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CHROMOSOMAL CHARACTERIZATION OF THREE NATIVE AND ONE CULTIVATED
SPECIES OF Lathyrus L. IN SOUTHERN BRAZIL

Alice Battistirt, Elaine Biondéand Liliana Gressler May Coelho

ABSTRACT

Mitotic metaphase chromosomes and interphase nuclei of nine populations of three South American species of Lathyrus (L.
pubescens, L. nervosus and L. crassipes) and six populations of the cultivated species L. odoratus were analyzed. All popu-
lations had 2n = 2x = 14 chromosomes. There were significant differences among populations within each species and among
species in the number of metacentric, submetacentric and subtelocentric chromosomes, the number and location of second-
ary constrictions, chromosome length (longest and shortest), total haploid complement, arm ratio, and centromeric index. L.
odoratus showed the highest tendency towards karyotype symmetry whereas the three South American species showed a
moderate tendency towards asymmetry, with L. pubescens being the most asymmetrical. Silver staining was used to identify
the nucleolar organizer regions (NORs) and the number of nucleoli per interphase nucleus in each species. In L. pubescens
and L. nervosus, the NORs were located on the secondary constriction of the long arm of pair 7, in L. crassipes, the NOR was
proximal being located in the pair of metacentric chromosomes, and in L. odoratus there were four terminal NORs on the short
arms of pairs 4 and 5. The four species had a maximum of four nucleoli per interphase nucleus, indicating the presence of four
regions with active ribosomal genes in each case.

INTRODUCTION MATERIAL AND METHODS

The genud.athyrusL. of the family Leguminosae Fifteen populations of four species lohthyrus
consists of annual and perennial species, most of which arevere collected (Table I). Four mitotic metaphases were
self-pollinating (Rees and Narayan, 1977; Narayan arsélected at random from plants of each population.
Mclintyre, 1989). According to Allkinet al. (1983), the Metaphases were obtained by the method of Battistin and
genus comprises approximately 190 species and varieernandez (1994). The number of chromosomes, karyo-
ties, with centers of diversification in the Old and Newype formula, mean chromosome lengimj, total length
Worlds. These are located in temperate zones. All spaf-the haploid complement, mean long/short arm ratio,
cies have 2n = 2x = 14 chromosomes, with the basic nuand centromeric index were determined. These were com-
ber being n = x = 7. Although there is no variation ipared among populations within each species by analy-
chromosome number, there are variations in chromosorsis of variance and by theest, and between species by
size, in centromere location, and in the number, size atie Tukey test (Steel and Torrie, 1960). The karyogram
location of secondary constrictions (Sharma and Dattaas mounted by arranging the chromosomes in pairs in
1959; Roy and Singh, 1967; Federov, 1969; Fouzard addcreasing order of size according to the method of Singh
Tandon, 1975; Broich, 1989; Battistin and Fernande@ 993). Chromosome nomenclature based on centromere
1994), and in DNA content, involving euchromatin andbcation followed that proposed by Levahal (1964),
heterochromatin, as well as repetitive and non-repetitive., metacentric (m), submetacentric (sm) and subte-
DNA sequences (Lavania and Sharma, 1980; Narayktentric (st).
and Durrant, 1983; Kuryan and Narayan, 1987; Murray Eight metaphases and 300 interphase nuclei se-
et al, 1992). Another important variation observed itected at random from four plants of each species were
these species is in the number and location of nucleokralyzed for NOR bands. The NORs and nucleoli were
organizer regions (NORs) (Nazestral, 1982; Murray identified by AgNQ staining as described by Howell and
et al, 1992; Battistin and Fernandez, 1993). Black (1980) forL. odoratus and Herickoffet al (1992)

The objective of the present study was to compafer the remaining species.
the chromosomal characteristics within and between four
species of_athyrus RESULTS AND DISCUSSION

The 15 populations of the folrathyrusspecies
studied were diploid, with 2n = 2x = 14 chromosomes
(Table II). All species otathyrusfrom Europe, North
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Table | - Details of the species, collection sites and number of plants studied in 15
populations of four species bathyrusL.

