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Abst rac t  

Allium ursinum s.l. is a widely spread species of the 
herb layer in beech forests throughout Europe. Little 
is known about its phylogenetic origin and its bio-
geographic history. Molecular genetic analyses of 
eleven populations from Germany were used to 
clarify the relationship between populations of 
A. ursinum s.l. and its relationship to several other 
species of the genus Allium. The study focused 
mainly on the Teutoburg Forest in Lower Saxony 
and the Franconian mountain area in Bavaria. Se-
quences of the nuclear internal transcribed spacer 
ITS, and the external transcribed spacer ETS, as well 
as the plastidic trnL-rpl32 and the trnL-trnF spacer 
regions were compared. No variation was detected 
within the species. Even sequences of populations 
from Belfast, Ireland did not differ from populations 
of Germany. The closest relative to Allium ursinum 
s.l. turned out to be Allium moly or Allium scorzone-
rifolium from the section Molium. Random amplified 
polymorphic DNA fingerprinting was performed and 
revealed 29% polymorphic bands. Genetic distances 
of the populations within the Teutoburg Forest coin-
cided with geographical distances. Three populations 
(Osnabrück Westerberg, Osnabrück Honeburg and 
Leer, East Frisia) out of eleven analysed populations 
were identified as garden escapes. 
 
 
 

Zusammenfassung 

Der Bärlauch Allium ursinum s.l. ist eine weit ver-
breitet Pflanze in der Krautschicht der Buchenwälder 
Mitteleuropas. Trotz seines Bekanntheitsgrades ist 
nur sehr wenig über den Ursprung, die Besiedlungs-
geschichte sowie Verbreitungsstrategien bekannt. 
Molekulargenetische Analysen von elf Populationen 
aus Deutschland wurden genutzt, um die Beziehun-
gen zwischen den Populationen sowie die Beziehun-
gen zu nahe verwandten Arten der Gattung Allium 
zu klären. Die Untersuchungen fokussierten sich 
hauptsächlich auf den Teutoburger Wald in Nieder-
sachsen und die Fränkische Schweiz in Bayern. Die 
Sequenzen der nuklearen ITS und ETS Regionen 
sowie der plastidären trnL-rpl32 sowie des trnL-trnF 
Regionen wurden verglichen. Diese Bereiche sind 
innerhalb der Art A. ursinum s.l. kaum variabel. 
Sogar Sequenzen von Populationen aus Belfast 
unterschieden sich nicht von denen aus Deutschland. 
Als nächster Verwandter von Allium ursinum s.l. 
konnte Allium moly oder Allium scorzonerifolium 
aus der Sektion Molium identifiziert werden. Wei-
terhin wurde das RAPD Verfahren benutzt, um 
„Fingerprints“ verschiedener Populationen von A. 
ursinum subsp. ursinum zu erstellen. Die geneti-
schen Distanzen der Populationen, innerhalb des 
Teutoburger Waldes korrelieren mit den geographi-
schen Distanzen. Drei Populationen (Osnabrück 
Westerberg, Osnabrück Honeburg und Leer, Ost-
friesland) von insgesamt elf analysierten stellten sich 
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als Gartenflüchtlinge heraus. Die Analysen basieren 
auf 29 % genetischem Polymorphismus innerhalb 
der RAPD Merkmale. 

Introduction 

Allium ursinum L., also known as Ramson or 
Wild Garlic, is taxonomically placed in the 
subgenus Amerallium TRAUB. of the genus 
Allium L. in the monophyletic section Arcto-
prasum KIRSCHL (FRIESEN et al. 2006). The 
species is found widely spread in beech forests 
(Fagus sylvatica) across Europe. In fact, the 
distribution areas of both species (F. sylvatica 
and A. ursinum s.l.) are more or less identical 
except in Scandinavia, England and Ireland 
where F. sylvatica is rare (MEUSEL & JÄGER 
1965). Ramson is commonly found from the 
Mediterranean to sub-atlantic regions and oc-
curs predominantly in mountain ranges (WE-
BER 1995, JÄGER & WERNER 1994). It is rather 
rare in lowland regions where it may occur at 
infrequent intervals (HAEUPLER & SCHÖN-
FELDER 1988, MEUSEL & JÄGER 1965). As 
A. ursinum is an early spring geophyte its 
growing time is rather short (WEBER 1995, 
JÄGER & WERNER 1994). The inflorescence 
appears between May and June, consists of up 
to 30 self-compatible flowers and is capable 
therefore of discharging multitudes of seeds 
(ERNST 1979, NAULT & GAGNON 1987, JÄGER 
& WERNER 1994). If germination occurs, it 
takes up to five years until the first blossom 
appears (ERNST 1979, ELLENBERG 1996). The 
slow sexual propagation is bypassed by its 
ability to produce daughter bulbs vegetatively, 
which are able to flower the following year 
(EGGERT 1992). Nevertheless, sexual reproduc-
tion outranks vegetative reproduction when 
compared to other herb layer plants (ERNST 
1979; TUTIN 1957). 
 There are several means of seed dispersal 
discussed. The seeds possess elaiosoms and, 
therefore, the ability to be distributed by ants. 
ERNST (1979) reported for the Teutoburg For-
est populations that two out of one-thousand 
seeds were moved by ants more than ten centi-
metres and less than 24 cm. ERNST (1979) 
estimated that the spatial dispersal of the seeds 
is approximately two to five meters in 20 years. 
Zoochory via mud on animal hooves as another 

