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Abstract:

The internal transcribed spacers (ITS) (ineluding ITS1> 5.85 fRNA gene and ITS2) of Cara-

gana roborovskyi and eight species of subgenus Pogonophace ( Astragalus) were sequenced> and analyzed to-
gether with other ITS data (from GenBank) of 48 species representing Asragalus and 12 related genera. The
results of phylogenetic analyses suggest that the subgenus Pogonophace is not a monophyletic group. Sect.
Sesbanella € Astragalus hoantchy and A . dshimensis > and other species of Pogonophace are nested within dif-
ferent major clades in the phylogenetic tree. The species of sections Bibracteola s Phyllolobium and Trichosty-
lus compose a monophyletic group with a close relationship to subtribe Coluteinae instead of Astragalus . Astro-
galus tribulifolins and A. tanguticus might be a vicariant species pair as inferred by the ITS data.
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The subgenus Pogonophace is essentially distin-
guished from other subgenera of the genus Astragalus by
the occurrence of a ciliate style {Fu, 19932, It consists
of about 50 species disttibuted mainly in the cold and
droughty mountainous areas of Asia, especially the Heng-
duan Mountains ( Zhang, 20002. According to Fu’ s
treatment CFus 19932 of Chinese Pogonophace » there are
four sections (i.e. Sesbanella. Bibracteola> Phyllolobi-
wm » and Trichostylus ) in this subgenus based on morpho-
logical characters of pod. The species of the four sections
reflect an extensive pattern of variation. Most species in
Pogonophace have such characters: prostrate habit. de-
pressed fruit ( dorsi-ventrally pressed conditions) and
short carpopodium Cshorter than the calyx ). Wenninger
(19912 concluded that a ciliate style was not very phylo-
genetically informatives and there might have been several
parallel gains of this trait within Astragalus . In his recent
revision of Astragalus, sect. Sesbanelle was excluded
from Pogonophace (Wenninger. 1991). Bameby (19642
stated Astragalus complanatus in Pogonophace “ agrees in
all important characters with Sphaeraphysa except that the
pod is not inflated”, and suggested combining them with
the genus Swainsona . genus fessertia and other members
of Pogonophace which share the characteristic of non-in-
terlocking keel and wing petals {for the absence of hosses
on the keel and matching sockets on the wings ) as a large
genus. A series of molecular data have shown that A.
complanatus and the members of subtribe Coluteinae
share a common ancestor (Liston and Wheeler» 19943
Sanderson and Liston, 1995; Sandeson and Woj-
ciechowski> 1996; Wojeiechowski et al» 1999). Because
of high levels of homoplasy, there are few monophyletic
groups within Astragalus ( Wojciechowski er al, 1999) .
So the systematic problems associated with Pogonophace
are its circumscription monophyly. and infrasubgeneric
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division.

The internal transeribed spacers CITS) region of nu-
clear ribosomal DNA is a valuable source of evidence for
angiosperm phylogeny (Baldwin et af» 1995). Although
ITS sequences of many Astragalus species and related
genera have been reported ( Wojciechowski et al» 19997,
few of them belong to Pogonophace . In this study we ana-
lyze the ITS sequences to explore the following questions:
(12 Can Pogonophace form a monophyletic group? (2)
Can Wenninger s treatment of sect. Seshanella be sup-
ported by molecular data? (32 Is it a universal phe-
nomenon that Pogonophace species and subtribe Co-

luteinae share a commeon ancestor?

1 Materials and Methods

The origin of materials is provided in Table 1. Total
genomic DNA was extracted from silica gel dried leaf ma-
terial following a modification of the CTAB procedure
(Wang and Li- 19987 of Rogers and Bendich (1988.
The two internal transcribed spacers (ITS-1, ITS-27 and
5.88 tDNA were amplified using the primers “1TS17 (5’
AGA AGT CGT AAC AAG GTT TCC GTA GC 3') and
“ITS4” (5" TCC TCC GCT TAT TGA TAT GC 3'). The
amplification reaction was pedormed in 25 ubL volumes
containing about 10 ng genomic DNA: 2 mmol/L dNTP
15 mmol/L Mg** » 6.25 pmol of each primer> and 0.75
U DNA polymerase. The following temperature profile was
used in the amplification of the Polymerase Chain Reac-
tion (PCRY: 70 C for 4 min; 2 cycles of 94 C for 1
mins 52 °C for 20 55 72 C for 50 s; linked to 35 eycles
of 94 °C for 20 &5 52 °C for 20 55 72 C for 50 s; linked
to 72 C for 4 min; held at 4 °C. Anneal temperature can
be altered between 50 C and 55 T . The amplified dou-
ble stranded DINA fragments were purified using Pharma-
cia Biotech aFXtmper DNA and Get Band purification
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Table 1 Taxa sampled, their collection information and accession numbers of sequences in this study

