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The Origin of Lamium hybridum, A Case Study in the
Search for the Parents of Hybrid Species

Abstract

An unusual "new™) form of Lamiam was olserved growing svmpatrically with Lamiwm amplexicande . and L. purpurewm L. in
northwestern Washington. The new taxon was noted 1o have characteristics more or less intermediale between these species, sug-
gesting hvbrid devivation, An observed lack of morphological segregation also suggested allepolyploidy. Taximetrie (based on mor-
phological and flavenoid variablesi, electrophoretic. and cviological analyses were carried out to test the hypotheses that the new
taxon is a hyhrid between Lo wmplexicande and L. purpureum. that it is an amphidiploid (allopolypleid). and that hyhridization oc-
curred in sifu. The experimental results confirm that the infermediate is a tetraploid and strongly implicate 1. purpureum (2n) as
a parental species. However. the results equally imply that L. amplexicaule (2n} is not the second parent; obviously, the new {hybrid?)
species was not preduced in situ but was introduced. A review of the literature and search of selected herbaria resulted in the
identification of the new taxon as Lamiwm hybridion Vill.. a European species. So. while the resulis of this study do not support
the hypothesis of a new case of allopolyploidy. they cxemplify the methodology used in tracing the purentuge of hybrid species.

Introduction

I recall as a graduate student, while very much in
the formalive vears of my profession, being told
by my mentor, Marion Ownbey. that one of the
primary responsibilities of systemalists was to
observe and document evolution al work. Certain-
lv. Ownbey met that responsibility with his dis-
covery and documentation of Tragopogon mirus and
T. miscellus, amphidiploids (allopolyploid species)
derived from hvbridization of Tragopogon dubius
X T porrifolivs and T. dubius X T. pratensis respec-
tively (Ownbey 19535). Marion Ownbev was a first
class plant systematist and a meticulous researcher;
but he was alsa extremely lucky, Although we ac-
cept the premise that more than half of all
angiosperm species were derived from hvbridiza-
tion followed bv chromosome doubling (allopoly-
ploidy). his are two of the few cases where this has
actually been obscrved to occur naturally. So it was
that in the spring of 1986 I became very exciled
upon discaovering a small population of what ap-
pearcd to be a new hybrid species. The new Lax-
on was growing sympatrically with Laminm amplex-
icaule L. and L. purpureum 1.; it was more or less
intermediate hetween these two species; and, very
importantly. there was very little variation among
the plants, suggesting a stabilized FL population
rather than a hvbrid swarm. Furthermore. the
plants were more robust than the 1wo known
specics, suggesting that they were polvploids-
allopolyploids! Several questions came 10 mind:
{1) Was this in fact a hybrid species? {2) Was it
an allopolvplold? (3) T it were a hvbrid, did
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hybridization oceur in site or was the plant in-
troduced as a hybrid? {4) If the plant were an
introduced hybrid, were the two parents L. am-
plexicaule and L. purpurenm? (5) If the plant had
been introdueed, had it previously been described?
The study that ensued was designed to answer
these questions and tvpifies standard methods of
biosystematic analyses.

Materials and Methods
Descriptive notations and experimental taxa

Lamium amplexicaule 1. and L. purpurewm L. are
diploid species {2n = 18) originating in Europe
but widely distributed in North America. Both are
winter annuals and are common weeds in moisl,
disturbed habitats, including irrigaled fields and
orchards of the Northwest. The flowering slems of
both are erect or slightly spreading from the base;
the leaves are opposite and deeply toothed or
lobed. The primary distinguishing characteristies
(L. amplexicaule vs. L. puwrpureum) are: leaves
wider than long, rounded at the Lip, and the up-
per sessile and not crowded nor pigimented vs.
leaves longer than wide, acule, and all petiolate,
the upper crowded and reddish pigmented; corol-
la tube 9-11 mm long, thrice as long as the upper
lip, and corolla bright lavender in color vs. corolla
tube 4-6 mm long. twice as long as the upper lip,
and corolla pale lavender. The third taxon, referred
to as L. “hybridum” for convenience, has leaves
resembling L. purpurewm bul somewhat larger,
mare deeply lobed, less crowded above and anly
slightly pigmented: the flowers are intermediate in




size and shape but are colored similarly to those
of L. amplexicande; in habit, the planis are more
robust, extensively branched and widely spreading.
In the study areas {Figure 1}. the three taxa oceur
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Figure 1. Map showing established populations of Lamium
hvbridum in Skagil Counly. Washington,

