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The use of discriminant function analysis to study
diploid and tetraploid cytotypes of Lathyrus pratensis
L. (Fabaceae: Faboideae)
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SUMMARY

Univariate and multivariate analyses of28 morphological traits were
carried out on seven tetraploid and 16 diploid accessions of Lathyrus
pratensis L. grown under uniform conditions. More than 80% of the
plants from diploid populations but less than 50% from the tetraploids
flowered the first growing season. Cluster analysis (Wards' method)
and principal component analysis did not provide clear differences
between these cytotypes. Discriminant function analysis based on
ploidy level identified those characters which can provide a reasonably
good separation. The results confirmed that L. pratensis can still be
regarded as a semi-cryptic species with two cytological races in which
tetraploids have arisen through autopolyploidy.
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INTRODUCTION

The genus Lathyrus (Fabaceae: Fabaoideae) comprises about 150 species of annual and
perennial herbs which are widespread in the temperate regions of Europe, Asia and North
America and in tropical East Africa and South America (Kupicha 1983). The most recent
taxonomic revision of Lathyrus was carried out by Kupicha (1983) who divided the genus
into 13 sections. L. pratensis is taxonomically situated within the section Pratensis Bassler
(Bassler 1966; Kupicha 1983). She also included five other species within this section,
namely L. binatus Pancic, L. czeczottianus Bassler, L. hallersteinii Baumg., L.layardii Ball
ex Boiss. and L. laxiflorus (Desf.) O. Kuntze L. pratensis is found throughout Europe,
Asia and Africa (Ball 1968; Davis 1970; Brunsberg 1977).

Following the studies of Larsen (1953, 1954, 1957) several researchers have recorded
2n = 2x = 14 or 2n = 4x = 28 as chromosome numbers for L. pratensis (e.g. Simola 1964;
Brunsberg 1965, 1977; Cartier & Blaise 1981; Reynaud et at. 1981). The occurrence of
triploid and hexaploid cytotypes is apparently rare (Bruns berg 1977). Populations with
triploid individuals were recorded however by Simola (1964) in Sweden and Finland and
one hexaploid cytotype was found by Brunsberg (1977) in France.

According to Brunsberg (1977) and Cartier & Blaise (1981) tetraploid cytotypes
(2n = 4x = 28) are autopolyploid and are distributed in western Europe. Diploids
(2n = 2x = 14) are more widespread towards eastern Europe. The cytotypes are sympatric
in a zone between France, Belgium, The Netherlands and Italy.
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Brunsberg (1977) carried out a biosystematic study within the section Pratensis.
According to her survey L. pratensis can be clearly distinguished from the other five
species of the section, but she stated that diploid and tetraploid cytotypes cannot be
distinguished from each other on a morphological basis. However, her study was based on
univariate analyses of morphological traits and no multivariate analysis techniques were
utilized.

In this paper we shall present the results of a study of L. pratensis using univariate
and multivariate analyses of morphological data in an attempt to understand better the
differentiation of diploid and tetraploid cytotypes. Recent reports from Clausen & Crisci
(1989), Ingrouille et al. (1990) and Moret et al. (1991) indicate that multivariate analysis
can be used effectively to reveal such differentiation between cytotypes within a single
speCIes.

MATERIALS AND METHODS

The 23 L. pratensis accessions analysed in this study were obtained from 17 botanical
gardens and research institutes in Europe and represent just a sample from the species,
which cannot be related to actual natural populations. A list of accessions is given in
Table 1. .

Cytology
Somatic chromosomes were counted from root tips of each of 10 plants per accession
grown in vermiculite. Root tips were pretreated in water at O°C for 8 h. They were fixed in
9:2: 1 absolute ethanol:chloroform:acetic acid for 12 h, hydrolysed in 1 N HCI for 8-9 min
at 60°C and stained in 1 % acetocarmine for 12 h.