Species

Lacation

Voucher

Accession number

Astragalus hoantchy Franch.

A. complanatus Bunge

A. balfourianus Simps.

A. tribulifolins Benth. ex Bunge
A. milingensis Niet P. C. Li
A. yatungensis Niet P. €. Li
A. tanguticus Batalin

A. hendersonii Baker

Caragana roborovskyi Kom.

* Sphaerophysa salsula (Pall. ) DC.

Smirnovia wrkestana Bge.
Eremosparton. flaccidum Litw.
Lessertia brachystachya DC.
Sutherlandia frutescens L.
Lolurea arborescens L.

C. istria Miller

Lessertia herbacea DC.

Swainsona prerostylis (DC.) Bakh. f.

Larmichaelia stevensonii
( Cheeseman) Heenan
£, williomsii Kirk

Clianthus punicens (G. Don) Lindley

Astragalus cysticalyr Ledeb.
. dshimensis Gontsch

. lehmannianus Bunge

. chinensis Linn. f.

. aksuensis Bunge

. umbellotus Bunge

o A

. austrasibiricus Schischk .
. adsurgens Pall.

. pulchellus Boiss.

. asterias Stev. ex Ledeb
. nuttallianus DC. var.

o

nuttallianus

=

. eremiticus Sheld

=

Csyn. Astracantha peristerea

(Boiss. & Hausskn. ) Podl. )

A. echidnasformis Sivj.
(syn. Astracantha
echidnaeformis (Sirj.) Podl)
A. cerasoerenus Bunge

Csyn. Astragacanthe
cerasoerena (Bge. ) Podl. )
. polyeladus Bur. et Franch.
. alpinus L.
. edulis Bunge
. beeticus 1.
. foleatus Lam.
. canadensis L.

o -

var. breviens (Gand.) Bameby

e

. corrugatus Bertol.

-

. eucosmus Robinson
A. robbinsii (Qakes) A. Gray.
var. minor ( Hook.) Barneby

. membranacens (Fisch.) Bunge

. atrepilosulus (Hochst. ) Bunge
var. wvenosus (Hochst. ) Gillen

. penistereus Boiss. & Hansskn.

Helan Bit.» Nei Mongol
Fangshan, Beijing
Lijiang> ‘Yunnan
Lhasa, Xizang
Linzhi» Xizang
Nielamm Xizang
Dazi> Xizang
Nielamm, Xizang
‘Wuthai: Nei Mongol
Asia

(former) USSR
(former) USSR
South Africa

Mexico
(former) USSR

South Africa
Australia
New Zealand

New Zealand
New Zealand
(former) USSR

Switzerland

China
AK, USA
Kenya

China
Iran

Marocco

Pima Co.» AZ, USA

Humboldt Co., NV, USA

Tran

Tran

Iran

China

WY, USA

Isreal

France

Boulder Co., CO> USA
Nye Co.» NV, USA

Iran
AR, USA
Lincoln Co.» WY, U3A

Y. Kang 01-01 (PE)

Y. Kang 01-03 (PE)

M. L. Zhang 99-303 (PE)
H. N. Qin a al 608 (PED
H. N. Qin e af 608 (PED
H. N. Qin e ol 701 (PE)

Y. Kang 01-02 (PE)

H. N. Qin e al 644 (PE)

M. L. Zhang 200037 (PE)
Yoder-williams 78-120A-1 (RENQ)
anenymous (A)

Leontief 10.5.35 (US)

