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Abstract 

Chromosome data have contributed little towards resolving the problems of 

classification and phylogeny orthe Swertia species (Yuan , 1993). For many species of 

the genus the chromosome number as weJ[ as morphology were not studied (Yuan and 

KUpfer, 1993). 

In the present work, ch romosome numbers were documented fo r six species of Swerlia 

L. (Gentianaceae) from Ethiopia. S. fi mbria/a, s. kiJill/wu/scharica, S. macrosepa/a 

subsp. microsperma and S. va/kensii var. baleellsis were found to be diploid with 

2n=26. S. crassillscula subsp. robllsta was dip lo id with 211=20. The above chromosome 

numbers were determined from mitotic chromosomes. Diploid (211=20, n"" I 0) and 

tetraploid (2n=40, n=20) chromosome numbers were found for S. abyssillica from 

meiot ic chromosome study. The chromosome numbers of S. crassilisclila subsp. 

robusta , S macrosepala subsp. microsperma, S volkellsii val'. baleensis and 211=40 

cytotype of S. abyssil/ica were reported for the first time. Further, the present study 

confimled previous reports on the chromosome numbers of the remaining species and 

the basic chromosome number x= 13 and x= 1 0 for the genus. 

Karyotypes of five species of SlI'ertia namely, S fimbria/a , S. kilimalltischarica, S. 

macrosepala subsp. microsperma. S. crassiuscula subsp. robusta and S. volkensii val'. 

baleellsis have been described and their similarities and differences were discussed. 

Even though tile chromosome morphology of these species is very similar, some 
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variat ions in basic number, ploidy level , satell ite number and size of chromosomes 

were observed among the Swerlia species studied. The study revealed that the species 

were heterogeneous. It is recommended that fu rther study of karyotype of all the 

species of the genus including chromosome banding is necessary to complete the 

cytotaxonomic knowledge of the genus as a whole. 
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I.INTRODUCTION 

The genus Swertia belongs to the family Gentianaceac. It is a highl y di versified and widely 

di stributed genus. It compri ses of about 150 species. In A frica, the genus comprises of 30 

taxa wh ich are distributed between 14° N and 300 S latitude in sub-Saharan countries, 

extendi ng fTOm West AfTi ca to Madagascar (Sil cshi Nemomissa, 1997; \998). Si lcshi 

Nemomissa (1994) identified three geograph ica l diSiribulion patterns for the African taxa 

of the genus and he critica ll y considered them along with phenetic character states of the 

group as a whole. These geographical distribution pallcms arc : a) species which are widel y 

distributed without any sign of infraspecific speciation and show ing continuous variat ions 

in the taxonomically useful character states (e.g., s. jimbri(l((l. S. kilimalldscharica and S. 

quartillialla); b) species which are common to Ethiopia and Tropica l East Africa and 

exhibit infraspec ific segregation (e.g. , S. crassillscll /a s. I.); and C) endemic species (e.g., s. 

macrosepala subsp. microsperma and S. volkellsii var. baleel1sis). 

With regard to the study of the genus, morphologica l and pollination studies were carried 

out on some Hi malayan spec ies of Swerthl. Some of these species were al so studi ed 

cytolgically (Khoshoo and Tandoll , 1963). In the African Swertia, taxonomic character 

states (S ileshi Nemomissa, 1994, 1997) and pollen morphology (Sileshi Nemomissa, 1996) 

were studied and used in the systematics orthe genus. 

There is no doubt that cytologica l characters, especially chromosome numbers and 

karyo types play an importan t role in modem plant taxonomy (Yuan, 1993). Interspeci fic 

chromosomal diyersification (variation) allows several systematically relevant conclusions 
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(Wien and Linz, 1978). Anderson (1937) suggested that taxonomy and cytology st\Jdy the 

same phenomena. 

Some species of the genus Swertia, along with the ir relatives were cytologically studied by 

Rork ( 1949). She published her work on a large number of species of the fami ly 

Gentianaceac with the hope of improving the infrafamilial classification using cyto logical 

data. However, the study involved only the determ ination of chromosome number, not 

karyotypes.lnspitc of the attempts made by some workers, [e.g., Rork (1949), Love (1953), 

Thulin (1970), Hedberg and Hedberg (1977) and Si lcshi Ncmomissa ( 1994)] to study the 

chromosome numbers of S. abyssinica, S. engleri var. englert, S. lligardae, S. lelrant/ra, S. 

jimbrioto and S. kilimondscharica, the cytological work so far done on the genus is rather 

scanty. According to Yuan and KUpfer ( 1993), among 150 species of Swertia , only 41 

species have been investigated cyto logicall y. 

Smith (1970) emphasized the importance of a phylogenetic system of classification in 

which all the various categories are classified according to their evolu tionary relationships. 

Khoshoo and Tandon (1963) remarked that a precise evolutionary picture of the genus 

Swenia will emerge only after detailed morphological , cytogenetical and ecogeographical 

studies are made. 

Swer/ia is a genus with large number of species. l1te cytology of the genus is not well 

known. So far, only limited cytologica l infonnation of taxonomic importance have been 

documented. Thus, the present study was undertaken with the following objectives. 

General objective 

• To study chromosome mO'lJho logy of some species of the genus Swerria from Ethiopia. 

2 
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Specific objectives 

• To document the chromosome numbers where chromosome numbers were not reported. 

• To confinn the chromosome numbers where chromosome numbers were reported. 

