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Abstract

The main goal of this thesis was the development of a protocol for efficient propagation 

via indirect morphogenesis in arracacha (Arracacia xanthorrhiza Bancr.), an important Andean 

root crop belonging to family Apiaceae. Various concentrations of BAP (6-benzylaminopurine) 

and  2,4-D  (2,4-dichlorophenoxyacetic  acid)  were  tested  for  efficiency  to  induce  callus

from the arracacha petioles and to regenerate plants from the callus. Calli from all the treatments, 

except  medium  supplemented  with  BAP alone,  provided  satisactory  regeneration  capacity,

when transferred on the medium without plant growth regulators. Genetic fidelity in regenerated 

plants  was  assessed using ISSR (inter  simple  sequence  repeat)  markers.  Nine  ISSR primers 

generated  418  amplified  bands  of  which  6  (1.4%)  were  polymorphic.  Polymorphism  was 

revealed in all types of regenerants regardless the type of media used for induction of callus. 

Genetic  stability  was  assessed  also  in  plant  material  multiplicated  via  direct  organogenesis. 

These  plants  were  used  for  the  establishment  of  the  callogenesis  experiment.  ISSR analysis

in  these  plants  revealed,  that  they  were  genetically  identical  to  the  control  plant,

i.e. the amplification products were monomorphic. Thus, it can be concluded that in arracacha, 

propagation  via  intermediate  callus  phase  induces  the  somaclonal  variation,  while  direct 

organogenesis provides true-to-type plants. Somaclonal variation can be used in plant breeding 

to  obtain new genotypes with valuable qualitative or quantitative traits.  This  phenomenon is 

especially important  in  root  and tuberous crops,  where  classical  breeding methods  are  often 

limited due to barriers in reproduction.

Keywords: arracacha,  indirect  morphogenesis,  ISSR  markers,  plant  growth  regulators, 

somaclonal variability



Abstrakt

Cílem této práce byla optimalizace protokolu pro získání regenerantů druhu  Arracacia 

xanthorrhiza (Bancr.), významné andské okopaniny z čeledi  Apiaceae, nepřímou morfogenezí

a následné zhodnocení genetické variablility takto získaných jedinců s využitím molekulárních 

ISSR (inter simple sequence repeat) markerů. Efektivita tvorby kalusu a následná regenerace 

rostlin  byla  testována  na  8  iniciačních  mediích  obohacených  různými  koncentracemi

BAP (6-benzylaminopurin) a 2,4-D (2,4-dichlorfenoxyoctová kyselina). Rostliny regenerovaly 

dostatečně  z  kalusů  kultivovaných  na  všech  iniciačních  mediích  kromě media  obohaceného 

pouze cytokininem BAP. Variabilita regenerantů získaných nepřímou morfogenezí byla testována 

pomocí ISSR markerů. Devět použitých primerů generovalo 418 bandů, z nichž 6 (1,4%) bylo 

polymorfních.  Naopak  u  rostlin  získaných  přímou  organogenezí  byla  potvrzena  genetická 

stabilita  získanými  monomorfními  DNA spektry.  Z  toho  lze  vyvodit,  že  regenerace  rostlin

z  kalusu  indukuje  somaklonální  variabilitu,  zatímco  přímá  organogeneze  vede  k  produkci 

geneticky uniformních jedinců. Somaklonální variabilita může být využita ve šlechtění rostlin

k  získání  nových  hodnotných  genotypů.  Tento  postup  je  vhodný  především  u  okopanin,

jejichž reprodukční schopnost bývá často nízká a neumožňuje využití klasických šlechtitelských 

metod.

Klíčová slova: arakača, ISSR markery, rostlinné regulátory růstu, somaklonální variabilita
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1. Introduction

Arracacha (Arracacia xanthorrhiza Bancr.) species belonging to the family Apiaceae is 

one of the most valuable vegetatively propagated root crop originating from the Andes. It  is 

valued for its tuberous crunchy roots free from undesirable substances that limit the uses of some 

other Andean root and tuber crops. 

Breeding of this root crop is limited due to its lower sexual reproductive capacity. This 

limitation in  breeding could be overcame using  in  vitro technologies.  To date,  some studies 

regarding in vitro introduction, micropropagation and conservation of arracacha germplasm are 

available. Nevertheless, genomic stability or variability of in vitro maintained arracacha have not 

been assessed yet. Genetic stability of micropropagated plants is desirable to obtain true-to-type 

plants. However potential somaclonal variability obtained via in vitro cultivation can serve as an 

important tool during breeding efforts and via selection of obtained variable somaclones some 

valuable traits such as resistance to pests and diseases or improvement of yield can be acquired.

This  thesis  is  therefore  focused  on  propagation  of  arracacha  plants  via  indirect 

morphogenesis  and assessment  of  genetic  stability/variability  in  regenerants  using molecular 

ISSR markers.
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2. Literature Review

2.1. Andean root and tuber crops

From the region of the Andes, which is in these days recognized as one of the most 

important center of crop origin and diversity on the world (National Research Council 1989), 

many cultivars of edible plants originate. They have been domesticatated by autonomous tribes 

several  millenia  ago,  even  long  time  before  expansion  of  Incas  (Barrera  et  al., 2004).  A 

significant group of these species is formed by Andean root and tuber crops (ARTC), which are 

mainly but not solely grown by indigenous people for their edible underground organs. These 

nine lesser known species, apart from the seven species of cultivated potatoes, of which only 

Irish potato (Solanum tuberosum), is known almost in all parts of the world, are used by native 

people as a cash crop or for subsistence (Barrera et al., 2004; Hermann, 1997). 

The genetic diversity and potential of these species is remarkable (Flores  et al., 2003). 

These crops differ significantly in their boundaries of adaptation and tolerance to environmental 

conditions  (Arbizu  et  al., 1997;  CGIAR,  1996),  they  are  classified  in  different  taxonomic 

families and they also differ in their propagation, storage behaviour, economic potential, use and 

underground edible part (Arbizu et al., 1997) and therefore they can be classified as extensively 

heterogeneous  group  (Hermann,  1997).  The  ARTC  include  no  less  than  nine  taxonomical 

families:  Umbelliferae,  Brassicaceae,  Basellaceae,  Leguminosae,  Solanaceae,  Oxalidaceae, 

Nyctaginaceae,  Trapaeolaceae,  Asteraceae (Flores  et al., 2003).  According to different agro-

ecological  conditions  of  the  Andes,  the  ARTC can  be  divided  to  three  categories.  The  five 

species  producing  edible  roots  or  rhizomes  grow  in  the  warm  Andean  valleys:  arracacha 

(Arracacia  xanthorrhiza Bancr.),  achira  (Canna  edulis  Ker  Gawl.),  yacon  [Smallanthus  

sonchifolius (Poeppig & Endlicher) H. Robinson ],  mauka [Mirabilis  expansa  (Ruiz & Pav.) 

Standl.] and ahipa [Pachyrhizus ahipa (Wedd.) Parodi]. In the second agro-ecological area - the 

temperate  Andean  valleys  -  the  tuber  crops  such  as  oca  (Oxalis  tuberosa Molina)  mashua 

(Tropaeolum tuberosum  Ruiz  & Pav.)  and  ulluco  (Ullucus  tuberosus  Caldas),  are  cultivated 

associated with Andean potatoes. The third group represented by only one root-hypocotyl frost 

tolerant crop named maca (Lepidium meyenii Walp.), occurs on the Andean highlands (Arbizu et  

al., 1997; National Research Council, 1989).

Root and tuber crops, from which the most famous are the potato (Solanum tuberosum L.) 

and  cassava  (Manihot  esculenta Crantz)  are  considerably widespread in  the  diet  of  humans 

throughout the world (Libreros, 2001). Root crops are the second important source of food for 
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people after cereals. The ARTC possessing diferent types of underground organs such as corms, 

tubers, rhizomes and roots (National Research Council, 1989) represent staples for an estimated 

25 millions people in the highlands of Andes, and are at least occational food source for another 

hundreds million people in Peru, Chile, Argentina, Ecuador, Bolivia, and Colombia (Flores et al., 

2003). Although these species have a nutritive value and even in other characteristics they seem 

to be very promising, they have not been fully utilized. It is probably caused by their restriction 

in  cultivation  and  their  local  utilization  (Libreros,  2001).  The  tradition  in  terms  of  Andean 

agriculture is confronted to many challenges and insecurity. For these reasons it is necessary to 

promote and preserve ARTC by the studies improving pest management and crop productivity to 

promote popularity of these crops among farmers (Flores et al., 2003). Some of these ARTC at 

least  could become a new sources of food not only for the Andean region,  but  also for the 

countries, where these crops are for this moment unknown (National Research Council, 1989).

2.2. Arracacha

2.2.1. Taxonomy and relative species

Arracacha (Arracacia xanthorrhiza  Bancroft), species botanically related to celery and 

carotts,  belongs to  family  Apiaceae (syn.  Umbelliferae)  (National  research council,  1989),  a 

family,  which  includes  about  300  genera  and  2,500  to  3,000  of  species  (Hermann,  1997). 

Apiaceae family is known mainly due to many species used as essential oil producing plants 

(Degtjareva  et  al.,  2012;  Evergetis  et  al., 2013)  (i.e.  coriander,  cumin),  vegetables  (carrots, 

parsley, celery, fennel), and drug plants (dill, ferule) (Degtjareva et al., 2012). The apioid species 

are widespread throughout the world, but in lower latitudes can be rare. In the Americas a little  

less than one-third of apiod species occurs (Hermann, 1997).