possibility for long distance dispersal was ob-
served by ELLENBERG (1996). Also anthropo-
genic influences have been discussed by 
BAUCH (1937). However, it has not yet been 
finally established, as to how the seeds were 
distributed to the present area and from where. 
Also the phylogenetic origin of A. ursinum s.l. 
is still unknown. There are two subspecies of 
A. ursinum. The subspecies ucrainicum, is 
distributed in eastern and southern Europe and 
the subspecies ursinum is distributed in western 
and middle Europe. 
 The aim of this study was to understand the 
relationship between the populations of ramson 
(A. ursinum) in Germany and its taxonomical 
position among related species in the subgenus 
Amerallium. We focused mainly on the Teuto-
burg Forest in the Osnabrücker Land, as it is 
part of the northern border of the main distribu-
tion area in Germany. Further to the north, the 
occurrence of populations is rather isolated. For 
comparison we used three populations from the 
Franconian mountain area. 
 We sequenced the external transcribed 
spacer (ETS) and internal transcribed spacer 
(ITS) from several accessions of A. ursinum s.l. 
and several related species. Additionally, the 
plastidic trnL-trnF and trnL-rpl32 regions were 
sequenced. They are described as being effec-
tive markers to clarify interspecific relations 
(e.g. BALDWIN et al. 1995, BALDWIN & MAR-
KOS 1998, DUBOUZET & SHINODA 1999, 
FRIESEN et al. 2006, SPALIK & DOWNIE 2006, 
NGUYEN et al. 2008, LI et al. 2010). Further-
more random amplified polymorphic DNA 
(RAPD) fingerprinting was carried out in order 
to determine the relationship within and be-
tween the populations of ramson. The RAPD 
data were used for a principal component 
analysis (PCA) to highlight differences be-
tween genetic and geographic distances. These 
methods have repeatedly proven to be reliable 
tools to answer phylogenetic questions in 
closely related groups (e.g. WILLIAMS et al. 
1990, NEUFFER 1996, FRIESEN & HERRMANN 
1998, FRIESEN & KLAAS 1998, NEUFFER et al. 
1999a, NEUFFER et al. 1999b, FRIESEN & 
BLATTNER 2000, REISCH & POSCHLOD 2004, 
EBRAHIMI et al. 2009, JÜRGENS et al. 2010) 
even though they may have their limitations as 
e.g. restricted reproducibility and uncertainty 
regarding homologous fragments with equal 
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length. Since we investigated different acces-
sions in one species, we assumed that all frag-
ments of identical size are homologues (RIESE-
BERG 1996, ADAMS & RIESEBERG 1998). 

Materials and methods 

Plant material 

The leaf material was collected from eleven popula-
tions of A. ursinum subsp. ursinum in Germany 
(Tables 1 & 2, Fig. 1 & 2). The leaves were first 
washed with tap water and then dried with Silica 
Gel. The CTAB method from DOYLE & DOYLE 
(1987) was used to extract the DNA of the leaves. 
The quality and concentration of the isolated DNA 
and every amplification product was checked on a 
1% agarose gel stained with Ethidiumbromid. All 
PCRs were carried out in a Biometra Professional 
Thermocycler gradient. Isolated DNA was used 
directly for PCR amplifications. 

ITS amplification 

The complete ITS region (ITS-1, 5.8S and ITS-2) 
was amplified using primers ITS-A and ITS-B 
(BLATTNER 1999). The thermocycler was pro-

grammed as follows: 95 °C for 2 min [55 °C for 
30 sec, 70 °C for 1 min, 95 °C for 20 sec]32 70 °C for 
7 min. Amplification was carried out with 1 Unit 
Taq DNA polymerase (Gene Craft, Germany) in the 
supplied reaction buffer, 0.2 mM of each dNTP, 
50 pmol of each primer and 10–25 ng of total DNA 
in 50 μl reaction volume. 

ETS amplifikation 

The ETS region was amplified using the primers 
18S-IGS and ETS-all-f (BALDWIN & MARKOS 1998, 
NGUYEN et al. 2008) (manufactured by MWG-
Biotech AG). The thermocycler was programmed as 
follows: 95 °C for 5 min [94 °C for 1 min, 54 °C for 
1 min, 72 °C for 2 min]40 72 °C for 5 min. Amplifi-
cation was carried out with 0.2 μl Taq polymerase 
(Gene Craft, Germany) in 3 μl 10× reaction buffer 
(15 mM MgCl2) (Gene Craft), 3 μl 5 mM dNTP mix, 
2 μl of each primer and 1μl of the sample DNA in 
30 μl reaction volume. 

trnL-trnF spacer amplification 

The trnL-trnF spacer was amplified using the Taber-
let primer “e” and “f” (TABERLET et al. 1991, SOLTIS 
et al. 1989). The thermocycler was programmed as 
follows: 95 °C for 1 min [94 °C for 20 sec; 60 °C  

 
Table 1 
Provenances of Allium ursinum ssp. ursinum populations in Germany 

Codea Location Coordinates Altitude (m) 

UA 
 

Lower Saxony 
Dissen, Noller Schlucht 

N 52°08′20″; 
E 08°11′16″ 

211 
 

UB 
 

Lower Saxony 
Bad Laer/Bad Rothenfelde, Kleiner Berg 

N 52°06′42″; 
E 08°07′28″ 

188 
 

UC 
 

Lower Saxony 
Bad Iburg, Kleiner Freeden 

N 52°09′26″; 
E 08°04′31″ 

191 
 

UD 
 

Lower Saxony 
Bad Iburg/Holperdorp, Langenberg 

N 52°09′41″; 
E 08°00′28″ 

203 
 

UE 
 

Lower Saxony 
Osnabrück, Westerberg 

N 52°16′48″; 
E 08°01′28″ 

  92 
 

UF 
 

North Rhine-Westphalia 
Brochterbeck 

N 52°13′25″; 
E 07°45′25″ 

105 
 

UG 
 

Lower Saxony 
Leer (East Frisia) 

N 53°13′48″; 
E 07°29′49″ 

    7 
 

UH 
 

Lower Saxony 
Osnabrück, Honeburg 

N 52°18′31″; 
E 08°02′11″ 

  80 
 

UK I 
 

Bavaria 
SW Franconian mountain area, Hetzles 

N 49°38′00″; 
E 11°08′00″ 

400–500 
 

UK II 
 

Bavaria 
N Franconian mountain area, Staffelberg 

N 50°06′00″; 
E 10°59′00″ 

500  
 

UK III 

 

Bavaria 
N Franconian mountain area, Vierzehnheiligen 

N 50°06′00″; 
E 11°02′00″ 

500 

 

a working code for the population 



84 Feddes Repert., Weinheim 123 (2012) 1 

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.feddes-journal.com 

T
ab

le
 2

 
E

M
B

L
 a

cc
es

si
on

 n
um

be
rs

 o
f 

A
ll

iu
m

 s
pe

ci
es

 u
se

d 
fo

r 
IT

S,
 E

T
S,

 t
rn

L
-r

pl
32

 a
nd

 t
he

 t
rn

L
-t

rn
F 

sp
ac

er
. 