Univariate and multivariate analyses
Between three and 12 plants, depending upon germination from each of the 23 accessions,
were grown in a fully randomized block experiment in a glasshouse. A total of 169 plants
were studied. Seeds were sown in early February 1988. In early June flowering commenced
and 28 traits were recorded (Table 2). Flower characters were recorded on the oldest
flower of the oldest inflorescence. Leaf and stipule characters were taken from the node
below the oldest inflorescence. Pod and seed characters were recorded on a randomly
selected pod from each individual.

The mean, standard deviation and coefficient of variation were determined for each
character by ploidy for all accessions. Analyses of variance were also carried out for each
trait by ploidy.

Data were standardized prior to all multivariate analyses. Euclidean distance values
were established between each individual plant (OTU). Cluster analysis (CA) was
carried out using Ward's minimum variance cluster method (Ward 1963). Both principal
component analysis (PCA) and CA were accomplished using the CLUSTAN 3 package
(Wishart 1987). Discriminant function analyses (D FA) using cluster groups from CA and
ploidy level as classification criteria were carried out in order to assess morphological
differention between plants in clusters and cytotypes. Both univariate analyses and DFA
were carried out using the SPSS 3.1 package (Norusis 1988).

RESULTS
The most obvious difference between diploids and tetraploids was in the time to flowering.
More than 80% of the diploid plants produced flowers in the first growing season.
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for the first two components is illustrated in Figure 2. Individuals which grouped together
in Cluster I from the hierarchical classification also tended to appear in close proximity on
the left region of this diagram. Their patterns of distribution were in agreement withresults 

from CA as OTUs from Cluster I had low values along the first component. Therewas 
a considerable overlapping between scores for diploids and tetraploids along the firsttwo 
factors. However, tetraploids seldom had negative values on both components.

Discriminant function analysis by ploidy
The only multivariate technique which enabled a better separation between diploids and
tetraploids was D FA. Using ploidy level as a classification criterion of the morphological
data, DFA differentiated individuals with a common chromosome number. The correct
classification of plants into their two 'cytotype groups' was almost 90% (Table 5). There
was a slight degree of overlapping between the frequency diagrams of cytotypes along the
discriminant function (Fig. 3). Traits that separated the cytotypes along the discriminant
function are given in Table 6. They were mainly flower characters, such as style length,
standard petal length, flower length and standard petal length: standard petal width ratio.
However, when the total range of variation of the seven traits which contributed the most
to the separation was drawn in bar diagrams (Fig. 4), there were no sharp discontinuities
between the two cytotypes, even though the Wilk's lambda values had indicated that there
were statistically significant differences between these characters. It was only when DF A
was carried out that morphological differences were identified.

This trend was also confirmed for these seven characters in the one-way analyses of
variance by ploidy. Simple statistical analyses by ploidy of the morphological characters
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Table 3. Wilk's lambda values and correlation coefficients between original and discriminant vari-
ables in a discriminant function analysis using morphology cluster membership as a classification
criterion. Mean cluster values, with coefficient of variation in brackets are also given

Cluster statistics
Wilk's
lambda

Correlation
coefficient Cluster Cluster 2Character

PLENGT**
STWIDT**
LWIDTH**
PHEIGH**
LLENGT**
STLENG**
FNUMBE**
ONUMBE**
POLENG**
FPETLE**
STL&W**
NUTEND**
FLENGT*
CATET2*
STYLEN*
SLENGT*
SWIDTH*
POWIDT
CATETI
LL&LW
SEEDLE
FL TIME
OLENGT
SEEDBR
SEEDWI
SL&SW
NVEINS
CABRET

0.6190.631

0,689
0.726
0.756
0,759
0,768
0.800
0.826
0,837
0-852
0,878
0.913
0.918
0.919
0.928
0.932
0,949
0,938
0.962
0.972
0.977
0-978
0-979
0-996
0-997
0-998
0.999