Field Sampling and Data Collection

In April, 1986. at the original site of observation
{site 1. Figure 1), a transcet was established
through the most dense part ol the population,
paralleling highway 11. Al live meter intervals
along the transect, two l-meler-square plots were
located. one on each side of and on¢ meter from
the transect, for a total of 58 plots. Individuals of
the three taxa were counted and frequency and
abundance were caleulated. Twenty suitably ma-
ture plants were collected along the transect, five
of L. purpureum, four of 1. amplexicaule, and
eleven of L. “hvbridum.” These numbers were in-
dicative of the relative abundance of the three taxa.
Tn May of 1987 and again in 1989, additional col-
lections were made from a dense sympatric popula-
tion at site 2 (Figure 1), The purpose and nature
of these collections are noled below under ap-
propriate headings,

Morpholegical Measurements and
Comparisons

A 1oal of 24 marphological variables (listed in
Table 1} was selected and measured on 60 speci-
mens. 20 of each taxon, These specimens inelud-
ed the 20 plants collected from site 1 (and noled
above), and 40 piants collected in 1989 along two
30 m transcets at site 2. All plants selected for the
analyses were in a similar stage of anthesis and
measurements were made on fresh plants. The
morphological relationships among the 60
specitmens were determined using a principal com-
penents analysis (SPSSx 1084), the mosl common
tvpe of multivariate analysis in biosvstematic
studies,

Flavonoid Analyses

Thirty suitably mature plants. ten of each tuxon,
were randomly eollected at site 2 in 1987, The
flowers were removed and from these anthocyaning
were extracted in 1% methanolic HCL From the
resulting extracts, anthocyanins were isolated,
characterized, identifled. and quantified using
methods of paper chromatography as described by
Taylor {1987). including spectral anslysis and
hvdrelysis. After the flowers had been removed.
the plants were air dried, crushed, and flavonoid
pigments were extracted in 80% methanol. Using
standard methods of paper chromatography
{Markham 1982} and spectral analysis (Mabry et
al. 1979). the Navones and flavonoels were isolated,
characterized, quantified, and largely identified.
Flavonoid (including anthocyanin)  similarities
{similarity values or SVs) among plants were deter-
mined by application of the formula: SV =
similarities/similaritics +  dissimilarities {SV =
s/s+ ). first used by Sokal and Sneath (1963). The
co-occurrence of a particular compound in two
plants was given a similarily of three; an additional
value of two was assigned il the compound was of
the same scored concentration. one if the concen-
tralions differed by a single scored value: Simi-
larities + dissimilaritics = 3. A pigmenl nol oc-
curring in either plant was not considered in deter-
mination of similarity. From these data. a
covariance matrix (SPS5x 1984) was generated
and used to construet a phenegram and dissimilar-
ily triangle.

Flavonoids arc the most widely used of all
secondary metaholiles in biosystematic studies.
They are stable. can be analvzed (rom small
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TABLE 1. Morphological variables used in comparative analyses.

— plant height (cnn

— mean leaf length (mum)

— maan leal widih (mm)

— length ol stem {mid) leaf petiole (mm}

— upper leaves clasping = 1: non-clasping = 2
— depth of {mid) leaf margin incisions (mm)
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veinal space grealer and more raised = 3

— leal venalion pattern: interveinal space reduced and non-raised = 1; interveinal spave med, and slightly raised = 2: inter-

8 — leaf pubescence: sparse on both surfaces = 13 sparse on lower surface = 2; relulively dense on both surfaces = 3

9 — length of lowesl inlernode (cin)
10 — calyx length (mm)

1T — calyx pubescence {character states: sparsely strigose = 11 moderalely sirigose = 2; sericeous = 3)

