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Abstract

We report the karyotypes of the following six species of Japanese Lamium : L. album var. barbatum (2n =
18 = 16m + 2sm), L. amplexicaule (2n = 18 = 6m + 1'sm + 7sm + 2'st + 2st), L. purpureum (2n = 18 = 2'm +
3m + 6'sm + 6sm + 1st), L. humile (2n = 34 = 26m + 8sm), L. tuberiferum (2n = 32 = 18m + 6sm + 8st) and L.
ambiguum (2n = 26 = 14m + 4'sm + 6sm + 2st). The present study determined, for the first time, chromosome
numbers of L. tuberiferum and L. ambiguum. Our findings showed that L. album var. barbatum, L. amplexi-
caule and L. purpureum had a basic chromosome number of x = 9, L. ambiguum had x = 13, L. tuberiferum
had a basic chromosome number of x = 16, and L. humile had a basic chromosome number of x = 17. These
differences in basic chromosome numbers support the taxonomic treatments proposed by Makino (1905, 1915)
where these Lamium species are treated as Ajugoides, Lamium s.s., Loxocalyx and Matsumurella, respectively.

Key words : chromosome number, Japanese Lamium, karyotype, Labiatae.

Six species of Lamium L. sensu lato occur
in Japan (Murata 1981; Ohwi and Kitagawa
1992). Of the six species, L. humile (Miq.)
Maxim., L. tuberiferum (Makino) Ohwi and L.
ambiguum (Makino) Ohwi are often divided
into the following three genera: L. humile as
Ajugoides humilis (Miq.) Makino (Makino
1915); L. tuberiferum as Matsumurella tuberi-
fera (Makino) Makino (Makino 1915); and L.
ambiguum as Loxocalyx ambiguus (Makino)
Makino (Makino 1905). The taxonomic treat-
ments were followed by Kudo (1929), Ryding
(2004) and Mabberley (2008). Murata and
Yamazaki (1993) treat only L. ambiguum as
Loxocalyx ambiguus and the other species as
Lamium.

Worldwide, various chromosome numbers of
n =9, 17, 18, and 2n = 16, 18, 32, 34, 36 have
been identified for Lamium (Appendix). Basic
chromosome numbers are considered to be x =
8,9, 17 and 18 (Darlington and Wylie 1955;
Singh 1995; Miura et al. 2005). Chromosome
numbers for Japanese Lamium taxa includ-

ing naturalized species are also variable. For
example, 2n = 18 for L. album L. var. barba-
tum (Siebold et Zucc.) Franch. et Sav. (Tanaka
1974; Terasaka and Tanaka 1974 (as n = 9);
Nishikawa 1981; Miura et al. 2005), L. am-
plexicaule L. (Miura et al. 2005) and L. purpu-
reum L. (Miura et al. 2005), 34 for L. humile
(Miura et al. 2005), and 36 chromosomes for L.
hybridum Vill. (Miura et al. 2005). Among the
Japanese Lamium, chromosome numbers for L.
ambiguum and L. tuberiferum remain unexam-
ined. Among plants, Makino (1905) treated L.
humile as Ajugoides humilis, L. ambiguum as
Loxocalyx ambiguus and L. tuberiferum as Ma-
tsumurella tuberifera, respectively.

To clarify the taxonomic relationships of six
species of Japanese Lamium s.l., we examined
their karyotypes and report them here.

Materials and methods
A total of 40 plants representing six species
of Japanese Lamium s.l. used in this study
were collected from 10 localities (Table 1).
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Table 1. Chromosome number and collected locality of Japanese Lamium sensu lato taxa used in the study

Chromosome Observed

Taxon number (2n) number Collected locality
L. album var. barbatum 18 1 Nishikamisawa, Tome City, Miyagi Pref.
3 Shimonagano, Kanuma City, Tochigi Pref.
1 Kyushiojiri, Shiojiri City, Nagano Pref.
L. ambiguum 26 1 Kongosanchi, Chihaya-akasaka-mura, Osaka Pref.
L. amplexicaule 18 1 Sutamacho-egusa, Hokuto City, Yamanashi Pref.
12 Gofuku, Toyama City, Toyama Pref.
L. humile 34 4 Ryusozan, Aoi-ku, Shizuoka City, Shizuoka Pref.
2 Suyama, Susono City, Shizuoka Pref.
4 Tomiyama, Toyone-mura, Kitashitara-gun, Aichi Pref.
L. purpureum 18 7 Gofuku, Toyama City Toyama Pref.
L. tuberiferum 32 4 Mikegawa, Shirahama-cho, Nishimuro-gun, Wakayama Pref.

