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Use of chloroplast DNA polymorphisms for the phylogenetic study
of Allium subgenus Amerallium and subgenus Bromatorrhiza

{Alliaceae) II.
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Summary

The utility of the chloroplast DNA (cpDNA} re-
striction mapping of 18 Afliws species of the sub-
genera Amerallium, Melanocrommyun, Allium and
Bromatorrhiza have been cladistically analysed,
according to the receatly proposed paraphyletic
origin of the subgenera Bromatorrhiza and Ameral-
fwm, The size of the restriction fragment and the
precise fragment order of A zebdanense cpDNA
were determined for 10 enzymes. The parsimony
analysis confirms strongly the subdivision of the
genus Allium in two main groups with different
basic c¢hromosome numbers (k=7 and x=8]),
which had been earlier proposed on the basis of
morphological, karyological, apatomical and other
molecular markers. Subgenus Amerallivm (X =7}
iself is distincily differentiated into two main sub-
groups, representing the Furasiap and the American
taxa. The subgeneric status of Bromatorrhiza has ©
be cancelied, its members must be subordinated as
sections to subgenus Amerallium (sect. Bromator-
rhiza) and 1o one of the Furasian subgenera with
x = § (probably to the subgenus Allium or Rhiziri-
deunt).

Introduction

Within the large genus Aflinm two main groups
can be distinguished which differ in the pri-
mary basic number of chromosemes (X =7 or
% = 8}, in anatomical characters of the leaves
and the scape and in phytogeographical respect
(HANELT etal. 1992 This subdivision was
supported by a chloroplast IDNA restriction site
anabysis (LINNg VON BERG etal. 1996) re-

Zusammenfassung

Die Methode der Chioroplasten-DNA  {(cpDNA)
Restriktionskartierung wurde mit 18 Allium-Arten
der Untergatiungen Amerallium, Melanocrommyum,
Aflivm und Bromatorrhiza in Hinblick aef den
gegenwirtig diskutierten paraphyletischen Ursprung
der Umtergattungen Bromatorrhiza und Amerallium
analysiest, Die Grifle der Restriktionsfragmente und
die genane Fragmentrethenfolge wurden fir 10 En-
zyme charakeerisiert. Die Unterteilung der Gattung
Allium in 2wei Hawptgroppen mit verschicdenen
Chromosomenbasiszahlon (x=7 und x=8), dic
schon anhand morphologischer, karyologischer, ana-
tomischer und anderer molekularer Marker vor-
geschlages wurde, wird durch die Parsimony-Ana-
fyse gestitzt, Die Untergattung Ameraflium {(x =7T)
sefbst ist in zwel klare Hauptgruppen differenziert,
die die eurasischen sowie dic amerikanischen Asten
reprisentieren, Der Status der Untergatiung Broma-
torrhiza roul) aufgehoben werden, deren Taxa mis-
sen als Sektionen der Umntergatiung Amerallium
(secl. Bromatorrhizal wnd einer der ewrasischen
Untergattungen mit x =8 (wdhrscheinlich zur Un-
tergatiung Alliwm oder Rhigirideum) zugeordnet
werden.,

striction patterns, obtained by the application
of 4 enzymes distinctly separated the x =7
species of subgenus Amerallivm from various
other subgenera of the x = 8 faxa of the genus.
To the x = 7 branch however two species of the
then poorly known sebgenus Bromatorrhiza
were grouped, one of them with x = 7 (A, hoo-
keri}, the other with x = B (A. farreri}.

An extended analysis of 16 species of
these two subgenera of Allium by means of a
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combination of 10 restriction eazymes and
9 heterologous DNA probes confirmed the
strong similarity of the Boropean taxa of sub-
geaus Amerallium including those of subgenus
Bromatorrhiza (SAMOYLOV et al. 1995). The
latter, however, were placed within the dendro-
gram on different branches: one species pair
(A, hookeri, A. wallichii, x = T) clustered with-
in the Old Word species assemblage of Ame-
rallium, the other pair (A, farreri, A, mairei,
% = 8) constituted the sister group to the Okd
World species of subgenus Ameraflium. In
general Old and New World taxa of these sub-
genus were significantly separated from one
another. In that paper no further species of the
x=§ subgenera were analysed., that means
withowt an outgroup analysis no final decision
could be achieved on the taxonomic position of
different Bromatorrhiza sections and the rela-
tions of subgenus Amerallium in general.

