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CHROMOSOMAL POLYMORPHISM IN 12 POPULATIONS OF
Mikania micrantha (COMPOSITAE)

Eliane M.D. Maffet, M.A. Marin-Moraleg, P.M. Rua$, C.F. Ruas and N.l. Matzenbachér

ABSTRACT

Mikania micrantha is a climbing perennial weed of the family Asteraceae, with a vast distribution from South America to south
of the United States. This species is widely distributed throughout Brazil, where it shows little morphological variation. Mitotic
chromosomes of 12 populations of M. micrantha derived from several Brazilian sites were studied using Feulgen staining and
C-banding. The populations included eight diploid (2n = 36 and 42) and four tetraploid (2n = 72) cytotypes. Chromosome
numbers of 2n = 36 and 2n = 42 are reported for the first time for M. micrantha. These populations had a secondary constric-
tion in the middle of the larger arm of chromosome pair 1, following the same pattern described for all Mikania species
analyzed so far. Numerical and structural variation of the chromosomes was quite common among the karyotypes and nearly
all cytotypes differed from each other in some aspect. Most of the chromosomal differentiation may be attributed to inversions
and addition or deletion of DNA fragments. C-banding, applied to three of the 12 populations, also revealed polymorphism in
the distribution of heterochromatin. Additionally, one to 14 supernumerary or B-chromosomes were observed. The Bs were
detected in six of the 12 populations and varied in size, number, and structure among karyotypes and also among cells of the
same root meristem. The B chromosomes were also heterochromatic, showing a C-banding pattern similar to the A chromo-
somes, and suggesting that they may be derived from the chromosomes of the A complement.

INTRODUCTION Londrina, Brazil, was analyzed by Ruas and Ruas (1987).
The present study examines the karyotypes of 12 popula-
Mikania micranthaH.B.K. is a climbing perennial tions of M. micranthacollected from different Brazilian
weed of the family Asteraceae distributed throughout trosites to help provide a better understanding of chromo-
cal and subtropical regions of the American continent. $ome variation in this species.
is a pioneer species, frequently found in disturbed envi-
ronments or in changing communities where the original MATERIAL AND METHODS
vegetation has been destroyed for crop introduction. It
holds an advantage over many other pioneer species be- The specimens &fl. micranthawere obtained from
cause of its vigorous vegetative and sexual reproducti@@ sites in Brazil (Table I) and cultivated in a greenhouse.
(Swamy and Ramakrishnan, 198F). micranthais of At least five samples were collected from each popula-
great ecological importance due to its participation in tht@n. Root tips were collected from potted plants, pretreated
reposition of degraded or newly open habithtis wide-  with 0.002 M 8-hydroxyquinoline for 4 h at@, fixed in
spread throughout many Brazilian regions where it grovds1 ethanol-glacial acetic acid overnight, transferred to 70%
in environments such as forest borders, roadsides, alaigohol, and stored in a refrigerator until used. The con-
fences, and in newly changed habitats. ventional Feulgen method with modifications described
Numerous cytotypes have been reportedin by Nogueiraet al (1995) was used for chromosome prepa-
micranthg includingn = 19 in a population from Colom- rations. C-banding was obtained with the method of
bia andn =19 and 20 in a West Indian population (Powelschwarzacheet al. (1980).
and King, 1969a,b). Chromosome numbers sf17 and The morphological chromosome data used in this
n =19 were reported for populations from Ecuador (Kingtudy included: 1) absolute length of individual chromo-
et al, 1976) and Argentina (Turnest al, 1979 and somes and haploid chromosome length, both measured in
Waismanet al., 1984). Nineteen bivalents were found irum; 2) relative length of each chromosome; 3) arm ratio
one population oM. micranthafrom Mexico (Strother, for each chromosome (long arm/short arm).
1983) and another from Jamaica (Kedlal., 1988). The The chromosomes were classified according to the
karyotype of a polyploid populatior2l = 72) from nomenclature of Levaet al.(1964). Diploid numbers were
determined by counting the chromosomes in at least 10
metaphases of every sample of each population. Supernu-
merary or B chromosomes were analyzed in 25 cells of
Departamento de Biologia Geral, CCB, Universidade Estadual deach population. The average of the chromosome lengths
Londrina, 86051-990 Lon_drina, PR, BFQSiI. Send correspondence to PMfyr each chromosome pair was obtained from the mea-
;Drggi?rtamento de Biologia da Universidade Estadual Paulista, Assis, S§urements of_five well-spread metaphases anq .was used
“Departamento de Botanica, Universidade Federal do Rio Grande do SiPr the analysis and for the construction of the idiograms.
Porto Alegre, RS, Brasil. Karyotype asymmetry was determined by using the
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Table | - Sites of origin, collection number, chromosome number, and karyotypic formula of
12 populations oMikania micrantha.

