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Karyotype morphology and evolution in somahyrus
(Fabaceae) species of southern Brazil

Adriane Klamt and Maria Teresa Schifino-Wittmann

Abstract

The karyotypes dfathyrus nervosusam.,L. pubescenklook. et Arn.L. paranensi8urk. and.. crassipesill ap. Hook et Arn.,

native to Rio Grande do Sul (southern Brazil), are described in detail for the first time. All taxa have 2n = 14 chrombsomes. T
karyotypic formulae were 2 m + 12 sm fornervosusL. pubescenandL. paranensisand 4 m + 10 sm fdr. crassipesin all

species, the smallest chromosome pair bore a secondary constriction with a satellite in the long arm. Intraspecifiovidvegilgizion

and number of secondary constrictions was obsenledigrvosusndL. pubescen®ll of the species had a conservative and similar
karyotype morphology, but differed in total complement size by as much as 20% between thelhigbesbgusand lowestl(.
crassipeyvalues. These results suggest that changes in chromosome size during evolution have been similar for all the chromosomes
the complement. Together with data on the life cycle and mode of reproduction, these results also intlicatestipess a derived

taxon, if an evolutionary trend towards a decrease in chromosome size is accepted.

INTRODUCTION Although many North American and European species
of the genus are well known, there are few studies of South
The genusathyrus(Fabaceae, Papilionoideae, Vici- American taxa; however, some work has been carried out
eae) comprises nearly 150 species of annual and perern their cytogenetics (Battistin and Fernandez, 1994;
nial, autogamous and allogamous herbaceous creepin§chifino-Wittmanret al, 1994) and isozymes (Gonzalez
plants, which occur throughout the temperate regions ofand Schifino-Wittmann, 1996). In this paper we present a
the Northern Hemisphere and South America. The maindetailed karyotypic study of several populations of four
centers of diversity are the Mediterranean region, AsiaLathyrusspecies native to Rio Grande do Sul. This infor-
Minor and North America, as well as temperate Southmation is useful for germplasm characterization and for
America and East Africa (Kupicha, 1977, 1981; Jacksonplant breeding and may improve our understanding of the
and Yunus, 1984; Yamamo#tbal.,1984; Simola, 1986). evolution of the genus.
There are two hypotheses for the colonization of the
Americas by this genus: during the Tertiary, when Africa MATERIAL AND METHODS
and South America were still united (Simola, 1986), or
between the Cretaceous and the Paleocene, through  Thirty-eight accessions of fouathyrusspecies were
Greenland and Alaska (Kupicha, 1983). In South America,evaluated (Table I). Seeds from 12 accessionk. of
Lathyrusspecies are found from Colombia to Tierra del nervosus10 ofL. pubescens ofL. paranensisand 10
Fuego, having probably migrated to the austral part of theof L. crassipesvere collected in several regions of Rio
continent by the Andean route (Burkart, 1935). Grande do Sul and one accession eath oérvosusind
The 23Lathyrusspecies endemic to South America L. pubescenffom Uruguay (28-35° latitude South). The
were included in the sectiddotholathyrusKupicha by maternal plants were kept as taxonomic vouchers.

Kupicha (1983). Of these, 1P.(crassipessill ap. Hook. L. nervosuss a perennial. Stems reach up to 40-60
et Arn., L. hasslerianusBurk., L. hookeriG. Don.,L. cm; the inflorescences bear 3 to 10 bluish flowers. This
linearifoliusVog.,L. macrostachy¥og.,L. nervosusam., species is characterized by highly innervated stipules. Itis
L. nitensVog., L. paranensisBurk., L. paraguariensis  normally found along roadsides, near woods, and sometimes
Hass.L. parodiiBurk.,L. pubescenklook. et Arn., and. in open fields. It flourishes in spring and summer.
subulatud_am.) occur in Rio Grande do Sul, the south- L. pubescenis a robust perennial. Stems reach up to

ernmost state of Brazil (Neubert, E., personal communi-1 m, the inflorescences bear six to 16 bluish flowers. It is
cation). Since many species are potentially good foragemore easily found along roadsides and river margins and
resources, the characterization and conservation of theiflourishes in spring.

germplasm is desirable. L. paranensiss an herbaceous annual. Stems reach
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from 0.3 to 1 m, the inflorescences bear three to nine bigreated with a saturated solution of paradichlorobenzene at
bluish-violet flowers. The plant becomes completely black 4°C for 18-20 h, fixed in absolute ethanol:glacial acetic
when dried. It grows in flooded or very humid places, andacid (3:1) for 12-24 h and stored in 70% ethanol at 4°C
flourishes in summer. until required. Prior to analyses, the seeds were washed in

L. crassipess a small annual. Stems are thin and reachdistilled water, transferred to a solution of one part of cel-
from 10 to 60 cm. The inflorescences bear one to thredulase (0.3 units/mg) and 10 parts of pectinase (11.8 units/
small white-bluish flowers. It is a morphologically variable mg) for 40 min, hydrolyzed in 5 N HCI for 15 min and
species, normally found in open fields and along roadsidessquashed and stained in propionic carmine for 25 min. Semi-
and flourishes in spring. permanent slides were examined by light microscopy.

