SWOS PUB 8JIYM  HOB|q BWOS pue ajiym siiey 3oe|q siley 3oe|q

() boys yum pue () boys yum pue Ajueuiwopaid a]ealnyiq Jauoys

slley %oe|q Hoys Aliey ayeainyiq sJley aHym a1eainjiq sJley aHym a1eainjiq ualo ‘siiey UHM puB aHym
pue auym Buoj (=) alym pue yoe|q (-) -gns (]) Buoy Ajosuap -gns (]) Buoy Ajosuap 3Oe|q PUB SHYM (—) 81eaIn}ig-gns Buoj wnuswnpul «
are|nuedwes-le|ngn} Jejngny aje|nuedwes-Jejngny aye|nuedwes-Jejngny Je|ngny Jejngny adeys «
wwol—=£ ww 6-9 wwol-9 wwol-9 wwgl-8 ww g-g yibus
xAlep
juasqe juasqe esqe esqe esqe esqe s9|08joeIg
Jeinbueu Aimolieu 81eA0 A|molieu Jenbueuy Aimoleu Jeinbueuy Aimolleu  81eA0 A|molieu 0} 81eAO Jenbueuy Aimoleu adeys .
wuw 9-¢g wuw y—g wuw -9 wuw -9 ww /-¢ ww ol-v yibus «
sjoelg

Buojqo Buojgo Ajuoys
Ajloys o} piono 8s0qo|6 ploAO 0} 850q0|6 ploAO 0} 850q0|6 Buojqo o1 piono 10 pIoAO ‘8s0qo|b adeys .«
wog-G'} X g—¢ wo2g-G'} XG'g—¢ Wwo G'2-G'} Xe=G'| Wwo G'2-G'} Xe=G'| wo g-g X ¥—-G'2 wo g’} XG'|—| 8ZIS «
paiemoj-01—¢ paiemoj-01—g palemolj-Gg—G paiemolj-Gg—G paiemoj-0c—01t paiamo-G1-01 80UB0S0JOlU|
wo gl—g wo /—| wo £2-5(-2) wo £2-5(-2) wo (g2-)21-§ wo #1-G'| ajounpad

apisloun uo UBY} SilBY  BpISIaun uo uey} siiey apislapun uo sliey
Ajosleds alow apis Ajosleds alow apis (=) yum Ajgsuap ‘epis

Jaddn uo sawiBwos Jaddn uo sawiBwos Jaddn uo jusosaiqge|b snoeoues

sliey AiaAIs  snosouss a1ealnyiq (-) ‘siey Alanjis ‘siey Alanjis 01 suiey Ajaesieds o]eaInyig-gns wnjuawnpul «
81eA0qO

Aimouteu Jo Buojqo ondijie o} ondyjie ondyjie ondyje o} areno Jo ondie
o1 ondijje Aimoureu ondije Aimoureu Aimoureu 0} Buojgo Aimoureu 0} Buojgo ondijje Aimolreu 01 ondijje Aimouieu adeys .
8¢ L—G 8-§ Gl-8 8 (0z-)81-01 paired .
ww (02-)G 1P ww ol—g wo g1-62 wo g1-62 ww (Z1-)e1-g wuw 6-g yibus) «
sjo|jea
wogl-| wo -G} wo gl-G¢ wo gl-G¢ wo (§1-)01— wo Ql—¢ SOAEDT

a1eno Jejnbueny o}
8]eAo Je|nbuel}-a1eA0 Jenbuels Jeinbuels Almo.eu 0} 8jeno Jenbueny Aimoueu adeys .
ww g— ww 9-¢ ww g— ww g— ww 0L—§ ww (g1-)8-9 yibus) «
LY LY 291} 291} 291} 291} so|ndilg

Heina “y ‘uhks snueindiey 10joaI1q
IAzsAaoseipue vy snsojnaipnes 'y ‘dsqns 40jooiq v ‘dsqns 10joaiq v sidejojefy vy snueoul "y

'uoIsinal Jale saloads Jo siajoeieyo [eaibojoydiopy “xipuaddy



315

Taxonomic relationships in Astragalus sections Hololeuce and Synochreati

ANN.BOT.FENNICI Vol. 41

senujuoy

wuw $—¢ ‘| 40 Jussqge
Jeinbuel; Aimolieu
ww 8—-g

pIoAO 0} 8s0qo|6
wo g—| Xg—9'|
paiemo-0v—G 1
wo (#1-)0L-G0
Sirey sjym
Ajosuap apisiapun
uo ‘snoiqe|b