Mathias  and  Constance  (1962)  reported  that  Arracacia genus  contains  25,  whereas 

Hermann (1997) estimated the number of species in the genus about 30. The problem to define 

Arracacia species correctly was probably caused by the lack of cytological and field studies as 

well as deficiency of appropriate herbarium material (Hermann, 1997). 

According to Constance and Affolter (1995) Arracacia represents one of the largest and 

most important Umbelliferous genera in the New World, because it served an important role as a  

food plant for the Incas. Moreover these authors supposed this genus as central to a severity of  

other  Mesoamerican  genera  (i.e.  Neonelsonia,  Coaxana,  Coulterophytum,  Myrrhidendron, 

Tauschia). South American species belonging to genus Arracacia Bancroft are listed in Table 1. 
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Table 1: List of South American Arracacia species according to Hermann (1997)

no species author reference

1 A. colombiana Constance & Affolter Brittonia 47: 322-323, 1995

2 A. tillettii Constance & Affolter Brittonia 47: 324-327, 1995

3 A. moschata (Kunth) DC. Prodr. 4: 244, 1830

4 A. elata Wolff Bot. Jahrb. 40: 304, 1908

5 A. xanthorrhiza Bancroft Trans. Agr. Hort. Soc. Jamaica 1825: 5, 1825

6 A. andina Britton Bull. Torrey Bot. Club 18: 37, 1908

7 A. equatorialis Constance Bull. Torrey Bot. Club 76: 46, 1949

8 A. incisa Wolff Bot. Jahrb. 40: 305, 1908

9 A. peruviana (Wolff) Constance Bull. Torrey Club 76: 45, 1949

2.2.2. Vernacular names

The  most  common  name  used  for  Arracacia  xanthorrhiza is  arracacha.  Cultivars  of 

arracacha  can  refer  in  Spanish  language  to  colour  of  root  (i.e.,'arracacha  amarilla'  -  yellow 

arracacha) or indicates supposed origin ('Salamineña' - from Salamina) (Hermann, 1997). List of 

Arracacia xanthorrhiza vernacular names can be seen below.

List of vernacular names according to language:

Ayomán (extint language native in Venezuela): aricachi 

Muzo (extinct language native in Colombia): arocueche (Hermann, 1997)

Quechua (Ecuador): laqachu, rakkacha, huiasampilla 

Aymara (from  northern  Bolivia  to  central  Peru):  lakachu,  lecachu  (Barrera  et  al., 2004; 

Hermann, 1997; National research council, 1989)

Spanish: arracacha,  racacha,  virraca  (Peru)  (Barrera  et  al., 2004;  Hermann,  1997;  National 

research council,  1989), zanahoria blanca (Ecuador), apio criollo (Venezuela), arrecate (Latin 

America)  (Barrera  et  al., 2004;  National  research council,  1989),  racacha (National  research 

council, 1989), ricacha (Hermann, 1997)

Portuguese: mandioquinha-salsa, batata baroa (Barrera  et al., 2004; Hermann, 1997; National 

research council,  1989),  batata  cenoura,  batata  salsa (Barrera  et  al., 2004;  National  research 

council, 1989), mandoquinha (National research council, 1989) 

English:  arracacha,  Peruvian carrot,  Peruvian parsnip (Barrera  et  al., 2004;  Hermann,  1997; 

National research council, 1989), racacha, white carrot 

French: arracacha, panéme, pomme de terre céléri (Barrera et al., 2004)

14



2.2.3. Origin and geographical distribution

The probable place of arracacha domestication is situated on the Andean South America 

(Hermann,  1997;  National  research  council,  1989).  Although its  wild  ancestor  has  not  been 

found  yet  (National  research  council,  1989;  Oliveros  et  al., 2006),  the  greatest  germplasm 

diversity is in Ecuador and neighbouring regions of Peru (National research council, 1989) and 

Colombia (Standley and Williams, 1966; National research council, 1989). According to some 

studies, Peru regions as Cajamarca, La Libertad and Cuzco, are considered as main centres of 

arracacha diversity (Oliveros et al., 2006).

Nowadays,  the  countries  considered  as  the  biggest  producers  of  the  crop  are  Brazil, 

Colombia (Hermann, 1997; Oliveros  et al., 2006), Ecuador and Venezuela (Hermann, 1997). 

Beyond these countries where the occurence was recorded by more authors  (Hedrick,  1919; 

Hermann, 1997; National research council, 1989; Tene et al., 2007; Rolfs, 1916; Santacruz et al., 

2002; Santacruz et al., 2003), arracacha growing within Andean region occurs in addition in Peru 

(Hermann,  1997;  Mathias  and  Constance,  1962;  Oliveros  et  al., 2006),  Bolivia  and  Chile 

(Hermann, 1997). For the arracacha occurence in Southern America see Figure 1. 

Occurences of arracacha in Central America and Carribean were also recorded. It was 

found in Costa Rica (Hermann, 1997), Cuba (National research council, 1989), Haiti, Dominican 

Republic  (National  research  council,  1989),  Puerto  Rico  (Hermann,  1997;  National  research 

council, 1989; Rolfs, 1916), Jamaica (Coulter and Rose, 1900) and Guatemala (Standley and 

Williams, 1966). 

Arracacha cultivation was also recorded in countries such as Mexico (Hedrick,  1919; 

Patiño et al., 2012) and USA in North America. In United States, attempts to introduce arracacha 

near New York and in Baltimore appeared to be worthless (Hedrick,1919). 

Some authors have mentioned cultivation attempts of arracacha in the Old world - in 

Europe (England, France, Switzerland), India (Hedrick, 1919) and Central Africa (L'Heureux and 

Bastin, 1936). Beyond India, where the arracacha was successfully introduced (Hedrick, 1919), 

attempts to cultivate arracacha in Europe and in Africa probably failed (Hedrick, 1919; Hermann, 

1997).  Nevertheless,  information  about  successfull  introduction  to  India  can  not  be  taken 

seriously into consideration because of age of reference source (Hedrick, 1919).
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Figure 1: Distribution of cultivated Arracacia xanthorrhiza and wild arracacha species within 

South America (source: Hermann, 1997)



2.2.4. Variability

Arracacha  variability  can  be  divided  according  to  its  level  on  morphological, 

chromosomal and molecular variation (Hermann, 1997). 

Previous  selections  according  to  morphological  characters  were  based  mainly on  the 

colour of the arracacha storage root flesh. Thoughout the Andes, three principal horticultural 

varieties are known: amarilla (yellow), blanca (white) and morada (purple) (Hermann, 1997, 

Hodge, 1954, National research council, 1989). For the tradicional horticultural arracacha forms 

look at Figure 2. Seminario and Valderrama (2004a) identified 4 horticultural forms of arracacha 

during their study of germoplasm in Peru - "marilla"(yellow), "amarilla pigmentada" (yellow 

pigmented), "blanca" (white) and "blanca pigmentada" (white pigmented). The strains can be 

also various in texture, flavor and length of vegetation period (National research council, 1989). 

The variability in shape of root is moderate when compared with shape of other root and tuber 

crops. Variation of arracacha leaf is much greater in wild arracacha species than that found in  

cultivars within species. Arracacha leaf shape can be various as much within one accession as 

between accessions of a collection. The allocation of dry matter to the rootstock, which seems to 

be  variable  and  variation  of  generative  parts  of  plants  possess  a  potential  for  the  future 

germplasm evaluations (Hermann, 1997). Blas  et al. (2006) in their study, which is thoroughly 

concerned  with  the  topic  of  morphological  and  molecular  vatiation  of  arracacha  in  Peru, 

mentioned the interesting fact,  that internal color of storage root does not correlate  with the 

external  color  of the foliage.  Vásques  et al. (2004) during their  study of characterization of 

arracacha germoplasm according to 28 qualitative and 13 quantitative morphological destriptors 

found out variablity between 37% and 86% in accessions growing in similar altitudes and 100% 

of  qualitative  characteristics  was  variable.  Germplasm  in  Peru  according  to  Seminario  and 

Valderrama (2004b) involved 76 arracacha morphotypes evaluated on the basis of 17 qualitative 

descriptors.  Blas  et  al. (2006)  characterized  66  cultivated  arracacha  accessions  from  11 

departments in Peru according to 28 morphological characters (2 of plant, 15 of flower, 4 of 

cormels  and  7  of  lateral  tuberous  roots)  and  67  moleculars  markers  (RAPDs)  to  identify 

morphotypes and duplicates in the genebank maintained in the International Potato Center. 

Mitotic chromosomal number of cultivated arracacha have still counted on 44 (Blas  et  

al., 1997;  Slíva,  2009).  Results  from the  study of  Blas  et  al. (1997)  suggest,  that  the basic 

number of arracacha chromosomes could be x = 11 and arracacha cultivated tetraploid would be 

2n  =  4x  =  44  chromosomes.  Blas  and  Arbizu  (1995)  mentioned  the  same  number  of 

chromosomes  for  two  “wild  Arracacia  xanthorrhiza”  accessions  originating  from  Peru. 
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According to Darlington and Wilie (1955) even all genera from family Apiaceae have in most 

cases  haploid series  of  11 chromosomes.  Therefore,  these results  affirm the  assumption that 

arracacha is tetraploid. For molecular variability see chapter 2.4.2..

2.2.5. Morphology and reproductive biology

Arracacia xanthorrhiza is a perennial, stout, semi-caulescent or caulescent, glabrous herb 

and one of the largest of the cultivated apioids, somehow resembling celery in form in which 

coarse stems and leaves usually reach a height of about a meter (Hodge, 1954; Mathias and 

Constance, 1962; National research council, 1989). 