T
hr

ee
-l

et
te

r-
co

un
tr

y 
co

de
: 

C
H

N
 –

 C
hi

na
, 

D
E

U
 –

 
G

er
m

an
y,

 F
R

A
 –

 F
ra

nc
e,

 G
B

R
 –

 U
ni

te
d 

K
in

gd
om

, I
R

N
 –

 I
ra

n,
 I

SR
 –

 I
sr

ae
l, 

IT
A

 –
 I

ta
ly

, P
O

L
 –

 P
ol

an
d,

 T
H

A
 –

 T
ha

ila
nd

, T
U

N
 –

 T
un

es
ia

, T
U

R
 –

 T
ur

-
ke

y,
 E

SP
 –

 S
pa

in
, U

SA
 –

 U
ni

te
d 

St
at

es
 o

f 
A

m
er

ic
a;

 C
od

e:
 w

or
ki

ng
 c

od
e 

fo
r 

th
e 

po
pu

la
tio

ns
 

C
od

e 
Sp

ec
ie

s 
C

ou
nt

ry
a  

Pr
ov

en
en

ce
 

IT
S 

E
T

S 
tr

nL
-t

rn
F 

tr
nL

-r
pl

32
 

U
A

1 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 D

is
se

n,
 N

ol
le

r 
Sc

hl
uc

ht
 

  
FN

55
12

00
 

  
  

U
A

32
 

A
. u

rs
in

um
 L

. 
D

E
U

 
L

ow
er

 S
ax

on
y,

 D
is

se
n,

 N
ol

le
r 

Sc
hl

uc
ht

 
  

FN
55

12
01

 
  

  
U

A
43

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 D

is
se

n,
 N

ol
le

r 
Sc

hl
uc

ht
 

  
FN

55
12

02
 

FN
55

03
91

 
  

U
B

8 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 B

ad
 L

ae
r,

 K
le

in
er

 B
er

g 
  

FN
55

12
04

 
  

  
U

B
17

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 B

ad
 L

ae
r,

 K
le

in
er

 B
er

g 
  

FN
55

12
03

 
FN

55
03

92
 

  
U

C
10

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 B

ad
 I

bu
rg

, K
le

in
er

 F
re

ed
en

 
  

FN
55

12
06

 
  

  
U

C
20

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 B

ad
 I

bu
rg

, K
le

in
er

 F
re

ed
en

 
FR

68
20

03
 

FN
55

12
05

 
FN

55
03

93
 

  
U

D
44

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 B

ad
 I

bu
rg

, L
an

ge
nb

er
g 

  
FN

55
12

08
 

  
  

U
D

50
 

A
. u

rs
in

um
 L

. 
D

E
U

 
L

ow
er

 S
ax

on
y,

 B
ad

 I
bu

rg
, L

an
ge

nb
er

g 
  

FN
55

12
07

 
FN

55
03

94
 

  
U

E
7 

A
. u

rs
in

um
 L

. 
D

E
U

 
L

ow
er

 S
ax

on
y,

 O
sn

ab
rü

ck
, W

es
te

rb
er

g 
  

FN
55

12
10

 
  

  
U

E
16

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 O

sn
ab

rü
ck

, W
es

te
rb

er
g 

  
FN

55
12

09
 

FN
55

03
95

 
  

U
F1

 
A

. u
rs

in
um

 L
. 

D
E

U
 

N
or

th
 R

hi
ne

-W
es

tf
al

ia
, B

ro
ch

te
rb

ec
k 

H
E

96
24

98
 

FN
55

12
13

 
  

H
E

85
99

48
 

U
F3

2 
A

. u
rs

in
um

 L
. 

D
E

U
 

N
or

th
 R

hi
ne

-W
es

tf
al

ia
, B

ro
ch

te
rb

ec
k 

  
FN

55
12

11
 

  
  

U
F3

3 
A

. u
rs

in
um

 L
. 

D
E

U
 

N
or

th
 R

hi
ne

-W
es

tf
al

ia
, B

ro
ch

te
rb

ec
k 

  
FN

55
12

12
 

FN
55

03
96

 
  

U
G

9 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 L

ee
r 

(E
as

t F
ri

si
a)

 
  

FN
55

12
15

 
  

  
U

G
12

 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 L

ee
r 

(E
as

t F
ri

si
a)

 
  

FN
55

12
14

 
FN

55
03

97
 

  
U

H
5 

A
. u

rs
in

um
 L

. 
D

E
U

 
L

ow
er

 S
ax

on
y,

 O
sn

ab
rü

ck
, H

on
eb

ur
g 

  
FN

55
12

17
 

  
  

U
H

7 
A

. u
rs

in
um

 L
. 

D
E

U
 

L
ow

er
 S

ax
on

y,
 O

sn
ab

rü
ck

, H
on

eb
ur

g 
  

FN
55

12
16

 
FN

55
03

98
 

  
U

K
I-

2 
A

. u
rs

in
um

 L
. 

D
E

U
 

B
av

ar
ia

, H
et

zl
es

 
  

FN
55

12
18

 
  

  
U

K
I-

6 
A

. u
rs

in
um

 L
. 

D
E

U
 

B
av

ar
ia

, H
et

zl
es

 
  

FN
55

12
19

 
FN

55
03

99
 

  
U

K
II

-8
 

A
. u

rs
in

um
 L

. 
D

E
U

 
B

av
ar

ia
, S

ta
ff

el
be

rg
 

  
FN

55
12

21
 

  
  

U
K

II
-1

0 
A

. u
rs

in
um

 L
. 

D
E

U
 

B
av

ar
ia

, S
ta

ff
el

be
rg

 
  

FN
55

12
20

 
FN

55
04

00
 

  
U

K
II

I-
16

 
A

. u
rs

in
um

 L
. 