Species Voucher No.* Pop. No. Origin Number of plants
Lathyrus pubescertdook et Arn.  SMDB 3493 1 Cacapava do Sul/ RS - Brazil 5
2 Bagé/RS - Brazil 4
20 S&o Gabriel/RS - Brazil 8
21 Lavras do Sul/RS - Brazil 7
Lathyrus nervosusam. SMDB 3825 13 Cacapava do Sul/RS - Brazil 4
14 Bagé/RS - Brazil 6
15 Torres/RS - Brazil 4
Lathyrus crassipeblook et Arn. SMDB 3813 11 Cagapava do Sul/RS - Brazil 8
13 Santa Maria/RS - Brazil 10
Lathyrus odoratus.. SMDB 4117 1 ISLA SA, Lote 1293, Porto
Alegre/RS - Brazil 5
2 ISLA SA, Lote 1635, Porto
Alegre/RS - Brazil 5
3 Royal Fleur, Lote 76, France 5
4 Royal Fleur, Lote 74, France 5
5 Royal Fleur, Lote 73, France 5
6 Feltrin, Lote 9014,
Farroupilha/RS - Brazil 5

* Specimens deposited in the Santa Maria Department of Biology (SMDB), Federal University of Santa Maria, Rio Grande
do Sul, Brazil.

Table Il - Chromosome number (2n), karyotype formula, total length of the longest chromosome (TLLC), total length
of the shortest chromosome (TLSC), total haploid complement (THC), ratio long arm/short arm (LA/SA) and centromeric
index (CI), in 10 populations (Pop.) of fouathyrusspecies.

Chromosome lengthu(n)
Species/pop. 2n Karyotype TLLC TLSC THC LA/SA Cl
L. pubescens
Pop. 1 14 10sm+4st 12.250.41 - 8.36 + 1.15 349%+0.99 253 +0.26 29.53+1.27
Pop. 2 14 10sm+4st 11.881.26 - 8.33 £ 0.49 3563 +3.20 248 +0.10 29.56 +0.91
Pop. 20 14 2m+8sm+4st 13%00.89 - 9.23 + 1.64 38.93+142 253 +0.05 29.18 +0.29
Pop. 21 14 2m+8sm+4st 112081.15 - 7.93 + 0.69 3450 +1.75 258 +0.10 28.7% + 0.45
L. nervosus
Pop. 13 14 2m+10sm+2st 12482.82 - 8.28 + 0.90 38.56 +4.28 223 £+0.05 31.65+0.71
Pop. 14 14 2m+10sm+2st 10211.66 - 7.28 + 0.81 3135 +2.86 215 +0.13 32.38 +1.42
Pop. 15 14 2m+10sm+2st 103852.16 - 7.86 + 0.96 32.8%+5.97 213 +0.10 32.85+0.72
L. crassipes
Pop. 11 14 6m+8sm 8.3% 1.41 - 6.45 +1.39 26.16 +4.88 2.25 +0.06 31.85 +0.86
Pop. 13 14 4Am+8sm+2st 9501.19 - 7.16 + 0.92 29.03 +3.14 2.08 +0.05 34.03 + 0.66
L. odoratus
Pop. 1 14 4m+10sm 9.2& 1.07 - 6.25 + 0.25 2758 +2.69 1.80+0.14 37.16 t2.07
Pop. 2 14 2m+12sm 8.8 1.79-5.85+0.44 2576 +3.63 2.08°+0.12 34.5%+1.96
Pop. 3 14 6m+8sm 12.6@ 0.91 - 7.9¢ + 0.70 34.08 +3.18 2.0®+0.26 34.05+2.29
Pop. 4 14 4m+10sm 11.082.73 - 7.2+ 1.19 32.0%+6.38 196°+0.12 34.4%+1.23
Pop. 5 14 2m+12sm 9.8% 1.29-6.38+ 1.02 2715+ 3.64 215 +0.13 33.46 +1.13
Pop. 6 14 2m+12sm 11.552.63 - 8.88 + 2.16 36.13+6.96 2.16 £+0.14 33.98+1.32

Lowercase letters indicate significant differences (P < @-@&5st). The results are shown as the mean + SD when appropriate.