0.435
0-424
0-372
0.343
0.315
0.313
0.313
0.277
0.254
0.244

-0.232
0.207
0.172
0.166
0.164
0.154
0.151
0.127
0.116

-0.111
-0.094
-0-084

0-082
-0-079
-0-033
-0.031
-0.025
-0,006

1-77(27-1)
0-41 (26-8)
0-56 (23-2)

85-90 (33-2)
2-74 (23-3)
I-51 (21-2)
7 (21-1)

10 (14-5)
2-96 (13-5)
7-03 (40-2)
3-83 (27-4)
1 (65-0)
1-23 (8-1)
0-32 (15-6)
0-88 (6-8)
1.46 (8-9)
1-06 (10-4)
0-54 (9-2)
0-24 (20'8)
5-32 (25-7)
0-31 (12-9)

22 (60-0)
0-45 (6-7)
0.22 (9-1)

0-27(11-1)
1-38 (8-7)
8(66-8)
0-22 (13-6)

2.60 (21.9)
0.65 (21.5)
0.79 (21.5)

121.20 (23.8)
3.47 (18.4)
1.86(16.1)
8 (21.3)

11 (11.8)
3.32(12.1)
9.43 (27.8)
3.17 (15.8)
2 (63.0)
1.29 (7.8)
0.35 (14.3)
0.92 (7.6)
1.54 (8.4)
1.13 (9.7)
0.56 (10.7)
0.26(15.1)
4.85 (21.6)
0.29 (10.3)

20 (55.0)
0.46 (6.5)
0.21 (14.2)
0.27 (7.4)
1.37 (8.1)
8 (41.7)
0.22 (13.6)

**Wilk's lambda values significant at I % level.
*Wilk's lambda values significant at 5% level.

are also given in Ta:ble 6. Coefficients of variation ranged between 6,7% for style and
stipule length and 59% for flowering time. Each cytotype had similar coefficients of
variation for each single character. Nine of the characters had a coefficient of variation
greater than 25%, a fact that indicated that the accessions were rather variable for almost
one third of the analysed traits.

DISCUSSION

U sing both PCA and CA, which attempt. to identify distinct groups independently of any
prior classification criterion, it was not possible to identify distinct morphological sub-
groups which were related either with accessions or with ploidy level. This situation was
improved however when DF A was used. Nevertheless, this method relies on prior classifi-
cation criteria. Even so, in the case of L. pratensis a clear separation between diploids and
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Table 5. Classification results after discriminant function analysis using ploidy level
of individuals of Lathyrus pratensis as a classification criterion

Predicted cytotype membership
Number of

cases Diploid TetraploidActual cytotype

Diploid 82
87.2%

12
12.8%

94

Tetraploid 24 0
0%

24
100%

89- 3% of individuals were correctly classified.
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Fig. 3. Frequency diagram from discriminant function analysis using ploidy level as a classification criterion. (a):
Diploid individuals; (b): Tetraploid individuals.
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Table 6. Wilk's lambda values and correlation coefficients between original and discriminant vari-
ables in a discriminant function analysis using ploidy level as a classification criterion. Mean values,
with coefficient of variation in brackets are given for each cytotype

Cytotype statistics
Wilk's
lambda

Correlation
coefficientCharacter Diploid Tetraploid

STYLEN**
SLENGT**
FLENGT**
SL&SW**
SEEDBR**
POLENG**
CABRET**
CATETl*
SEEDWI*
FPETLE*
SEEDLE*
PLENGT
OLENGT
CATET2
L WIDTH
LL&LW
POWIDT
NVEINS
STL&W
SWIDTH
STWIDT
PHEIGH
FNUMBE
ONUMBE
STLENG
LLENGT
NUTEND
FLTIME

0.86
0.87
0.90
0.91
0.92
0.92
0.94
0.95
0.96
0.96
0.96
0.97
0.98
0.98
0.98
0.98
0.98
0.99
0.99
0.99
1-00
1-00
1.00
1-00
1.00
1-00
1-00
1-00