Plants were cultivated in the experimental
garden at the Faculty of Science, University
of Toyama. Karyotype was determined using
meristematic cells obtained from a root tip from
each individual that was subjected to the ordi-
nary squash technique. Plants came from the
following localities: L. album var. barbatum,
collected at Shimonagano, Kanuma City, Tochi-
gi Pref.; L. ambiguum, collected at Kongosanchi,
Chihaya-akasaka-mura, Minamikawachi-gun,
Osaka Pref.; L. amplexicaule, collected at Su-
tamachoegusa, Hokuto City, Yamanashi Pref.; L.
humile, collected at Tomiyama, Toyone-mura,
Kitashitara-gun, Aichi Pref.; L. purpureum, col-
lected at Gofuku, Toyama City, Toyama Pref.; L.
tuberiferum, collected at Mikegawa, Shirahama-
cho, Nishimuro-gun, Wakayama Pref.

Newly formed root tips were collected, pre-
treated in 1.8-2.2 mM 8-hydroxyquinoline at
room temperature (ca. 25°C) for 1 h, and incu-
bated at 5°C for 15 h. Root tips were fixed with
a mixture of glacial acetic acid and ethyl alco-
hol (1 : 3) for 1 h, soaked in 1N hydrochloric
acid at room temperature for 1 h, macerated
in 1N hydrochloric acid at 60°C for 10 min-
utes, washed in tap water, and then stained in
a drop of 2% lacto-propionic orcein on a slide
glass. Chromosome forms were described ac-
cording to nomenclature proposed by Levan et
al. (1964). Voucher specimens of the plants ex-
amined were deposited at the Toyama Science
Museum (TOYA).

Results and discussion

Lamium album var. barbatum:

We observed 2n = 18 chromosomes, and
those at metaphase ranged from 1.9 to 2.4
pm in length and from 1.1 to 1.8 in arm ratio
(Figs. 1A, 2A; Table 2). In the chromosome
complement, 16 chromosomes were metacentric
and two were submetacentric (Table 2). The
karyotype is thus formulated as 2n = 18 = 16m
+ 2sm and shows that the basic chromosome
number is x = 9.

Lamium ambiguum:

We observed 2n = 26 chromosomes, and those
at metaphase ranged from 1.5 to 2.7 pm in
length and from 1.1 to 3.5 in arm ratio (Figs.
1B, 2B; Table 3). In this chromosome comple-
ment, 14 chromosomes were metacentric, eight
were submetacentric and the other four chro-
mosomes were subtelocentric (Table 3). In this
chromosome complement, two submetacentric
chromosomes and two subtelocentric chromo-
somes had satellites on their short arms. The
karyotype is thus formulated as 2n = 26 = 14m
+ 4'sm + 6sm + 2st and shows the basic chro-
mosome number as x = 13.

Lamium amplexicaule:

We observed 2n = 18 chromosomes, and those
at metaphase ranged from 1.4 to 1.7 pm in
length and from 1.0 to 3.0 in arm ratio (Figs.
1C, 2C; Table 4). In the chromosome comple-
ment, six chromosomes were metacentric, eight
chromosomes were submetacentric, and the
other four were subtelocentric (Table 4). In the
chromosome complement, one submetacentric
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Fig. 1.

Photographs of somatic metaphase chromosomes of Japanese Lamium. A: L. album var. barbatum

(2n = 18), B: L. ambiguum (2n = 26), C: L. amplexicaule (2n = 18), D: L. humile (2n = 34), E: L. purpureum
(2n = 18), F: L. tuberiferum (2n = 32). Bar indicates 5 pum.

chromosome and two subtelocentric chromo-
somes had satellites on their short arms. The
karyotype was thus formulated as 2n = 18 =
6m + 1'sm + 7sm + 2'st + 2st and shows the
basic chromosome number as x = 9.

Lamium humile:

We observed 2n = 34 chromosomes. Chromo-
somes at metaphase ranged from 1.5 to 2.4 pm
in length and from 1.1 to 2.4 in arm ratio (Figs.
1D, 2D; Table 5). In the chromosome comple-
ment, 26 chromosomes were metacentric and
the other eight chromosomes were submetacen-
tric (Table 5). The karyotype is thus formu-
lated as 2n = 34 = 26m + 8sm and shows the
basic chromosome number as x = 17.