UsDA 208172

Woand 5 266

USDA 369222, W and S 406
DELEP 890385

USDA 207923, W and 5 299
DLEG 900185, W and S 296
Sanderson 1551

Sanderson 1550
T and M 7140 (Liston, 960, OSC)
USDA 440146 (Liston 961, OSC)

USDA 415802

Hu 1131
Parker 88-78 (COLO)D
USDA 193735, W and 3 301

USDA 462310, W and S 267
USDA 384778, W and 3 168
USDA 516491, W and S 169
Waojciechowski 102

Wojciechowski 520
DLEG 880051

DLEG 880044, W and 5 411
DLEG 880043

Donoghue 094 (1996)

USDA 232536, W and 5 183
USDA 244273, W and 5 293
USDA 41423, W and 5 300
Weber 15350 (COLOY
Woand 5 302

USDA 227441, W and 3 164
Walker 81-86 (COLO)
Holmgren and Holmgren 9605 CRM)

AF521952
AF521950
AF521951
AF521053
AF521954
AF521955
AF521056
AFS21957
AF521958
Use011, Us6012
Us1218, US1219
Us6013, Us6014
Us6005: Us6006
Us0516s US0517
Us6009, Us6010
Ue9544, Ue9545
AF121752
Us6007, Us6008
AF121751

U50520, U50521
L10800, L10801
AF121687
AF359755
AF359756
AF121681
AF359753
AF121675
AF121683
Us0504: Us50505

AF121674

L10786, L10787
L10764: L10763
L10816, L10817

AF121736
Us0494, Us0495

Us0512, Us50513

Us0514, US0515

AF121676
L10760, L10761
AF121677
AF121679
Us0488, US0489
Us0496, Us0497

L10774s L10775
AF1216384
Us0490, Us0491
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Table 1 (To be continued?

Species Location

A. australis (L.) Lam.
var. aboriginum ( Richardson) Welsh
A. williamsii Rydb.
Oxytropis campestris (L. ) DC.
var. johannensis Fern.
. viseida Nutt.
(. sericea Nutt. var. sericea
. oreophila A. Gray var.
Junipering Welsh

Eureka Co.» NV, USA

Yukon, Canada
ME, USA

Sevier Co.» UT» USA
Dagget Co.» UT, USA
Wayne Co.,» UT» USA

Cororado Native Plant
Teller Co., €O, USA
Society 112 (COLO?

Teller Co., €O, USA
Mullineaux» Roots Richards
and Yeatts 5360 (COLO)

. splendens Dongl.

0. multceps Torr. & Gray

@, besseyi (Rydb. ) Blank. var.
wentosa ( Greene) Bameby
0. pilosa (L) DC.

Dagget Co., UT, USA

(former) USSR

Voucher Accession number
Tichm 11985 and Williams (RM) AF121636
Calder and Gillert 25825 (A) AF121685

USDA 504535, W and 5 174 L10802, L10803

W oand 5 231 AF121758
W and 5 255 AF121757
W oand 5 220 AF121755

AF121761

AF121760
W and 5 253 AF121756
USDA 420696, W and S 306 AF121759

# The following ITS sequences analyzed in this study were from GenBank, for more information please see Wojciechowski et al (10997,

Kit, and directly sequenced on an ABI 377 automated se-
quencer ( PE Applied Biosystems. Ine. J. Primers were
the same as those of the initial PCR and used singly in
forward and reverse reactions. Each base position was ex-
amined for agreement between complementary strands.

2 Results

The boundaries of the ITS region were determined by
comparing with those of A. complanams (Sanderson and
Wojciechowski> 1996 ). Sequences were automatically
aligned using Clustal W (Higgins, 19940 with manual
correction. The length of the aligned ITS sequence is
636 bp. Of the 239 variable nucleotide positions within
ingroup, 165 are phylogenetically informative. Thirty-four
most parsimonious trees were generated using PAUP ver-
sion 4. 0bda (Swofford> 2000, Their strict consensus
tree was shown in Fig.1 with 585 steps. a consistent in-
dex (CID of 0.631. and a retention index (RID of
0.837. Bootstrapping was adopted to quantify the support
of the clades on the cladogram. The number of bootstrap
replicates was 1 000. Subtribe Coluteinae and the three
sections of subgenus Pogonophace> 1. e. Bibracteola»
Phyllolobium » and Trichoseylus » form Clade A. Clade B
consists of the majority of Astragalus, and the representa-
tives {A. hoantchy and A. dshimensis > of sect. Ses-
banella of Pogonophace . Clade C comprises the species of
genus Cloytropis .