0.38
0.37
0.31
0.30
0.28

-0.28
0.23
0.22
0.21
0.19
0.18

-0.16
0.14
0.13

-0.13
0.13
0.11

-0-09
0.07
0.06

-0.06
-0.05
-0.04

0-04
-0-03
-0.03
-0.02

0.01

0.89
1.48
1.24
1.35
0.21
3.22
0.22
0.24
0.26
8.08
0.31
2.29
0.45
0.33
0.66
4.98
0.55
9
3.43
1.10
0.52

106.60
8

11
1.71
3.16
2

21

0.96
1.60
1.33
1.44
0.23
2.93
0.23
0.27
0.27
9.40
0.32
2.05
0.46
0.34
0.60
5.37
0.56
8
3.59
1.12
0.50

101.90
8

II
1.68
3.11
2

22

..Wilk's lambda values significant at I % level.

.Wilk's lambda values significant at 5% level.

a priori weighting and they did not give such clear differences between the cytotypes.
However, there is a tendency for tetraploid plants to be different from diploids in some
flower, seed and pod traits. This trend was amplified by the DFA, as this multivariate
technique maximizes separation between groups and identifies those characters of
discriminant value.

The lack of agreement between PCA and CA with D FA appears to confirm previous
reports from Abbott et al. (1985) about the value of these three numeric methods in
taxonomy. These authors reported that, in some instances, DFA is the most appropriate
technique for analysing patterns of variation at or below the species level. At these two
levels, classification is often difficult to achieve as there is considerable overlapping for
each single character. DFA overcomes this obstacle by minimizing the overlapping
among previously designated groups. In this present case, DFA provides a reduced one-
dimensional model which identifies measurable differences between cytotypes. However,

(7-6)
(6-7)
(7-9)
(7-9)

(12.5)
(13-4)
(14-8)
(18-6)
(10-3)
(35.9)
(12.4)
(23.0)
(7.8)

(16-4)
(28.3)
(24.2)
(10.9)
(51-7)
(24.5)
(II-I)
(29.7)
(32.8)
(24-0)
(14-0)
(21-2)
(24.0)
(47-0)
(56.0)

(6"7)
(7"2)
(7"2)
(S04)

(1309)
(1206)
(16"S)
(20"7)
(S"O)

(31"1 )
(1204)
(2S"7)
(6"2)

(13"1)
(27"3)
(230S)
(Sol)

( 4S~S)
(26"S)

(9"S)
(32"3)
(2707)
(23"4)
(14"0)
(19"9)
(20"0)
(SOoO)
(S900)
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Fig. 4. Bar diagrams for the seven traits which had the highest correlation coefficients between original and
discriminant variables in a discriminant function analysis using ploidy levels as a classification criterion. The
median is marked. The heavy bar represents the values between the first and third quartiles. (2n) = diploid and
(4n) = tetraploid cytotypes. (a) Style length; (b) standard petal length; (c) flower length; (d) lowest calyx tooth
length; (e) pod length; (f) seed breadth; (g) standard petallengthfstandard petal width ratio.
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morphological differentiation between these cytotypes was not so sharp as to yield two
distinct groups when the other models were utilized. As we found considerable over-
lapping for each of the morphological traits in diploid and tetraploid cytotypes, and as
only DF A could provide some criteria to distinguish them, it is not appropriate to assign
formal taxonomic rank to them.

The evolutionary significance of polyploidy in this species may be related to several
physiological traits. Relationships between physiology and chromosome numbers in
L. pratensis were also suggested by Toulemonde & Vartanian (1986), who found that
diploids had stomatal regulatory mechanisms which allowed them to withstand dehyd-
ration during a drought period whereas tetraploids lacked these mechanisms. Brunsberg
(1977) indicated that flowering shoots were not usually observed until the second vegetat-
ive year. Results from this paper do not entirely coincide with her observations as there
was some relationship between the production of flowers during the first vegetative period
and ploidy level. This relationship could be another example of how polyploidy in this
species has led to differences which are physiological rather than morphological.