Lamium purpureum:

We observed 2n = 18 chromosomes, and those
at metaphase ranged from 2.0 to 2.4 pm in
length and from 1.1 to 3.0 in arm ratio (Figs.
1E, 2E; Table 6). In the chromosome comple-
ment, five chromosomes were metacentric, 12
were submetacentric and the other one was

subtelocentric (Table 6). In the somatic chro-

Table 2. Measurements of somatic metaphase chro-
mosomes of Lamium album var. barbatum

No Length (um) Arm ratio Form
1 1.1 +1.3=24 1.2 m
2 1.1+13=24 1.2 m
3 09+ 15=24 1.7 m
4 09+ 15=24 1.7 m
5 09+14=23 1.6 m
6 09+ 14=23 1.6 m
7 09+14=23 1.6 m
8 09+14=23 1.6 m
9 09+14=23 1.6 m
10 09+ 14=23 1.6 m
11 0.8+ 1.4=22 1.8 sm
12 0.8+ 1.4 =22 1.8 sm
13 0.8+ 1.3=21 1.6 m
14 0.8+ 1.3=21 1.6 m
15 1.0+ 1.1=21 1.1 m
16 1.0+ 1.1=21 1.1 m
17 0.8+ 1.1=19 1.4 m
18 0.8+ 1.1=19 1.4 m
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Fig. 2. Karyotypes of Japanese Lamium. A: L. album var. barbatum (2n = 18), B: L. ambiguum (2n
= 26), C: L. amplexicaule (2n = 18), D: L. humile (2n = 34), E: L. purpureum (2n = 18), F: L. tuberi-
ferum (2n = 32). Bar indicates 5 pm. Arrows indicate chromosomes with satellite.

mosome complement, two metacentric chromo-
somes and six submetacentric chromosomes had
satellites on their short arms. The karyotype is
thus formulated as 2n = 18 = 2'm + 3m + 6'sm
+ 6sm + 1st and shows the basic chromosome

number as x = 9.

Lamium tuberiferum:

We observed 2n = 32 chromosomes. Chromo-
somes at metaphase ranged from 1.2 to 2.4 pm
in length and from 1.1 to 6.0 in arm ratio (Figs.
1F, 2F; Table 7). In the chromosome comple-

ment, 18 chromosomes were metacentric, six
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Table 3. Measurements of somatic metaphase chro-
mosomes of Lamium ambiguum