The inflorescences  with length from 3 to  10 centimeters  in which peduncles arise  in 

whorls or singly, are branching and typical of the family. They are squamulose or scaberulous at 

apex, with wanting involucres and comprising from 5 to 12 slender, spreading-ascending, 1.5-4 

cm  long  rays  and  3-8  slender,  spreading-ascending,  2-4  mm  long  pedicels.  Involucel  is 

compound from 5-8 linear, entire, unequal, herbaceous and 2-5 mm long bractlets, which are 

shorter  than  flowers  and  fruit.  Flowers  are  purple  of  yellow  with  petals  oval,  stylopodium 

depressed  and  slender  ascending  styles  (Mathias  and  Constance,  1962).  For  the  schema  of 
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Figure 2: Traditional horticultural types of arracacha storage roots - from the left: "blanca", 

"amarilla"and "morada" (source: Blas et al., 2006)



arracacha inflorescence see Figure 3. Arracacha is rarely flowering plant. This fact is probably 

influenced by climatic conditions and cultivation practices. After the periods of dry weather, 

increased  flowering  of  arracacha  was  reported  in  some  regions  of  Ecuador,  therefore  the 

dehydratation can be supposed as a main factor inducing the flowering (Hermann, 1997).

Carpophore supporting 2-3 mm broad and 10 mm long, glabrous fruits is 2-parted to 

base. Immature fruit with the face deeply sulcate is oblong, acute and having 2 rather large vittae 

for the commissure (Mathias and Constance, 1962). A seed is an achene or mericarp, a dry one- 

seeded fruit, which results from a schizocarp. The seed is orthodox, which means, that it can be 

dried to have a low content of moisture and therefore it can be stored at temperatures below the 

zero (Hermann, 1997). 

Broadly ovate, biternate or bipinnate leaves, which are from 10 up to 35 cm long and 

broad comprise an acuminate, cuneate to rounded at base leaflets, having an ovate-lanceolate to 

triangular-ovate shape. Leaflets are from 4 up to 12 cm long and from 1.5 to 6.5 cm broad, 

coarsely simply or doubly mucronate-serrate and incised or lobed and squamulose or scaberulous 

on rachises having veins and margins with flattened oblong or linear scales. The lower surface is 

pale and reticulate with squamulose tuft on the upper side of the sulcate rachis at the base of the 

larger leaflets. The lower leaflets are distinct and often short-petiolulate, the upper are sessile and 

confluent.  Petioles of leaves are  from 8 to 45 cm long, sheathing only at  base.  The cauline 

leaves, which are mostly ternate or 3-parted, with lanceolate, acuminate divisions are reduced 

upward. The lower are alternate and petiolate, the upper are often opposite and wholly sheathing 

with narrow, scarcely inflated sheaths (Mathias and Constance, 1962).

The vegetative part of plant can be divided on four characteristic parts - on the storage 

(edible) roots, the central rootstock and the aerial stems and leaves (Figure 4). The storage roots 

which  are of  conical  to  cylindrical  shape may be about  about  1  kg of  weight.  This  part  of  

underground portion of plant - storage roots - does not regenerate shoots and therefore, it can not  

be used as a propagule. More likely apical parts with basal sections of petioles of the aerial stems 

or  offshoots,  very unique  structures  of  arracacha  which  were by Hermann (1997) named as 

"cormels",  can  serve  as  propagules.  Between  these  two  the  central  rootstock,  a  highly 

compressed and swollen stem structure can be found (Hermann, 1997).
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2.2.6. Crop husbandry

2.2.6.1. Propagation

The seed of arracacha is  rarely formed and its  use significantly prolongs the time to 

produce crop (Hodge, 1954) thus the arracacha is as many other root crops propagated mainly 

vegetatively  by  offsets  of  shoots,  which  are  produced  on  the  crown of  the  main  rootstock 

(cormels) (Hermann, 1997; Hodge, 1954; National research council, 1989; Oliveros et al., 2006). 

Root productivity depends considerably on the preparation of the propagule (Hermann, 1997). 

Basal portion of shoot, which possess a bud with leaves is reduced to a two or three cm long 

fragment, from which all leaves are cut off few centimetrs above their attachments to the stem 

(Figure 5). The basal end of offset is then detached to insure that the young secondary roots will 

be well laterally distributed on the new primary rootstock. Without this intervention these laterals 

could grow vertically, which would result in crowding together with poor spacing and slowing 

down of growth. A cross-like mark is often cut on the cut-side end of the offset to get better 

spacing of the edible lateral roots. Thereafter the offsets are placed aside for two or three days 

the  cut  surfaces  to  dry.  Propagules  prepared  like  that  can  be  then  planted  (Hermann,  1997; 
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Figure  3:  Schematic  drawing  of  arracacha 

inflorescence  structure  (source:  Hermann, 

1997)

Figure  4:  Main  parts  of  arracacha 

plant: A - storage roots, B - rootstock, 

C  -  stems  of  cormels,  D  -  leaves 

(source: Hermann, 1997)



Hodge, 1954; National research council, 1989). In plant of arracacha propagules can be taken at 

any stage of its development (Hermann, 1997).

For  rapid  in  vitro multiplication  a  protocol  is  available.  Hermann  (1997)  mentioned 

gaining of 6 plantlets during 8-week cycle by using an MS (Murashige and Skoog, 1962) media 

supplemented  with  sucrose  (30  g.l-1),  6-benzylaminopurine  -  BAP  (56  mg.l-1)  and 

naphthaleneacetic acid - NAA (0.05 mg.l-1). Slíva  et al. (2010) reached the best results (4.2 ± 

0.73  new shoots  per  plant  per  4  weeks)  on  MS media  supplemented  by NAA and BAP in 

concentration 0.1 and 1 mg.l-1, respectively. This type of propagation (vegetative propagation by 

cloning) as well as in case of seeds is used primarily for the breeding purposes. Stability of in  

vitro regenerants obtained by in vitro multiplication has not been evaluated yet. 

2.2.6.2. Cultivation

Arracacha is as a crop cultivated very similarly to potatoes with which it is often rotated 

(Hodge, 1954). It is possible to interplant this crop also with maize because of slow initial plant 

growth (Hermann, 1997; Hodge, 1954). It can be intercropped even with other crops but the crop 

has to be chosen properly because the growth of arracacha can be retarded in shading intensity 

exceeding  50%  in  the  initial  stage  of  cultivation  or  18% during  the  whole  growing  cycle 

21

Figure 5: Propagules of arracacha (source: Oliveros et al., 2006)



(Barrella  et  al.,  2011).  Propagule  without  root  is  planted  at  the  onset  of  the  rainy  season 

(Hermann, 1997; National research council, 1989). Between some farmers technique of planting 

already rooted propagules is adopted. Pre-rooting of planting material takes up to 50 days and it 

is  accomplished  on  small  plots  with  improved  soil  subtrate.  In  comparison  with  unrooted 

propagules, crop from rooted material can be harvested 6-7 months after planting instead of 8-10 

months (Hermann, 1997). On the one hectare of land approximately 20,000 plants can be planted 

about 60 cm apart along the furrows. Before the offsets are vertically planted to a holes (one to 

each), natural or artificial (or both) fertilizer is applied to each hole. After planting the rows are 

covered  by mulch  consisting  often  from previous  harvest  trash  as  from corn  stalks,  weedy 

bracken fern (Pteridium), grasses etc. Plants are kept hilled up with aim to provide ample loose 

soil in which the tuberous roots can easily develop. Two hand weedings are usually necessary to 

carry out during cultivation. They have to be done properly and carefully because of danger of 

harming the developing roots (Hodge, 1954).

2.2.6.3. Harvest

Harvesting time begins depending on the variety or type of propagule (rooted/unrooted) 

planted from 10 to 14 months after planting (Granate et al., 2009; Hermann, 1997; Hodge, 1954; 

National  research  council,  1989).  Maturity  of  plant  and  time  of  harvesting  is  recognized 

according to a sign, that the plant aboveground organs start to yellow and dry and new shoots 

cease to appear. Only the grower with certain level of skills can tell that his root crop is ready for 

harvesting by snapping his finger on one of the young lateral roots. Harvesting is done by pulling 

up the whole plants with the roots and all parts of plants are utilized (Hermann, 1997; Hodge, 

1954;  National  research  council,  1989).  After  the  delayeing  of  the  harvesting  roots  tend  to 

become  fibrous  and  tough  with  strong  unpleasant  flavor  (National  research  council,  1989). 

Edible portion is used for consumption, offsets (cormels with parts of leaves) are collected for 

the next planting and the rest is used either for forage or for future mulching (Hodge, 1954). 

Root yield is in general below 20 t.ha-1 (Granate et al., 2009; Hermann, 1997; National research 

council, 1989) and this reflects, that plants grow under residual nutrient availability. Yield can 

reach  more  than  20  t.ha-1 under  the  better  conditions  of  cultivation  provided  through  the 

fertilization, irrigation and use of suitable propagules .

Arracacha roots are highly perishable and during harvesting large roots are often cracked, 

thus they should be handled as carefully as possible (Hermann, 1997). 
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2.2.6.4. Pests and diseases

In their homeland arracachas have been considered as a non-demanding crops quite free 

from diseases and pests, especially when compared to other crops (Henz, 2002; Hodge, 1954). 

Over the world three genera of bacteria, five species of viruses, 27 genera of fungi and nine 

species of nematodes have been recorded in arracacha. Among the most significant diseases - 

root knot, caused by Meloidogyne spp. and postharvest soft rot caused by Erwinia spp. (Henz, 

2002;  Henz  et  al.,  2006)  and  Pectobacterium  chrysanthemi (Henz  et  al.,  2006)  can  be 

considered.  Leaf  spots,  which  are  caused  by  Septoria spp,  Cercospora spp.  (Henz,  2002; 

Mesquini et al., 2009) and Xanthomonas campestris pv. arracaciae, as well as plant rots caused 

by  Sclerotium rolfsii and  Sclerotinia sclerotiorum (Henz,  2002;  Reis  and Nascimento,  2011) 

belong  also  among  the  most  serious  leaf  diseases  that  affect  arracacha.  Since  arracacha  is 

vegetatively propagated, viruses could become of big significance (Henz, 2002). Orílio  et al. 