• To describe the karyotypes of the species under study. 

• To see phylogenetic relationships among the spec ies studied usi ng the cytotaxonomical 

data. 

3 
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II. LITERATURE REVIEW. 

A. Brief Description of the Genus Swertia 

1.Sys1ematic treatment 

The species concept used in the systematics of the genus Swerlia is mainl y based on the 

discontinuity of morphological character states. In some cases, however, the concept is 

used for distinction of sympatric species. For some species that grow together in their 

natural habitat (sympatric species) the absence of intennediates was used as a criterion to 

indicate effective reproductive iso lation (Sileshi Nemomissa, 1998). Silcshi Ncmomissa 

(1994) used Ihis species concept for taxa that arc geographically separated on a large scale 

and have a distinct discontinuous variation in al least onc morphological character. 

According to Sileshj Nemomissa (1994). varietal rank is approached in two ways: I) 

Geograph ically separated populations ora spec ies whic h display only parti al differences in 

one morphological character were treated as varieties. 2) Varietal rank is also given where 

an assemblage of specimens displays different stati stical values for combinat ion of 

characters as to foml a complete discontinuity. In th is case, thc assemblage overlaps either 

altitudinal1y and/or eco logically. 

2. Stems and growth form of Swertia species 

The growth habit of the species of Swertia is either annual (e.g. s. abyssillica and S. 

tetral1dra ) or perennial (e.g. S. engleri, S. fimbriata. S. kilimalldsc/wrica and S. 

crassiuscula). 
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A II species aTC characterized by their herbaceous and 4·anglcd stems. The stems are 

branched at the inflorescence region (e.g. s. abyssinica) or branched from their base (e.g., 

S. lugardae) (Sileshi Nemomissa. 1994). Further morc, stems could be decumbent basally 

and abruptly erect towards the inflorescence region (e.g. S. engler;) or strictl y creel (e.g. S. 

kitmandscilarica, Fig. 7). At the point of their contact with the ground, the stem of the East 

African S. crassiuscula form new plantlcls which is a means of vegetative propagation, a 

situation not encountered in any other S\IIer/ia species of North East AfTiea (Si lcshi 

Nemomissa, 1994). Such a tendency towards a supplemental vegetati ve reproduction al so 

characteri zes some other tropical East African Swertia species, S. IIniflora and S. 

macrosepala subsp. macrosepala. Vegetative propagation as a means of reproduction is 

developed only in some afroalpine Swertill species. 

S ileshi Nemomissa (1994) pointed out that, the tallest African Swertia spec ies reaches a 

stem height of 1.5 m (e.g. S. ki!imalldsc!wrica) and the shortest stem length is abou t 2 cm 

(e.g. S. lugardae). The afroalpine Swertia spec ies, c. g. S. crassillscu/a, S. macrosepa/a and 

S. vo/kensii have developed xeromorphic leaves which could be viewed as an adaptation to 

afroalpine climate. The climate of this region was characterized by Hedberg (1964) as 

"summer every day and winter every night." On high mountains of tropical and Northeast 

Africa the climate is very warm during the day and very cold (with frequent frost) during 

the night. 

3. Phytochemical investigations of Swertia and olher Gentianaceae 

Phytochemical study was carried out on some mcmbers of the family Gentianaceae, 

inc luding S. kilimadsciwrica by Schilling (1974). He detected the presence of the 

5 
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compound L-(+)-Bomestol in the fam ily. Ghosa l et 01. ( 1973a) reported, for the first lime, 

the presence of 1,3,5,6- tetraoxygcnated xanthoncs in COl/scom declIssolO of the fami ly 

Gentia naceac. Xanthones were common in Swertia spec ies and are also found in olher 

genera of Gentianaceae. Gel/tiana and Halenia (Stout et a/., 1969; Stout and Fries, 1970). 

which indicates a close phytochemical relationship between these genera and Swertio. 

The occurrence of mangiferin, both in the roots and aeria l parts, and the presence of on ly 

one xanthone (1,8-dihydroxy-3, 5-dimcthoxyxanthonc) wefe reported by Ghosa l el 01. 

(1973b) for S. chiroro. Ghosal er 01. ( 1975) studied the xanthoncs of S. bill/oell/ata and 

reported, for the firs t time, three new tetra-and penta-oxygenated xanthones and xanthone

o-glucosides in the genus. 

In general, xanthones oxygenated at 1,3,5,8 posi tions and 1,3,7,8 tetraoxygenalion panems 

(as the hydroxylated and methoxylated derivatives) are common in Swertia species. Such 

oxygenation pattems are also common in Gemiana. This indicates that Swertia and 

Gentiana are related from the phytochemical point of view (Ghosal eI 01. , 1975). Genera ll y, 

xanthones were employed for chemotaxonomic purpose by their chemical and spectral 

properties (Carpenter el 01., 1969; Chaudhuri and Ghosal , 197 1). 