Table 5. Measurements of somatic metaphase chro-
mosomes of Lamium humile

No Length (um) Arm ratio Form No Length (um) Arm ratio Form
1 0.6 +2.1=27 3.5 st 1 0.8+ 1.6=24 2.0 sm
2 0.6 +2.1 =27 3.5 st 2 0.8+ 1.6 =24 2.0 sm
3 09+ 1.3=2.2 1.4 m 3 1.1+13=24 1.2 m
4 09+ 13=22 1.4 m 4 1.1+13=24 1.2 m
5 0.8+ 1.4=22 1.8 sm 5 1.0 +1.3=23 1.3 m
6 0.8+ 1.4=22 1.8 sm 6 1.0 +1.3=23 1.3 m
7 1.0+ 1.1=21 1.1 m 7 1.1+1.2=23 11 m
8 1.0+ 1.1=21 1.1 m 8 1L1+12=23 11 m
9 1.0+ 1.1=21 1.1 m 9 0.8+ 1.4 =22 1.8 sm
10 1.0+ 11=21 1.1 m 10 08+ 14=22 1.8 sm
1 08+ 12 =90 15 m 11 1.0+12=22 1.2 m
12 08+12=20 15 m 12 10+ 1.2=22 1.2 m
13 09+1.0=19 1.1 m 13 08+ 13=21 16 m
4 09+10=19 11 m 14 08+13=21 L6 m
15  08+1.0=18 1.3 m 15 08+13=21 16 m
16 08+1.0=18 1.3 m ig’ (1).3 N 1‘1’ ; ;1 1(15 m
17 0.6 +12=1.8 2.0 sm 18 1:0 + 1:1 _ 2:1 1:1 m
19 tostiz-ir 24 om 19 09rll-20 12 m
20 05+ 192 = 1.7 94 am 20 09+ 11=20 1.2 m
' ' ' : 21 09+ 1.0=19 1.1 m
21 0.6 +1.2=17 2.4 sm 29 0.9+ 1.0 =19 11 m
22 0.5+1.2=1.7 2.4 sm 23 0.9+ 1.0 =19 11 m
23 t04+11=15 2.8 sm 94 09410=19 11 .
24 t04+11=15 2.8 sm 2%  0.8+1.0=18 1.3 m
25 0.7+ 08=1.5 1.1 m 2 0.8+ 10=18 1.3 m
26 07+08=15 L1 m 27 05+12=17 2.4 sm
t: satellite. 28 05+12=17 2.4 sm
29 05+ 1.2=1."7 2.4 sm
30 05+ 1.2=1.7 2.4 sm
Table 4. Measurements of somatic metaphase chro- 31 0.7+ 09 =16 1.3 m
mosomes of Lamium amplexicaule 32 0.7+09 =16 1.3 m
33 0.7+ 08=1.5 1.1 m
No Length (um) Arm ratio Form 34 0.7+08=15 1.1 m
1 0.5+1.2=1.7 2.4 sm
2 t-0.5 + 1.2 = 1.7 2.4 sm
3 t04+12 =16 3.0 ot were submetacentric, and the other eight were
4 t-04+12=1.86 3.0 st subtelocentric (Table 5). The karyotype is thus
5 04+12=16 3.0 st formulated as 2n = 32 = 18m + 6sm + 8st and
6 04+12=16 3.0 st shows the basic chromosome number as x = 16.
7 04+ 1.1=15 2.8 sm This study shows that Japanese Lamium
8 04+11=1.5 2.8 sm .
9 0.6+09=15 15 m s.l. has four basic chromosome numbers of x =
10 06+09=15 1.5 m 9, 13, 16 and 17. Of these counts, x = 13 and
11 04+ 11=15 2.8 sm 16 found in L. ambiguum and L. tuberiferum,
12 04+11=15 2.8 sm respectively, represent new basic chromosome
13 0.7+0.8=15 L1 m numbers in Lamium s.l. The five species except
14 0.7+ 08=1.5 1.1 m
15 07 +07=14 1.0 M for L. ambiguum have gradual and symmetric
16 07+07=14 1.0 M karyotypes in common. Of the five species, L.
17 04+10=14 2.5 sm tuberiferum has a high-pitched and symmetric
18 04+10=14 2.5 sm

t: satellite.

karyotype while L. ambiguum has a bimodal
karyotype.

Differences among basic chromosome numbers
of L. ambiguum, L. humile and L. tuberiferum
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Table 6. Measurements of somatic metaphase chro-
mosomes of Lamium purpureum

No Length (um) Arm ratio Form
1 t-0.8 + 1.7 = 2.5 2.1 sm
2 t-0.8 + 1.7 = 2.5 2.1 sm
3 09+ 16=25 1.8 sm
4 09+16=25 1.8 sm
5 t-0.9 + 1.5 = 2.4 1.7 m
6 t-0.9 + 1.5 = 2.4 1.7 m
7 1.1+12=23 1.1 m
8 1.1+1.2=23 1.1 m
9 t-0.7 + 1.6 = 2.3 2.3 sm
10 t-0.7 + 1.6 = 2.3 2.3 sm
11 0.7+ 1.5 =22 2.1 sm
12 0.7+ 1.5 =22 2.1 sm
13 t-0.6 + 1.5 = 2.1 2.5 sm
14 t-0.6 + 1.5 = 2.1 2.5 sm
15 0.6 +1.5=21 2.5 sm
16 0.6 +1.5=21 2.5 sm
17 0.5+ 1.5=20 3.0 st
18 09+ 11=20 1.2 m

t: satellite.