(2009) recorded occurence of one potyvirus species (arracacha mottle virus) infecting arracacha 

in  Brazil,  which  results  in  reduced  root  production.  According  to  National  research  council 

(1989) arracacha is also considerably susceptible to spider mites and nematodes in some regions. 

Ide  et al. (2011) informed about occurences of  Semiaphis dauci, amphid species causing even 

death mainly of smaller arracacha plants.

2.2.7. Ecology

Growth  of  arracacha  is  restricted  to  frost-free,  relatively  cool,  tropical  environments 

(Hermann, 1997) and it is nowadays cultivated in the highlands of the Andes, from Venezuela to 

Bolivia. Beyond lowlands, it gives some sort of yield at any altitude (Hodge, 1954), nevertheless 

it is mostly cultivated at elevations between 600 and 3,300 m a.s.l.  (Hermann, 1997; Hodge, 

1954; Jimenez and Faviola, 2005; National Research Council, 1989; Oliveros et al., 2006).

It seems to be important to cultivate the arracacha in areas with rainfall evenly distributed 

thorought the year. Ideal annual amount of precipitation is about 1,000 mm and it should not be 

less than 600 mm (Jimenez and Faviola, 2005; National Research Council, 1989). Because of its 

storage tissues, arracacha is somehow resistant to temporary drought, nevertheless its growth is 

better, when water in soil is available during the whole growing period (Hermann, 1997).

Arracacha occurs on sites where is the mean monthly temperature between 15 and 20ºC 

and where the temperature rarely exceed 20ºC (Hermann, 1997; Hodge, 1954; Oliveros  et al., 

2006).  Temperatures  below 14ºC delay maturity and therefore  it  cannot  be harvested before 

winter. Arracacha does not tolerate frost (National Research Council, 1989).
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Plant  requires  deep,  well-drained rather  sandy soils  with pH of  5 or  6  (Jimenez and 

Faviola, 2005; National Research Council, 1989).

For good production of roots it is believed that arracacha needs the short days (National  

Research Council, 1989), nevertheless the effect of daylength on formation of arracacha roots is 

not known (Hermann, 1997).

2.2.8. Properties and uses

Dry matter is represented in arracacha roots by cca 24% (Leterme et al., 2006) and starch, 

which is easily digested and is suitable even for diet of children and invalids (Hermann, 1997; 

Hodge, 1954; National Research Council, 1989), is in this matter contained by 10-25% (National 

Research Council, 1989). Calcium is of high level contained in all parts of plant  (Jimenez and 

Faviola, 2005; Leterme et al., 2006; National Research Council, 1989) and yellow varieties are 

rich  on  carotene  (Jimenez and Faviola,  2005;  National  Research  Council,  1989;  Santos  and 

Hermann,  1994)  and ascorbic  acid.  On the  contrary,  arracacha  is  a  poor  source  for  protein 

contained  by  4%  in  dry  matter  (Hermann,  1997;  Jimenez  and  Faviola,  2005).  Because  of 

hydrolyzation of starch to sugar, arracacha roots are sweeter as much as long they are stored 

(National Research Council, 1989; Riberio et al., 2007). Also the levels of nutrients and vitamins 

change during storage. Increasing amount of β-carotene is in contrast with decrease of ascrobic 

acid during storage (Alves et al., 2010)

Young tender arracacha roots have many purposes for use. Arracacha is usually somehow 

prepared  (boiled,  fried)  before  it  is  eaten  because  of  cooking  give  to  it  softer  texture  and 

gelatinize  the  starch  and therefore  it  is  more  digestible  (Hermann,  1997).  Before  any other 

preparation the thin outer skin should be scraped off (Hodge, 1954). Young tender roots can be 

eaten boiled, fried or baked or can be added to stews and soups. The flavor combines different 

tastes  such of  roasted  chestnut,  celery and cabbage and during cooking a  fragrant  aroma is 

emitted by the roots (Hodge, 1954; Hedrick, 1919; Hermann, 1997; National Research Council, 

1989;  Noguera  and Pacheco-Delahaye,  2000;  Rolfs,  1916).  Moreover,  they can  be  used  for 

making flour for the instant soups (García et al., 2007) baby food and school meals (Santos and 

Hermann,  1994).  Because  of  good  quality  of  their  starches,  they  can  be  utilized  in  frozen 

products  (Takeiti  et  al.,  2007)  and  production  of  pastry.  Also  they  can  be  fried  as  chips, 

dehydrated to flakes and fermented to alcoholic beverage (Hermann, 1997).  Beyond the main 

economic parts of arracacha - storage lateral roots - all parts of plant can be utilized. Rootstock 

together with aboveground plant parts are used mainly as fodder for animals (Hermann, 1997). 
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Young stems can be prepared as salad or can be used as a cooked vegetable  (Hodge, 1954; 

National Research Council, 1989). Plant posses moreover medicinal properties to treat stomach 

ache  (Tene  et al., 2007) or to reduce the pain in swollen breasts of recent mothers (Hermann, 

1997).

Storage life of arracacha is extremly short (National Research Council, 1989). Within few 

days  after  harvest  on  the  roots  brown  spots  develop  (Hermann,  1997).  Storing  under  cold 

conditions seems to be the best to prolong arracacha storage life (Menolli et al., 2011; Nunes et  

al., 2010).

2.3. Use of in vitro technologies

2.3.1. Andean root and tuber crops

In biotechnology over the past three decades, many tools with considerable impact on 

work  with  genetic  resources  have  been  developed.  Among  these  we  can  involve:  in  vitro 

propagation (Pence et al., 2002), slow-growth storage (short- to medium-term storage) (Taylor et  

al., 2010) and cryopreservation (long-term storage) of germplasm (Pence et al., 2002; Taylor et  

al., 2010), production of synthetic seeds, detection and elimination of diseases in germplasm 

through  which  the  speed  and  safety  of  germplasm  exchange  is  improved  and  finally  an 

identification of useful genes (Pence et al., 2002).

According  to  Golmirzaie  and  Salazar  (1995) in  vitro tissue  culture  method  is 

biotechnological  technique  enabling  maintanance  and  assessment  of  germplasm,  which 

moreover  enables modification and enhances manipulation of  plant  material  during breeding 

processes.

Techniques using in vitro storage have many beneficial features over the field collections. 

These  involve  the ability to  exchange pathogen-tested  material  (Arbizu,  2009;  Taylor  et  al., 

2010), the maintenance away from climatic extremes and pest and diseases outbreaks and ease of 

distribution (Taylor et al., 2010).

In vitro conservation methods are applicable and suitable for species in which  ex situ 

storage  of  seed is  not  possible  to  use because  of  their  nonviability  or  inappropriateness  for 

application. This includes plants with recalcitrant, intermediate or highly heterozygous seeds, 

vegetatively-propagated plants (Ashmore, 1998; Taylor  et al., 2010), or in situations, when is 

needed to maintain the plants with elite genotypes. In addition, these techniques are usable in 

germplasm propagation, collection and distribution (Ashmore, 1998).  In vitro techniques used 

for propagation of plant material are beyond maintenance of the uniformity among offsprings, 
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beneficial  also  in  preserving  of  health  status  of  plant  material  because  of  reduction  of  its 

exposure to diseases (Sharma et al., 2007). 

The conservation of plant genetic resources of crops and related species on which the in  

vitro conservation tools are mainly aimed, is important to ensure future access to valuable genes 

for plant improvement programs (germplasm conservation). Germplasm can be stored in situ in 

nature reserves or on-farm collections, or ex situ in seed banks, field genebanks and in vitro gene 

banks (Ashmore, 1998). Main actor in the field of germplasm conservation of Andean root and 

tuber crops is the International Potato Center (CIP) of which in vitro genebank currently stores 

Solanum  tuberosum -  potato  (5,551  accessions),  sweet  potato  -  Ipomoea  batatas (5,454 

accessions), Oxalis tuberosa - oca (491 accessions), Ullucus tuberosus - ulluco (418 accessions), 

Tropaeolum  tuberosum -  mashua  (47  accessions),  Smallanthus  sonchifolius -  yacon  (29 

accessions),  Canna edulis -  achira (11 accessions) and  Arracacia xanthorrhiza - arracacha (2 

accessions) germplasm (Panta et al., 2009). 

During  the  project  DENAREF  (Departamento  Nacional  de  Recursos  Fitogenéticos  y 

Biotecnología) protocols for introduction,  micropropagation and conservation of some ARTC 

were  established.  Group  of  representative  samples  of  Andean  tubers  oca  and  ulluco  was 

maintained in room with temperature about 8°C and with 16/8 hours in light/dark conditions. 

They were kept on full strength MS (Murashige and Skoog, 1962) medium with addition of 

sorbitol (20 g.l-1),  sucrose (20 g.l-1) and agar (7.5 g.l-1). In the mashua case full strength MS 

medium with addition of mannitol (40 g.l-1 ), sucrose (30 g.l-1 ) and agar (7.5 g.l-1 ) was used for 

conservation. Cultivation medium for short-term storage of Mirabilis expansa (mauka) contains 

full MS salts, gibberellic acid in concentration of 0.25 g.l-1, putrescine (10 mg.l-1), sucrose in 

concentration of 20 g.l-1 and agar (7 g.l-1  ). Yacon can be cultivated on full strength MS media 

containing gibberellic acid (2 mg.l-1), calcium pantothenate (2 mg.l-1 ), NAA (0.5 mg.l-1), sucrose 

(30 g.l-1) and agar (7 g.l-1) (Tapia  et al., 2004). Skálová  et al. (2012) established protocol for 

storage  of  yacon  under  slow-growth  conditions.  As  a  result  of  their  work,  medium  with 

decreased nutrient concentration (½MS) or media containing lower concentrations of osmotic 

agents (mannitol and sorbitol in concentrations of 10 and 20 g.l-1, respectively), seem to be the 

best for slow-growth of yacon plantlets while high survival rate and low plant height after 60 

days of cultivation is maintained.