L. crassipess very common and widely distributed Chromosomal measurements were made from pho-
in Rio Grande Sul. nervosuandL. pubescenalso have  tographs of 10 well-spread metaphase plates per plant. Short
a wide range of distributioh.. paranensiss characteris-  arm length (s), long arm length (I) and centromeric indices
tic of the swamps of the Campos de Cima da Serra regioCl = s/s + I) were determined. The classification of chro-
of Rio Grande do Sul. mosomes by centromeric indices followed Leral.

These four species were selected due to the read{1964). Total haploid complement length (TCL) was also
availability of seeds, as they were frequently found duringcalculated. Homologous chromosomes were paired by
collection expeditions. The seeds were scarified with sandiength, centromeric index and presence and location of sec-
paper and germinated on Petri dishes lined with moist filterondary constrictions and satellites. Comparative idiograms
paper at room temperature. Root tips 2 mm long were prewere constructed from the average chromosome length,

Table | - Lathyrusaccessions examined in Rio Grande do Sul State.

centromeric index and TCL for each accession and each
species. TCL values for all accessions and species were
compared using analysis of variance.

‘ ) — RESULTS AND DISCUSSION

Species Accession Collection site

L. nervosus SFarol 1 Torres All species were diploid, with 2n = 14 chromosomes.
S Farol 2 Torres This agrees with previous studied athyrusspecies, in-
ggﬂ:ii g:iz cluding South American taxa (Federov, 1969; Kupicha,
M 1206 Porto Alegre 1983; Yamamotet al., 1984, Broich, 1989; Battistin and
M 1388 Cacapava do Sul Fernandez, 1994; Schifino-Wittmaehal, 1994). Poly-
IB s/nt Vacaria ploidy is uncommon in the genus (Federov, 1969) and all
W ggg;%g;ogg <ul known species in the sectibiotholathyrusare diploid.
K58 S&o Sepé L. nervosugFigures 1A and 2) had a karyotypic for-
Zago/Bagé Rio Camaqua mula of 2 m + 12 sm. This species had the biggest chro-
NI'7045 Piriapolis, Uruguay mosomes and the highest TCL of the species studied (Table

L. pubescens éggg;g;‘?e?ga"a g:“;;p;/"; ddooSSuLIJI I1). The first and largest pair was metacentric. The other
Zago,Bagé Bagg P six were submetacentric and very similar in size and cen-
K61 Cacapava do Sul tromeric indices. Pair 7, the smallest of the complement,
IB s/t Vacaria bore a conspicuous secondary constriction and a satellite
318234 Cczg’;’):’/z?jzssﬂll in the long arm. This constriction was probably the nucle-
W13 Cacapava do Sul olar organizing region, as shown by NOR-staining
ZM817 Cagapava do Sul (Battistin and Fernandez, 1994). One accession (Farol 1)

L. paranensis @gg 222 i?zﬁéigézgéljﬁéau N presented two chromosome pairs with secondary constric-
K14 S40 Francisco de Paula  tions while another accession (W 11) had a heteromor-
K23 sao Francisco de Paula  phic satellite-bearing pair, probably the result of a peri-
K33 Sé&o Francisco de Paula centric inversion.
Eii ggg ggzg:zgg gi EZBZ L. pubescengFigures 1B and 2) had a karyotypic

L crassipes  AnaCelina Porto Alegre formula of 2 m + 12 sm. The karyotype morphology was
Zago/Cagapava Cacapava do Sul similar to that oL. nervosusThe satellite pair was also
Zago/Pedro Osorio Pedro Osdrio the smallest of the complement. There was polymorphism
rago2a4 P?;‘f;;’g‘;?éd" sul in the number and position of the secondary and other con-
S s/n Porto Alegre strictions. One accession (IB §/had proximal and ter-
S995 Porto Alegre minal constrictions in the short arm of the second pair of
M1159 Santiago chromosomes; another (Zago/B3dtad proximal con-
\'\,"Vll‘;zs Sczogg;:\::'do su strictions in the short arm of the first pair. Accession ZM