Collection site% Voucher Chromosome Karyotypic
specimens number formula
Alfredo Guedes, SP, 235'S, 4842'W FUEL"-11446 36 26m + 10sm
Apucarana, PR, 233'S, 5227'W FUEL-11017 72 + 0-2 Bs 40m + 30sm + 2st
Campinas, SP, 224'S, 4P03'W FUEL-09331 36 + 6-7 Bs 26m + 10sm
Estrela do Norte, SP, Z8'S, 5F39'W FUEL-11447 36 + 0-1 Bs 22m + 14sm
Foz do Iguagu, PR, 282'S, 5435'W FUEL-17307 72 40m + 26sm + 6st
Guaiba, RS, 307'S, 5220'W ICN®-44499 72 40m + 32sm
Joinville, SC, 2618’S, 4850'W FUEL-14725 42 26m + 14sm + 2st
Petropolis, RJ, 230'S, 4310'W UEC'-26183 36 22m + 12sm + 2st
Piracicaba, SP, 227'S, 4232'W FUEL-09335 36 + 4-14 Bs 20m + 16sm
Praia Grande, SP, T0'S, 4624'W FUEL-09334 36 + 0-7 Bs 26m + 10sm
Praia de Ipanema, PR,%9'S, 4832'W FUEL-17306 36 24m + 12sm
Tamarana, PR, 283'S, 5205'W FUEL-11448 72 + 0-2 Bs 46m + 24sm + Pst

aThe abbreviations correspond to Brazilian states. SP = Sdo Paulo, PR = Parana, RS = Rio Grande do Sul, RJ = Rio
de Janeird®FUEL = Herbério do Departamento de Biologia Animal e Vegetal, Universidade Estadual de Londrina,
Londrina, PR, BrazilYlCN = Herbario do Departamento de Botanica da Universidade Federal do Rio Grande do
Sul, RS, Brazil?UEC = Herbario do Departamento de Boténica da Universidade Estadual de Campinas, Campinas,
SP, Brazil. Bs, B cromosomes; m, metacentric; sm, submetacentric; st, subtelocentric.

index total form percent (TF%) according to Huziwaravith 2n= 36 showed the same karyotype formula and simi-
(1962). The asymmetry index was also analyzed by usitag haploid sets (Figures 1D,G and 3D,G; Tables |, I1), but
a plot of the values generated by the Zarco index (Zardbey differed slightly in the arm-ratio values, which were
1986). The TF%, the size of the largest and smallest chprobably modified by inversions. Similar conclusions can
mosomes, the haploid chromosome length and relatilse reached in the analysis of the four tetraploid cytotypes
length, and the arm ratio values were compared by ongith 2n=4x= 72 chromosomes (Tables Ill, IV; Figures 2
way analysis of variance and Tukey’s test (Steel and Torramd 3). In this group, only the population from Apucarana
1960). (PR) differed in the value of the haploid chromosome
length (Table IIl). Most of the variation among the
RESULTS AND DISCUSSION tetraploids was represented by centromeric shifts (Table
V) even though the general karyotype pattern, described
Karyotype characterization for the genus (Ruas and Ruas, 1987; Ruas and Aguiar-
Perecin, 1997), was maintained.