10 sirey Ajgsieds
apis Jaddn uo
ondje Jo

ww g-g ‘g 1o juesqe
81eA0 A|mouieu
ww 019

Buojqo 01 8soqo|b
wo Gg—2gxGge-Gl|
palamol-0v—G1

wo yg—-§

apls

Jaddn ay} uo Ajeroadss

eosalqe|b F uoos
‘sirey auym (—) Ajosusp
sauo JabunoA ay}

ww y—g ‘g—| 40 jussqe
Jeau||
ww ol-9

PIOAO 0} 850Q0|6
wo G- xge—|
pa1emol}-02—0 +(~2)
wo 6|

aso|id A1aajis
81eA0qo

uesqe
Jenbueuy Aimoleu
ww 9—f

PIOAO 0} 850Q0|6
wo g—| Xg—1I
palamol-Ge—01
wo G'1-9°0

sirey auym (—) Ajasusp

esqe
Jeinbuewy Aimo.eu
wuw g9

28s0qo|6

wo g'g—¢xg¢c-g'}
palamoj-0—0¢c
wo g-g'0

Airey Aanjis

uesqe
Jenbueuy Aimoleu
ww $—g

oupuljAo

Ajuoys 0} 8soqo|b
Wwo g—| XG'p—1|
palamo-0e-01}
wogl—¢

Airey Aianjis

so|08)oeIg
adeys .
yibus «
sjoeig

adeys .

9zZIS »
90UBIS0JOJU|
ajounpad

wnjuswinpu «

81eA0qo Aimolieu ondijje o1 Aimouleu o} ondij|@ Buojqo Aimoureu
01 ondij@ Aimouleu ondijj@ Aimolieu Aimouseu Jo Buojqo ol}||8-Jeaul| 0} Jeaul| ondi|@ 01 81BAOQO 01 ondi|@ Aimouleu adeys .
ek—L 81—, 0k—¢ L€ 8—v 6-G paired .
wwol-¢ ww gl—-9 ww g—v wu v |—g ww /- ww /- yibus) «
SENE]
wo 01-¢(-1) wo /1-¢ wo g—1 wo g1 wo p—1 wo 9-g sonesT
JejnbueL JejnBuel; o} 9]eAO 81BN 0} Jejnbueuy o}
Aimolreu 0} 8yeno Jenbuen Aimouleu Jenbueny Aimouleu AlMmouJeu 0} 8]eAo Jenbueny Aimoureu Jenfbuely Aimouseu adeys .
ww ol-v ww gl-9 ww | =/ wuw 8-g ww /-9 wuw 9—¢ yibus) «
ajeupe ajeupe ajeupe 991} LN 291} so|ndng
(snyjuepioeed v "uks)  (sneoeipulifo 'y “uAs) (snuepuyje "y "uAs)
snueidioyiqis v snsoqojb 'y sminsiiy "y nuewnp 'y snojuoe)e? 'y SOpIoSsAle v

siley alym a1eainjiq
-gns (]) Buoj Ajosusp
ploAo

ww 9-¢ X 0l—=L

ondie
wuw 1Z-8}

oe|l| JO Weald ‘8)ym

sirey xoe|q Woys (-)
M8} B pUB Sliey ajym
Buo| sreainyig-gns (1)
Buojqo-pioro

ww =g X 6—G

o1quIoy 0}
ondijje-oiquioys Aimolieu

ww gl—¢l

19]01A Jo 9jdind

sJley aHym a1eainyiq
(1) Buoy Ajesusp
Buojqo o} piono
ww y—¢ X |18

aleno o} ondje

wuw gg—Ss}

MoJ|94 10 18|0IA ‘ysiniq
‘JopuaAe| ‘ysiym

sJley aHym a1eainyiq
(1) Buoy Ajesusp
Buojqo o} piono
ww y—¢ X |18

aleao o} ondje

wuw gg—Ss}

MoJ|94 10 18|0IA ‘ysiniq
‘JopuaAe| ‘ysiym

sliey oe|q

pue ajym (1)
Buojqo-piono

ww G-g X pl—=/
ondiie

Aimoureu o0y buojgo
ww gg—ce

a|dind Jo oeyl| ‘19|0IA

slley ayealnyiq

-qns Buoj (|)
a]eno Ajmouleu
wwgexgl-8

ondijje o1 buojgo
ww gl—l

oe|l| 1o
paJi-ysidind 19|01n

wnuawnpu «
adeys .