Advanced in vitro regeneration works are reported in potato, cassava (Manihot esculenta) 

and sweet potato in Argentina, aroids in Costa Rica, in ulluco, manihot, arracacha, oca, mashua, 

mauka (Mirabilis expansa) and achira in Ecuador and in tropical fruits, roots and tubers, cassava, 

potato  and  Solanum  nigrum in  Venezuela  (FAO,  2005).  For  various  application  of  in  vitro 
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technologies in selected under-utilized ARTC see Table 2.

Table 2: Various in vitro technologies used in selected ARTC: yacon (Smallanthus sonchifolius), oca 
(Oxalis tuberosa) and ulluco (Ullucus tuberosus)

yacon oca ulluco

Micropropagation Fernández  et  al.,  2007; 
Górecka  et  al.,  2009; 
Matsubara et al., 1990

Granados  and  Escalante, 
1997

Jordan  et  al.,  2002; 
Granados  and  Escalante, 
1997

Callus culture Matsubara  et  al.,  1990; 
Niwa et al., 2002

Organogenesis Handro et al., 1997

Embryogenesis Corrêa  et  al.,  2009; 
Bortlová, 2012

Polyploidization Viehmannová et al., 2009 Emshwiller, 2002 Viehmannová et al., 2012

Cryopreservation González-Benito  et  al., 
2007;  Sánchez  et  al., 
2011

Sánchez  et  al.,  2011; 
Zámečníková et al., 2011

Transgenic plants Bais et al., 2003

Virus elimination Fletcher  and  Fletcher, 
2001

Fletcher and Fletcher, 2001

Microtuberisation Jordan et al., 2002

2.3.2. Arracacia xanthorrhiza

Slíva et al. (2010) established protocol for micropropagation of peruvian carrot. Primarily 

the plant material  (roots and leaves from the leaf rosette)  was sterilized and introduced into 

sterile in vitro culture (MS media supplemented with 30 g.l-1 of sucrose and 8 g.l-1 of agar). The 

best results for multiplication of explants were obtained on MS medium with addition of NAA 

and BAP in concentration of 0,1 mg.l-1 and 1 mg.l-1, respectively  (4.2 ± 0.73 new shoots per 

plan/4-week cycle).  The callogenesis  was induced by cultivation of petiole segments on MS 

medium supplemented with combination of 2,4-D and kinetin - KIN (0.1 mg.l-1 + 0.2 mg.l-1) or 

dichlorophenoxyacetic acid -  2,4-D alone (0,1 or 1 mg.l-1).  The best regeneration of calli  on 

explants was observed on medium with addition of 1 mg.l-1 2.4-D. Calli started to appear 14 days 

after placement of petioles on media. For indirect morphogenesis, callus was placed on media 

without plant growth regulators (PGRs). The best results to regenerate shoots from callus were 

obtained on medium supplemented with 2,4-D in concentration 0,1 mg.l-1. The best ability of 

calli to regenerate roots was obtained in dark conditions on media supplemented with 1 mg.l -1 

2,4-D. Roots in plants cultivated on MS medium without PGR and with activated charcoal (AC) 

added,  occured  rarely  and  spontaneously.  Any  other  atempts  to  induce  rooting  on  media 
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supplemented by PGR NAA, 2,4-D, AC and IAA in various concentrations, failed.

 Hermann (1997) mentioned regeneration up to 8 arracacha plants within a 8-week period 

on the MS medium supplemented with 30 g.l-1 of sucrose, 56 mg.l-1 of BAP and 0.05 mg.l-1 of 

NAA.

During  the  project  DENAREF  protocol  for  introduction,  micropropagation  and 

conservation  of  arracacha  was established.  Isolated  arracacha  meristems were  placed on the 

medium consisting of 4.3 g.l-1 MS salts, 0.25 mg.l-1 gibberellic acid, 30 g.l-1 sucrose and 6 mg.l-1 

agar. Plants were subsequently incubated on MS or Gamborg medium (Gamborg  et al., 1968) 

supplemented with sucrose (30 g.l-1), agar (6 g.l-1), BAP (5.6 mg.l-1) and NAA (0.05 mg.l-1) at 

temperature  of  18  ± 2°C with light  intensity  of  2,000 lux  and a  relative  humidity of  70%. 

Micropropagation  of  arracacha  was  tested  on  two  cultivation  media.  Medium  1  contained 

standard amount of MS salts, sucrose (30 g.l-1), agar (6 g.l-1) and growth regulators BAP and 

NAA in concentrations of 6 and 0.05 mg.l-1, respectively.  Medium 2 was supplemented with 

Gamborg B5 salts, sucrose, agar and phytohormones NAA and BAP in concentrations of 0.1 and 

0.2 mg.l-1, respecitvely. Media pH was adjusted at 5.5 (Tapia et al., 2004).

International Potato Center (CIP) of which in vitro genebank currently stores 2 accessions 

of  arracacha germplasm have the goal  to secure the in-trust  genetic  resources  collections to 

perpetuity  and  to  promote  their  use  through  the  development  and  application  of  efficient 

practices  and  conservation  methods.  This  genebank  maintain  the  arracacha  on  MS  media 

adjusted on pH 5.6 containing sucrose (25 g.l-1), agar (7 g.l-1), BAP (4 mg.l-1), glycine-HCl (2 

mg.l-1),  myo-inositol  (100 mg.l-1),  nicotinic  acid (0.5 mg.l-1),  pyridoxine-HCl (0.5 mg.l-1)  and 

thiamine-HCl (0.1 mg.l-1) (Panta et al., 2009).

Madeira et al. (2005) evaluated the influence of different BAP and GA3 concentrations on 

the in vitro development of arracacha. Growth of arracacha shoot tips were evaluated on testing 

media supplemented with 0.0, 0.2, 0.4 mg.l-1 of BAP and 0.0, 0.125, 0.25 mg.l-1 of GA3 . The 

increase  in  the  concentration  of  BAP  reduced  the  callus  formation,  as  well  as  the  shoot 

development. The good development of shoot with a mean of 5.5 shoots and height of 43 mm 

was  observed  on  medium supplemented  with  0.3  mg.l-1 of  BAP.  With  the  increase  of  GA3 

concentration in the media, improvement in the mean and maximum height of the shoots and in 

callus size was promoted. 

Pessoa et al. (1994) induced callus from petiole segments on MS medium supplemented 

with various concentrations of 2,4-D and BAP or with 2,4-D alone. The growth of calli was 

negatively affected by an increase of sucrose concentration.

Lopes  (2009)  evaluated  in  vitro germination  of  arracacha  seeds  and the  induction  of 
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direct  and  indirect  organogenesis  of  three  arracacha  cultivars.  He found out  high  degree  of 

contamination on arracacha seeds. Without seed coat ascertained contamination rate was lower. 

Germination  was  irregular,  and  seeds  in  which  radicle  occured  formed  aggregates  of  non-

organized cells. For the callus induction sterilized root sections were used. Regeneration of roots 

from callus was induced by using MS media supplemented with 0, 2, 4 and 6 mg.l -1 of cytokinins 

(kinetin  or  BAP).  Direct  organogenesis  was obtained via  cultivation  of  sterilized apical  and 

lateral shoots on media supplemented with BAP and NAA.

Accessions of arracacha imported to New Zealand were found to be infected with viruses, 

thus the plants were treated to obtain virus-free cultures. Shoot tips of arracacha were removed 

from the plant and established into in vitro conditions onto growth MS medium with pH adjusted 

at 6.0 supplemented with NaH2PO4 . 2H2O (221 mg.l-1), thiamine-HCl (0.4 mg.l-1), myo-inositol 

(100 mg.l-1), sucrose (30 g.l-1) and agar (7.5 g.l-1) and with 50 mg.l-1 of ribavirin. The explants 

were introduced to the growth chamber in conditions designed to eliminate viruses (alternating 

periods of 4 hrs light at 35°C and 4 hrs dark at 31°C). When the explants reached the height of 1 

cm, they were transferred on ribavirin-free medium and grown under following conditions: 24°C 

under fluorescent lights with 16 h photoperiod and 8 h dark. After successfull testing for viruses, 

plants were transferred to ex vitro conditions (Fletcher and Fletcher, 2001).