D
E

U
 

B
av

ar
ia

, V
ie

rz
eh

nh
ei

lig
en

 
  

FN
55

12
23

 
  

  
U

K
II

I-
22

 
A

. u
rs

in
um

 L
. 

D
E

U
 

B
av

ar
ia

, V
ie

rz
eh

nh
ei

lig
en

 
FR

68
20

05
 

FN
55

12
22

 
FN

55
04

01
 

H
E

85
99

49
 

U
L

9 
A

. u
rs

in
um

 L
. 

G
B

R
 

N
or

th
er

n 
Ir

el
an

d,
 B

el
fa

st
, n

ea
r 

C
as

tle
 

FR
68

20
02

 
  

  
  

U
L

14
 

A
. u

rs
in

um
 L

. 
G

B
R

 
N

or
th

er
n 

Ir
el

an
d,

 B
el

fa
st

, n
ea

r 
C

as
tle

 
FR

68
20

04
 

  
  

  
A

m
 3

2 
A

. u
si

nu
m

 s
ub

sp
. u

cr
ai

ni
cu

m
 K

le
op

. 
PO

L
 

co
tta

ge
 S

tu
de

n 
K

la
de

c 
S 

K
ju

st
en

di
l 

FR
69

37
42

 
FN

55
12

24
 

  
H

E
85

99
50

 
A

m
 4

0 
A

. n
ea

po
li

ta
nu

m
 C

ir
ill

o 
T

U
R

 
n.

a.
 

FR
69

37
43

 
FN

55
12

28
 

  
H

E
85

99
51

 
A

m
 3

40
 

A
. n

ea
po

li
ta

nu
m

 C
ir

ill
o 

IS
R

 
Ju

da
ea

n 
M

ts
 

H
E

96
25

10
 

H
E

85
99

41
 

  
  

A
m

 7
7 

A
. m

ol
y 

L
. 

E
SP

 
G

at
er

sl
eb

en
, T

A
X

 1
11

7 
A

J4
12

74
3 

FN
55

12
27

 
  

H
E

85
99

52
 

A
m

 4
4 

A
. m

ol
y 

L
. 

E
SP

 
Ja

en
 

H
E

96
25

01
 

FN
55

12
26

 
  

H
E

85
99

53
 

A
m

 7
6 

A
. s

ub
vi

ll
os

um
 S

al
zm

. e
x 

Sc
hu

lt.
 e

t S
ch

ul
t. 

f.
 

E
SP

 
T

en
er

if
e,

 e
as

t f
ro

m
 M

as
ca

 
FR

69
37

44
 

FN
55

12
29

 
  

H
E

85
99

56
 

A
m

 1
23

 
A

. s
ub

vi
ll

os
um

 S
al

zm
. e

x 
Sc

hu
lt.

 e
t S

ch
ul

t. 
f.

 
E

SP
 

T
en

er
if

e,
 e

as
t f

ro
m

 M
as

ca
 

  
H

E
85

99
42

 
  

H
E

85
99

55
 

A
m

 8
2 

A
. r

os
eu

m
 L

. 
E

SP
 

M
al

ag
a,

 F
in

ca
 L

os
 P

ic
ac

ho
ne

s 
FR

69
37

45
 

FN
55

12
30

 
  

H
E

85
99

57
 

A
m

 1
26

 
A

. c
ha

m
ae

m
ol

y 
L

. 
E

SP
 

M
al

ag
a 

H
E

96
25

04
 

H
E

85
99

43
 

  
H

E
85

99
54

 
A

m
 1

74
 

A
. s

co
rz

on
er

if
ol

iu
m

 D
es

f.
 E

x 
D

C
. 

E
SP

 
n.

a.
 

H
E

96
25

00
 

FN
55

12
25

 
  

  
A

m
 2

44
 

A
. t

ri
qu

et
ru

m
 L

. 
T

U
N

 
T

ab
ar

ka
, 4

5 
km

 N
W

 o
f 

B
ej

a,
  K

ro
um

ri
e,

 T
el

l A
tla

s 
 

H
E

96
25

07
 

H
E

85
99

38
 

  
H

E
85

99
62

 
A

m
 2

49
 

A
. p

ar
ad

ox
um

 (
M

.B
ie

b.
) 

G
.D

on
 

IR
N

 
N

ai
tin

ga
 v

al
le

y,
 e

as
t o

f 
G

or
ga

n 
H

E
96

25
05

 
H

E
85

99
39

 
  

H
E

85
99

58
 

A
m

 2
20

 
A

. p
en

du
li

nu
m

 T
en

. 
FR

A
 

C
or

si
ca

,  
D

ep
. H

au
te

-C
or

se
 

H
E

96
25

06
 

H
E

85
99

40
 

  
H

E
85

99
61

 
A

m
 2

85
 

A
. h

oo
ke

ri
 T

hw
ai

te
s 

T
H

A
 

T
ak

 p
ro

vi
nc

e 
M

al
 s

ot
, c

om
m

er
ci

al
 m

ar
ke

t 
H

E
96

25
08

 
H

E
85

99
44

 
  

H
E

85
99

63
 

A
m

 6
6 

A
. w

al
li

ch
ii

 K
un

th
 

C
H

N
 

X
iz

an
g 

H
E

96
25

02
 

H
E

85
99

45
 

  
H

E
85

99
64

 
A

m
 1

27
 

A
. i

ns
ub

ri
cu

m
 B

oi
ss

. &
 R

eu
t. 