9ZIS «
awnba

(psepuels) adeys «
(prepuels) yibus) «

10]00 «
g||0100



ANN.BOT.FENNICI Vol.41

Acik et al.

316

0z-8
ww g1-5(=2)

wo y1-¢
81en0
AlMmouJeu-ajeno
ww |-y

0c—L
ww -8

wo /21-G'1

8]eA0 A|MOlJeU 0] 8)BeAO
ww gl-p

81—01
wwgl—¢

wo 019

a]eno Ajpeoiq
ww g-g

oL+
ww 8-z

wo G-}
Je|nbuel 0] 81eA0

ww /-G
aleupe

8—G
ww 9-¢

wo g—-|

Je|nbuel} 0}
Jeinbueny Aimoureu
ww Q-9

ajeupe

0t paired «
ww o1— yibus) «
sjoles
wo 9—| soneaT
Jenbuel
Aimoueu adeys .
ww z1-6 yibus) «
ajeupy so|ndig

(1pseAXB20 "V "UAS)
(snonuedsi 'y “uAs)
(snouyeysipAss “y “UAs)

(snoiebuey "y "uAs)

(snpyenbs "y “uAs)

snyoLouowoe "y sueibely 'y sAnoqoseb "y snusowe 'y S8pIoIWBSOUd]S Y SNjWasous}s 'y

Sirey alym

slrey a1ea.nyig-gns Buoj

alyMm (—) eredsiio sliey ajym slley 8yealnyig-qns slley ajym slley ajym (1) pue sirey auym
yum Ajgesusp a1eaunyiq (]) Buoj aluym buoj (|) Ajosuap a1eainyig-gns () buoj a)eainyig-gns Buoj pue 3oe|q Hoys (-) winjuawnpul «
pIOAO Ajmolleu ploAo Ajmouleu o} Buojgqo pioao o031 Buojgo a1eno0 Aimoureu pioAo ploAo adeys .
ww ez X 0}-9 ww g x 01—/ Ww € X 6—/ Ww 9-G X GL—€| Www 8-9 X 91—p| Www y—¢ X 8-9 ozIs
awnba

ondye ondye ondye
-Buojqo o1 Buojqo ayenoqo-buojqo -Buojqo 1o ayenoqo ondyjie 9]BA0QO-O1quoyd -olqwoys o} ondijle  (psepuels) adeys .
ww (0z-)8L—2t ww 0z-G1 wuw gl—y| wuw g1—G| ww gL—gl ww zl—6 (psepuels) yibus) «
MOJ|8A ysmiym Jo pal MO||2A Moj|eA o8| a|dind o 2ej)| OBJI| JO 81IyM 10j0D »
©||010D

Jeaul|
ale|ngns Jeau| Jeaul| Jeaul| Jeaul| 01 JejBuel Aimolieu adeys .
ww G-¢ ww G-¢ ww g-g ww y—g ww /-g ww g—1 yibus «
yesl xAlen

Sliey %oe|q siiey anym pue siiey Yoe(q (-) may
[BUCIHPPE UUM  SIIeY YOB|q HOUS (-) May} 30B|q LOoYys yim pue € ‘sifey alym (-) Hoys aso|id-areainyiq
sawewos ‘aso|id pue siey alym ayealnjiq Sifey ajym ayeainyiq sliey pue a1eainyig-gns (1) alyMm pue

-9yedInyiq aHym (])
Jejngny o}
ale|nuedweo-Je|ngn}
wwgl—/,

-gns Buoj Ajesusp

lejngny
wwgl—/,

-qns Buoj (]) Ajosuap

ale|nuedwed-reingni
ww -9

alym pue xoe|q (-)

leingny
ww Q-4

Buo| yum snojjia Ajgsusp

Jejngny
ww -0l

oe|q () Ajosuap wnjuawInpul «

Jejngny} adeys .
ww /—p yibus) «
xAlep

‘panuiuo) “xipuaddy



317

Taxonomic relationships in Astragalus sections Hololeuce and Synochreati

ANN.BOT.FENNICI Vol. 41

passaidpe (—) ‘Buipeaids (])