Table 7. Measurements of somatic metaphase chro-
mosomes of Lamium tuberiferum

No Length (um) Arm ratio Form
1 0.7+ 1.7=24 2.4 sm
2 0.7+ 1.7=24 2.4 sm
3 04+ 19 =23 4.8 st
4 04+ 19 =23 4.8 st
5 0.3+ 1.8=21 6.0 st
6 0.3+ 1.8=21 6.0 st
7 0.4+ 1.6=20 4.0 st
8 0.4 +1.6=20 4.0 st
9 04+15=19 3.8 st
10 04+15=19 3.8 st
11 0.5+13=1.8 2.6 sm
12 05+13=18 2.6 sm
13 0.7+11=1.8 1.6 m
14 0.7+1.1=1.8 1.6 m
15 0.8+ 09 =17 1.1 m
16 0.8+ 09 =17 1.1 m
17 0.7+ 1.0=1.7 1.4 m
18 0.7+ 1.0=1.7 1.4 m
19 0.6 +1.0=1.6 1.7 m
20 0.6 +1.0=1.6 1.7 m
21 0.7+ 08=1.5 1.1 m
22 0.7+ 08=1.5 1.1 m
23 05+09=14 1.8 sm
24 05+09=14 1.8 sm
25 0.6 +08=14 1.3 m
26 0.6 +08=14 1.3 m
27 0.6 +0.7=1.3 1.2 m
28 0.6 +0.7=1.3 1.2 m
29 0.6 +0.7=1.3 1.2 m
30 0.6 +0.7=1.3 1.2 m
31 0.5+ 07=1.2 1.4 m
32 05+ 07=1.2 1.4 m

support the taxonomic treatment of the three
genera as Loxocalyx ambiguus, Ajugoides humi-
lis and Matsumurella tuberifera as proposed by
Makino (1905, 1915).
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ZHBAY? - HIFEFS: BREARNVIVIE
(5&) OHFTEZHME

HAMEA PV av g (A7) Lamium sl 121
4 RV a2y L. album var. barbatum, ~ % %279
L. ambiguum, 7 &7 7 % L. amplexicaule, Y <
PA Y L. humile, ¥ X F1) 3V L. purpureum,
b A % ¥ 9 4 L. tuberiferum ®6Fi 3 H1 & h T
% (Murata 1981, Ohwi and Kitagawa 1992),
Makino (1905, 1915) iZ~*F 7Y%, Y~ A vk
K X F ¥ U 4% %ZNZFHh Loxocalyx ambiguus,
Ajugoides humilis, Matsumurella tuberifera & L
TAH RV aVYYE (3% Lamium ss. E3HEE L
TPy, Kudo (1929), Ryding (2004), Mabberley
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(2008) & Z @ V. fi# AR L Ty %, Murata and
Yamazaki (1993) &~ % + 274 D A& % 5l J& D
Loxocalyx ambiguus & LU, fiD55A A F) a3y
JBELTH->TS, ZOLSICHAEA NIV Y
& (538) W AFNRNTN S D9 D RRHBFEEL
T3,

FEVav g (A%) 38 E0Ga kK
DWMEPSEx=9THH I ERMOEN TR
(Darlington and Wylie 1955 ; Singh 1995), H
KEYVY Oy Tl Hi7212x = 17 (Miura et al.
2005) RIS TS, AW7EIE, BHAEL N
av kg (AR NOMHEEBERAHE 2T 5729
12, Klg (IA7%) 67 OJlkBlis 217572,

B ORRE, Jakld KO Py 3
V% :2n=18=16m + 2sm, ¥ A ¥ 7% :2n =
26 = 14m + 4'sm + 6sm + 2st, & 4/ ¥ :2n
=18 =6m + 1'sm + 7sm + 2%t + 2st, Y<v U %
7 :2n=34=26m + 8m, B XFX F) a7
2n = 18 = 2'm + 3m + 6'sm + 6sm + lst, b A
FtY¥ T4 :2n =232 =18m + 6sm + 8st, ThH > 7=,
BE~ 2 %79 Ti3d - L& RO 1Og ks
Mo B W 2 ¢ > Tk, —F, o

5FE (A FVIVY, Kby /%, XA R)ay
Yo XFETH, YeUEY) A, TNTHER
ERIITH 72, TLTCIRE5HODHH, B AF
U 4 Tl & OGRS ROGLGIRD 5
ORI LR OENENEE 25, ftho45E ek
FoTW, b AF 2T 2 OPRGIHRIEAKIZ,
HAMORR»S5x =16, Y42 F 7 H1Fx=13T
bYW, HRELS PV YE (%) ©
JEARBIZIZx =9, 13, 16, 1TOATEESEET 5
ZENbhrotz, AR TV TEIEx = 9BFARR
LEENTVEH, HATIRERESEBGAEL TV
L5ZENWEnERD, ZOGERIERKOE D
Makino (1905, 1915) D7 HZEM R & —3 L T
W3,

('T930-8555 &ILHiHE3190 &I KFPE
PR 0E K *BUTE T 939-8084 &5 (Lili vy Hh iy
My 1-8-31 &L B AE; ° T 930-8555 &
(T A 83190 F LR E B AR AE Rt
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Appendix. Chromosome numbers reported of Lamium