817 differed from the othdr. pubescenaccessions by
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Figure 1 - Metaphase plates bathyrus nervosu@?), L. pubescengB), L. paranensi¢C) andL. crassipeg¢D). Scale: 1(um.

the relative size of the satellite pair, being placed as sixthion). This polymorphism most likely reflects simple in-
in length. This difference was consistent in all the cells traspecific variability.
analyzed and reflects a biological characteristic rather than L. paranensigFigures 1C and 2) had a karyotypic
a technical problem. formula of 2 m + 12 sm, identical to thatlaf nervosus
The extraconstrictions iln. nervosusndL. pubes-  andL. pubescensThe smallest chromosome pair bore a
censmay be NORs as suggested by Mugtgl (1992a,b)  secondary constriction.
for otherLathyrusspecies. Battistin and Fernandez (1994) L. crassipegFigures 1D and 2) had a karyotypic for-
described similar karyotypic formulae fornervosusnd mula of 4 m + 10 sm. This karyotype was easily distin-
L. pubescensbut different TCL values and positions of guished from that of. nervosusL. pubescensndL.
satellited chromosomes. This discrepancy most likely re-paranensisas the chromosomes were smaller (Table II).
flects the small sample size (plants and cells) used by th&@he first and third pairs were metacentric. The secondary
latter authors. constriction was located on the smallest pair of the
The intraspecific variation found for the number of complement. There were significant differences in TCL
secondary constrictions in nervosuandL. pubescens (Table Il) between the species.
and for the size of the satellite pair in accession ZM 817 TheselLathyrusspecies had similar karyotypes, al-
of L. pubescens not related to any apparent difference though chromosome size was a diagnostic characteristic in
in morphology, from examination of the herbarium vouch- at least one casé.(crassipes)There was symmetrical
ers (Miotto, S., personal communication). The collection variation in the size of the chromosomes in the different
locations were not the same as for the other accessionspecies, suggesting that equal amounts of DNA had been
(Table I) but there is no evidence of any relation to speciallost (or acquired) by all the chromosomes. Narayan and
ecological differences (Miotto, S., personal communica- Durrant (1983) suggested that an approximately equal in-
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Figure 2 - Idiograms of the foutathyrusspecies, showing the polymorphisniimervosusndL. pubescensn L. nervosudV 11 the chromo-
somes numbered 7 and 8 represent the polymorphism of the satellit¥@iaial scale ipum.

Table Il - Average chromosome lengthgim (L), centromeric indices
(Cl) and total complement length (TCL) of fdLathyrusspecies.

Species Chromosome pairs T
(pm)
1 2 3 4 5 6 7

L.nervosus L 73* 65 64 61 58 56 54429
Cl 038 032 037 033 034 029 031

L. pubescensL 70 65 61 61 56 53 51 41
Cl 038 037 036 031 032 032 033

L. paranensisL 65 62 59 57 55 53 50 40
Cl 038 035 036 035 035 0.36 035

L.crassipes L 59 55 53 51 48 46 44 35
Cl 043 034 038 035 0.33 037 035

crease in the DNA content of the chromosomes of some
Lathyrusspecies could have resulted from: a) a continu-
ous random increase in which each chromosome had an equal
chance of acquiring additional amounts of DNA; b) some
mechanism to ensure that equal increments occurred irre-
spective of chromosome size, or c) selection against indi-
viduals with unequal increments.

Total chromosome length in perenriiathyrusspe-
cies is generally greater than for annual species (Rees and
Hazarika, 1969; Yamamoti al, 1984). A similar differ-
ence has also been foundvigia, a closely related genus
(Reeset al, 1966).

L. nervosusndL. pubescenare outbreeding peren-
nials,L. crassipesn inbreeding annual, ahdparanensis
an annual (Burkart, 1935, 1987). This has been supported
by greenhouse (Klamt, A. and Schifino-Wittmann, M.1., un-
published results) and field (Boldrini, I. and Miotto, S., per-
sonal communication) observations.

Generally annual species are derived from perennial
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species and inbreeding species from outbreeding specieformacdes sobre ciclo de vida e modo de reproducéo, apoiam
Our data suggest that the evolution of théhyrusspe- serL. crassipesim taxon derivado, aceitando-se uma tendéncia
cies studied was accompanied by a decrease in chromevolutiva para diminuicéo do tamanho cromossomico.

some size and that crassipess a derived species. This
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