Wittmannet al, 1994). A conserved chromosome numbemnal on the short arm of pair 1, followed by a macrosatellite,
is a common phenomenon in the species of this genuswhereas in population 2, the constriction was on the long
Populations 1 and 2 (Table 1) bf pubescenbad arm of pair 7, followed by a macrosatellite. Populations
similar karyotypes, with only submetacentric and sul0 and 21 of.. pubescenesll populations oE. nervosus
telocentric chromosomes. However, they diverged in tteand population 13 df. crassipeslso showed similarities
position of secondary constrictions (Figure 1). In the karydn their karyotypes, with metacentric, submetacentric and
type of population 1, the secondary constriction was produbtelocentric chromosomes, which differed only in num-
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Figure 1 continued Lathyrus odoratus
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Figure 1 - KaryogramslLathyrus pubesceng - pop. 1;B - pop. 2;C - pop. 20D - pop. 21 Lathyrus nervosus - pop. 13;
F - pop. 14,G - pop. 15Lathyrus crassipesH - pop. 11; - pop. 13Lathyrus odoratus] - pop. 1,K - pop. 2;L - pop. 3;M -
pop. 4;N - pop. 5;0 - pop. 6. Scale = 10 pm.
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ber. This finding suggests a more restricted degree of ho- Population 11 of.. crassipegTable 1l and Figure
mology among these populations compared to the othet$l) and all the populations &f odoratus(Table 1l and
The similarity between the karyotypes lof pubescens Figure 1J-O) had metacentric and submetacentric chro-
andL. nervosusvas reported by Battistin and FernAndemosomes which differed in number. Two distal secondary
(1994). Another characteristic shared by the above popenstrictions were identified on the short arms of pair 4 in
lations was the location of secondary constrictions on tipepulation 6 ofL. odoratus No secondary constrictions
long arm of pair 7, followed by a macrosatellite. An exwere seen in the remaining populations.

ception was population 20 &f pubescenwhich, in ad- Although the material originated from different
dition to the secondary constriction on pair 7, had a proXdbcations, the karyotypes of tthe odoratuspopulations

mal secondary constriction on the short arm of pair ipaintained a stable composition of chromosome types
similar to population 1. (metacentric and submetacentric), in contrast to popula-



