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ABSTRACT

The genudeliconiais not much studied and the number of existing species in this genus is still uncertain. It is
known that this number relies between 150 to 250 species. In Brazil, about 40 species are native and known by many
different names. The objective of this paper was to characterize morphometrically and to identify the NOR (active
nucleolus oganizer regions) bfg-NOR banding of chromosomes ldéliconia bihai(L) L. Root meristems were
submitted to blocking treatment in an amiprofos-methyl (APM) solution, fixed in methanol-acetic acid solution for 24
hours, at least. The meristems were washed in distilled water and submitted to enzymatic digestion with pectinase
enzyme. The slides were prepared by dissociation of the root meristem, dried in the air and also on hot plate at 50°C.
Subsequentlysome slides were submitted to 5% Giemsa stain for karyotype construction and to a solution of silver
nitrate (AgNQ) 50% forAg-NOR bandingThe speciesl. bihaihas 2n = 22 chromosomes, 4 pairs of submetacentric
chromosomes and 7 pairs of metacentric chromosomes, and graded medium to short (3.96M), @F the
presence of active NOR in pairs 1 and 2 and interphase cells with 2 nucleoli. These are the features of a diploid species.
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RESUMO

Citogenética e identificacdo da regido organizadora nucleolar eReliconiabihai (L.) L.

O génerdeliconiaé pouco estudado e o nimero de espécies existentes € incerto, compreendendo entre 150 e 250
espécies. No Brasil, cerca de 40 espécies ocorrem naturalmente e séo conhecidas por varios nomes. Esta pesquisa tev
como objetivo a caracterizagdo morfométrica e a identificacdo da NOR (regies organizadoras de nucléolos ativos),
pelo bandeament®g-NOR dos cromossomos theliconia bihai(L.) L. Foram utilizados meristemas radiculares,
submetidos ao tratamento de bloqueio em solucdo de amiprofos-metil (APM), fixados em solucao de (metanol-acido
acético), pgrmo minimo, 24 horas. Os meristemas foram lavados em agua destilada e submetidos a digestao enzimatica,
com a enzima pectinages laminas foram confeccionadas por dissociacdo do meristema ragdienétas ao ar e, em
seguida, em placa aquecedora, a 50 °C. Subsequentemente, algumas laminas foram submetidas ao corante Giemsa 59
para confecgdo do cariotipo, e a solugéo de nitrato de prata (A\§BBD, para o bandeamertg-NOR.A espécieH.
bihai apresenta 2n = 22 cromossomos, quatro pares de cromossomos submetacéntricos e sete pares de cromossomc
metacéntricos, classificados de médio a curtos (3.96 &t tom presega de NOR ativa nos pares (1 e 2) e células
interfasicas com dois nucléolos. Estas caracteristicas séo de espécie diploide.

Palavras-chave AgNO,, amiprofos-metil, cariétipo, heliconeaceae, morfometria.
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INTRODUCTION cytological and genetic foundations of variability within

Sol tative of Heli tarth a family (Martinez, 1976).

) ° e_represen a |ve_ orreliconeaceae ar“'*yge”‘_‘s Besides the taxonomic significance, other authors have
Heliconia(L.) (Cronquist, 1981) presents 176 species 0el'cmphasized that the cytogenetic information can also help
neotropical occurrence, and six species in the Pacn‘i|r(]: studies on evolution, genomics and breeding of plant
Islands, totaling 182 (Castet al, 2007).According to species (Galast al, 2001; Doyleet al 2004: Biondat
Andersson (1989) and Kress (1990), in Brazil, the genus . Figueroa&lBass1 2010) ’

Heliconia is represented by 21 species itinazon basin, ’ ' '

420 es in thlantic F q fth Several techniques have been improved, with the
an ] species in't a.nt|.c orest, ap some of t €S€advances in preparations that allow the improvement of
species may be endemic in these regions.