Arey

alym ereainyiq (-)
aleole} pue
[eaupullfo Aimoureu
Ww $—g X 08—/}

91eAo Ajpeoiq

ww gl—y|

MO||oA

-ysiidind Jo sjdind

Jeaul|-Jeinbuely
ww g-1

aso|d

21e0IN}Ig SNYM
pue yoe|q Buo)
Ajosusp-Ajosieds
Jejngny

wuw -9

2 10 luasqge
JeinbueLy
Aimouseu 0y Jeaul|
ww 9-¢

ploA0-8s0q0|H

PaIaMO}-0€—-0
wo /-

SNo8{dlIBs

a1ealnyiq Ajasusp
0] Jusosalqe|b

alenoqo o} ondijie

aso|id-ajeainjiq
(-) auym Ajosieds

ajeole}
ww y—g X g81—0}

ondij|e ayeao
ww =y}

MOJ|eA

reinbueu} Aimolieu
ww y—g(-1)

Airey a1eonyiq
SlYM pue 3oe|q

1o yoe|q (-) Ajosieds
Jejngny

ww (L=)ok=2

2 10 luasqge
Jeau|

-lejnbueuy Aimoureu
ww 9—t(-2)

pIoAo 0} 8s0qo|b

wo -G'¢ X v—¢
palemol-Gg—01|

wo 0160

Airey (-) Aj@soo|

01 Ajgsleds apisiapun
uo ‘snoiqge|b o} Aiey
Ajesteds apisiaddn uo

Jeaul| Sawewos 1o
ondijje Aimoureu-Buojqo

aso|id-sjdwis (-) auym
Ajesuep o} Ajgsieds
panino Ajpybis

10 ybress ‘buojqo
ww 9-G X G|1-8

ondyjie Ajpeoiq
ww 91—g|

ysimojeA-ysidind

Jeinbueuy Aimouleu
ww g1

SNOJ|IA-81B2.NJIq YoB|q
(-) Ajlesusp o1 Ajesieds
Apueuiwopaid

Jejngny

ww 6-9

Juesqe

Jeinbueuy Aimouleu
ww /-y

8s0qo|6
wo Ggg-¢xge
palemol-g1—/
wo 9-g

asojid a1eainyq (-)

aleno Aimoueu ondie

snoj|iA 0} 8sojid-a1ealnjig
alym Ajgsusp

Buojqo o}

piono Ajmoureu

ww exok=L

81enQ
ww (£1-)G1-21

9|dind 1o mojjehk

aleingns
ww y—g

sirey yoe|q Ajueuiwopald
UHM SBaWiawos Jo sliey
alym Apueuiwopa.id

(1) yum Ajesieds
ale|nuedweo-seingni
ww 6-9

ww |-G 0 ‘| Joluesqe

Jeinbueuy Aimouleu
ww —g

Buojqo o} 8soqo|b
wo g—} XGgg-1
paiamoj-0e—01t

wo 8-5'0

siiey alym Apioys

(-) Aj@susp spisiapun
uo ‘snoiqge|b o} Aey
Alsaseds apis Joddn uo
Buojqo Ajasel

‘alenoqo Ajmouleu

0] ondijje Aimoureu

umouyun

aleinpued-Buojgo
ww gl-6

yuid-ysidind

Teau|
ww y—¢

siey alym Ajuo
SOWI}BWOS 10 djIyM
pue »oe|q (—) Ajosusp
Je|ngny

ww /-9

wuw g "ed ‘g 1o juasqe

Jeinbueuny Aimoleu
ww g-g

Buojgo Ajpoys o3 8soqo|b
Wwo G'|—=} X2g=G'|
paiamolj-Ge—G |

wo g-}

SN0d1IBS 8jedln)iq
ondyjje oy

aleAnoqo Ajmoureu
10 ondijje Aimouieu

sliey
alym Ajgsusp

piono Ajmoureu
ww —g X 01-9

Buojgo-ajeinpued
Aimoureu
ww ¢1-01

uoswo o0} ajdind

Jeaul|
ww G—

sliey sjym

(1) Buoy Ajesusp
Jejngny

ww Q=2

uasqe

pajeay uayo 0}
a1eno Aimoureu
ww 0L-9

[eaupuiAo Ajoys 1o piono
Wo G =} X $=G"|
paiamoli-0—02

wo 0}l-5'¢

sliey sjym
uoys (-) Ajlosusp

ond||e 0}
ondijje Aimolreu

wnjuswinpu «

adeys .
9ZIS .
awnba

(psepueys) adeys .
(prepuess) yibus) «

10]09 «
B||010D)
adeys .«
yibusj «

y1esl xAjep

wnyuawnpul «
adeys .
yibus «
xAeo
s9|08108Ig

adeys .«
yibusj «
sjoeig
adeys .«

9zIG »
90U99s0.I0}u|
ajounpad

wnjuswinpu «

adeys .

This article is also available in pdf format at http://www.sekj.org/AnnBot.html