MES et al. (1998 on the basis of vanation
of nen-coding regions of the chloropiast ge-
nome of 29 species of genus Allium and seven
species of related genera showed the paraphy-
letic origin of the subgenus Bromarorrhiza:
species with a chromosome base number x =7
were clearly placed in the clade io subgenus
Amerallium, and those with a base number of
x=8 in a clade with subgenera Rhizirideum
and Afliwm. But the high number of mutations
and the high level of homoplasy did not allow
to resolve the relationships in the clade com-
prising the subgenera Amerallium and Broma-
torrhiza. These problems are the concern of
this new approach by means of a restriction site
analysis.

Materials and methods

Species belonging to subgenera Amerallium (len
accessions}, Bromatorrhiza (four accessions), Mela-
nochrommyum {two accessions} and Allium (two
accessions) were taken from the living colleciion at
the Department of TFaxonomy of IPK Gatersicben
(Fabie i), Total DNA was isolaied from freshly
harvested green lecaves by a modified CTAB
extraction (MAASS & Kraas 1993), All DNAs were
further purified by cesium chioride gradients. The
DNA was digested with 11 restriction enrymes
Clal, Beil, Bgll, Xbal, Pstl, HindlH, Bamii,
EcoR1, EcoRV, Xhol, SalGl according o the
manufactures’s instructions. The restriction frag-
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ments were separated in 0.6-1.2% agarose gels in
Ix TAE buffer. The DNA was then denatured by
soaking in 0.4 N NaOH with 0.6 M NaCl and blot-
ted overnight to nylon membranes (Hybond N+,
AMERSHAM) by capiilary transfer. The filters
were washed in 1x S8C, dried and immobilized
with UJV crossiinking according to standard proce-
dures (SAMBROOK et al. 1989).

Nine cioned cpDNA restriction fragments of
Oncidium  excavatwm {CHASE & PailMER 1989)
were used as heterclogous probes in filter hybri-
dizations fo discover systematically usefis! variation
in the cpDINA of Alfium species. The O, excavation
clone bank kindly supplied by M. Havey (with
permission of J. D. PALMER} was used to map re-
striction sites for ten enzymes which cut a typical

clones were labelied with a random prime labelling
kit according fo suppliess’ instruction (MBI Fer-
mentas). Probe DNA was heat-denatured and hyhri-
dized to filters in 30 mi of hybridization solution
[5x S8C, 5% Denhardt’s sclution, 0.5% (w/v) SB]
overnight at 65°C. Following hybridization, filters
were washed by incubation in 2% SSC, (1% {wfv)
SDS at room temperature twice for 10 minutes, and
once for 15 minutes at 65 °C with 1x §8C, 0.i1%
{w/fv} SDS. Filters were wrapped in plastic and
analyzed by Fosforimager. After a round of hybei-
dization, the probes were stripped from the filiers by
3 washes of boiling G.i1x SSC. These filters west
shrough all rounds of hybridizations and were stifl in
asable condition. A restriction site map for 10 en-
zymes was constructed for A zebdanense (Fig. 1)
using the mapping strategy of PALMEr (1986), Total
A. zebdanense DNA was singly digested with Cla 1,
Bell, Bgltl, Xbal, Pstl, Hindlil, BamH], Salgl and
doubly digested with Pst1, Xbal or Selgl wgether
with each of the above enzymes.

Fragment sizes were estimated from sutoradio-
graphy by standard curve of end-labeling fragments
from the Hindlll digest of the bacteriophage lambda
and a Tkb DNA ladder (Gibeo BRL). Both restric-
tion site mutations and length matations were nsed
for this study.

From the resulting 1/0 data matrix distance and
character based analyses were conducted, Wagner
parsimony trees were calcslated with PAUP 3.1.1
{SworFoRD 1993), using the heuristic search algo-
rithm with MULPARS, ACCTRAN, and TBR
branch swapping.