Chromosome number

Taxon Reference (Locality)
n 2n
L. album 8 Marchal 1920 (cult.)
9 Jorgensen 1927 (unknown);

Tischler 1934 (Germany);
Rohweder 1937 (Germany);
Sorsa 1962 (Finland);
Gill 1981 (Canada), 1983 (Canada);
Bir and Saggoo 1982 (India);
Saggoo and Bir 1983a (India); 1983b (India)
9, 9+1B Gill 1970 (India), 1984 (India)
18 Heitz 1926 (unknown);
Turesson 1938 (Russia, Sweden) ;
Delay 1948 (unknown);
Pélya 1949 (Hungary);
Love and Léve 1956 (Iceland);
Gadella and Kliphuis 1963 (Netherland);
Skalinska et al. 1968 (Poland);
Pogosyan et al. 1971 (Armenia);
Morton 1973 (U.K.);
Belaeva and Siplivinsky 1975 (Russia);
Miéjovsky et al. 1978 (Slovakia);
Zukowski and Slowinska 1979 (Poland);
Dmitriyeva 1985 (Byelorussia);
Al-Bermani 1993 (U.K.)
L. album var. barbatum 9 Terasaka and Tanaka 1974 (Japan)
18 Tanaka 1974 (Japan);
Nishikawa 1981 (Japan);
Miura et al. 2005 (Japan)
L. amplexicaule 9 Jorgensen 1927 (unknown);
Tischler 1934 (Germany), 1937 (North Sea);
Gill 1981 (Canada), 1983 (Canada);
Saggoo and Bir 1983a (India), 1983b (India);
Ortega-Olivencia and Ruiz-Téllez 1990 (Spain)
18  Pélya 1950 (Hungary);
Bernstrom 1952 (Sweden);
Heiser and Whitaker 1948 (U.S.A.);
Love and Love 1956 (Iceland);
Strid 1965 (Greece);
Gadella and Kliphuis 1966 (Netherland);
Skalinska et al. 1968 (Poland);
Miéjovsky et al. 1970 (Slovakia);
Dahlgren et al. 1971 (Bolearic Islands);
Fernandes and Queirés 1971 (Portugal);
Léve and Kjellgvist 1974 (Spain);
Ferakova 1972 (Slovakia);
Morton 1973 (U.K.);
Markova and Thu 1974 (Bulgaria);
Aryavand 1977 (Iran);
Van den Brand et al. 1979 (France);
Strid and Franzén 1981 (Greece);
Fernandes and Leitdo 1984
(as L. amplexicaule subsp. amplexicaule, Portugal);
Elena-Rossell et al. 1988 (Spain);
Miura et al. 2005 (Japan)
L. barbatum Siebold et Zucc. 18 Sokolovskaya 1966 (Russia);
Starodubtsev 1985 (Russia);
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Appendix. Continued