A recen t study, aimed at iso lation and bioassay of the tropI cal East Africa spec ies, S. 

browl/ii. has reported a strong anti-fungal activity of xanthones of Ihis species against 

Cladosporium cilcumerinum and Calldido albicolls (Rodriguez and Wolfender, 1995). A 

new flavonone-xanthone glucoside isolated from the Chinese S. [rollciJeliono was found to 

be potent inhibitors of the DNA polymerase activity of human imm unodeficiency virus-! 

reverse transcriptase (HIV-1 RT) (Pengsuparp et 01., 1995). Thi s biologicall y aclive 
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compound was found to be not cytotoxic with cultured mammalian cells. The autho'rs have 

also elucidate how this acti ve compound brings about the inh ibition of the activity of H1V-

1 RT. They found that Swerti francheside (isolated from S.jranchetiana) binds to DNA and 

was shown to be a competiti ve inhibi tor. Most reverse lranscriptase inhibitors can 

contribute to in vivo toxicity and hence the discovery of agen ts capable of spec ifically 

inhibit ing HIV-l RT without med iating a toxic response remain of high priority. Natural 

products serve as one source of structurally novel chemicals that are worth investigating as 

specific inhibitors ofHlV-1 RT. 

4. Medicinal importance of Swertia species 

Some species of the genus are known to have medic inal importance. For example , S. 

chirala is an important medici nal species (Wawrosch el a/., 1999). It is used vcl)' 

extensively in the indigenous system of medicine for a number o r di seases and in panicu1ar 

it is used as a bitter tonic and laxative in Sou th India . S. chirala is included In 

phamlacopoeias of Britain and the United States as well (Khoshoo and Tandon, 1963). 

5. Geographic distribution of Swertia 

5.1. General distribution o r Swerlia 

The genus Swerlia occurs mai nl y in temperate regions and has the highest spec ies 

concentrations in Himalya and Southwestem China (Silcshi Nemomisa, 1998). In 

Africa, Swenia ~pecies occur in sub-Saharan countri es and Madagascar between 14° N 

and 30° S latitude (Sil eshi Nemomissa, 1994). 
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5.2. Distribution of Slvertia in Ethiopia 

Swertia is distributed in the afromontane and afroalpine regional center of endemisim 

(White, 1983). With regard to the flora area of SlVer/ia, Sileshi Nemomissa (1994) 

considered that ''North East Africa" is synonymous with Ethiopia and Eriteria. The 

rcason is that SlVertfa occurs in no other country in that region other than these 

countries. The distributions of some Swertia species in Ethiopia are shown in Fig. 1-3. 

Regional florist ic divisions of Ethiopia used for the description is that adopted from 

Hedberg and Edwards (1989). 

Acco rdin g to Sileshi Nemomissa ( 1994), S. lugardae mainly inhabits Simcn (Gondar) and 

Bale Mountains. It also occurs in Arsi (e.g. Mt. Chilallo, MI. Kaka), Ankobcr and Dcbre 

Sina, Gughe highlands (Garno Gofa). S. IIsamborells is is mainly distributed on the 

highlands of Sidamo and Garno Gofa; S. quorliniollo in KefTa . On the other ha nd, S. engler; 

s.1. is recorded from Mt. Zuqala and Mt. Kundi (Shewa), Hararge and Mt. Guna (Gonder). 

It is also found in Wello (montane area) at the tum of Lalibela from Woldiya to Woreta 

road. 

In NorthEast Africa , S crassillscula subsp. robusta is recorded only fTOm Bale Mts., Boro 

LUCll , Galama and Mt. Chi lalla (Fig. I). Both S. ",acrosel'a/a subsp. microsperl1/a and S. 

\lolkel1sii var. btlleel/sis are endemic to Bale Mountains. S. flmbriata and S. 

kilimalldsc/Ulrico (Fig. 2-3) are di stributed on Mt. Chi lana, MI. Kaka, Bale and Simen 

Mountains (Sileshi Nemomissa, 1994). 

8 
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Fig. 1. Distribution of Swerlia crassiuscula subsp. robusta in Ethiopia (Si leshi 

Nemomissa, 1994). 
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Fig . 2. Distribution of Swerlia kilimolldscllllrica in Ethiopia (Si leshi Nemomissa, 

1994). 
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Fig.3. Dislribuli<m of Swertiajimbriato in Ethiopia (Sileshi Ncmomissa, 1994). 
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4.3. Endemism 

S. pUll/ita , S. crassillsCllla subsp. robusra, S. seonii and S. ellgleri were found to be endemic 

10 Simen and Bale mountains. The remaining Siller/in spec ies in thi s region either occur on 

the mountains of Tropica l East Afri ca or el sewhere ou tside thi s region in Africa c.g. 

Swelwitschii occurs in Angola and Soulh Afri ca (Si leshi Ncmollli ssa, 1994). 

12 



r 

B. Karyotype and Its Systematic Significance 

The karyotype is defined as the phenotypic appearance of the somatic chromosomes in 

contrast to their genic content (Jackson, 197 1; Fri slrom and Spieth, 1980). The major 

components ofkaryotypes which can be observed for comparison of re lated spec ies include 

( \) abso lute chromosome size; (2) chromosome morphology; (3) re lative chromosome size 

and (4) variation in ch romosome number such as aneuploidy and polyploidy (S harma, 

1991). 

The fundamental concept in using karyolypcs in systematics is that most species of living 

organi sms show a disti nct and constant individuality of lhei r somatic chromosomes and that 

closely related spec ies have more similar chromosomes than those of morc distantl y rclatcd 

ones (Shanna , 1991). So the study of chromosome morphology is a powerful instmmcnt in 

the resolut ion o f taxonomic difficul ties and in the tracing of evolutionary relationships 

(Smith. 1970). 