Results
The size of the restriction fragments and

the precise fragment order of A zebdanense
cpDNA were determined for 10 enzymes.
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The origin of the investigated accessions and is taxonomical position (accession aumbers of the Departiment
of Taxonomy of the Institut for Plapt Genetic and Crop Plant Research, Gatersleben)

Taxon

Accession number and origin of plants

Subgen. Amerallium TRAUR
Sect. Molinm G, DON ex Kocs
A moly L.
A, roseum L.,
A, subhirsutum L.
A, zebdanense BOISS, & Nog
Sect, Brizeis (SALISR.) STEARN
A. triguetrum L.
Sect. Narkissaprason HERMANN
A, insubricum BoOIss. & REuT.
Sect. Amerallium (TRAUB} KAMELIN
A. canadense 1.
Sect. Arcfoprason KIRSCHL.
A ursinum 1.
Sect. Cawlorhizideum TRAUB
A, validum WAaTs.
Sect. Rhopetoprason TRAUB
A, knhii G, DON

Subgen, Bromatorrhiza EKBERG
Sect. Bromatorrhiza EXBERG
A. hookeri THWAITES
A. wallichii KUNTH
Sect. Coleoblastus EXBERG
A. mairei LEV.
Sect. Cyarhophora R. M. FRITSCH
A, cyathophorum var. farreri {STEARN)
STEARN

Subgen. Melanocrommyum {WEBB
& BErTHEL.) ROUY

Sect. Melanocrommyum WEBB &
BERTHEL.
A. nigrum L.

Sect. Porphyroprason EKBERG
A. preophilum C. A MEYER

Sabgen, Allinm 1.
Sect. Allium L.,
A, fongicuspis REGEL
Sect. Codonoprasum RCHB,
A flavum L.

Tax 506 (BG Minchen-Nymphenburg)
Tax 0657 (BG Milano)

Tax 1447 (BG Liverpool)

Fax 1583 {BG Budapest}

TFax 0933 {BG Lidge)

Fax 0230 {BG Marburg)

Tax 1441 {Gesellsch. Stavdenfreunde}
Tax 0914 {Hakel, Germany}

Tax 1779 {California, IJSA)

Tax 21 58 {Chihuahna, Mexico}

Tax 20113 {Kunming, Yiinnas, China)
Tax 2510 {Yulong-shan, NW-Yénnan, China)

Tax 2104 (BG Zitrich)

Fax 2824 {BG Osloy

Tax G515 (BG Leipzig)
Tax (115 {BG Halle)

Tax 1125 {Chatkal Mits, Uzbekistan)

Tax G469 (M, Sibilini, Faly}

From these resuits the restriction fragment
order of A. zebdanense ¢pDNA was proved to
be similar to that of O. excavaum cpDNA in
terms of Southern  hybridization.  All
O excavatum probes hybridized well with
Allivm ¢cpDNA only probe T had a week signal
or in some cases did not kybridize at all. Based

on the molecular size of individual restriction
fragments and their copy number, the genome
size was estimated to range from 1557 Pstl
digest to 156.6 Salgl digest and 156.1 Pst/Sal
digests. From these values, the total chloropiast
genome size of A, zebdanense was estimated
to be approximately 136 kb (Fig. 1), This size
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is very close o the genome size of A cepa
{155 kb) estimated by KATAYAMA et al. (1991)
and about 16 to 15 kb larger as other estima-
tions for the A cepa genome (CHASE &
PALMER 1980; Havey 19913 '

On the basis of results obtained the genome
of A. zebdanense cpDNA can consequentiy be
divided into three parts: 82 kb large single copy
region, & 20.4 kb small singie copy region, and
two inverted repeat regions of approximately
26.5 kb each. It 1s simifar 10 the structare found
for A. cepe (KATAYAMA 1991; CHASE & PAL-
MER 1989} and most ¢pDNAs of vascular