3 Discussion

As a cosmopolitan and the largest genus of an-
giosperms» Astragelus is well known for its complex varia-
Hon patterns. Although it consists of both aneuploid and
euploid species: recent molecular phylogenetic studies
show that the majority of Astragalus is monophyletic Cwith
the exception of “outlier” species) (Wojeiechowski et al»

19995 .

There are three major clades in Fig. 1: (12 the so-
called “ Coluteoid clade” (Clade AJs comprising all of
Galegeae subtribe Coluteinae sensu Polhill (19817, some
members of Astragalus subgenera Pogonophace and Caly-
cocystis» and tribe Carmichaelieae ( Wagstaff et al.
1995): (2) Clade B; comprising the majority of Astra-
galuss (30 Clade C. a monophyletic Oytropis.
Pogonophace is separated into two distant clades: the first
one (Clade D» 99% bootstrap support)s ineluding the
species of sections Bibracteola> Phyllolobium> and Tri-
chostylus » is nested within Clade A (81% bootstrap sup-
port?;: the second (Clade G» 91% bootstrap support -
comprising the representatives of sect. Sesbanella CA.
hoantehys A.  dshimensis 7 is nested within Clade B
(829% hootstrap support.) . Therefore» the results from the
present study strongly suppert that Pogonophace is not
monophyletic. Morphologically. sect. Sesbanella is dis-
tinctive from other groups with its erect habit, flattened
fruit Chilaterally pressed conditions? and long carpopodi-
um (longer than the calyx . Tt was moved out from sub-
genus Pogonophace by Wenninger (19910 and his treat-
ment is supported by the ITS sequence data of the present
study .

Three major clades (Clade E, Clade D and Clade
F) are recognized in “ Coluteinae clade” (Clade A .
Clade E at the basal of Clade A, including genera
Carmichaelia» Clianthus- and Swaisona . was proposed
into tribe Carmichaelinae ( Wagstaff ef al» 1995) . Clade
D and Clade F are sister group. Based on the analyses of
mpoC and ITS sequences (Sanderson and Wojeiechowskj
1996: Wojciechowski et al» 19993, A. complanatus and
other species in Pogonephace were placed to Coluteinae
(Sanderson and Liston» 1995; Sandemson and Woj-
ciechowski» 1996: Wojciechowski e al» 19992, which
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79 Astragalus complanatus
60 A. balfourianus
98 A. tribulifolius
D99 A. tanguticus
60 4. milingensis
L A yatungensis
A. hendersonii
83 i_: A. cysticalyx
53 Sphaerophysa salsula
100 Smirnovia turkestana
53 — Eremosparton flaccidum
97 Lessertia brachystachya
A81 F60 85 — Sutherlaridia frutescens
88 Colutea arborescens
{ Colutea istria
Lessertia herbacea
Swainsona pterostylis
E99 76 Carmichaelia stevensonii
L"—r: Carmichaelia williamsii
Clianthus puniceus
691 Astragalus hoantchy
98 A. dshimensis
A. lehmannianus
95 A. chinensis
62 A. aksuensis
98 L,—: A. membranaceus
A. umbellatus
A. atropilosulus
68 A. austrosibiricus
60 { A. adsurgens
92 73 A. pulchellus
{ A. asterias
73 81 ———— 4. nuttallianus
L A eremiticus
A. peristereus
B82 89 8 A. echidnaeformis
A. cerasocrenus
99 ——— 4. polycladus
L A alpinus
99 A. edulis
A L4 Beesiws
50 98 A. falcatus
—: A. canadensis
A. corrugatus
99 A. eucosmus i
100 L4 robbinsii
80 A. australis
— 4. i
67 —————— Oxytropis campestris
66 O. viscida
65 L O. sericea
- O. oreophila
70 O. splendens
C 100 O. multiceps
O. besseyi
O. pilosa
Caragana roborovskyi

Fig.1. The strict consensus tree of 34 most parsimonious trees from ITS sequences when Caragana roborovskyi is the designated outgroup and
gap is treated as missing data.