Chromosome morphol ogy is studied from the somati c chromosomes (Jackson, \97 \ ; 

Fristrom and Spieth, 1980). In order to study the detail ed mO'l'ho logy, and th en prepare a 

good karyotype, suitablc fixation is an absolu te necessity (Ncwcomer, \953). Shanna 

(1956) suggested that critical fixation signifies clarifi cation of chromosomc morphology to 

min ute details, in which both primary and secondary constrict ion regions come out 

extremely pronounced. 

Camoy fixation (3: I, a1cohol:acet ic acid) is the most widel y used technique in the 

preparation of chromosomes for microscopic examination . For example, Yuan (1993), 

Yuan and Kupfer (1993) and Kifle Dagne ( \ 994b) used thi s fixative to fix chromosomes, 

1 J 



After similar fixation techniques and exposure to the same stains a l the same 

concentrations, the chromosomes of different species vary greatly in their ability to absorb 

the dyes on their surfaces (Stebbins, 1971). In addition, the chromosomes of ma ny species 

contain some regions, which stain morc easily than others at many stages of the mitotic 

cycle. These have been designated as heterochromatic regions (dark staining regions) of the 

chromosome (Brown and Nur, 1964; Brown, 1966; Weaver and Hedrick, 1992). 

1. Components of the karyotype 

1. 1. Chromosome number 

Chromosome number remains constant within species, which make it useful Information for 

taxonom ic purposes. The normal 20 chromosome number is worked ou t from the frequency 

of nuclei with the same complements (Shamla and Ta lukdar, 1957; Shanna and Sharma, 

1959). Related species may have the same or difTerent chromosome numbers. Variation of 

chromosome numbers may occur among individuals of a species as a resuh of aneuploidy or 

polyploidy (Shanna, 1991). 

a. Basic chromosome number 

Basic chromosome number (x=n) is delined as the number o f chromosomes in a set 

(Snustad e l al., 1997). Basic number is onc of the most widely used characters in 

biosystematic studies and there have been a vast amount of phylogenetic speculations using 

this value as a g~ide (Jones, 1970). Each species has its own specilic basic number. 

14 



Reciprocal transiocations, with at least one of the breakage . pomts being ill inert 

(hetrochromatin) regions, can transfer euchromatin to a centromere carrying only inert 

chromatin to give an added chromosome, or can transfer all of the euchromatin from one 

chromosome to another, with loss of the depleted and now inert chromosome, to reduce the 

basic number (Swanson, 1965). 

b. Polyploidy 

Polyploidy is the case where chromosome complements arc consisting of three or morc 

basic sets (Mettler and Gregg, 1969; De Wet, 1971 ; Grant, 1971). It is numerical 

differences with respect to whole sets of chromosomes (Grant, 197 1; Snustad el al. , 1997). 

This definition applies to whole organisms, organs, tissues or single cells (Jackson, 1976). 

Polyploids ari se from chromosome doubling in somatic cells or through the functioning of 

cytologicall y unreduced gametes (Rhoades and Dempsey, 1966: Snustad el aJ., 1997). 

Polyploid cell s are often encountered among diploid cell s in vegetative tissues of most 

plants. These polyploid cells occasionally lead to the development of polyploid branches, 

the production of diploid gametes, and eventually polyploid individuals (De Wet, 1971). 

Such type of polyploidy is referred as autopolyploidy in which chromosomes at meiosis are 

associated into univalents, trival ents and quadrivalenls instead of the usual bivalent 

association. 

De Wet ( 197 1) has stressed that most polyploids probably ori ginated as a result of 

hybridization between ei ther weJl·differentiated ecotypes within a species or between 

closely related species which is followed by chromosome doubling. Such type of 

polyploidy is knl?wn as allopolyploidy where the nonnal bivalent association of meiotic 

chromosomes were observed. Polyploids generall y have different ecological requirements 
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than their diploid parents (Johnson and Packer 1965" Dub d M G· . 9 , , uc an c mms, I 70; Dc Wet, 

197 1). 

Polyploidy and adaptation 

The primary phylogenetic effect of polyploidy is to stabili ze selected hybrid genotypes 

which arc intennediate bch'lcen or represent recombinations of the characteristics found in 

the ancestral diploids (Stebbins, 1966). 

Polyploids that arise within an ecotype of species arc usually assumed to have contributed 

vcry little towards evolution. No new genes arc added to the population through polyploidy 

and mutations a re successfull y masked by it (KJckowski and Baker, 1966). So, mutations 

arc far more effective in diploids than in po\yploids (Dc Wet, 1971). 

Polyploidy alld speciation 

Polyploidy played a significant role in the origin and evolution of many plant species 

(Avers, 1980). Beside stabilization of se lected hybrid genotypes, polyploidy provides a 

mechanism by which daughter and parental populat ions become immediately isolated from 

each other genetica ll y (De Wet, 1971) . However, isolation is rarely complete. Particularl y 

following polyploidy, some gene exchange usually takes place between populations of 

different ploidy levels. Even such a well-established polyploid as Triticum dllrum 

(tetraploid wheat) introgresses with its wild diploid relatives in the Near East (Vardi and 

Zohary, 1967). 
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Change In chromosome number and morphology is often associated wi th speciation 

(Lewis, 1962; Doyle, 1963). Stebbins (1966) indicated that the availabi lity of pioneer 

habitats, and Lewis (1966) pointed out that environmental extremes arc directl y or 

ind irectly conducive to chromosomal organization . Changes in karyotype may have a 

selecti ve advantage under these conditions, or they may become fixed by strong reducti on 

in population size during climatic changes. Whi le ( \968) suggested thaI changes in 

chromosome number and morphology may contribute substantially towards speciation in 

plants, insects and probably all other groups of animals. Evidence in the case of most 

polyploid series is that the lower numbers are primitive and the higher ones are derived 

(Stebbins, 1971). 

c. Aneuploidy 

Aneu ploidy involves an increase or decrease in chromosome number by less than a 

complete sel (Jackson, 1971). It refers to differences in number of individual chromosomes 

(Granl , 1971). 