2.4. Use of molecular markers

2.4.1. Andean root and tuber crops

Molecular marker methods including RFLP (restriction fragment lenght polymorphism), 

RAPD  (random  amplified  polymorphic  deoxyribonucleic  acid),  AFLP  (amplified  fragment 

lenght polymorphism), SSR (simple sequence repeat), SNP (single-nucleotide polymorphism), 

etc., represent rapidly developing research tools, that can characterize and manage the genetic 

polymorphism in  plant  breeding  programmes  and  programmes,  which  deal  with  germplasm 

characterization  (FAO,  2005).  In  plant  breeding  programmes,  molecular  markers  are  most 

commonly  used  for  marker-assisted  selection  (MAS)  (FAO,  2005;  Henry,  1998).  Other 

applications inlude germplasm characterization (FAO, 2005), analysis the genetic constitution of 

somatic plant hybrids and their  identification (Chawla,  2002), commercial variety protection, 

assessment  of  seed  purity,  verification  of  labelling  and identity  of  plants  in  production  and 

marketing (Henry, 1998). They can serve as highly useful tools in population genetics, molecular 

taxonomy, screening for somatic mutations (Zietkiewicz et al., 1994), genome mapping (Reddy 

et al., 2002; Zietkiewicz et al., 1994) evolutionary biology, phylogeny (Reddy et al., 2002) and 
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in genetic diversity studies (FAO, 2005; Reddy  et al., 2002). DNA-based genetic markers are 

often considered to be more reliable to assess genetic diversity, when compared to morphological 

and protein markers (FAO, 2005), due to their highly polymorphic and heritable pattern, which 

means that their expression is not affected by environmental variability (FAO, 2005; Chawla, 

2002). The genetic diversity evaluation of ARTC using molecular markers is in tropical America 

of an interesting development (FAO, 2005). Arbizu (2009) mentioned redundancy of accessions 

of most crops maintained by Andean gene banks, thus the molecular characterization methods 

are needed to reduce the size of the collections by elimination of duplicated accessions.

Molecular  marker  methods tend to  be more cheap and simple  in  term of  application 

during  the  years.  Therefore  their  uzilization  increases  routine  applications  in  tropical  and 

subtropical species, for which often very limited research resources are available (Henry, 1998).

From ARTC genetic germplasm diversity characterisation with help of molecular markers 

was assessed in arracacha -  Arracacia xanthorrhiza (Biondi  et al.,  2009a; Blas  et al., 2008), 

yacon - Smallanthus sonchifolius (Soto et al., 2009; Mansilla et al., 2006), oca - Oxalis tuberosa 

(Biondi et al., 2009b; Pissard et al., 2006, 2008a, 2008b), potato - Solanum tuberosum (Favoretto 

et al., 2009), mauka - Mirabilis expansa (Chia et al., 2006), maca - Lepidium meyenii (Toledo et  

al.,  1998),  ulluco  -  Ullucus  tuberosus (Malice  et  al.,  2009;  Parra-Quijano  et  al.,  2012)  and 

mashua - Trapaeolum tuberosum (Ortega et al., 2007).

Soto et al. (2009) evaluated 359 accessions of yacon from 6 Peruvian genebanks using 

309 polymorphic AFLP markers obtained by 6 primer combinations. Only 7 accessions were 

identified as duplicates in comparison with 352 accessions with unique genotypes. Mansila et al. 

(2006)  used  RAPD method for  evaluation  of  30 cultivated  yacon accessions  from northern, 

southern and central region of Peru. By using 34 decameric primers generating 166 bands, of 

which 30.7% were polymorphic, the greatest diversity was found in the central region of Peru 

and no duplicated individuals were found.

Biondi et al. (2009b) assessed germplasm diversity of 585 oca accessions maintained in 

the International Potato Center genebank using 175 polymorphic AFLP markers generated by 7 

primer combinations.  From 4 Andean countries,  Peru was found to be the  country with the 

greatest diversity of oca accessions maintained in the genebank. The analyses used in the study 

supports the assumption, that Peru is the centre of oca origin. Pissard  et al. (2006) used ISSR 

(inter-single sequence repeat) method to assess diversity of 32 oca accessions originating from 

South America.  Analysis of 90 used markers (generated by 9 selected primers) revealed that 

Peruvian  oca  accessions  form a  distinct  genetic  group  and  that  genetic  diversity  of  oca  is 

relatively low probably due to reproduction strategy mostly used - vegetative propagation.
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Favoretto  et  al. (2009) evaluated 38 potato accessions from 2 separate  collections of 

commercial  cultivars  with  aim  to  identify  duplicated  individiuals  and  possible  parents  for 

breeding  programmes.  They found  out  high  levels  of  polymorphism in  Solanum tuberosum 

species,  which  considers  the  SSR marker  as  useful  tool  for  detection  of  genetic  differences 

between cultivars, which can be utilized in further potato breeding programmes.

Chia  et al. (2006) used 9 selected RAPD primers to evaluate 37 accessions of mauka 

from northern Peru. They obtained 60 polymorphic markers. Portion 16.2% of accessions was 

assessed as possible duplicates in the collection.

Toledo et al. (1998) evaluated 29 cultivated accessions of maca from Ecuador, Peru and 

Bolivia using RAPD markers. A sub-sample of 14 cultivated accessions was assessed by RFLP 

markers. They found out very little polymorphism revealed among accessions of maca with the 

RFLP markers as well as with RAPD markers.

Malice et al. (2009) revealed a high number of different ulluco genotypes maintained ex-

situ in  Peru  and North  Boliva  using  ISSR markers  together  with  morphological  evaluation. 

Molecular markers in comparison with morphological characterisation of accessions disclosed 

existence of intra-morphotype heterogeneity. Parra-Quijano et al. (2012) assessed ulluco genetic 

diversity  in  Colombia.  They  examined  36  cultivated  ulluco  accessions  preserved  in  the 

Colombian Gene Bank using following molecular markers: total proteins, isozymes and RAPDs. 

They  found  out  two  ulluco  gene  pools  in  Colombia  suggesting  the  fact,  that  ulluco  was 

introduced to Colombia at least two times. 

Ortega et al. (2007) studied the genetic diversity of cultivated and non-cultivated mashua 

in  the  Cusco  region  in  Peru  by  using  SRAP (a  sequence  related  amplified  polymorphism) 

markers,  which  revealed,  that  mashua  is  genetically  highly  variable  crop  with  a  range  of 

similarity from 65 to 99%.

Beyond evaluation of germplasm diversity characterization, molecular markers can be 

used also in molecular taxonomy, evolutionary biology and population genetics. Hasan  et al. 

(2010) developed 8 cpSSR primers for further utilization in characterization of genetic variation 

among cultivated and wild Lepidium meyenii plants and for study of related taxa. Emshwiller et  

al. (2009) used AFLP markers with the aim to find origins of polyploidy of octoploid oca. They 

compared AFLP data of Oxalis tuberosa with populations of wild tuber-bearing Oxalis taxa from 

different Andean regions. Results suggested one unnamed  Oxalis species found in Bolivia and 

O. chicligastensis as probable genome donors for polyploid O. tuberosa. 

Genetic  relationships  among  five  different  yacon  landraces  using  RAPD  and  AFLP 

markers were evaluated by Millela et al. (2005, 2011). In their first study (Millela et al., 2005) 
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using 61 decamer primers a total of 282 RAPD bands were scored with 28.7% of polymorphism 

observed within landraces. One marker (OBP14) showed various pattern of bands between all 

landraces.  Millela  et al. (2011) compared RAPDs and AFLPs application for the analysis  of 

yacon  diversity.  Using  61  RAPD  primers  85  informative  markers  were  distinguished, 

corresponding to 28.7% of polymorphism. A similar percentage of polymorphism (23.4%) was 

revealed using six selected AFLP primer pairs generating 84 informative markers. Both markers 

proved to be reliable tools to investigate genetic variability among yacon landraces.

Sharma  et  al. (2007)  evaluated  the  genetic  and  phenotypic  stability  of  potato  plants 

derived  from  various  methodologies  of  propagation  -  axillary-bud  proliferation, 

microtuberisation, through true potato seeds (TPS) and somatic embryogenesis. They found out a 

very low level of variation in AFLP marker in plants propagated through somatic embryogenesis 

(3 out of 451 bands) and microtuber derived plants (2 out of 451 bands). No polymorphism was 

found in axillary-bud-proliferation derived plants.

2.4.2. Arracacia xanthorrhiza

Diversity of arracacha gene bank collections in Peru with help of molecular markers were 

evaluated by Biondi et al. (2009a). Three hundred and thirty four accessions from 5 genebanks 

were assessed using 143 polymorphic AFLP markers (from total of 206 bands= polymorphism 

from 71%) obtained from five primer combinations. By analysis it was found out that arracacha 

germplasm  in  Peru  is  diverse  and  no  duplicated  accessions  were  identified.  The  UPGMA 

dendogram  showed  according  to  arracacha  geographical  distribution  patterns  3  clusters 

(northern,  central  and  southern  Peru)  from  which  the  first  one  (northern  Peru)  showed 

significantly higher diversity than others.

Blas et al. (2008) studied genetic diversity among 4 wild Arracacia species with help of 

morphological descriptors and AFLP markers. Five primer combinations generating 202 AFLP 

reliable and reproducible markers were studied. No unique fragments were found in Arracacia 

xanthorrhiza. Polymorphism presented among arracacha populations varied from 23.2 to 26.7%. 

The relatively high degree of variation within the populations could be a result of widespread 

occurence of wind pollination and systems of breeding promoting outcrossing.  On this basis 

arracacha  seems  to  be  facultative  outbreeder  which  gives  progenies  with  genotypes  of  new 

genetic  combinations.  Nevertheless,  such  pronounced  variation  could  also  result  from 

hybridizations between cultivated and wild arracacha forms or between A. xanthorrhiza and its 

relative species.
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Morillo  et  al. (2004)  developed  microsatelite  marker  for  arracacha  crop.  In  the  A. 

xanthorrhiza complex, from 18 successfully amplified primers 14 primers showed polymorphic 

pattern. Diversity of alleles was low, nevertheless ability to transfer the primers to closely related 

wild forms showed to be good.

2.5. Evaluation of genetic stability in in vitro regenerants using molecular 

markers

The  term "somaclonal  variation"  is  now widely  adopted  for  the  variation  caused  by 

culturing of plants  in  in  vitro conditions.  Alternatives  like "protoclonal  "  or  "gametoclonal", 

which describe variation originating from protoplast and anther culture, respectively, can be also 

used. It is possible to regenerate plants from somatic cells due to their totipotent character (Karp,  

1994).