) . classical methodologies (Sybenga, 1982¢ini & Carva-
According to Castro (1995), Castro & Graziano (1997]ho, 2000; Figueroa & Bass, 2010). One of the advances
Torreset al (2005), in Brazll, the heliconias are also kno"\"?,elated with the preparation of these studies is the use of

as banana-of-garden, Iit.tle banana-of-garden, 98313 htimitotic agents, or inhibitors such as amiprofos-methyl
beak, false-bird-of-paradise, parrot-beack or PAQUIVETEAp\) herbicides, 8-hidroxyquilonein, trifluralin and

Accord_ing t_oAnderssc_)n (1989) anitbrreset al (2005), oryzalin that block cell cycles in specific phases of mitosis
the heliconias occur in shady places such as forests atg(almneJ’ngO' Singh, 1993; Rogatial, 2008).
riparian forests, or in places with no shadow at all such as o blocki'ng age’nts Sl'JCh AE’M' are essential for

edge of forests, clearings and roadside. studying the chromosomes, for preventing the formation

Heliconia bihai(L.) L. presents erect inﬂorescenceof the spindle and accumulating sufficient number of

with distical orientation bracts and varied coloration, beinﬁhetaphase for a proper morphometric analysis, enabling

one of the most cultivated species in Brazil (San&ina e cjassification and identification of homologous pairs
al., 2010)According to Kress & Berry (1991), in addition Singh, 1993Aradjo, 2008; Rossit al, 2008: Karsbuget

to the natural hybrids, the species displays around $_, 2009). UsingAPM also results in elongated
cultivars. Castret al (2007) report that there are about 4Q:hromosomes, with adequate compression for cytogenetic
commercial cultivars dfl. bihai. analysis (Planchait al, 2000).

The Heliconia genus includes a great diversity of  pgegjdes the use of mitotic agents, the use of fixative
species, varieties, hybrids and cultivars of ornamental agg|ytions such as methanol: acetic acid allows to obtain
commercial interest. Some species of this family and iEfood quality preparations (Ghosh & Paweletz, 1993),
varieties and hybrids are grown for producing cut flowergharacterized in stretched, straight chromosomes. The use
for their beautycolor and intensity of the inflorescencesf fixative solutions also prevents the action of
The tuber rhizome of some species can be eaten if roasifionucleases, which permits detailed characterization
or cooked, such as Heliconia hirsuta(L.f.), known as  of the karyotype of the species under study (Sumner 1990;
“Isira” or “Bijao”. Heliconia bihaiis common in the gsypenga, 1992), as well as increases basophilia of the
Amazon Rainforest and widely used in the preparation ehromosomes, facilitating their coloration (Sharma &
regional dishes, using the leaves for food packaging (Bergharma, 1999 cited b&radjo, 2008). Moreoverthe
& Kress, 1991; Castret al, 2007). techniques of enzymatic maceration, cell dissociation and

The identification of species and cultivars is based o4 drying enable obtaining slides with prometaphase and
morphological characteristics and on the color of thgetaphase chromosomes, spread with no overlaps and in
flowers and inflorescences. Howeyaatural variations the same focal plane (Carvalho, 1986(jo, 2008; Rossi
between individuals and between populations haw a|, 2008; Karsburgt al, 2009).
caused much disagreement among collectors, farmers andanother cytogenetic technique that can be applied to
researchers (Berry & Kress, 199&Jthough the genus plant species iA\g-NOR banding.This technique
has been being the subject of taxonomic revisions, it hggentifies the active nuclearganizing regions (NOR),
been poorly studied, with confusion and uncertainty abogbnsisting of one or more chromosome pairs, showing
the number of species and the relationship between thegpNA genes responsible for the formation of different
(Marouelli, 2009). types of rRNA that form the nucleolus and ribosomes

Thus, karyotypic information, from a simple count tqMiller et al, 1976; Howell & Black, 1980; Sumnei990;
detailed molecular studies, is an important aid in taxonom@uerra, 1988; Sumne&003).
identification (Stace, 2000). Karyotype analyzes are a The objectives of this work were the morphometric
useful procedure for the differentiation of close taxonomigharacterization and identification of NOR Ag-NOR
categories, particularly for those where the phenotyplganding of chromosomes bfeliconia bihaj aiming at
characteristics are insufficient for reliable sorting int@nhancing the cytogenetic knowledge of the species and
distinct taxa, as well as, in many cases, clargythe genus at matter
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MATERIAL AND METHODS developed by the National Institute of Health (INS,
Mitoti | tormd in the laborat f Bethesda, MD, USA), together with the Java programming
Itofic analyzes were periorad In Ihe faboratory o language, version 1.6.0 (Abrameff al., 2004), both of

Cytogenetlf:s an.d Plant Tlssue.CuIture atthe Mato Grovsv'hich can be obtained through the internet at http://
so Sate University - Campus Il illta Floresta.