Snuslad e l (II. (1997) explained the distinction between aneupl oidy and polyplo idy as 

fo llows. Aneu ploidy refers to numerical change in part of the genome, usuall y just a single 

chromosome, whereas polyploidy refers to a numerical change in a whole sct of 

chromosomes. Aneuploidy implies a genetic imbalance, but polyploidy does nol. 

d. 8 Chromosomes (Accessory chromosomes) 

1 dd" h 1 consla,,1 complement of chromosomes, many species of plan ts n a Itlon to t e norma 

. . ' 1 b [chromosomes, which have much smaller size and and alllrnal s contam a vanab e nurn er 0 
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arc usually heterochromatic (FrOst, 1969; Rhoades and Dempsey, 1972).' These 

chromosomes are known as B chromosomes or supernumerary chromosomes (Peeters el 

a}., 1985; Snustad et 01., 1997). They are not pan of the nonnal karyotype, since they vary 

in number between tissues, organs and cells of the same individual between individua ls , 

within a population and between populations (Sleotor and Sannomiya, 1974). 

Bs are generally thought to be devo id of genes, although in some instances they arc known 

to affect fertili ty (Weaver and Hedrich, 1992). B chromosomes are commonly considered 

as parasitic (Nur, 1977) or selfish (Matthews and Jones, 1983) and employ premciotic, 

meiotic or postmeiotic accumulation mechanisms to counteract selection pressure against 

them (Rees and Jones, 1967; Matthews and Jones, 1982) . For example, Kifl e Dagne 

( 1994a, b) reported that the accumulation mechani sm of Bs in G. scobro subsp. scabro is 

premeiotic. 

1.2. Chromosom e morphology 

As indicated previously, chromosome morphology is studied from the somatic 

chromosomes (Jackson, 1971 ; Fri strom and Spieth , 1980). Meioti c chromosomes are 110t 

suitable for morphological in vestigation and they are n01 generall y studi ed from thi s aspect 

(Sha m,., 1956). 

Chromosome morphology is usuall y studied at the metaphase of mitosis, when 

h b tracted to the maximum or nearly so and when they are most c romosomes ecome con 

·1 . d (S bb· 1971 · Shanna 1991 ' Snustad el al., 1997). Chromosomes arc casl y Slamc rte 111S, , , ' 

d 
. . ta h espcc,·ally after treatment with spindle disrupting or inh ibit ing arresle at mitotiC me p ase 
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chemicals, such as coJcemid, colchicine, 8-hydroxyquinoline, bromonaplhalene, vinl':llasline 

or griseofulvin (Jackson, 197 1). Cold treatment in ice water is also as effective as spindle 

inhibiting chemicals (Dermen, 1940). 

Chromosome size and morphological landmarks such as centromeric positions, secondary 

constrictions and satellites are useful for chromosome identificat ion and for the 

characterization ofkaryotypcs . 

1.2. 1. The centromere 

The centromere is identified as a large constriction where the chromosomes appear to be 

pinched (Weaver and Hedrick, 1992). In the morphologic identification of chromosomes. 

the location of the centromere is the most useful landmark (Levan et al., 1964). 111is is due 

to constant size, shape and position of the centromere for each chromosome (Longley, 

194 1; Garber, 1972). In mitosis, the centromere can be observed best al late prophase or 

metaphase, espec ially after treatment with spindle inhibiting chemicals, such as colchicine 

or 8-hydroxyquinoline (Jackson, 197 1). Based on the centromeric position in relation to the 

chromosome ann (region on either side of centromere), chromosomes could be described as 

follows: 

Telocelllric: centromere located at one end of the chromosome, so that thc 

chromosome consists of single ann. 

Acrocenfric: centromere located ncar onc end of the chromosome, so that it 

contains one long arm and one very short arm. 
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Sub-metacentric: centromere located near one end of .h h I" h e c romosome t lan t c 

other, so that the two anns are distinctly unequal, but less so than in acrocentric situation . 

Me/acentric: centromere located at or near the middle of the chromosome so that , 

its anns are nearly or quite equal in length . 

Some other authors have used the tenns teml inal, sub·temlinal, sub-median and median for 

the corresponding telocentric, acrocentric, sub-mctacclltric and metnccntric pos itions of 

centromeres (Longley, 1941 ). There were also cases where the same lemlS were used in 

different senses by different workers or by the same worker in different occasions (Levan e l 

al. , 1964). So there has been confusion of tenns for chromosomes with specific centromeric 

posi tions. To avoid this problem, Levan ef al. (1964) have proposed a very useru1 

chromosome nomenclature based on centromeric position. They recomonded the temlS 

med ian point (M), med ian region (m), sub-median region (sm), sub-tenninal region (st), 

tenninal region (I) and tenninal point (T). These correspond to aml ratios or 1.00, J .00-

1.70, 1.70-3.00,3.00-7.00,7.00-0:: and 0:: , respecti vely. 