IT
A

 
B

ar
zi

o,
 G

ri
gn

a 
M

er
id

io
na

le
 

H
E

96
25

09
 

H
E

85
99

46
 

  
H

E
85

99
59

 
A

m
 7

9 
A

. n
ar

ci
ss

if
lo

ru
m

 V
ill

. 
FR

A
 

A
lp

s,
 V

ill
ar

d 
de

 L
an

e 
H

E
96

25
03

 
H

E
85

99
47

 
  

H
E

85
99

60
 

A
m

 4
 

A
. c

ra
te

ri
co

la
 

U
SA

 
C

al
if

or
ni

a 
E

U
09

61
46

 
E

U
16

27
14

 
  

H
E

85
99

65
 

 



T. HERDEN et al.: Genetic variability of Allium ursinum in Germany  85 

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.feddes-journal.com 

 

Fig. 1 
Locations of the analyzed populations in Germany. Black lines: federal = and state borders; black dots = capi-
tal cities 
 
 
for 20 sec; 72 °C for 1 min and 30 sec]35 72 °C for 
4 min. Amplification was carried out with 0.2 μl Taq 
polymerase (Gene Craft, Germany) in 3 μl 10× 
reaction buffer (15 mM MgCl2) (Gene Craft), 3 μl 
5 mM dNTP mix, 2 μl of each primer and 2 μl of the 
sample DNA in 30 μl reaction volume. 

trnL-rpl32 spacer amplification 

The noncoding marker trnL-rpl32, which is accord-
ing to SHAW et al. (2007) the most variable marker 
on the cpDNA, was amplified using the primer 
trnL(UAG) (CTG-CTT-CCT-AAG-AGC-AGC-GT) as 
a forward primer and rpL32F (CAG-TTC-CAA-
AAA-AAC-GTA-CTT-C) as a reverse primer 
(SHAW et al. 2007). The thermocycler was pro-
grammed to: 80 °C for 5 min [95 °C for 1 min, 50 °C 
for 1 min, 65 °C for 4 min]31 65 °C for 5 min, 9 °C 
for 5 min. Amplification was carried out with 1 μl 
DMSO, 3 μl 10× reactions buffer (15 mM MgCl2), 
2 μl dNTP Mix, 1 μl of each primer, 0.2 μl Taq 
polymerase (Gene Craft) and 1 μl of the sample 
DNA in 30 μl reaction volume. 

Sequencing 

After purifying the amplicons with the NucleoSpin 
Gel Extraction kit (Macherey-Nagel, Düren, Ger-
many) they were used in a sequencing reaction with 
the ABI BigDye Terminator kit (Applied Biosys-
tems, Foster City, California, USA) according to the 
instructions of the manufacturer in a 10 μl reaction 
volume. Forward and reverse primers were se-
quenced separately. Forward and reverse sequences 
from each individual were edited manually with 
CHROMAS Lite vers. 2.0 software (Technelysium 
Pty. Ltd., Tweantin, Queensland, Australia) and 
combined into a single consensus sequence. The 
sequences were aligned with CLUSTAL_X (THOMP-
SON et al. 1997) and the alignment subsequently 
corrected manually in MEGA 5 (TAMURA et al. 
2011). 

Data analysis 

A heuristic search with the tree bisection reconnec-
tion (TBR) algorithm was conducted for the se-
quence data in PAUP*vers.4.0b10 (SWOFFORD
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Fig. 2 
Location of the populations in the Teutoburg Forest and Osnabrücker-Land; black lines: border between the 
federal states of Lower Saxony and North-Rhine-Westphalia in the area of Osnabrück, Germany; A: Dissen, 
Noller Schlucht; B: Bad Laer, Kleiner Berg; C: Bad Iburg, Kleiner Freeden; D: Bad Iburg, Langenberg;  
E: Osnabrück, Westerberg; F: Brochterbeck; H: Osnabrück, Honeburg 
 

2002). Evolutionary models were tested in a hierar-
chical likelihood ratio test (hLRT) with Modeltest3.7 
(POSADA & CRANDALL 1998). For the ITS and ETS 
data the sequence evolution models were HKY with 
a gamma rate of evolution on different sides (HASE-
GAWA et. al. 1985). For the trnL-rpl32 data the 
sequence evolution model was TIM with a gamma 
rate of evolution on different sides. For Bayesian 
inferences four Markov chains were run for two 
million generations in respect to the tested sequence 
evolution models and evolutionary rates on different 
sides with MrBayes 3.1.2 (RONQUIST & HUELSEN-
BECK 2003). The calculation of the bootstrap values 
was conducted with 100 replicates in PAUP*. Gen-
Bank accession numbers of used sequences are 
shown in Table 2. 

RAPD-Amplification 

The RAPD-Method was carried out using 25 Operon 
primer (A04, A06, A07, A09, A13, B01, B04, B06, 
B07, B12, B14, B15, B17, B19, C08, C10, C18, 
D04, D05, D16, D20, H03, H07, H13, H17) (Welsh 
& McClelland 1990, WILLIAMS et al. 1990). Three 
DNA templates of each population were used for 
amplification (UA32, 37, 43; UB8, 17, 18; UC10, 
20, 21; UD44, 49, 50; UE7, 16, 19; UF32, 33, 47; 
UG9, 10, 12; UH5, 7, 9; UKI 2, 5, 6; UKII 8, 9, 10; 
UKIII 16, 17, 22). 

 The two biggest populations (Noller Schlucht 
near Dissen (UA) and Brochterbeck near Tecklen-
burg (UF)) were used to detect genetic diversity 
within a population. Additionally, these two popula-
tions originated from quite distant locations (Fig. 2). 
From these two populations 28 templates were used 
in a PCR as mentioned above. Of the 25 screened 
primers nine were informative and were selected for 
further analysis (A7, A9, A6, C10, C18, D16, H3, 
H7 and H13). 
 The thermocycler was programmed as follows: 
94 °C for 2 min [94 °C for 30 sec, 37 °C for 1 min, 
72 °C for 2 min]2 [94 °C for 30 sec, 35 °C for 1 min, 
72 °C for 2 min]35 72 °C for 5 min. Amplification 
was carried out with 0.2 μl Taq polymerase (Gene 
Craft, Germany) in 3 μl 10× reaction buffer (15 mM 
MgCl2) (Gene Craft), 3 μl 5 mM dNTP mix, 2 μl of 
each primer and 1 μl of the sample DNA in 30 μl 
reaction volume. The products were separated on a 
1.8% agarose gel stained with ethidium bromide. 
Images were taken with BioDocAnalyze 2.0 (Bio-
metra) and edited with Adobe Photoshop. 
 The RAPD patterns were evaluated manually 
and transferred into a binominal (0/1) matrix 
(1 = band; 0 = no band). The minimum evolution 
(ME) trees with the p-distance and the calculation  
of the bootstrap values with 100 replicates were 
generated with Mega 5 (TAMURA et al. 2011). A  
PCA was generated with the Jaccard coefficient 
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(JACCARD 1908) in SPSS version 18.0 (SPSS, Inc., 
Chicago IL) (Fig. 5). The scale factor was sqrt 
(Lambda). 