. . N rsb.info.nih.gov/ij/, for software ImageJ and http://
To obtain the karyotype, root meristemdHaficonia .
www.java.com/, for Java language

bihai(L.) L. species were used. The plants were collected
. S . . Length of the arms of the chromosomes was converted
in the municipality oAlta Floresta, in Comunidade Cen- ; . .

from pixels to micrometer scale. The cariogram was

tral, located at the northern end of the state of Mato Gros

. organized in decreasing order of size, from the
S0, at 10°27'56" S and 56°09'017t an average altitude m(gasurement of chromoso?ne arms. The ratio amongs the
of 284 meters, in 9,310.27 R area (Miranda 8Amorim, ’ g

2001 arms (r) was determined according to the criterion of
) . . . morphological classification of chromosomes, described
Root meristems were obtained by exposing the

186).
rhizomes in water at 30°C, which was changed daily un'giy Guerra (186)

meristems reached 1.0 to 1.5 cm in lendaliter
development, they were submitted to blocking treatmerﬁ,ESULTSAND DISCUSSION
which consisted of permanence of meristems in amiprofos- The standardization of the protocol used in the study
methyl (APM) Sigmé& herbicide solution at a concentrationwas crucial for the supply and characterization of
of 3 umol L* at 4°C for 16 hours. This process allowed thenetaphase chromosomes, allowing the assembly of the
accumulation of a maximum number of cells in metaphasearyotype ofH. bihai. The use of the inhibitor agent,
Then the roots were rinsed in distilled water to removamiprofos-methyl (APM), was effective in the
excess of the herbicide, and fixed in methanol-acetic acadcumulation of metaphases to perform the analysis of
solution at a ratio of 3:1 in the same temperature conditiorieke morphologysize and number of chromosom€hke
The root meristems were removed from the fixativaction of the pectinase enzyme, at 35°C for 2 h, was
solution and washed in distilled water for five minuteseffective in eliminating the cell wall without damaging the
The roots were removed from the water and transferredstructure of chromatin, so a proper staining with Giemsa
Eppendor?f tubes with pressure cap containing enzymat 5% and pH 7.0 was achieved. Similar results, using the
Pectinas&igme (PA) at a concentration of 3 umol*L inhibitor agentAPM and Giemsa staining at 5% were
remaining at 35°C in a water bath for two hours. Oncebtained withCoffea arabicgL.) (Clarindo & Carvalho,
enzymatic reaction was ovehe material was rinsed in 2008),Solanum esculentuth.) (Karsburget al, 2009)
distilled water again, performing three changes at intervagidCarica papaydL.) (Aratjoet al, 2010).
of 15 minutes, and fixed in methanol acetic acid solution Moreover the dissociation processes by cells from
(3:1) for at least 24 hours at 4°C. digested root meristems, together with the air-drying
For the preparation of slides, root meristems wen@chnique were efficient because it was possible to obtain
dissociated using a scalpel and a fixing solution. The slide&ll spread chromosomas on the focus plane without
were air dried in fast movings and dried on hot plates aytoplasmic background, overlapping or structural
50°C, according to the methodology described by Carvdeformation, facilitating observation. Identical results,
lho & Saraiva (1993). The slides were stained with Giemsagarded to the quality of mitotic metaphase, were obtained
5%, pH 7.0, for three minutes, washed in distilled watevith Solanum esculenturtKarsburget al,, 2009),
and dried. Capsicum annuunfL.) (Abreu et al, 2008),Jatropha
RegardincgAg-NOR banding, the slides were aged forcurcas(L.) (Carvalhcet al, 2008) Psychotria ipecacuanha
20 days, according to Funaitial (1975), and a solution [(Brot.) Stoves] (Ros®t al, 2008) andCarica papayd..