The study of chromosome fragments showed that centromere is important ror the continuit y 

or chromosome. Due to the fact that the centromere is the site or spindle fi ber attachment , 

and thus essential fo r ch romosome movement, on ly chromosome rragments tha t include 

centromere can be carried on from one cell generation to the next , whereas chromosome 

fragments without centromere soon disappear (Longley. 1941 ; Jackson, 1971). 
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1.2.2. Secondary constriction and satellite 

Some chromosomes in the complement posses a second constricted region other than the 

centromere. This region is known as secondary constriction. It is located between the 

centromere (primary constriction) and the end of chromosome aml (Garber, 1972; Weaver 

and Hedrick, 1992). The secondary constriction may be uncoiled or slightly coiled and of 

smaller diameter than adjacent areas at prophase or mctaphase, or it may be the same 

diameter and similarly coiled as adjacent regions but less stainable (Stebbins, 197 1). For 

higher plants and animals, the entire length of the secondary constriction may be 

synonymous with the nucleolar organizer (Jackson, 1971). 

The pa l1 of the chromosome arm distal to the secondary constriction is referred to as the 

satell ite . Though species may differ in the number and size of satell ites, a diploid species 

has at least a pair of satellited chromosomes. Differences in the number or satellites 

ind icate dirferences in the number of nucleolar organizer regions. Differences in the size or 

satellites indicate the position of the nucleolar organizer regions re lative to the end or the 

chromosome (Stebb ins, 1971; Walker, 197 1; Weaver and Hedrick, 1992). 

Two closely related species may differ in the number and location of their nucleol i 

orga nizer regions and consequently in the number of satellitcd chromosomes and satell ite 

size respectively. For example, Jackson (197 1) reportcd differences in the number of 

nuc leo lar organizer regions between the twO closely related Chironomlls species. 

Accord ing to him. C. fen fans has nucleolar organizer regions on two pai rs or chromosomes, 

chromosome tWQ and three, whereas there is only one pa ir or nucleolar organizer region in 

the diploid complement of C. pallidiviltatus. 
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1.2.3. Relative chromosome size. 

The chromosomal complements of most species of plants consist of chromosomes of 

comparable size. However, chromosome complements of many species contai n 

chromosomes of two contrasting sizes, large and small. Such type of chromosome size 

variation is found, for example, in the genera of Aloe and Gasterin (Vosa and Bennett , 

1990) . In other instances, a graded series of chromosomal sizes exists, as it is true for many 

animals including man (Stebbi ns, 1971). 

The relati ve chromosome size, as a component part of a karyotype is, therefore, used to 

characterize chromosomes. Longley (194 1) and Hedberg (1970) suggested thaI it is 

necessary to obtain a large number of measurements of each chromosome so as to have 

dependable data to show the relative length of chromosomes. The reason for th is is that, Ihe 

condensation process may not take place always at the same rate in all chromosomes or 

even in different sections of the same chromosome, which ind icates that infomlation from a 

single cell cannot give reliable infOlmation about relative size of chromosomes. 

1.2.4.AbsoJute chromosome size 

Absolute chromosome size (including the total DNA content of the nucleus) may vary 

between genera of the same family having the same or similar basic ch romosome 

numbers and even between species of the same genus (Stebbins, 197 1; Shamla, 1991). 

Stebbins (1971). indicates that, in different groups of flowering plants, trends towards 
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increasing chromosome size as well as tow d d . aT ecrcasmg chromosome size 'can be 

detected. 

2.Karyotype evolution 

Karyotype of an organism is not slatic. It evolves or changes through time. "111C ulti mate 

goal for morphologic classification of chromosomes is to reach understandi ng of how th is 

karyotypic evolution has proceeded and to find correlation with the evolution of other 

systemat ic characters such as anatomical, biochemical and behaviora l (Levan et al., 1964). 

The evolutionary change of chromosomes involve, change in chromosome number, 

chromosome morphology, relative and absolute size of the chromosomes due to numerical 

or struct ural changes of chromosomes (Stebbins, 197 1). 

Chromosome nu merical change in karyotype evolution may invol ve ancuploid or polyp loid 

(autopolyploid or allopolyploid) change of chromosome number, which affccts the number 

of chromosomes within the karyotype. 

Karyotype evolution is also accompli shed through the medium of chromosome structural 

changes which may occur within single chromosome or may affect (wo or more members 

of the ka ryotype simultaneously (Wh ite, 1973). Brcakage of the chromosomes fo llowed by 

recombination of the broken ends is often accompan ied by gain or loss of parts. This leads 

to reconstitu ted karyotypes that may di stinguish onc species from another closely relatcd 

form (Swa nson, i 965; White, 1973). The number of chromosome breaks and the method of 

reunion determine the type of rearra ngements (Grant, 1971). The major types of 
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chromosome structural changes include deletions (d fi ' . ) d .. . ' . e IClcnCICS. uphcatlons, inversIons 

(paracentric or pen centric) and trans\ocalions. 

Duplications and deletions involve quantitative changes that resu lt in gain or loss of 

chromatin material, respectively and these changes are known to affect the karyotype. 

Pericenlric inversions (inversions which involves both arms of the chromosome), arc 

instrumental in shifting the position of the centromere and can thus be responsible fo r 

variat ion in the karyotype (Swanson, 1965). Stebbins (197 1) pointed out that difTerences in 

relative chromosome size could be brought about by segmenta l interchange involvi ng 

translocations ofunequa\ size. 