Results 

Sequence data analysis 

The sequences of the ITS region from A. ur-
sinum subsp. ursinum consisted of 642 bp and 
was highly conserved. Within the ITS region of 
the 22 accessions (five accessions of A. ursi-
num s.l. and 17 related species from the subge-
nus Amerallium), the sequences ranged from 
642 bp (A. ursinum subsp. ursinum) up to 
661 bp (A. triquetrum L.) and the alignment 
covered 683 bp. 
 Generalized parsimony analysis of the ITS 
data produced one tree (length = 478 steps, 
including parsimony uninformative characters, 
consistency index (CI) 0.7552, retention index 
(RI) 0.8289). Of the 683 detected characters, 
398 characters were constant, 88 variable  
characters were parsimony-uninformative and 
197 characters were parsimony-informative. 
 The sequence of the ETS region from A. ur-
sinum subsp. ursinum consisted of 460 bp and 
was highly conservative. The subspecies uc-
rainicum varied only in one base pair (posi- 
tion 373, Guanine instead of Cytosine) within 
the sequence. Within the ETS region of the 
42 accessions (25 accessions of A. ursinum s.l. 
and 17 related species from the subgenus Ame-
rallium), the sequences ranged from 456 bp 
(A. scorzonerifolium DESF. ex DC.) to 469 bp 
(A. hookeri THWAITES) and the alignment cov-
ered 501 bp. 
 Generalized parsimony analysis of the ETS 
data produced two equally parsimonious trees 
(length = 578 steps, including parsimony unin-
formative characters, consistency index (CI) 
0.7405, retention index (RI) 0.8862). Of these 
501 detected characters, 202 characters were 
constant, 75 variable characters were parsi-
mony-uninformative and 224 characters were 
parsimony-informative. 
 The sequence of the trnL-trnF spacer of 
A. ursinum s.l. consisted of 240 bp and was 
highly conservative. We detected no differ-
ences in the nucleotide sequences between 
different accessions of A. ursinum s.l. (tree not 
shown). 

 The trnL-rpl32 spacer revealed no variabil-
ity between accessions of A. ursinum s.l. and 
was highly conserved with 873 bp in length. 
Within the spacer of the 18 accessions (three 
accessions of A. ursinum s.l. and 15 related 
species from the subgenus Amerallium), the 
sequences ranged from 669 bp (A. paradoxum 
(M.BIEB.) G.DON) up to 874 bp (A. subvillosum 
SALZM. ex SCHULT. et SCHULT.) and the align-
ment covered 1123 bp. 
 Generalized parsimony analysis of the  
sequence data produced six trees (length 
= 229 steps, including parsimony uninforma-
tive characters, consistency index (CI) 0.8908, 
retention index (RI) 0.8768). Of the 1123 de-
tected characters, 949 characters were constant, 
87 variable characters were parsimony-uninfor-
mative and 87 characters were parsimony-in-
formative. 
 In all three analyses (Fig. 3 & 4) the Ameri-
can species Allium cratericola EASTW. was 
chosen as out-group taxon (FRIESEN et al. 
2006). In the Bayesian trees of the ITS and 
ETS data, the Asian species were placed as a 
sister group to all Mediterranean and European 
accessions. Within the Bayesian tree of the 
trnL-rpl32 data (Fig. 4) the endemic species 
from the South-West Alps (A. insubricum 
BOISS. & REUT. and A. narcissiflorum VILL.- 
section Narkissoprason) were placed as a sister 
group to all other accessions. 
 The analysis of the sequence data could not 
clarify the relation between the populations of 
the subspecies ursinum. The analysis was not 
able to separate even a population from Belfast, 
Northern Ireland (UL) (Fig. 3). The subspecies 
ucrainicum was placed in the same clade as the 
subspecies ursinum in all trees and the topol-
ogy represented a comb. Within the ETS and 
ITS trees the accessions from A. ursinum s.l. 
were placed as a sister group to the accessions 
from the section Molium. The section Molium 
appeared to be heterogeneous for it was divided 
into two groups. Of these two groups the 
“Moly-Group” represented by A. moly L. and 
A. scorzonerifolium DESF. ex DC. appeared to 
be the closest relative to the section Arctopra-
sum. A pairwise distance analysis of the ITS 
sequences revealed that the p-distance between 
A. moly and A. ursinum subsp. ursinum was 
0.116 and the distance between A. scorzoneri-
folium and A. ursinum subsp. ursinum was
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Fig. 3 
Phylogenetic trees resulting from a Bayesian analysis of the (A) ITS sequences and (B) ETS sequences  
of Allium ursinum s.l. and related species, with A. cratericola as outgroup taxon. Bayesian posterior 
probabilities (BI) are given above the branches and bootstrap values with 100 replicates (>50%) are given 
below the branches for every notch. When given a bar, no Bootstrap values over 50% were obtained;  
(urs. = ursinum; ucr. = ucrainicum); (UA – Noller Schlucht, Dissen; UB – Kleiner Berg, Bad Laer;  
UC – Kleiner Freeden, Bad Iburg; UD – Langenberg, Holperdorp; UE – Westerberg, Osnabrück;  
UF – Brochterbeck; UG – Leer, East Frisia; UH – Honeburg, Osnabrück; UKI – Franconian mountain area, 
Hetzles; UKII – Franconian mountain area, Staffelberg; UKIII – Franconian mountain area, Vierzehn-
heiligen; UL – Belfast) 
 
0.112. The p-distance of the ETS sequences 
between A. moly and A. ursinum subsp. ursi-
num was identical with the distance between 
A. scorzonerifolium and A. ursinum subsp. 
ursinum (0.174). The Bayesian tree obtained by 
the trnL-rpl32 sequence data, placed A. ursi-
num s.l. as a sister group to A. moly and the 
remaining taxa of the section Molium as a sister 
group to both (Fig. 4). 