The fact that there are similar patterns of morphological variation in both cytotypes
suggests that tetraploids can be regarded as having an autopolyploid origin, and that L.
pratensis should be regarded as a semi-cryptic species.

REFERENCES
Abbott, L.A., Bisby, F.A. & Rogers, D.J. (1985):

Taxonomic Analysis in Biology, Computers, Models
andDatabases. Columbia University Press, New York.

Ball, P.W. (1968): Lathyrus L. In: Tutin, T.G.,
Heywood, V.H., Burges, N.A., Moore, D.M.,
Valentine, D.H., Walters, S.M. & Webb, D.A.
(eds): Flora Europaea. 2: 136-143. Cambridge
University Press, Cambridge.

Bassler, M. (1966): Die Stellung des Subgenus Orobus
(L.) Baker in der Gattung Lathyrus L. und seine
systematische Gliederung. Reprium. Nov. Spec.
Regni Veg. 72: 69-97.

Brunsberg, K. (1965): The usefulness of thin-layer
chromatographic analysis of phenolic compounds
in European Lathyrus L. Bot. Notiser 118: 377-402.

Brunsberg, K. (1977): Biosystematics of the Lathyrus
pratensiscomplex. Opera Bot. 41: 1-78.

Cartier, D. & Blaise, S. (1981): Repartition des races
chromosomiques chez Ie Lathyrus pratensis L.
Saussurea 12: 143-155.

Clausen, A.M. & Crisci, J.V. (1989): Analisis multi-
variado de la variaci6n morfol6gica de poblaciones
diploides y tetraploides de Solanum gourlayi
(Solanaceae) y especies relacionadas. Darwiniana

29:247-259.
Davis, P.H. (1970): Lathyrus L. In: Davis, P.H.

(ed): Flora of Turkey and the East Egean Islands 3:
328-369. Edinburgh University Press, Edinburgh.

Ingrouille, M.J., Pearson, J. & Havill, D.C. (1990):
The pattern of morphological variation in the
Salicornia dolichostachya Moss group from differ-
ent sites in southern England. Acta Bot. Neerl. 39:
263-273.

Kupicha, F .A. (1983): The infrageneric structure
of Lathyrus L. Notes R. Bot. Gdn. Edinb. 41:
209-244.

Larsen, K. (1953): Chromosomal numbers of some
European flowering plants. Bot. Tidsskr. 50: 91.

Larsen, K. (1954): Chromosome numbers of some
European flowering plants. Bot. Tidsskr.SO: 163-174.

Larsen, K. (1957): Cryptospecies in Lathyrus praten-
sis. Bot. Tidsskr. 53: 291-294.

Moret, J., Favereau, Y. & Gorenflot, R. (1991): A
biometric study of the Ornithogalum umbellatum
(Hyacinthaceae) complex in France. Plant Syst.
Evol. 175: 73-86.

Norusis, M.J. (1988): SPSS/PC+ Advanced Statistics
V2.0. SPSS Incorporated, Chicago.

Reynaud, J., Ismaili, A. & Jay, M. (1981): Flavonoid
gIycosides of Lathyrus pratensis (Leguminosae).
Phytochem. 20: 2052-2053.

Simola, L.K. (1964): On the cytology of Lathyrus
pratensis. Ann. Acad. Sci. Fenn. Ser. A IV. Bioi. 78:
1-19.

Toulemonde, G. & Vartanian, N. (1986): Drought
resistance of diploid and tetraploid cytotypes of
Lathyrus pratensis L. In: Kaul, A.K. and Combes,
D. (eds): Lathyrus and Lathyrism. pp.187-196.
Third World Medical Research Foundation, New
York.

Ward, J.H. (1963): Hierarchical grouping to optimize
an objective function. J. Am. Statist. Ass. 58:
236-244.

Wishart, D. (1987): CLUSTAN, User Manual, 4th
edn. Computing Laboratory University of St
Andrews, St Andrews, Scotland.