The cytotypes oM. micranthaderived from 12 The longest chromosome in the karyotypes of all
collection sites were studied (Table 1). Their karyotypgsopulations oM. micranthastudied had a secondary con-
and respective idiograms are in Figures 1-4. Eight cytotypssiction located in the middle of the long arm (Figures 1-
were diploid, seven witBn=2x= 36 and one witRn=  3). This is a conservative pattern which has been described
2x= 42 chromosomes; four were tetraploid vdth=4x= in manyMikania species. Ruas and Ruas (1987) studied
72. Numbers o2n = 36 and2n = 42 are documented heresix species oMikania and suggested that the secondary
for the first time. Comparisons among the diploid cytotypesonstriction might be considered a cytological marker for
(2n = 36) showed that whereas the karyotypes followetie genus, which could help in the identification of the
similar patterns, minor structural differences were detectsgecies. Those results were fully supported by the work of
in almost all corresponding chromosomes (Table IlI; FiGRuas and Aguiar-Perecin (1997), in which the same karyo-
ures 1 and 3). Pair 1 was the most inconstant, showitygpe pattern was revealed in 10 otMikania species.
variation in both size and structure. The largest chromo- Karyotype asymmetry was also determined for all
somes were in cytotypes from Estrela do Norte and Praigtotypes. The TF% and Zarco index (Tables Il, ll; Fig-
de Ipanema, with haploid sets of 32.5 + Ju62and 31.3 ure 4) showed that the population from Campinas had the
+ 0.36um, respectively (Table II; Figure 1E,F). The popukaryotype with the highest degree of symmetry, whereas
lation from Praia Grande, on the other hand, exhibited thige karyotypes of the populations from Praia de Ipanema,
smallest chromosomes and a haploid set of 19.9 + 1.5&inville, and Petrépolis were the most asymmetrical. The
pum (Figures 1C and 3C). The differences in chromosonméghest value of interchromosomal asymmetry (Tables II,
sizes encompass almost all chromosome pairs, reflectimiy was found in the population from Estrela do Norte.
a gain of genetic material that may have derived througthis value reflects the huge size of chromosome 1, which
mechanisms of DNA amplification. Two other diploidmay have resulted from duplication of parts of this chro-
cytotypes (populations from Alfredo Guedes and Campinasjosome pair. Less significant differences in the Zarco in-