12 — calyx straight = 1; divaricate = 2

13 — corolla length {mm}

14 — corolla wbe length {mm)

13 — galea length (mm)

16 — corolla color: pink = 1: lavender = 2

17 — color of galea pubescence: white = 1: white with pink base = 2: pink o purple = 3
18 — ring of hairs inside buse of corolla lube: absent = 0: present = 1

19 — corolla pubescence {outside): absent = 0; spurse = |; moderate = 2: heavy = 3
20 — filament pubescence: abzent = O sparse = 1 moderale = 2: heavy = 3

21 — leaf blade orieatation: parallel to stem = 1; perpendicular 1o stem = 2; varied = 3
22 — purple pigmentation of upper leaves: ahsent = 0: trace = 1: light = 2: moderale =

23 — verlicels of flowers per stem (number)
24 — branches per flowering stems {number)

3: heavy = 4

samples, and can be tentatively identified by few
procedures iHarborne and Turner 1984).

Cytclogical Observations

In 1986, seeds of L. “hybridum” were collected
{by Jue Arnell) at site 1. germinated. and seed-
lings were grown to maturity in a greenhouse,
Young anthers were excised from 20 immature
flower buds and squashed in 2% aceto-orcein,
From these buds, only one preparation showed
meiotic Nigures clear enough to allow chromesomal
counts. Several microsporoeytes were examined
and although precise counts were difficult, they
consistently approximated n = 18 {Arnett, un-
published). As noted by Arnett and Bernstrom
(19535) before him, suitable mciotic figures are dif-
ficult 10 oblain in Lamium because of very small
chromosomes and few anthers. In June of 1988,
seeds collected from plants of site 2 were ger-
minated in petil dishes and root tip squashes were
made of 10 seedlings each of L. “Aybridum” and
L. amplexicaule, and five of L. purpureum, the
sceds of which were difficult to germinate. The
squashes were stained with aceto-orcein and mitotic
figures were examined. Finally. pollen samples of
all plants used in morphological analvses were
stained with acetocarmine, to get an estimation of
viability. and measured.
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Transplantations

Numerous specimens of all three taxa were
transplanted from site 2 inlo an experimental
garden at Western Washington University, Bell-
ingham, WA. Also, scedlings of L. “hybridum” and
L. amplexicaule were planted in the garden.

Isozyme Analysis

Ten flowering specimens of each taxon collecied
from site 2 in April of 1989 and ten specimens
of L “hyvbridum” from the experimental garden
were senl Lo Washington State University for iso-
zyme analvsis. The analysis was done by Paul Wolf
from the lab of Doug Soltis. Twelve enzymes or
enzyme syslems were surveyed electrophoretically,

Results and Interpretations
Population Structure

The percent frequencies and abundance {plants/sg.
meter} of the three laxa al site 1 were: L. amplex-
icawle 17 and 0.12: L. purpureum 12 and 0.22;
L. “hybridum” 76 and 2.29. Clearly, .. "hybridum”
is more invasive or al least reproductively sue-
cessful, an obscrvation of potential consequence
in dealing with northwesl weeds. At site 2, although
the population structure was notl delermined.




Figure 2. Ordination of odd-numbered plants based on principal components analysis; lactors = components. Cirele: L. amplexi-

caule; triangle: L. purpurewm; square: L. hybridum.

L. “hybridum™ appeared to hc even more
predominant.

Marphalogical Relationships

The principal components analysis shown in Figure
2 indicates the morphological relationships ol the
three taxa. Only the odd numbered specimens are
plotted on the chart, including specimens from hoth
collection sites. The analysis vielded six com-
ponents with eigenvalues grealer than one, indi-
cating that the variables are moderately correlated
(an inverse relationship exists between the number
of components with high eigenvalues and the ex-
tent of correlation among variables). The fist com-
ponent (see Figure 2) accounted for 44.6% of the
variance and separated [. amplexicaule from the
other two taxa. The variables with the highest load-
ings, i.e.. those that contributed most to the separa-
tion along component {factor) 1, listed according
to loading values (high to low}, were: upper leaves
clasping vs. nen-clasping (non-clasping in f.