Numbers above the branches are bootstrap data values. The tree has 585 steps, with CI=0.631 and RI=0.837. A. Subtib. Coluteinae and
outlier species of Astragalus; B. The majority of Astragaluss C. Owytropis; D. Pogonophace | ; E. Subtrib. Carmichaelinaes F. Subtrib.
Coluteinae; G. Pogonophace || .

Coluteinae ( Clade A excluding Clade E), as a mono-
phyletic group, receives a moderate bootstrapping support
(83% ). Polhill presented the distribution area of sub-
tribe Coluteinaes i.e. the droughty mountains of the Old

is similar to the results of this study. Therefore, the
monophyly of the subtribe Coluteinae sensu Polhill
(1981) needs to be further investigated. From Fig. 1, if
we add the species in Pogonophace and A. cysticalyx,
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World, including Africa. Australia and New Zealand
( Polhill,  1981: TLavin and Delgado, 1990 ).
Pogonophace is mainly distributed in cold and droughty
mountains of Asia. Furthermore. the members of the sub-
genus possess a ciliate style similar to the diagnostic
pollen brushes of subtribe Coluteinae (Lavin and Delga-
dos 1990). Barneby (1964) firstly pointed out that As-
tragalus complanaius * agrees in all important characters
with Sphaerophysa except that the pod is not inflated
and he suggested to put genera  Sphaerophysas
Swainsona > Lessertiv> A. complanatus> and the other
members of Pogonophace into a large genus. The evi-
dence of ITS sequences in the present study does not sup-
port his viewpoint- however most species in Pogonophace
are supposed to be closely related to coluteoid groups by
our ITS sequence data. Morphologically. Pogonophace is
really a peculiar group in Astragelus . Rather than being
exceptional Astragalus. most species of Pogonophace are
more likely specialized members of the coluteoid clade ex-
hibiting morphological convergence to Astragalus . Howev-
er> the close relationship between Coluteinae and A. cys-
ticalyx is surprising. Ne obvious morphological characters
link these taxa. Data from the ITS and sampling of addi-
tional members of subgenus Calycocysiis are needed to
confirm this association { Wojeiechowski et al» 19997,

Within Clade D» one moderate-supported clade
(79% hootstrap support } contains A.  complanatus
(sect. Phyllolobium ), A. wibulifolius Cseries Ebracteo-
la» sect. Bibracteola >+ A. tanguticus, and A. bal-
fourianus ( series Bibracteolati, sect. Bibracteola ). A
close relationship is shown between sections Phyllolobium
and Bibracteola» which is consistent with their morpho-
logical variation. A. wibulifolius and A. songuticus,
with non-overlapping distribution respectively. form a
clade with 98% bootstrap support. A. tribulifolius is dis-
tributed in central and southwestern Tibet, Sikkim, and
Kashmir- while 4. tanguticus in eastern Tibet- north-
westem Sichuan. eastem and southern (linghai> and
southern Gansu. A. tribulifolius and A. tanguticus are
so similar that Wenninger (19912 believed that they
should be combined. The ITS sequences data show that
A. wibulifolius and A. tanguticus are similar and they
might be a pair of vicariant species. The results alse show
that sect. Bibracteola is not a monophyletic group. A.
yatungensis and A. milingensis Csect. Bibracteola ) form
one clade with 60% bootstrap support. The relationship
between A. hendersonii (sect. Trichostylus 7 and rest
taxa of clade D is not resolved. The three species have
special momphological characters: A. yasungensis (sect.
Bibracteola ) with 10 united stamens has indumentum on
the upper part of its style; even in the same population,
different individuals of A. milingensis represent a wide-
ranging pattern of variation; while A. hendersonii is only
about 10 cm tall.

Because bracteoles are not always present in sect.
Bibracteola> this section is divided into two series
Ebracteola and Bibracteolati {Fu. 1993). Sometimes
bracteoles are absent during flowering. We also noticed
this status from the specimens. In the phylogenetic tree

(Fig.1), the two species of different series, A. #ribuli-

folius Cseries  Ebracteola > and A.  sangusicus ( series
Bibracteolati >» show a close relationship. Morphological
traits and ITS sequence data do not support the series” di-
vision of sect. Bibracteola (Fu, 1993).