Chromosome number

Taxon Reference (Locality)
n 2n
Sokolovskaya et al. 1986 (Russia);
Rudyka 1995 (Russia)
L. bifidum Cirillo 9 18 Elena Rossells et al. 1988 (Spain)
18 Ortega Olivencia and Ruiz Tellez 1990
(as L. bifidum subsp. bifidum, Spain)
L. corsicum Gren. et Godr. 18 Diana-Corrias 1980 (Italy)
L. dissectum With. 18 Jorgensen 1927 (unknown);
Tischler 1934 (Germany)
L. flexuosum Ten. 18 Van den Brand et al. 1979 (Belgium)
L. galeobdolon (L.) Crantz 16 Marchal 1920 (cult.)
18  Jorgensen 1927 (unknown);
Pélya 1949 (Hungary);
L. galeobdolon (L.) L. 36 Gadella and Kliphuis 1966 (Netherland)
L. galeobdolon 36  Mi4jovsky et al. 1974 (Slovakia);
subsp. montanum Strid and Franzén 1981 (Greece);
(Pers.) Hayek Markova and Goranova 1995 (Bulgaria)
L. galeobdolon (L.) Nath. 9, 18 Polatschek 1966 (East Alps)
L. garganicum L. 18  Strid 1965 (Greece);
Gadella and Kliphuis 1972 (Yugoslavia);
Markova and Ivanova 1974
(as L. garganicum subsp. garganicum, Bulgaria)
36  Baltisberger 1991 (Greece)
L. garganicum 18  Van Loon 1980 (Italy);
subsp. laevigatum Arcang. Markova and Goranova 1995 (Bulgaria)
L. garganicum 18 Markova and Goranova 1995 (Bulgaria)
subsp. pictum
(Boiss. et Heldr.) P. W. Ball
L. garganicum 9 De Montmollin 1982 (Switzerland)
subsp. striatum 18 Sz.-Borsos 1971 (L. garganicum subsp. striatum
(Sibth. et Sm.) Hayek f. sofianum Stoj et Stef., Hungary)
L. garganicum 18 Favarger 1973 (Italy)
var. grandiflorum
(Pourr.) Fiori
L. garganicum 9 Favarger 1973 (Italy)
var. veronicaefolium
(Benth.) Fiori
L. humile 34 Miura et al. (2005)
L. hybridum 18 Ortega-Olivencia and Ruiz-Tellez 1990 (Spain)
36 Love and Love 1956 (Iceland);
Morton 1973 (UK.);
Fernandes and Leitdo 1984 (Portugal);
Elena-Rossell6 et al. 1988 (Spain);
Miura et al. 2005 (Japan)
L. intermedium Franch. 18 Jorgensen 1927 (unknown);
Tischler 1934 (Germany)
L. iranicum Parsa 17 Aryavand 1977 (Iran)
L. longiflorum Ten. 9 Jorgensen 1927 (unknown)
18 Baltisberger and Baltisberger 1995 (Albania)
L. maculatum L. 9 Jérgensen 1927 (unknown);

Tischler 1934 (Germany);

Gill 1981 (Canada), 1983 (Canada);
Ortega-Olivencia and Ruiz-Tellez 1990 (Spain);
Kliphuis and Wieffering 1972 (France);

Van Faasen and Nadeau 1976 (U.S.A.);
Mulligan 1984 (Canada)
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Appendix. Continued

Taxon

Chromosome number

n

2n

Reference (Locality)

L. maculatum
subsp. cupreum (Schott) Hadac
L. maculatum
var. cupreum
(Schim. et al.) Briq.
L. maculatum
var. nemorale Rchb.
L. molucellifolium Franch.

L. montanum Pers.
L. moschatum Mill.

L. orvala L.
L. purpureum

L. rugosum Ait.
L. tomentosum Willd.

9

18
18

18

18

18

36

36
18

18

18

Elena Rossell$ et al. 1988 (Spain)

Gadella and Kliphuis 1963 (Netherlands),

1973 (Netherlands);

Majovsky et al. 1974 (Slovakia), 1978

(as L. maculatum subsp. maculatum, Slovakia);
Van den Brand et al. 1979 (Switzerland);
Fernandes and Leitdo 1984 (Portugal);
Dmitriyeva 1985 (Byelorussia)

Mijovsky et al. 1978 (Slovakia)

Markova and Goranova 1995 (Bulgaria)

Markova and Goranova 1995 (Bulgaria)

Morton 1973 (U.K.);

Love and Love 1956 (Iceland)
Baltisberger 1991 (Greece)

Strid 1965 (Greece);

Baltisberger and Huber 1987 (Greece)
Jorgensen 1927 (unknown)

Jorgensen 1927 (unknown);

Tischler 1934 (Germany), 1937 (North Sea);
Griesinger 1937 (Germany);

Gill 1981 (Canada), 1983 (Canada)

Heitz 1926 (unknown);

Pélya 1949 (Hungary);

Love and Léve 1956 (Iceland);

Sorsa 1963 (as 2n=ca. 18, Finland);
Skaliniska et al. 1968 (Poland);

Gadella and Kliphuis 1971 (Netherlands);
Morton 1973 (UK.);

Loéve and Kjellgvist 1974 (Spain);
Markova and Thu 1974 (Bulgaria);
Majovsky et al. 1976 (Slovakia);

Van den Brand et al. 1979 (Netherlands);
Fernandes and Leitdo 1984 (Portugal);
Elena-Rossell6 et al. 1988 (Spain);

Hill 1989 (U.S.A.);

Ortega-Olivencia and Ruiz-Tellez 1990 (Spain);
Miura et al. 2005 (Japan)

Jorgensen 1927 (unknown)

Tumajanov and Beridze 1968 (Russia);
Gagnidze and Gviniaschvili 1984 (Gruzia)

Bold faced character shows taxon observed in this study.