Chromosomal polymorphism idikania micrantha(Compositae) 435

H APREMIRBAGRTERRTER ALY

REIRARAVALAsse PR RE e a Y
e

,l AAREREEN AN FARIARREY

ARG vAmzESanEat

C w =
“ GANNRABAIAG IS w A RAY
sHdApPadEnES s

D W3
“ DREANTAFASR QA RRTS TN
TdnAARgidigama

-
ni’l'l'lillll NYxeA mneany
AFIRARARS REAN) " —

1b
F

L N REESId LI el
IRAROY N udisdna

G -
ﬂ IRRsansaeds st nn

A A0 aAantalines T
-

H u.Ml!llmonumn
190 ANRa RN veee

Figure 1- a, Karyotypes of diploid cytotypes Wlikania micranthaA. PiracicabaB. PetropolisC. Praia Grande). Alfredo Guedesk:. Estrela do Norte.
Bar = 4um. Arrows indicate B-chromosomes. b, Karyotypes of three diploid cytotypdikahia micranthaF. Praia de Ipanem&. Campinas (witf2n
= 36 chromosomes}. Joinville (with2n= 42 chromosomes). Bar =#n. Arrow indicates B-chromosomes.
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Figure 2 - Karyotypes offour tetraploid cytotypes dflikania micranthaincluding the populations fron&. Foz do IguaguB. GuaibaC. TamaranaD.
Apucarana. Bar = im. Arrowhead indicates B-chromosomes.
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Figure 3- Compar diograms of 12 cytotypedvtikania micranthaA. PiracicabaB. PetropolisC. Praia GrandeD.
Alfredo GuedesE. Estrela do NorteF. Praia de Ipanem&. CampinasH. Joinville,l. Foz do Iguagu,). GuaibaK.
Tamaranal.. Apu Bar = gm. The B-chromosomes are not represented.
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Figure 4 - Diagram projection of the mean intrachromosomal asymmetry index (Al) against the mean interchromosomal asymmetry ofdeX (A2)
populations oMikania micranthaA = Alfredo GuedesB = CampinasC = Estrela do Nortel) = PetrépolisE = Piracicabal = Praia Grande; = Praia
de Ipanemald = Joinville,| = Apucarana,) = Foz do Iguaguk = Guaibal. = Tamarana.
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Table Il - Chromosome lengthu(n), haploid chromosome length (HCL), ratio of longest/shortest chromosomes (L/S), and
karyotype symmetry using total form (TF%) and Zarco index of cytotypbtkafnia micrantha
seven with2n = 36, and one witlin = 422

Population Chromosome length HCL L/S TF% Zarco index
(largest-smallest gm) EEE—
Al A2
Alfredo Guedes 2.5+0.27 0.7 £ 0.04 21.8 + 1.909* 3.4+0.32 37.7 £ 1.06&° 0.35 0.32
Campinas 2.3+0.28 0.7 £ 0.04 20.8 +0.78 3.2+0.49 39.8 £0.28 0.29 0.28
Estrela do Norte 5.2 +£0.89 1.0 £ 0.08 325+ 1.62 5.0 £ 0.48 37.5+0.9¢ 0.35 0.54
Petrépolis 29+0.15 0.9 +0.08 25.0+1.83 3.3+0.08 36.4+0.14 0.38 0.34
Piracicaba 2.7 £ 0.36 0.9+0.13 23.6 + 2.44 3.2+0.38 38.3 £ 1.0% 0.35 0.31
Praia Grande 24 +048 0.7 + 0.09 19.9 £ 1.58 3.5+0.34 38.3+ 047 0.33 0.34
Praia de Ipanema 4.4+047 1.0+0.03 31.3+0.36 45+ 0.63 36.1 £ 0.36 0.38 0.42
Joinville 3.5+0.20 0.8 £ 0.08 322+1.18 4.4+0.28 35.2 £ 0.42 0.40 0.39

aMeans within each column followed by different lowercase letters are significantly different at the 5% level by the Tukey test

Table lll - Chromosome lengthun), haploid chromosome length (HCL), ratio of longest/shortest chromosomes (L/S),
and karyotype symmetry using total form (TF%) and Zarco index of four tetraploid cytotypes
of Mikania micranthawith 2n = 72 chromosomes.

Population Chromosome length HCL L/S TF% Zarco index
(largest-smallest gm) R

Al A2
Apucarana 3.2+0.25 0.6 £ 0.32 52.2+4.10 3.9+0.49 37.3+1.158 0.36 0.32
Foz do Iguagu 2.6 +£0.03 0.8 £0.09 47.6 £5.27 3.1+0.4¢% 37.6+£0.18 0.34 0.35
Guaiba 3.2+0.12 0.8 £0.09 41.0+4.78 3.9+0.62 37.0+1.27% 0.38 0.30
Tamarana 29+0.24 0.8 £0.03 46.7 + 3.50 3.6 +0.46 385+ 172 0.33 0.32

@ Means within each column followed by different lowercase letters are significantly different at the 5% level by the Tukey test

dex were also present in the other populations. The tetsdze and ploidy level. Inflorescence types were also con-
ploid cytotypes had similar values of TF%. However, thetant among all cytotypes, with only small variation in size.
Zarco index permitted the detection of slight differences
among them. Karyotype evolution