Evidence from ITS sequences provides strong support
to the monophyly of the majority of Pogonephace . Further
work is needed to assess the relationships between
Pogonophace and the members of subtribe Coluteinae, in
particular> focusing on the character of style brush. which
may be a synapomorphy of subgenus Pogonophace and
subtribe Coluteinae.

References:

Baldwin B G, Sanderson M J, Porter J M, Wojciechowski M F,
Campbell C 8, Donoghue M J. 1995. The ITS region of nucle-
ar ribosomal DNA: a valuable source of evidence on angiosperm
phylogeny . Ann MO Bot Gard, 82:247-277.

Bameby R C. 1964. Atlas of North American Astragalus . Mem
New York Bot Gard, 13:1 - 1188.

FuK-J (B 3482) . 1993. Pogonophace. Flom Reipub Popularis
Sin. Tomus 42 {1}. Beijing: Science Press. 80 - 114. (in
Chinese }

Higgins D G. 1994. CLUSTAL W: Multiple alignment of DNA and
protein sequences. Griffin A M, Griffin H G. Computer Anal-
ysis of Sequence Data Part || . New Jersey: Humana Press.
307 - 318.

Lavin M, Delgado S A. 1990. Pollen hrush of Papilionoideae
{ Leguminosae) : morphological variation and systematic utility.
Amer J Bot, T7:1294 - 1312.

Liston A, Wheeler J A. 1994. The phylogenetic position of the
genus Astragalus (Fabaceae}: evidence from the chloroplast
genes 1peCl and rpoC2. Biochem Syst Ecol, 22:377 — 388.

Polhill R M. 1981. Galegeae. Pohill R M, Raven P H. Advances
in Legume Systematics. Part 1. Lodon: Royal Botanical Gar-
dens, Kew. 357 - 363.

Roger $ O, Bendich A J. 1988. Extraction of DNA from plant tis-
sues. Plant Mol Biol Manual, A6:1-10.

Sanderson M J, Liston A. 1995 . Molecular phylogenetic systematics
of Galegeae, with special reference to Astragalus . Crisp M D,
Doyle J J. Advances in Legume Systematics. Part 7. Lodon:
Royal Botanical Gardens, Kew. 331 - 350.

Sanderson M J, Wojciechowski M F. 1996 . Diversification rates in
a temperate Legume clade: Are there so many species of As-
tragalus (Fabaceae}? Amer J Bor, 83:1488 - 1502.

Swofford D L. 2000. PAUP: Phylogenetic Analysis Using Parsimo-
ny, version 4.0bda. Sunderland: Sinaner Associates, Inc.

Wagstaff 5 J, Heenan P B, Sanderson M F. 1995. Classification,
origins, and pattems of diversification in New Zealand
Carmichaelinae (Fabaceae}. Amer J Bot, 86:1346 - 1356.

Wang X-Q (FE/PE), Li Z2Y (ZEFRF ). 1998, The application
of sequence analysis of rDNA fragment to the systematic study
of the subfamily Cyrtandroideae (Gesneriaceae}. Acta Phyto-
tax Sin (T 7382 M), 36:97 - 105. (in Chinese with
English abstract)

Wenninger J. 1991. Revision on Astragalus L. sect. Chlorostachys
Bunge, sect. Phyllobium Bunge und sect. Skythropos Bunge
(Leguminosae} . Mt Bor Staatssamml Munchen, 30:1- 196.

Wojciechowski M F, Sanderson M J, Hu J M. 1999. Evidence on
the monophyly of Astragalus (Fabaceae) and its major sub-
groups based on nuclear ribosomal DNA ITS and chloroplast
DNA trnL intron data. Syst Bot, 24:409 — 437.

Zhang M-1. (5RHEEE) . 2000. Studies on geographical distribution
pattern of the subgenus Pagonophace (Fabaceae: Astragalus)



KANG Yun et al: A Preliminary Phylogenetic Study of the Subgenus Pogonophace ( Astragalus) in China Based on ITS Sequence Data 145

in China using GIS technique. Aaa Bor Sin (¥R, 42:849 — 834 {in Chinese with English abstract)

{ Managing editor: PENG Dan Cintern))
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