According to  Karp (1994) three classes of variation can be recognized:  heritable stable 

variation,  heritable  unstable  variation  and  non-heritable  (epigenetic)  vatiation.  Somaclonal 

variation  can  have  basis  on  change  in  karyotype,  chromosome  structure,  on  single-gene 

mutations, cytoplasmic genetic changes, mitotic crossing over, gene amplification and nuclear 

changes and on transposable elements (Chawla, 2002).

The genetic variability is restricted mainly on some types of cultures. The only culture 

system, in which somaclonal variation is not common and which can be considered free from 

this problem is in-meristem tip culture, where meristems remains undisturbed during the in vitro 

cultivation (Chawla, 2002; Karp, 1994; Reed  et al., 2004). Somaclonal variation is related to 

disorganized  growth  and  is  common  in  plants  regenerated  from  single  cells,  callus  or 

adventitious  buds  (Reed  et  al., 2004).  Chawla  (2002) mentioned 4  main  factors  influencing 

somaclonal variation - plant genotype, source of explant, duration of cell culture and conditions 

of culture cultivation. Genotype of plant can influence the frequency of regeneration as well as 

the  frequency of  somaclones.  Source  of  explant  and  duration  of  culture  are  also  important 

variables influencing somaclonal variation. Karp (1994) mentioned the fact that the longer the 

duration of the disorganized phase and the greater the departure from organized structures the 

greater the chances of somaclonal variations. This is true when plants are regenerated through 

organogenic  or  embryogenic  cultures  (with  intermediate  callus  phase).  Nevertheless,  direct 

formation of such structures from cultivated plant tissues without callus formation minimizes the 

occurence of genetic instability. Although majority of variations originates from the culturing 

phase,  somaclonal  variability  may arise  from mutations  already present  in  the  mother  plant 
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(Karp, 1994). Medium supplemented with different hormone concentrations affects development 

of shoot and growth rates, and high concentrations, particularly of cytokinins, can affect genetic 

stability  (Reed  et  al.,  2004).  It  has  been  known that  frequency of  karyotypic  alterations  in 

cultured cells  is  greatly influenced by growth regulators  forming composition of the culture 

medium (Chawla, 2002).

It  is  of  fundamental  importance  that  genome of  plants  multiplicated  through  in  vitro 

cultures remain stable and no variation occurs (Karp, 1994; Sharma  et al., 2007). Somaclonal 

variability is  highly undesirable  in  cultures  cultivated with the aim of  clonal  propagation of 

plants  (Sharma  et  al.,  2007).  Maintanance  of  genetic  stability  is  important  particularly  in 

preserving of plant germplasm in genebanks (Reed et al., 2004). 

On the contrary, somaclonal variation is a desirable novel source of variation utilizable in 

plant  breeding.  It  retain  promise  especially  in  species  with  limited  breeding  approaches 

(assexually propagated species) and in crops cultivated in developing countries with restricted 

breeding  efforts  due  to  the  paucity  of  funds  (Karp,  1994).  They can  be  applied  in  several 

breeding programmes. Agronomically used novel variants can arise from somaclonal variation. 

As a greatest contribution of somaclonal variation towards plant improvement development of 

disease resistant crops is considered. Somaclonal variants can also serve as a source of insect, 

herbicid and abitotic stress resistant plants. By this way varieties with improved seed quality can 

arise (i.e.lowering of neurotoxin content in lathyrus seeds). And finally the increase in genome 

rearrangement  during  cultivation  provides  a  new  opportunity  for  alien  gene  introgression 

widening the crop germplasm base (Chawla, 2002).

Somaclonal  variation  does  not  provide  easy  alternative  to  conventional  breeding. 

Although there are  many attractions of this  source of variability,  there are  also many issues 

associated  with  its  application.  Nature  of  variations  is  unpredictable,  uncontrollable  and 

variations are mostly without any apparent use. The variation is cultivar-dependent and changes 

obtained are  not  always  stable,  heritable  and not  all  changes  are  a  novel.  Most  of  variants  

improved through somaclonal variation have not been selected for breeding purposes (Chawla, 

2002).

There  is  lack  of  the  universal  system for  detecting  somaclonal  variation.  Nowadays 

changes of genome are evaluated by morphological, cytogenetical, biochemical and molecular 

descriptors (Karp, 1994). Quite recently, molecular genetic techniques have been developed to 

obtain informations about genome looking and to reveal variations between original plant and 

plant after  culturing.  Molecular marker methods are highly multiplex tools for evaluation of 

uniformity regardless of limitations of any profiling methodology (Sharma et al., 2007).

34



Studies on application of molecular markes for detection of genome stability in plants 

regenerated via different methods of micropropagation, are listed in Table 3.

Table 3: Utilization of various molecular markers for assessment of genome stability in examples of 
plants regenerated through different methods of micropropagation

species type of culture explant source molecular 
technique 
detecting 
variability

variable 
/stable 
genome

Reference

Aloe vera embryogenesis inflorescence 
axis

RAPD, 
ISSR

variable Rathore  et  al. 
(2011)

axillary  bud 
regeneration

axillary  shoot 
bud

stable

Arabidopsis  
thaliana

organogenesis roots AFLP variable Polanco  and 
Ruiz (2002)

Asparagus  
officinalis

organogenesis spear  sections 
devoid  of 
lateral buds

AFLP variable Pontaroli  and 
Camadro (2005)

Cannabis sativa shoot multiplication nodal segments ISSR stable Lata  et  al. 
(2010)

Curcuma longa shoot multiplication axillary  buds 
from rhizome

RAPD, 
SDS-PAGE

stable Das et al. (2010)

Cymbidium 
giganteum

induction  of 
protocorm-like bodies

pseudostem 
segments

RAPD variable Roy et al. (2012)

Dioscorea prazeri shoot multiplication axillary buds RAPD stable Thankappan and 
Morrawala-
Patell (2011)

Freesia hybrida embryogenesis inflorescences 
with rachillae

AFLP, 
MSAP

variable Gao et al. (2010)

Gentiana 
straminea

embryogenesis leaf explant ISSR stable He et al. (2011)

Gerbera jamesonii shoot multiplication capitulum 
explants

RAPD,
ISSR

stable Bhatia  et  al. 
(2011)

Glycine max embryogenesis immature 
zygotic 
cotyledons

RAPD variable Gesteira  et  al. 
(2002)

Guadua 
angustifolia

shoot multiplication axillary buds RAPD, 
ISSR

stable Nadha  et  al. 
(2011)

Jatropha curcas axillary  bud 
proliferation

shoot buds RAPD, 
AFLP

stable Sharma  et  al. 
(2011)

Sapindus trifoliatus shoot multiplication nodal explants RAPD stable Asthana  et  al. 
(2011)

Simmondsia 
chinensis

shoot multiplication nodal segments RAPD, 
ISSR

stable Kumar  et  al. 
(2011)
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3. Aims of the thesis

The  main  objective  of  this  work  is  development  of  an  appropriate  protocol  for 

micropropagation through indirect morphogenesis of  Arracacia xanthorrhiza and detection of 

genetic stability/variability of in vitro regenerants by means of molecular markers.

The main objective can be divided into the following partial goals:

1. Finding optimal concentrations and combinations of plant growth regulators in 

cultivation  medium  for  induction  of  morphogenic  callus  in  Arracacia 

xanthorrhiza.

2. To  prove  an  ability  of  arracacha  callus  to  recover  plants  via  indirect 

morphogenesis (i.e. organogenesis or embryogenesis).

3. Evaluation  of  genetic  stability  or  variability  of  regenerants  using  simple 

sequence repeat markers (ISSR).

Indirect morphogenesis offer an effective tool in propagation of plant material, however 

involved intermediate callus phase in this type of propagation and use of media supplemented 

with higher concentrations of plant growth regulators leads to higher probability of somaclonal 

variation  obtained.  Nevertheless,  potential  somaclonal  variability could  serve  as  a  source  of 

valuable traits exploitable in further breeding approaches. 
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4. Materials and methods

4.1. Plant material

Plant material aquired from Bolivia from Locotal region in 2007 was introduced into in  

vitro conditions by Slíva (2009). Thus, already established in vitro culture of multiplied plants 

was used in this study. Segments of petioles (cca 8-10 mm) of  in vitro cultivated plants were 

used for induction of callogenesis. 

4.2. Methodology

Schematic diagram showing a complete design of the experiment have been proposed for 

better orientation (Figure 6). The individual stages are decribed in detail in a single subsections  

of methodology.
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Figure 6: Schematic diagram representing stages of whole methodology. PL1-PL3: plants obtained via 

direct organogenesis; C-H: 6 groups of plants obtained via indirect morphogenesis according to media 

used (source: author)



4.2.1. In vitro propagation of plant material

For plant multiplication MS (Murashige and Skoog, 1962) medium supplemented with 

sucrose  (30  g.l-1),  myo-inositol  (100  mg.l-1),  plant  growth  regulators  NAA  and  BAP  at 

concentrations 0.1 and 1 mg.l-1, respectively, and agar (8 g.l-1) as a solidifying agent were used. 

The pH was regulated by KOH and ascorbic acid at 5.7. This protocol for plant multiplication via 

direct  shoot  production  was  adopted  from Slíva  (2009).  Using  this  medium,  sufficent  plant 

material for further experiments was obtained. Plants grown on MS media without plant growth 

regulators were maintained as controls for genetic analysis. Genetic stability among initial plant 

material and multiplied plants was assessed using ISSR analysis (described in chapter 5.1.)