Chromosome variation among populations of the
same species has been observed in many plant groups. In Chromosome studies have shown that aneuploidy
the genusSerjania(Nogueiraet al, 1995), two popula- and polyploidy are common in the evolutionMikania
tions of S. laruotteanatwo of S. fuscifoliaand three 08. (Ruas and Ruas, 1987; Ruas and Aguiar-Perecin,1997).
gracilis with the same chromosome numbdan£ 24) had The basic chromosome number for the genus is represented
different chromosome rearrangements as observdtl in by a regular aneuploid series with= 17, 18, 19, 20, and
micrantha(Tables I, 1ll; Figures 1-3)Whereas the pres- 21 (Ruas and Aguiar-Perecin,199F)ikania micrantha
ence of chromosome races in many grocgrsainly in-  contained all chromosome variation found in this genus,
volves biological adaptation to different habitats, nearlgxhibiting both aneuploidy and polyploidy (Figures 1-3).
every population oM. micranthastudied showed differ- In M. micranthathe cytotypes wit@n =34, 38, 40 (Powell
ences in the karyotypes (Tables IV and V). These diffeand King, 1969a,b; Kingt al, 1976; Turneet al, 1979;
ences do not seem to be related to adaptive variables, si8t®ther, 1983; Waismaet al., 1984; Keilet al, 1988)
populations occupying similar environments bear distineind2n =42, found in this investigation, are probably aneu-
karyotypes. Similarly, karyotype variation was not acconploid derivatives from2n = 36 chromosomes, while the
panied by modification in plant morphology. For examplgopulation with2n = 72 is a tetraploid which originated
the polyploid cytotype from Apucarana had the large$ty chromosome doubling from an ancestor \gith= 36.
leaves (14.0 cmin length, 7.0 cm in width) while the poly€ytotypes occur in other specieshikania. Populations
ploid from Salto Apucaraninha had small leaves (5.0 cmith 2n = 34, 36 and 38 chromosomes were founilin
long and 3.5 cm in width). The diploid population fromcordifolia (Gaiser, 1954; Powell and King, 1969a,b; Ruas
CampinasZn = 36) had leaves 10.0 cm long and 7.0 crand Ruas, 1987; Robinsat al, 1989), and inM.
in width. These data suggest no correlation between lgafchyphylla(Nevling, 1969). Polyploidy has also been
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described in other specieshitkania,such asM. viminea centromeric bands and total absence of heterochromatin
(2n=4x=68) by Ruas and Ruas (1987) ahdsessilifolia  in chromosome 1. Variation in heterochromatic blocks has
(2n=6x = 108) by Ruas and Aguiar-Perecin (1997), suppeen observed in several groups of plants, such as in popu-
porting the view that polyploidy is also a significant mechdations of Trillium kamtaschaticuniKurabayashi, 1957),

nism in the chromosome evolution Mfkania. Tulbaghia leucanthgVosa, 1973) andsibasis karwin-
skyana(Kenton, 1991). The differences in the patterns of
C-banding analysis C-band observed among the three cytotypedof