Sometimes fusion or fi ssion of chromosomes at centromeric region can change the 

karyotype, numerically as well as structurally wi thout changing the total number of 

chromosome anns (fundamental number). For example, telocentric chromosomes can ari se 

from metacentric or acrocentric chromosomes by means of breaks in the cent romeric 

regions (Dennen, 1940; Stebbins, 197 1). Conversly, metacentric chromosomes can ari se by 

the fus ion of two telocentrics (Jones, 1970). These changes are apparently vcry common in 

the evolution of animal species. In plants, however, telocentric chromosomes are rare 

(Stebbins, 197 1). 

Karyotype symmetry I asymmetry is a good expression for the general moq>hology of 

karyotype in plants (Matern and Simak , 1968; Romero, 1986). A symmetrical karyotype is 

one in which the chromosomes are all of approximately the same size and have median or 

submedian centromeres. Increasing asymmetry can occur either through the shin of 

centromer position from median to sub.tcm1inal or tennina!. It could al so occur through the 
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accumulation of differences in relative size between the h f h ' c romosomes 0 t e complement, 

thus making the karyotype more heterogeneous. The general trend in the evolution of 

karyotype is known to be from symmetrical to asymmetrical (Stebbins, 197 1). Shamm 

(199 1) suggested that two trends can be observed in the progressive evolution from 

symmetri cal karyotype to asymmetrical one: (I) Reduction ill length of one aml of the 

chromosome giving rise to submedian and subterminal centrorncrs from median ones' and , 

(2) Redllction in size of some chromosomes in relation to others of the same SCi so that the , 

advanced karyotype has chromosomes of progressively unequal sizes. 

The significance of karyotype asymmetry as indicative of the direction of karyotype 

evolut ion can be understood by looking for the association between increasing asymmctry 

and special ized morphological or ecological characteristics. For cxample, an nual vs. 

perennial growth habit and the presence vs. absence of specialized morphological features . 

Stebbins (197 1) proposed a general trend of increasing asymmetry with increasin g 

specia lizati on. Nevertheless, Jones (l970) pointcd out that the true course of events could 

only be understood by studying a group of closely related taxa. 

3.Karyotype as an aid to taxonomic classification 

CI d
' h themselves time and again to be powerful instruments in lromosome stu les ave proven 

the resolu tion of taxonomic difficulties and in Ihe tracing of evolu tionary relat ionsh ips 

(Smi th , 1970). For example, Goodspeed and Thompson (1959) mentioned that the study of 

f h 
Nicoliono contributes more evidence towards its 

chromosome morphology 0 I e genus 

taxonomic picture. In 
. and phylogenetic studies of species, different 

cytotaxOnomlc 

2S 



characterstics of karyotypes are usually observed and compared. Shanna '(199 1) 

emphasized that in comparing the karyotypes of d l· ~erent spec· . d '~ .. 
1/1 les SIX IH erent cnlena are 

usuall y taken into account, namely ( I) variation in absolute chromosome size; (2) variat ion 

in the posi tion of the centromere; (3) variation in relative chromosome size; (4) vari ation in 

basic number; (5) variation in number and position of satellite; and (6) variation in the 

degree and distribution ofheterochromalic regions and repeated DNA segments. 

Stebbins (197 1) summarized chromosomal differences as taxonomic characters in Ihe 

following way. Chromosomal differences in size, shape and number from one species to 

another species have meaning cmirely different from morphological , physiological and 

biochemical differences of the species. These latter differences indicate variation in the 

products of gene action as modified by environmental factors during development. 

Therefore, their causal significance in evolution is related only to the adaptive value, which 

tht;y possess . 

On the other hand chromosomal differences reflect more or less directl y the genic content , 

of the individual (Rees and Jones, 1967; Shanna , 1991). Differences in chromosome size 

may reflect differences in the number of different kinds of gene products or proteins 

prod uced by the individual (Barber, 1970; Stebbins, 1971; Shanna , 1991). It may also 

reflec t the duplication of genes, which influence the rate at which a particular kind of 

prote in can be synthesized. Chromosome morphology differences reflect variation in gene 

. h· h genes can become segregated and arrange ment which can affect the way In W ]C 

recombined. Finally, chromosome number differences may reflect either difference in gene 

bo h (5 bb· 197 1; Shanna, 1991). So, Stebbins arrangement or ~ene duplication or t te Ins, 
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(197 1) concludes that in order to understand evolution, one must become familiar ";ith and 

take into accounts all of these differences. 
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III. MATERIALS AND METHODS • 

A.Materials 

Out of sixteen spec ies of Swertia found in Ethipoia, 19 populations belonging to seven 

species were used in this investigation. The species names and populations along with their 

localities of origin and altitude are listed in Table 1. The materials were collected from field 

and grown in green house as indicated in Fig.5-8 for S. crassiusclIla subsp. robl/sta, S. 

macrosepala subsp. microsperma and S. Kilimalldscharico. The plant materia ls were 

collected from Addis Ababa, MI. Chilallo, Bale MIS. National Park and Semen MIS. 

National Park. 
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Table I. Collection sites of Swertia materials used in th e prescnt study. 