amplexicaule = L.a.): the presence or absence of

a ring of hairs inside the corolla tube {absent in
L.a.}; pigmentation of upper leaves (non-pigmented
in L.a.); calyx pubescence (sericeous in L.a.}; co-

rolla pubescence (heavy in L.a.); corolla tube
length (longer in La.}: and color of galea
pubescence (pigmented throughout in F.a.). The
second component accounled for 13.4% of the var-
iance and separaled L. purpurewm from [
“hybridum.” The variables with the Thighest
loadings. from high to low, were: depth of leal
margin incisions (1/3 as deep in Lp.): leaf vena-
lion pallern (intervenal space less raised in L.p.);
corolla pubescence {less dense in L.p.); branches
per [lowering stem (fewer or none in L.p.): and co-
rolla length (shorter in L.p.}. The third component
accounted for 9.9% of the variance with only two
variables having high leadings: leaf length and leal
width, both of which further separated L. amplexi-
caule {leaves longer than wide in L. purpureum and
L. “hybridum”™ and vice versa in L. amplexicaule).

Perhaps the most significant result of the prin-
cipal components analvsis is the fact that the first
component accounted for such a large proportion
of the variance and that L. amplexicaule separated
[rom the other taxa along this component. This sug-
gests that the relationship between L. purpurenm
and L. “hybridum”is much greater than between
L. amplexicaule and either or hoth of the other two
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taxa. This pattern of relationship is graphically por-
traved in Figure 2. The results. then, of the prin-
cipal componenis analysis do not support the
hypothesis that L. amplexicaule is a parental
species of L. “Avbridum” but do suggest that L.
purpureurn is.

Comparative Flavonold Chemistry

A total of 28 Mavoneid compounds, 10 of which
were anthocvanins, was isolated and used in
analyses. The characteristics. distribution patlerns,
relative concentralions, and tentative identifications
of the 18 flavones and flavonols are presented in
Table 2. The identifications, occurrence and rela-
live concentrations of anthocyanins are presented
in Table 3. Lamium “hybridum™ combines Lhe
anthocyanins of the other two species, suggesling
their parental status. However, the oceurrence of
the other flavonelds does not support this inter-
prelation; L. “Aybridum” much more closely
resembles L. purpurewm. both in the sharing of
flavones and Navonols and in their relative concen-
trations. In fact. all compounds found in L. pur-
pureum also occurred in L. “fvbridum.” The most
likely scenario. then, considering the resulis of the
flavonoid analyses in conjunction with other data,
is that L. “hybridum” shaves flavones and flavonols
with L. purpureum because the laller is a parental
species: it shares anthocvaning with L. amplex-
icaule because the second and unknown parental
species was similarly pigmented with malvidin
glycosides. Also the observation that two com-
pounds were found only in L. amplexicaule and
two were unique to L. “hvbridum ™ further supports
this scenario. The presence of a greater number
of flavonoids in L. “hAybridum” supporis the
hvpothesis of allopolyploid origin. The results of
the chromatographic analvses are depicted in the
phenogram and distance triangle of Figure 3. The
co-occurrence of the malvidin glveosides in L.
amplexicanle and L. “hybridum” skews the relation-
ship in that direction.

Cytclogical Ceterminations

Altheugh restricted to a single plant, chromosomal
counts of microsporocytes of L. “Avbridum” showed
that taxon to be tetraploid (n = 18). Preeise
chremosemal counts of root tip cells of germinating
seedlings were difficult to make. hut the results
were unambigtious in terms of ploidy level. In f.
“hybridum,” 23 mitotic cells from scven seedlings
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Figure 3. Phenogram and distance triangle showing relative
similarities {dissimilarities) among cxperimental plants
and species. based on (lavonoid compounds. In the
triangle. A = L amplexicaule, H = L. hvbridum,
and P = [ purpureum.