of silver nitrate (AgNQ) with 50% of saturation was (Aradjo et al, 2010). Thus, this method provides more
dropped on the slides. Then, the slides were covered wihpropriate preparations of chromosomes compared to
glass slides and exposed in a humid dark chamber at 33M0se generated by the crushing method (Carvalho &
for 18 hoursAfter the incubation period, the glass slidesSaraiva, 1993).
were removed by water jets and the slides were washed inNew tools for observation and analysis of
running water for 2 minutes and in distilled water for Thromosomes of plants are becoming more accessible to
minute characterize the chromosome morphology (Bauchan &
The target methases were photographed byHobssain, 2001; Barret & Carvalho, 20@88ramof et al,
binocular photon (LeicalCC 50), coupled to a computer 2004). The binocular photon microscope (L&ikzC 50),
with LAZ EZ VI. 7.0 software, and analyzed using thecoupled to the computer and the use of LAZ EZ VI. 7.0
public domain software Image/J version 1.46r (2012%oftware were important tools for capturing good quality
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images of chromossomes of cells in metaphase. The sawt@le H. rostrata H. caribaea(Lam.) Cv PurpureaH.
success was obtained wiflatropha curcasspecies latispatha(Benth.) CvWermelho-AmareldH. psittacoum
(Mergonaret al, 2010),Theoboma speciosurfWilld. Ex  (Lf) x H. maginata[(Griggs) Pittier]H. psittacoumcv.
Spreng) (Gallo & Karsburg, 201@atasetum longifolium Rubra,H. psittacoum cv. Periquito,H. psittacoum cv.
(C. Rich. ex Kunth) (Gomest al., 2011) an@ & Cattleya Lady Di, H. psittacoum cv. SassyH. psittacoum, H.
violacea[(Kunth) Rolfe] x “type”d& Cattleya granulosa stricta cv. Jamaicano-andd{. psittacoum x H.
(Lindl.) (Silvaet al, 2011). Howevey the use of public spathocircinata(Arist.) have 2n = 24 chromosomes and
domain program Image/J was essential for image analydisg speciesl. densiflora(B. Verl.) Cv. Fogo Flash has 2n
contributing to the measurements of the chromosomes,36. HoweverAndersson (2008), obtained 2n = 24
analysis of homologous pairs and assembly of thghromosomes in 31 species l8éliconia, representing
karyotype. Similar results were obtained withyza(L.)  almost all the morphological spectrum of the genus. Thus,
spp. (Miyabayashet al, 2007),Brachiaria (L.) spp it is evident that the genus presents a wide divergence,
(Akiyamaet al, 2010) Antirrhinum iothmaleri[(P.Silva)  ranging from 2n = 22 to 2n = 36 chromosomes.
Amich, Bernardos & Garcia-Barriuso] (Garcia-Barrieso The methodology used for morphometric and
al., 2011) andVacleaya cordatgsyn. Bocconia cordata morphological analysis of the chromosomesiobihai
Willd) (Samatadzet al, 2012). allowed to observe the occurrence of four pairs of
The morphometric analysis showed thabihaihas submetacentric chromosomes (6, 8, 9 and 10) and seven
2n = 22 chromosomes (Figure 1). The same number irs of metacentric chromosomes (1, 2, 3,4, 5, 7and 11)
chromosomes was also reported in the study by Olivei(&able 1).
(2010) in the specidd. stricta (Huber),H. psittacorum Oliveira (2010), when evaluatirid. stricta species,
(L. f.), H. rostrata(Ruiz & Pavan)H. hirsuta(if). According  found nine pairs of submetacentric and two pairs of
to Kaemwong & Eksomtramage (1998), the spekies metacentric chromosomes; howevElr psittacoum
metallica (Planch. & Linden ex Hook.}. Wagnercv. species presented four submetacentric pairs, six
Arco-iris (Peters) also presented 2n = 22 chromosomésgtacentric pairs and one acrocentric pair while in the

L
.Q,,%o -
’ 2 3 4 5 6

Figure 1. Metaphase and karyotype ldf bihai presenting 2n = 22 chromosomes stained with Giemsa 5%. Bpnw 5

10 1"

' ‘ —ﬂ H—l: f-0—

Table 1.Measurements and morphology of the chromosomess bihai according to the position of the centromere.