Taxon 

S. abyssillica Hochst . 

Locality 

Michael Birru Sefer (A.A) 

Din' ho (BMNP) 

Garamba Dima (Bale) 

Guracha River (BMNP) 

S. crassillsclfia Gilg subsp. robusta Senatii (BMNP) 

Sile,hi Hora Batu (BMNP) 

Garba Guraeha (BMNP) 

S. jimbriara (Hochst.) Cufad. 

S. Kilillllllub. c/wrica Eng!. 

S. Iligardae Bullock 

S. macrosepa/a Gilg subsp. 

microsperm{l Silesh i 

S. volkensii Gilg var. baieellsis 

Silcshi 

BMNP "" Bale Mis. National Park. 
SMNP = Semen MIs. National Park. 
A.A = Addis Ababa 

Guracha River (BMNP) 

SMNP 

Mt. Ch ilallo (Arsi) 

Fincha Habera (BMNP) 

Garamba Dima (Bale) 

On the way \0 Simbro (BMNP) 

Senatti (BMNP) 

SMNP 
Senatti (BMNP) 

Guracha Ri ver (BMNP) 

Senatii (BMNP) 

Senatii (Br-.1NP) 

29 

Altitude 

2600m. 

2800m. 

289001. 

2800m. 

3800m. 

3900111 . 

3900m. 

2800m. 

3400m. 

2700m 

3400m. 

2890m. 

2850J11. 

3800m. 

3400m. 
3800m. 

2800111. 

3800m. 

3800m 
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FigA. A map showing the sampling sites of populations of Swerlia species. See text for 

fu rther explanations. 
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Fig. 5. Some SH'erlio species collected from field and grown in green house (s. 

crassills('u/(/ sllbsp. roblls/Q and S. macrosepala subsp. microsperma), 
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Fig. 6. Swer/fa C!OSSiIlSCIi /O subsp. robllS/(I grown in the green house. 
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Fig .7. SI\"a l ia kilimolldsclwric(I grown in the green house. 
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Fig. 8. Swerlia macrosepala subsp. microsperll/(I grown in the green house. 
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B. Methods 

Somatic chromosome preparation 

Pre/reatmenl and maceration; Li ve plants were collected from field (Fig.4) and grown in 

pOlS in green house (Fig.S-8), and were used as source of rOOI lips for chromosome 

prepara tions. Actively growing roots were co llected into vials from we ll-establi shed potted 

plants. The rools were co ld treated by placing the via ls containing roO I'S in a Petri dish and 

covering the Petri dish with ice water for 24 hours. The cold treated rOOls were fixed in 

ethanol-acetic acid (3: 1) for about I h. The fi xed roots were ei ther used immediately or 

stored in 7(Y% alcohol at 4°C until used. The roots were rinsed in distilled water, and their 

ti ps were excised on g lass slide. The rOOI tips were then treated with drops of 3% cell ulase

pec tinase solution at 35°C - 37 °C for abo ut Ih (Kille Dagne and i-ieneen, 1992). Then the 

enzyme solution was carefull y blotted off using filt er paper and the root tips were rinsed 

wi th drops of distill ed waler. The root tips were then used to make sq uash or air-dry 

preparations as fo llows: 

Aceto-orceill squashing: After enzyme-macerated rool ti ps were rinsed in distilled water, 

th e water was blotted off using fi ller paper. The root tips were mashed in a drop of aceto

o rcein, covered wi th a cover slip and squashed under a filter papcr. Preparations were made 

scmi-pem13llent by sea ling the edge of the cover slip with a mount ing medium. 

Air-d,y preparation: Air-dry preparations were made by maShing the enzyme-macerated 

root tips in a drop of ethanol: acetic acid (3:1) on a glass slide . -!lIe slides were allowed to 
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air dry under room temperature. When staining was desired, a drop of aceto-oree'i n slain 

was placed on an air-dry preparation, covered with a cover slip and after a few minutes of 

staining, the excess stain was removed by pressing on the cover slip with filter paper. The 

edge oCthe cover slip was sealed to prevent the preparation from drying, 

Photography: Chromosome photomicrographs were taken from well spread chromosome 

preparations of semi-permanent slides. 

Determination of chromosome /llimbers and kmyotype: Chromosome numbers were 

counted from well-spread pro-metaphase and metaphase chromosome complements. The 

chromosome number for each population was determined from at least 60 different cells. 

Chromosome karyotype analyses were made from printed photographs. The well spread 

metaphase chromosomes were measured for ann ratio delenninalion. The nomenclature 

(Ienninologies) used in defining centromeric positi ons such as m, mcdian; sm, sub-mcdian 

and st, sub-tenninal were that recommcnded by Levan el af. (1964). Ann ratio 

measurements were made on enlarged photomi crographs. 

Meiotic chromosome preparation 

Aceto-carmille stainillg: For meiot ic chromosome study, young flower buds were fixed in 

the fie ld in ethanol-ch lorofonn-acctic acid (6: 3: I) for 24 h and stored in 70% alcohol at 

40C unt il uscd. Buds were sta ined in Snow's camline (Snow, 1963) for several days at 

room temperaturc. Pollen mothcr ce ll s (PMCs) were released in a drop of 45% acetic acid 

on a glass sl ide and squashed under a cover slip. Slides were made semi-pemlancnt by 

sea ling around . the edgcs of the cover slip with mounting medium. Ch romosome 

photomicrographs were taken from chromosome preparations of the semi-pcmlancl1 t slides. 
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Determination of chromosome numbers: Chromosome number was dctennincd From pollen 

mother cell s at diakinesis, metaphase-I and anaphase-l stages. 
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