167

piants which show a typical genome structure
having 20-26 kb of IR, 10-20 kb S8C, and
80100 kb of LSC (PALMER 1983). Approxi-
mately 306 restriction sites were mapped for
each of the eighteen species analysed. Eighty
three site mutations were shared by two or
more species and used ia our study. Differen-
ces in fragment sizes due 1 insertions, deles-
ons or inversions were also detected and used
in the phylogenetic analyses. The most parsi-
monious single tree based on ali 1031 ¢cpDNA
RFLP characters (948 length wvariation and
B3 restriction sites) is shown in Fig. 2. Num-

zebdanense
roseumn
; 4
subhirsufum %
2
moly %
‘ subgenus 2
Lrsinem Amerallium §
. ) X=7 .
insubricum il
68 C
D3 4
o6 hookeri section
a0 D10 wallichii Bromatorrhiza
100 &1 ,
4 e EPEGEUICE LYY
—  Canadense o
100 R
) £ o
74 P VS validum s T
D4 D16 B E &
i KT < &
100 100 e nigrum subgenus
>iHO ) Mefanocrommyurm x=8
- Greophilum
100 — cyathophorum B species of former
»010 - subgenus Bromatorrhiza x=§
e m@ired
fongicuspis ; subgenus
flavum | Allum x=8

Fig. 2

Single most parsimonious tree, based on all 1031 cpDNA RFLP characters (vestriction sites and length
variation). Numbers above the brunches indicate bootstrap values {3000 resamples), numbers below are

decay values,
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bers above branches indicate bootstrap values
{5060 resamples), numbers below branches
show decay indices. In this tree the clade consis-
ting of species of subgenus Amerallium (in-
cleding A. hookeri and A, wallichii} is a strong-
Iy supported monophyletic group {Bootstrap
values 100% and decay index >D10) Allium
Jarreri and A, mairei constitute the sister group
to the species of subgenus Alliwn and subgenus
Melanocrommyum. American species form a
monoephyletic unit inside the subgenus Ameral-
Iium (Bootstrap values 89%, D10).

Discussion

The resulis confirm strongly the subdivision of
the genus Allium in two main groups with dif-
ferenf basic chromosome numbers (X =7 and
x = 8} which had been earlier proposed on
she basis of morphological, karvological, ana-
tomical and other molecular markers.

Subgenus Ameraliivm (X =7} itself is dis-
tinctly differentiated into two main suhgroups,
representing the Burasian and the American
taxa, respectively. Within the Old World group
the species belonging to the Mediterranean
section Molium (A, zebdanense, A, roseum,
A. subhirsutum, A, moly} constisute a somewhat
separated assemblage of which A, moly corres-
ponding to s status as subsection is somewhat
less related to the remaining axa.

The European species A, wrsinwm  (Sect,
Arctoprasumy, A, insubricwm (sect, Narkisso-
prason) and A, rriguetrum (sect. Briseisy al-
though phenotypically explicitely differentiated
by several distincs characters cannot be re-
soived because the bootstrap value and decay
index are very weak. Addiionaly, it is strongly
underlined that sect. Narkissoprason is closely
related o the Meditormanean sections of subge-
nus Ameraflivm, and its species would be
mispiaced if enclosed in subgenus Rhizirideum
because of the shared possession of a rhizome.

Taxa of the former subgenus Bromatorrhiza
are widely separated on the dendrogramy (1)
species with 1 =7 (A wallichii, A. hookeri,
from South and East Asia) are incorporated as
a branch within the FEurasian subgroup of
subgenus Amerallium, more closely to the un-
resoived taxa mentioned zbove than to the
Mediterranean sect. Molium. {2) Species with

X = 8 (A. mairei, A. cyatophorum var. farreri)
are placed as a closely related species pair
within the Oid World branch of the x = 8 group
and censtitute here a sister group of subgenus
Alfium.

Thus the subgeneric status of Bromaror-
rhiza has to be cancelled and its members must
be subordinated as sections to subgenus Ameral-
lium (sect. Bromatorrhizay and to one of the
Eaurasian subgenera with x = 8 {probably to the
subgenera Allium or Rhizirideum). Our data do
1ot aliow an exact conclusion in this respect
because: {1) the subpenera Rhiziridenm and
Allium are not monophyletic (MES et al. 1998},
(2} the species selection of the analysis des-
cribed shortly in this paper may thus not be
representativ. for the entive genus (several
groups with x = 8 have not been analysed).
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