RAPD analysis  

Altogether 89 fragments (33 individuals and 
nine different primers) with different scores per 
primer were amplified (Table 3). The percent-
age of polymorphic bands per primer was be-

tween 14.3% and 55.6%. 29.2% of the charac-
ters used for the analysis were polymorphic, 
70.8% were monomorphic (Table 3). Of the  
89 detected characters, 63 characters were 
constant, two variable characters were parsi-
mony-uninformative and 24 characters were 
parsimony-informative. Despite the low poly-
morphism detected by RAPD fingerprinting, 
the analysis of the data resulted in clusters of 
the eleven populations, supported by the ME 
tree (Fig. 5) and a PCA (Fig. 6). 
 Geographically the eleven populations can 
be arranged into three main groups (Fig. 1). 
The first group, Teutoburg Forest, consists of 
the populations Brochterbeck (UF), Langen-
berg near Bad Iburg (UD), Kleiner Berg near
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Fig. 4 
Phylogenetic tree resulting from a Bayesian analysis of the trnL-rpl32 spacer located on the cpDNA of 
Allium ursinum s.l. and related species, with A. cratericola as outgroup taxon. Bayesian posterior prob-
abilities (BI) are given above the branches and bootstrap values with 100 replicates (>50%) are given below 
the branches. When given a bar, no Bootstrap values were obtained; (urs. = ursinum; ucr. = ucrainicum) 
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Table 3 
Absolute number of monomorphic and polymorphic markers of nine operon primers and percentage of poly-
morphic bands (P %) 

Operon Primer Polymorphic Bands Monomorphic Bands Total P % 

A7   3   8 11 27.3 
A9   5   4   9 55.6 
C10   1   6   7 14.3 
A6   2   8 10 20.0 
H3   4   7 11 36.4 
D16   3 12 15 20.0 
H13   5   4   9 55.6 
H7   1   6   7 14.3 
C18   2   8 10 20.0 

Total 26 63 89 29.2 

 
Bad Laer (UB), Kleiner Freeden near Bad 
Iburg (UC) and Noller Schlucht near Dissen 
(UA). The genetic distance within this group 
was expected to be in geographical order 
(Fig. 2). The second group, Franconian moun-

tain area, consists of the populations Hetzles 
(UKI), Staffelberg (UKII) and Vierzehnheili-
gen (UKIII). The genetic distance between 
Vierzehnheiligen and Staffelberg (linear dis-
tance ca. 1.5 km) was expected to be lower than  

 

 
Fig. 5 
Minimum evolution trees calculated with the p-distance based on 89 markers of the RAPD data. Bootstrap 
values (>50%) are given above the branches. (A) Analysis of all eleven populations. (B) Analysis excluding 
anthropogenically influenced populations; (UA – Noller Schlucht, Dissen; UB – Kleiner Berg, Bad Laer; UC 
– Kleiner Freeden, Bad Iburg; UD – Langenberg, Holperdorp; UE – Westerberg, Osnabrück; UF – Broch-
terbeck; UG – Leer, East Frisia; UH – Honeburg, Osnabrück; UKI – Franconian mountain area, Hetzles; 
UKII – Franconian mountain area, Staffelberg; UKIII – Franconian mountain area, Vierzehnheiligen) 
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Fig. 6 
(A) Principal component analysis (PCA) of 33 A. ursinum individuals from eleven populations with 26 infor-
mative RAPD markers plotted with factor one and factor two, (B) plotted with factor one and factor three,  
(C) PCA with anthropogenically influenced populations excluded (Osnabrück, Westerberg; Osnabrück, 
Honeburg; Leer, East Frisia) (24 Individuals, 23 informative RAPD markers) and plotted with factor one and 
factor two, (D) plotted with factor one and factor three 
 

between Hetzles and Staffelberg or Hetzles and 
Vierzehnheiligen (linear distance ca. 50 km). 
The third group, here called Northern Popula-
tions consists of Leer, East Frisia (UG), Os-
nabrück, Westerberg (UE) and Osnabrück, 
Honeburg (UH). The genetic distance between 
Honeburg and Westerberg (linear distance ca. 
3 km) was expected to be lower than between 
Leer and Westerberg or Leer and Honeburg 
(linear distance ca. 115 km). 

 Within the topology of the ME tree 
(Fig. 5a) the northern populations intermingled 
with the populations of the Teutoburg Forest 
and Franconian mountain area. The population 
Osnabrück, Honeburg (UH) was placed as a 
sister group to the population of Brochterbeck 
(UF) and both were placed as a sister group to 
all accessions from the Franconian mountain 
area. The components one (explained 21.87% 
of variability) and two (explained 19.15% of 
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variability) of the PCA (Fig. 6a), grouped Os-
nabrück, Honeburg (UH) between Brochter-
beck (UF) and Hetzles (UKI). In this plot,  
the population Osnabrück, Westerberg (UE) 
seemed to be relatively distant from Honeburg. 
The population Leer, East Frisia (UG), which 
was placed as a sister group to Osnabrück, 
Westerberg (UE) within the ME tree, was lo-
cated quite distant in the PCA plot of compo-
nent one and two. However, the components 
one and three (explained 10.42% of variability) 
of the PCA placed Leer (UG) near Westerberg 
(UE) but Honeburg (UH) quite distant from 
both (Fig. 6b). All three populations (UE, UG 
and UH) seemed to be independent and no 
coincidence between the genetic distances and 
the geographical distances was obvious. The 
components one and two were not able to sepa-
rate the group Leer (East Frisia) (Fig. 6a). 
 One plausible explanation for the popula-
tions Honeburg (UH) and Westerberg (UE) is 
that they are garden escapes as they are located 
directly beside (5–50 m away) cultured plants 
in private property. The population Leer in East 
Frisia (UG) is located in a city park and there-
fore in all probability also anthropogenic influ-
enced. 
 After exclusion of these populations, the 
topology of the ME tree (Fig. 5b) obviously 
coincided with the geographical distance. Both 
remaining groups (Franconian mountain area 
and Teutoburg Forest) were clearly separated. 
The branch of the group Teutoburg Forest is 
supported by a bootstrap value of 73%. All 
populations were determined by the RAPD 
markers. However, the bootstrap values do not 
support all branches. The component one of the 
PCA (explained 29.44% of variability) was 
able to separate the groups Franconian moun-
tain area and Teutoburg Forest (Fig. 6c). Com-
ponent two (explained 12.38% of variability) 
was able to separate the populations within the 
two groups (Fig. 6c). Within the group Teuto-
burg Forest the geographical distance coincided 
with the genetic distance. However, in this plot, 
the populations Hetzles (UKI) and Staffelberg 
(UKII) which are geographically distant from 
one another were placed closer together. In the 
plot of component one and three (explained 
9.9% of variability) all three populations of the 
group Franconian mountain area were more-or-
less equally distant from one another (Fig. 6d). 