were examined with a mean count of 34 + 6
chromosomes. In L. amplexicaule, 19 cells from
nine planls were examined with a2 mean count of
17 £+ 3 chromosomes. In L. purprreum, 13 cells
from five plants were examined with a mean count
of 18 2 2 chromosomes. These results are con-
sistent with the published chromosome numbers
of 2n = 18 for L. amplexicaule and L. purpureum,
diploid species. Also. this confirms that L.
“hybridum s a ictrapleid, 2n = 36. Pollen viahili-
ty. based on stainability, was the same for all three
taxa: 91 = 7%. 90 = 9%, and 91 + 10%. The
high pollen fertility (stainability) suggests thal 7.,
“hvbridum ™ is an allopolyploid. However. Soltis and
Soltis {1989) and Ness et af. {1989) have shown
that autepolyploids may exhibit genectic
cquilibrium, thus high pollen fertility. Pollen grain
size was significantly larger (p = .05) in L.
“hybridum”™ as would be expected in a tetraploid.
Relalive mean sizes (length X widih), standardized
to 1, were! L. = 1.00. Lp. = 1.01, LA = 1.32,

Electrophoretic Analysis

From the twelve enzymes surveyed, 44 isozymes/
allozymes were isolated: see Figure 4. Only two
cases of heterozygosily within taxa were ohserved:
one plant and one isozyme in each of the diploid
species. The garden and ficld specimens of L.
“hybridum” were homozygous for all isozymes, For
convenience and hecause of this low percent of
heterozygosity, the three laxa have heen cansidered
homozygeus in Figure 4. Of the 44 isozymes, only
four occurred in all three taxa; two were restricted
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TABLE 3. Anthocyanins—Occurrence and Relative Concenlralion

Aunthocvanin!

amplexicaule Roybridum purpurenm
Cyanidin 3.3 —diglucoside ++ ++ ++
Cvanidin acvl-3 glveoside ++ ++
Delphinidin 3.5-diglucoside + ++ ++
Delphinidin 3-glucoside - + +
Delphinidin acyvl-glycoside — + +
Malvidin 3.5-diglucoside ++ +++ -
Malvidin 3 rhamnose, 3-glucoside + ++ -
Malvidin acyl-glycoside + ++ -
Malvidin glvcoside (1) + + -
Malvidin glvcoside (2) - + -

'Identifications were based on RE values with several developing solvents, spectral analyses, stepwise hydrolysis,

and comparisons with known standards {(aglveones).

to L. amplexicaule and L. “hyvbridum,” suggesting
possible parentage by the former; {ourtcen were
restricled lo L. purpureurn and L. “hybridum” and
none was unique o L. purpureum, thus strongly im-
plicating L. prrpureum as a parent; fifteen were
unique lo L. amplexicaule, suflicient evidence to
reject this taxon as a parent; and nine were unique
to L. “hybridiem, " suggesting an undetermined sec-
ond parent. In summary, then. in situ hybridiza-
tion between the diploid taxa can be ruled out on
the hasis of enzvme clectrophoresis. Also it s
unlikely that a different source of L. amplextcaule
was Lhe sccond parent., given its high level of en-
zvmalic distinelion,

Discussion

Interestingly, in 1786 Villars discovered a popula-
tion of plants which he considered to be in-
termediate between f. amplexicaule and L. pur-
purewm, Accordinglv. he named his discovery
Lamiuwm hybredum. Subscquently, the question of
the origin of the taxon has been widely debated.
The early taxonomic history of Lamium hybridum
Vill. was outlined by Little and Warburg (1953},
beginning with an original description by John Ray.
These authors cite several references voicing
diverse opinions concerning hybrid origin, with /..
amplexicaule and L. purpurenm most lrequently
named as the likelv parents, Little concludes that
the “balance of evidence™ is against hybrid origin.
Warburg. being a much later contributor to the ar-
ticle. had the advantage of more recent evtologieal
data {e.g.. the tetraploid status) and agrees that
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hybridization probably was involved but empha-
sizes that L, hybridum and other related taxa “must
be treated as independent species.” According to
Hegi et al. (1936), there are two naturally occur-
ring forms of L. hyvbridum: ssp. intermedium and
ssp. dissectum. These authors noted that both
subspecies are intermediate belween L. purpureum
and L. amplexicaule, ssp. intermedium most
definitely s0. However, taxonomic revision (Tutin
et al. 1972) placed ssp. intermedium in the
separate species, L. moluccellifolium Fries, and
ssp. dissectum became a synonvm of L. Aybridum.
The description of L. hybridum Vill. fits that of L.
“Fevbridum ™ and from this point the two will be con-
sidered synonymous,