Study of chromosomes imathyrusL. 561

tions of the native speciels, pubescend.. nervosusand The centromeric index (Cl) was stable among the
L. crassipesThis difference may indicate that during evopopulations ofL. pubescensndL. nervosuswhereas it
lution L. odoratusreached greater stability, with a highediffered significantly among populations bf crassipes
symmetry present in its chromosomes than in the thraadL. odoratus. L. odoratukad the highest means for all
South American species. populations when compared with the means for popula-
Another morphological trait that showed signifi-tions of the three South American species (Tables Il and
cant variation among populations within and among spB}). A similar relationship was observed when the means
cies was chromosome length (Tables Il and Ill). The mearere compared among species (Table 1l). In the South
lengths of the largest chromosomes did not differ signifAmerican species, pubescenad the lowest means com-
cantly among species (Table 1ll); the highest value wasred toL. nervosusandL. crassipegTables Il and Ill),
found in L. pubesceng12.45um) and the lowest ih. showing clearly that two opposite trends have occurred in
crassipeq8.94um). There were only slight differences inkaryotype symmetry within the genus.
the mean length of the smallest chromosome among the  The arm ratios and Cl data revealed opposite trends
populations oL. odoratusL. pubescenbad the greatest in karyotype symmetry among thathyrusspecies stud-
mean length (8.44m), which was significantly different ied.L. odoratus with the highest mean Cl and the lowest
from that ofL. crassipeg6.78um) andL. odoratus For arm ratio, showed the greatest tendency towards karyo-
the total haploid lengthufm), which reflects the size of type symmetry, whild.. pubescend.. nervosusandL.
the karyotype, there were significant differences amorgassipestended towards karyotype asymmetky.
populations within each species, exceptlfocrassipes pubescenwas the most asymmetrical of these species and
The largest mean was thatlofpubescen&36 um), which  had the lowest Cl and the highest arm ratio. Lestaal
differed significantly from the smallest mean, found.in (1964) described these karyotypes as having a moderately
crassipeg27.56um), and also frorh. odoratus The mean tendency towards asymmetry.
for L. nervosuddiffered significantly from that foL. Based on the chromosomal traits studied here, the
crassipesVariation in chromosome size is often the resulixotic specied.. odoratuswas the most symmetrical, a
of the amplification or deletion of a chromatin segmertendency towards more primitive species in this genus
during species diversification. According to Rees an(Gtebbins, 1971). On the other hand, karyotype assymetry
Narayan (1977), the within- and between-species varigt the three South American species suggests that evolu-
tion in chromosome size lmathyrusindicates marked dif- tionarily they are more recent species. Of these three spe-
ferences in the amount of DNA affecting complement sizejes, L. crassipess considered to be the most primitive
a high percentage of this DNA is moderately repetitivandL. pubescenthe most recent. Rees and Narayan (1977)
Murray et al. (1992) indicated that at the molecular leveind Murrayet al (1992) indicated that. pubescenss
the changes in the amount of DNA occurred over a veoutstanding because of its greater mean karyotype length,
short time during formation of the species. indicative of a greater chromatin gain in its chromosome
Comparative analyses of the arm ratios allowed u®mplement over a shorter period than in the other three
to characterize each karyotype. The populationk.of species.
pubescensandL. nervosusshowed no important varia-
tions, whereas the populations lof crassipesandL. NOR bands
odoratusdiverged in their means. The arm ratios varied
(Table 111), the highest value being foundlinpubescens Silver nitrate staining of mitotic metaphases (Fig-
and the lowest ih. odoratus ure 2) allowed the identification of NORs in the chromo-
somes of the four species examined. Population 20 of
pubescenand population 13 df. nervosusvere studied.
Both showed NORs on the secondary constrictions of the
Table Ill - Chromosome characteristics in the four species long arm of pair 7. The NOR bf pubescenstained deeply
of Lathyrusstudied. (Figure 2a), whereas that bf nervosusstained weakly
(Figure 2c). In population 13 df. crassipesthe NOR
was located in the proximal region of metacentric pair 3
Species TLLC  TLSC THC LA/SA cl (Figure 2e). In population 6 @&f. odoratus,four deeply
stained terminal NORs were seen on the short arms of pairs
'I:- EZEV%SSC:S”S ﬁ-‘l‘zb ?-;‘;b gg-ggb g-ii 232; 4 and 5 (Figure 2g). Nazeetal (1982) and Murragt al.
L. crassipes 80f 679 2756 o4 3098 | (1992) alsc_> identified two chror_nosome pairs with termi-
L. odoratus 104t 7.08  30.44c 200 3474| hal NORs inL. odoratus.These investigators also found
three NORs in the secondary constrictiond. ofativus

Lowercase letters indicate significant differences at the 5% level (Tuk hd a pair of chromosomes with A sitive second-
test). TLLC = Total length of the longest chromosome, TLSC = total Ieng‘t%l p g[;«l@)

of the shortest chromosome, THC = total haploid complement, LA/AS er constrictions irt.. blephancarpgs.L. cassiusand L-_
ratio long arm/short arm, CI = centromeric index. hirsutus Not all secondary constrictions are NOR sites,

Chromosome lengthu(n)
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Figure 2 - Mitotic metaphases and maximum number of nucleoli in interphase &dllsathyrus pubescens-d Lathyrus
nervosuse-f Lathyrus crassipeg-h Lathyrus odoratusArrowheads indicate NORs. Scale = 10 pum.

but all NORs are located in secondary constrictions. Eaphir was observed in metaphases ftopubesceng@-igure
species has a characteristic number and size, which ireib),L. nervosugFigure 2c,d) and.. crassipeqFigure
cated the quantity of active ribosomal genes. Silver nitra2e,f) may reflect the presence of small NORs represented
staining also showed the maximum number of nucleoli oy two smaller nucleoli in each cell, which may have im-
interphase cells. Each species had a maximum of fquaired the detection of NORs in metaphase chromosomes.
nucleoli per cell, indicating the existence of four regionk L. odoratus the four interphase nucleoli reflected the
with active ribosomal genes. The fact that only one NORur NOR bands in the metaphases (Figure 2g,h).
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