Within the ME tree the distance seems to coin-
cide with the geographical distance. However, 
bootstrap values do not support all branches 
(Fig. 5b). 
 Within populations variation of the RAPD 
data is low, significant polymorphism was 
obvious, as shown e.g. for the populations 
Noller Schlucht near Dissen (UA) and Bro-
chterbeck near Tecklenburg (UF). Only one of 
nine primers (C10) produced polymorphic 
bands and this concerns only one marker be-
tween two individuals of population Dissen, 
Noller Schlucht (UA). 

Discussion 

The nucleotide sequences of the ITS, ETS and 
trnL-rpl32 spacer within the species A. ursinum 
s.l. show no significant variability. No data 
were obtained to clarify the relation of the 
different populations of A. ursinum s.l. in Ger-
many (Fig. 3 & 4). Even a population from 
Belfast, Northern Ireland had the same ITS 
sequences (Fig. 3). Furthermore, the trnL-trnF 
spacer (cpDNA) was highly conserved within 
the species.  
 It is noticeable that in both trees (ITS and 
ETS; Fig. 3) the accessions of A. ursinum s.l. 
were placed as a sister group to the section 
Molium. Within the section Molium the closest 
relative seems to be either A. moly or A. scor-
zonerifolium depending on the markers ob-
served. Additionally, within the tree of trnL-
rpl32 data (Fig. 4) A. moly was placed as a 
sister group to A. ursinum s.l. This seems  
plausible as the distribution areas of A. moly, 
A. scorzonerifolium and A. ursinum subsp. ur-
sinum overlap in the Pyrenees and the Can-
tabrian Mountains in northern Spain (AEDO 
2008). The result confirms the assumption of 
FRIESEN et al. (2006) that the section Molium is 
the closest relative to the section Arctoprasum. 
 RAPD analysis detected only a few poly-
morphic fragments between different popula-
tions of A. ursinum subsp. ursinum (Tables 3  
& 4). Nevertheless, ME analysis was able to 
distinguish all populations. After excluding 
anthropogenically influenced populations, the 
topology of the ME tree coincided with the 
geographical distribution. Both remaining 
groups (Franconian mountain area and Teuto-
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Table 4 
Percentage and total counts of monomorphic bands between each population 

  UB UC UD UE UF UG UH UKI UKII UKIII 

 UA 91% 94% 90% 88% 89% 83% 87% 84% 84% 81% 

UB 81 UB 93% 90% 90% 90% 83% 88% 84% 85% 81% 

UC 84 83 UC 82% 91% 92% 85% 90% 88% 89% 83% 

UD 80 80 73 UD 89% 88% 85% 90% 87% 87% 80% 

UE 78 80 81 79 UE 90% 90% 87% 83% 88% 81% 

UF 79 80 82 78 80 UF 84% 91% 88% 87% 82% 

UG 74 74 76 76 80 75 UG 83% 81% 82% 79% 

UH 77 78 80 80 77 81 74 UH 84% 89% 83% 

UKI 75 75 78 77 74 78 72 75 UKI 88% 84% 

UKII 75 76 79 77 78 77 73 79 78 UKII 87% 

UKIII 72 72 74 71 72 73 70 74 75 77 UKIII 

100% = 89 markers of the RAPD data 
 

burg Forest) were clearly separated within the 
ME tree and the PCA (Fig. 5 & 6). Even 
though A. ursinum s.l. tends to reproduce clon-
ally by producing genets, MORSCHHAUSER  
et al. (2009) predicted considerable genetic 
diversity within a population. They observed a 
high recruitment of seeds even at high densi-
ties. However, within a population of A. ursi-
num subsp. ursinum, the RAPD primers could 
not detect variability. On a molecular level, 
every population seemed to be derived from 
one or very few individuals. 
 HEWITT (1996) and CRONBERG (2000) were 
able to show that the genetic variability of 
areas, which have been postglacially influ-
enced, is often depleted. As A. ursinum is often 
found as an accompanying species to beech 
forests in Germany, it seems plausible that they 
may have shared a common refugia during the 
last glacial maximum and co-migrated north-
wards after the ice sheet retreated. Furthermore 
the variability within these refugia should be 
higher (HEWITT 1996). The low percentage of 
variability observed could be explained by a 
rapid spread, as HEWITT (1999) showed for 
several species and MAGRI (2006 and 2008) for 
F. sylvatica in central Europe, and especially in 
central Germany. The question whether or not 

the low percentage of variability is due to the 
manner of reproduction, human influences or 
postglacial influences still remains and there-
fore, further investigations are necessary. 

Concluding remarks 

Our analysis of A. ursinum subsp. ursinum 
populations allows us a first insight into com-
plicated relationships and bio-geographic pro-
cesses in historic times which may have been 
partly influenced by mankind. These findings 
draw our interest to a more detailed and 
broader study. The sampling should be wid-
ened with respect to the whole distribution area 
and especially to the possible glacial refugia of 
F. sylvatica discovered by MAGRI (2008). A 
more sophisticated marker system such as mi-
crosatellites or single nucleotide polymorphism 
(SNP) array should be introduced for intra- and 
inter-population analysis. 
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