Several earlier studies have attempted to
cstablish the parental species of L. hybridum (Bern-
strom 1941, 1944, 1949, 1955; Jones and Jones
1965; Jorgensen 1927; Little and Warburg 1953
and others), All consider L. purpureum to be a
parcnt but L. amplexicaule is questionable, hoth
because of a lesser morphological similarity and
apparent reproductive isolation hased on attempts
to hybridize the two diploids. The most eomprehen-
sive hybridization studies were carried out hy
Bernstrom (L953). invelving several Lamium
species. He crossed L. purpurenm with L. bifidum
i2n) and obtained a sterile F1 hybrid which he
treated with colchicine to derive a synthetic allo-
polyploid, This he crossed with L. Aybridum and
obtained a fertile tetraploid with normal bivalent
formation. He also produced a colchicine-derived
autopolyploid of L. purpureum which he also




Enzymes PUR HYB AMP

PGM

. C— %

. B o

» x
.-  ——

PGI

LR %

.- -

AAT

. ¥

e . X
LAP

L] b4
ACGON

o %
P x
. Kr——

RO 3

N e L
. —

IDH

. 2
. A———%

.- [T 1

BT A x
o e e X

. X
TPI

. .

. %

L] e —

G3PDH

. —
MDH

F PR —

. . T x
W e ——

SKDH

.

6PGD

e . ]
P —

ADH

- —_—

e T . X
..

. %
.- —_—

Figure 4. Distribution of 44 isozymes/allozymes us determined
by enzyme clectrophoresis, PGM = phosphogluco-
mutase. PGl = phosphoglucoisomerase, AAT =
aspartate dehydrogenase. LAP = leucine amino-
peptidase, ACON = aconitase. IDH = isocitrate
dehydrogenase. TPL = wriosephosphule isomerase.
G3PDH = glveeraldehyde-3-phosphate dehvdroge-
nase, MDH = malate dehydrogenase, SKDH =
shikimate dehvdrogenase. 6P°GIY = 6-phospho-
gluconute dehvdrogenase. ADH = aleohol dehy-
drogenasc.

crossed with L. hybridwm. The result was a semi-
fertile 47 hybrid which produced trivalents at
meiosis, presumably due to three sets of chromo-
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somes from P. purpureum. These results suggested
that the parents of L. hybridum are L. purpureum
and L. bifidum.

Conclusions

The questions asked in the introduction can be
answered: {1} Is L. “hybridum” a hybrid species?
The Navonoid, morphological, cvtological, and elec-
trophorelic data support this hypothesis, with 7.
purpureum heing one of the diploid parents. (2) Is
L. “hybridum” an allopolyploid? Certainly the
cylological data in concert with the electrophoretic
and other experimental results support this
hypothesis, {3) Did hybridization oceur in situ? The
unescapable conclusion is that it did not. (4) If 1.,
“hybridum” is an introduced hybrid, are the two
parents [. amplexicaule and L. purpureum? The
results of this study strongly suggest that L. pur-
pureum is but L. amplexicaule is not. {5) Had L.
“hybridum” previously heen described? Yes, coin-
cidently, it matches the deseription of L. hybridum
Vill. and is similar to the few specimens of [.
hybridum Vill. observed by the author al the U.S,
National Herbarium (U3}, the University of Mary-
land (MARY), and the University of Massachusetts
{(MASS). A final question, then, would be: What
species is the second diploid parent (assuming that
only one additional specics was involved, which
perhaps is a bit presumptuous}? My data can not
be addressed to this question, but the work of
Bernstrom {1953) would suggest . bifidum. In
spite of my attempts, T have not yet been able to
obtain seeds of this European species to test this
hvpothesis.
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