Total length Arm (pm) Ratio between Centromere Chromossome
Chromossome ;
(um) Short Long arms index (CI) morphology

1 3.96 1.87 2.09 1.12 47.22 M
2 2.39 1.08 1.31 1.21 45.19 M
3 2.05 0.88 1.17 1.33 42.93 M
4 1.94 0.90 1.04 1.16 46.39 M
5 1.65 0.82 0.83 1.01 49.70 M
6 1.60 0.71 0.89 1.25 36.51 SM
7 1.57 0.72 0.86 1.19 45.86 M
8 1.26 0.46 0.80 1.74 36.50 SM
9 1.26 0.46 0.80 1.74 36.50 SM
10 1.04 0.31 0.73 2.35 29.81 SM
11 0.67 0.30 0.37 1.23 44.78 M

Subtitle: Ratio between arms = Long arm /Short arm; Cl = Short atai/Tfength x 100; M = metacentric; SM = submetacentric.
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Figure 2.Chromossomes of root meristemgbfbihai, pretreated withPM 3 umol L for 16 hours at 4C. Chromosomes were
stained withAgNQ, for 18 hours at 35°C with the presence of active NOR on chromosome pairs (1 and 2).\Bar = 5

of the centromere, on the chromosome pairs (1 and 2)
(Figure 2). During mitosis, the active NORs are those where
rDNAs are associated with proteins that associate
themselves with silver (Roussel , 1996; Morais-Ceeilio
al, 2000; Besendorfest al, 2002; BrasileiroVidal et al,
2003;Almeida & Carvalho, 2004; Nevest al, 2005;
Clarindo & Carvalho, 2006). The presence of the active
NOR on pairs (1 and 2) indicates, according to Mergonar
et al. (2010), that these chromosomal regions have
chromosome domains around which nucleoli at the end of
mitosis are arranged, when the rDNA transcription is
Figure 3.Cell in interfase stained withgNO, for 18 hours at jnijtiated.
35°C presence of two nucleoli. Bar . During interphase, two nucleoli were identified pler
bihai cell (Figure 3)According to Megonatret al. (2010),
speciesH. rostrata five submetacentric pairs, five the number of NORs and nucleoli found can be regarded
metacentric pairs and one acrocentric pair were founds features of diploid. Generallyolyploidy show less
Therefore, one can say that the genus presentsible NORs in sets of chromosome than the expected by
chromosome morphology varying among submetacentridle sum of diploid genomes gughanet al, 1993;
acrocentric and metacentric. Aarestrupet al, 2008). Reducing the number of NORs
According to John (1980), the length of a chromoson®@nd nucleoli during polyploidynight also be associated
is regarded a constant. Distinguishing by their lengthyith nucleolar suppressiongJgharet al, 1993).
chromosomes can be classified arbitrarily as long (> 10
i m), medium (4-§m) or short (< 21m). Thus, the species CONCLUSIONS
studied displayed medium to short chromosomes (from The methodologies used in this work were efficient in

3.96 10 0.67um), and most of them were short. The resultg 4y cting the study and achievement of satisfactory
obtained withHeliconia were consistent with those of ..o \ts TheH. bihai species has 2n = 22 chromosomes;

other studies. Oliveira (2010), wikh strictaandH. hirsute out of these, four pairs are submetacentric and seven pairs
found that the chromosomes ranged from medium to shatk, 1etacentric, and classifiechasdium to short (3.96to0
(1.04 to 4.13um a”q from 0.28 to 4.3Gm). The 0.67um). The activeNOR present in pairs (1 and 2) and
chromgsomes oH. pS|tta_corurr.1and.H. rostrata were interphase cells with the presence of two nucleoli can be
classified only as short, displaying sizes from 1.19 to 3. nsidered as characteristics of a diploid species.

um and from 1.72 to 3.04m, respectivelyAndersson

(2008), evaluationg 31 species of the genus Heliconeacepgs FERENCES

found that all chromosomes of 31 species of the genus in

- Aarestrup JR, Karam D & Fernandes GW (2008) Chromosome
matter had total Iength between 0.7 and 1Lr, bemg number and cytogenetics &uphorbia heterophylld.. Genetics

classified only as short. and Molecular Research, 7:217-222.

Regarding the nucleolus organizer regions (NOR), th&,amoff M, Magalhzes PJ & RAM SJ (2004) Image processing
active region oH. bihaiis located at the middle portion with Image J. Biophotonics International, 7:36-42.
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