micranthamay be associated with the small detectable

C-banding was applied to three diploid cytotypes ofariation in the size of the haploid set (Table II). There-
M. micrantha,including the populations from Piracicabafore, at least for the diploid cytotypes, the small differ-
Campinas (Figure 5A,B), and Praia Grande (data not showa.ces in the haploid chromosome length may reside in
C-band analysis revealed a variable pattern in the amoumique and repetitive sequences of DNA.
and distribution of heterochromatin in these cytotypes. The
cytotype from Piracicaba showed a large heterochromaBechromosomes
block near the secondary constriction of chromosome 1.
Three other chromosome pairs had small centromeric bands ~ Mikania micranthacytotypes display a variable
(Figure 5A). Similarly, another cytotype (Campinas) exaumber of small (less thanpinm) B-chromosomes found
hibited a block of heterochromatin located near the sdo-four diploids and two tetraploids of the 12 populations
ondary constriction of the large arm of chromosome 1 aivvestigated (Figure 6). The populations of Apucar@na (
several other chromosomes showed centromeric C-bamdg2 + 0-2 Bs), Camping®@n = 36 + 3-7 Bs), Estrela do
(Figure 5B). The cytotype from Praia Grande (data ndtorte (0-1 Bs), Piracicab2i = 36 + 4-14 Bs), and Praia
shown) on the other hand had only three pairs of very sm@tande 2n= 36 + 0-7 Bs) showed a variation in number
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Figure 5 - C-banding pattern of two cytotypesMfkania micranthaA. Population from Piracicaba, B. Population from Campinas. Bapm.5Arrows
indicate some of the heterochromatic B-chromosomes.
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Figure 6 - B-chromosomes (arrows) in mitotic metaphases of three cytotypdi&afia micranthaA. PiracicabaB,
C. Praia Grandel. Campinas. Bar = im.
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of Bs among cells of the same root meristem (Table I). Thisntinente americano. No Brad, micranthatem distribuigéo
variation may be explained by nondisjunction during misrestrita, ocupando os mais variados ambientes, sem no entanto
totic division of the meristem cells. Variable numbers of Bapresentar variagdo morfologica. Neste trabalho, usando o método
within individual plants was also seenGrepis capillaris d€ coloracao de Feulgen e bandamento C, foram analisados os
(Jones, 1995), where the instability of Bs was observed §fPmossomos mitoticos de 12 populacoesMiiemicrantha, -

the cell lineages destined to become the floral organs obtidos de diferentes localidades do Brasil. Citotipos numéricos

: L. estruturais foram identificados, incluindo oito dipl6idas
Besides the variation in number from cell to cell an§ P 1

. . 6 e 42) e quatro tetrapldidean(= 72). Os nUmeros cromos-
among cytotypes, the B-chromosomed/foimicranthadi-  g5micos deon = 36 e2n = 42 séo mostrados pela primeira vez

verged in size (from micro-size to about (fl) and Mor-  paraM. micranthaTodos os cariétipos apresentaram o primeiro
phology (Figure 6). According to Jones (1995), at least §r de cromossomos com uma constricdo secundaria na regido
plant species have two or more forms of B chromosomegediana do braco maior, seguindo o mesmo padrdo observado
Metacentric (m) and telocentric (f) B chromosomes weean todas as espécies Mekania ja estudadas. A andlise
observed imegilops muticgMochizuki, 1960) and large cromossdmica revelou que todos os citétipos variam em algum
and micro-sized B chromosomes were verifieBliachy- aspecto. A origem desta variagdo € atribuida principalmente a
come dichromosomaticgsmith-White and Carter, 1970). ocorréncia de inversdes e delegao ou adicdo de fragmentos de
Loidl (1982) showed that the B chromosomes can be distiANA. Analise de banda C em trés das 12 populagdes investigadas
guished by their overall size, arm ratio, or Giemsa C-bangfvelou polimorfismo na distribuicao de heterocromatina.
ing in Allium flavum In M. micrantha the six cytotypes Cromossomos extranumerarios, variando em ndmero e

with Bs show three morphological types, such as m Surg_orfologia, foram também identificados em seis citotiposide
’ . micrantha O bandamento C mostrou que 0os cromossomos Bs

metacentric (sm), and subtelocentric (st) types, which alg resentaram-se com o mesmo padrédo heterocromético dos
vary from micro-sized in some cells to larger telocentrics EE)mossomos do complemento normal, sugerindo uma possivel
others (Figure 6 A-D). A variable number of very small Myrigem a partir dos cromossomos A. '

type Bs were found in many cells of the cytotype from

Piracicaba. The m type Bs may explain the origin of micro- REFERENCES
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