4.2.2. Callogenesis and plants regeneration

Segments of petioles of 8-10 mm in length, obtained from in vitro plants of arracacha, 

were used as explants for callusing (Figure 7). Explants (3 segments to each Erlenmayer flask 

with 50 ml of volume) were placed on the surface of basal medium with macro- and micro-

elements of MS medium supplemented with myo-inositol (100 mg.l-1), sucrose (30 g.l-1 ) and agar 

(8  g.l-1).  Plant growth regulators from groups of auxins (2,4-D) and cytokinines (BAP) were 

added prior to autoclaving in various concentrations (Table 4). MS medium without plant growth 

regulators was used as a control.  After the calli  formation,  they were transferred either onto 

regeneration  medium  without  PGRs  or  on  fresh  maintenance  media  (medium  of  the  same 

chemical composition as the induction medium). Cultures were maintaned in incubator with 18 

hours of light and 6 hours of dark per day, at temperature 25/23 oC (light/dark period) and with 

light intensity of 2000 lx.

The percentage of explants producing callus and the proliferation responses of calli to the 

various PGRs were recorded 4 weeks after establishment of experiment.  Calli  characteristics 

such as color, friability and occurence of meristematic centres were observed. 

Regeneration of plants from calli was recorded at 8 weeks of culture. Every stadium of 

arracacha culture was photographed using the camera Canon PowerShot A570 IS.

Statistical  evaluation  was  carried  out  using  analysis  of  variance  (ANOVA)  and  the 

significantly different means were identified by using the Tukey´s HSD test (p = 0.05) [StatSoft  

STATISTICA 9.0].
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Table 4: Various treatments of callus inducing media 

Treatment 2,4-D (mg.l-1) BAP (mg.l-1)

A 1

B 2

C 0.1

D 1

E 1 0.5

F 1 1

G 1 3

H 1 5

Control 0 0

These experiments took place in the Laboratory of plant tissue cultures of the Department 

of  Crop Sciences  and Agroforestry in  Tropics  and Subtropics of  Faculty of  AgriSciences of 

Czech University of Life Sciences Prague in 2012-2013.
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Figure 7: Segments of petioles used for induction of callus 

(photo: author)



4.2.3. DNA extraction

At first, molecular analysis using ISSR markers were applied in initial plant material and 

plants  multiplied  via  direct  shoot  formation,  in  order  to  exclude  occurence  of  somaclonal 

variation before beginning of the experiment.

Secondly, ISSR markers were applied in regenerants obtained via indirect morphogenesis 

on different media, where as a control plant initial material was used.  All analyse samples are 

listed in Table 5.

Table 5: In vitro regenerants from which DNA was extracted

Regenerants type of media (mg.l-1) number of accessions

C 0.1 2,4-D 2

G 3 BAP + 1 2,4-D 1

H 5 BAP + 1 2,4-D 4

Multiplication medium 1 BAP + 0.1 NAA 3

Control without PGRs 1

Invisorb® Spin Plant Mini Kit (Invitek Company, Germany) was used for extraction of 

genomic DNA from fresh leaves of in vitro cultivated plants.

The common practice is extraction of DNA from the fresh plant material about 100 mg of 

weight. In the case of arracacha weight of samples used for extraction was mostly under this 

limit. Due to small amount of fresh leaves in obtained regenerants was available.

The samples were homogenized under liquid nitrogen with help of pestle and mortar and 

the DNA was from them extracted following instructions in manual of the commercial kit. No 

modification of extraction procedure was done.

The  DNA [solution  containing  5.5  µl  of  DNA and  2  µl  of  loading  dye  (Fermentas, 

Germany)] was tested on a gel composed from 1.5 g of agarose dissolved in 100 ml of 1% TBE 

buffer. For staining 1 µl of SYBR® Safe DNA Gel Stain (Invitrogen, USA) was used. Gels were 

run at  55V for about 1 hour.  It  was visualized on a gel with a UV transilluminator and gel  

pictures were displayed using CSL-MICRODOC System (CLEAVER, Great Britain). The gel 

was during electrophoresis immersed in 500 ml of 1% TBE solution.

The experiment took place in the Laboratory of molecular biology of the Department of 

Crop  Sciences  and  Agroforestry  in  Tropics  and  Subtropics  of  the  Faculty  of  Tropical 

AgriSciences of CULS in 2012.
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4.2.4. ISSR analysis

DNA amplifications  using  Polymerase  Chain  Reaction  (PCR)  were  carried  out  in  a 

reaction volume of 20 µl with following composition: 10 µl of PPP Master Mix (Top-Bio, Czech 

Republic), 8.3 µl of PCR H2O (Top-Bio, Czech Republic), 1 µl of template DNA, 0.5 µl of 

primer and 0.2 µl of BSA (Fermentas, Germany).

A set of 11 ISSR primers obtained from Biotechnology Laboratory of UBC (University of 

British Columbia, Canada) was used for screening (Table 6).

Table 6: Sequences of primers used

primer name primer sequence

'UBC 809' 5'-(AG)8G-3'

'UBC 810' 5'-(GA)8T-3'

'UBC 812' 5'-(GA)8A-3'

'UBC 823' 5'-(TC)8C-3'

'UBC 834' 5'-(AG)8YT-3'

'UBC 836' 5'-(AG)8YA-3'

'UBC 841' 5'-(GA)8YC-3'

'UBC 843' 5'-(CT)8RA-3'

'UBC 844' 5'-(CT)8RC-3'

'UBC 845' 5'-(CT)8RG-3'

Annealing temperature in PCR was optimized in each primer (Table 7).

After DNA amplification, amplified products were electrophoretically separated on gel 

composed from 1.5 g of agarose dissolved in 100 ml of 1% TBE buffer. Staining capability of 

EtBr and SYBR® Safe DNA Gel Stain (Invitrogen, USA) was verified. To dye agarose gel 1 µl of 

each stain was used. Gels were run at 55V for about 2.5 hours. The amplified stained products 

were visualized on a gel with a UV transilluminator and gel pictures were displayed using CSL-

MICRODOC System (CLEAVER, Great Britain). The gel was during electrophoresis immersed 

in 500 ml of 1% TBE solution. ISSR fragments were scored as a presence (1) or absence (0) of  

bands in the gel  profile. The size of fragments was compared with the DNA standard 100 bp 

ladder (Fermentas, Germany).
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Table 7: Conditions of PCR cycles for selected primers

number of 
cycles

step temperature duration of cycle

1 Initial denaturation 94°C 5 min

40 Denaturation 94°C 1 min

Annealing specific 1 min

Primer: 'UBC 809' 50°C

'UBC 810' 50°C

'UBC 812' 50°C

'UBC 823' 49°C

'UBC 834' 53°C

'UBC 836' 50°C

'UBC 841' 53°C

'UBC 843' 50°C

'UBC 844' 49°C

'UBC 845' 49°C

Elongation 72°C 2 min

1 Extension 72°C 2 min

1 Final extension 72°C 10 min
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5. Results and discussion

5.1. Multiplication of plant material

Protocol for multiplication of plant material was adopted from the study of Slíva  et al. 

(2010).  Plantlets  were  multiplied  to  obtain  enough  material  (petioles)  for  the  experiment 

(induction of callogenesis and indirect morphogenesis). Through this type of propagation - direct 

organogenesis - satisfactory number of plants for further research was obtained. This method 

proved to be suitable for multiplication of plant material. Genetic stability was assessed in these 

plants using ISSR markers, as it was essential to exclude somaclonal variation before experiment 

initiation. Results are described in chapter 5.4.1.

Propagation via direct organogenesis has been previously reported in apioid species such 

as  Crithmum  maritimum L.  (Grigoriadou  and  Maloupa,  2008)  and  Thapsia  garganica L. 

(Makunga et al., 2005). Nevertheless, most species of this botanical family are being propagated 

via callus intermediate phase (Anzidei  et al., 2000; Tawfik and Noga, 2002; Dave and Batra, 

1995; Fiore et al., 2012; Hedrawati et al., 2012; Irvani et al., 2010; Maatar and Hunault, 1997; 

Makunga et al., 2003; Osuga et al., 1997; Paramageetham et al., 2004).

5.2. Indirect morphogenesis

5.2.1. Induction of callogenesis

Formation  of  calli  started  in  petiole  explants  within  2  weeks  after  inoculation  in  all 

treatments. This fact corresponds with paper of Slíva  et al. (2010), who observed initiation of 

callogenesis in arracacha two weeks after placing of petioles on media supplemented with PGRs. 

Makunga  et al. (2003) observed the initiation of callogenesis also after 2 weeks of culture in 

leaflet explants of  Thapsia garganica L., a medicinal plant from family  Apiaceae using media 

containing NAA and BAP at concentrations of 1 and 3 mg.l-1, respectively.

In present study, calli started to spread from the cuts of petioles. The type and texture of 

the callus depended on the type of PGRs used. Textures of calli were soft and grainy, from light 

yellow-green to  light-brown colored  and meristematic  centres  in  the  form of  light  spherical 

formations on the surface of calli sometimes appeared (Figure 8). Calli on media supplemented 

with 2,4-D at concentration of 1 mg.l-1 had a grainy surface and were light-brown when up to 30 

days old and then they tend to change the color into light-green or yellow. Calli were usually 

light green-brown on the media supplemented with lower concentration of 2,4-D (0.1 mg.l-1) and 
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meristematic  centres appeared at  higher  frequency in comparison with previously mentioned 

treatment. Calli on media combining BAP and 2,4-D were soft, compact and from light-brown to 

green-brown colored. The occurence of spherical structures on the surface of calli on these media 

increased with the age of cultures and the higher frequency of these structures was observed on 

media containing lower concentrations of BAP (0.5 and 1 mg.l-1).

The data on callus initiation is given in Table 8. Process of dedifferentiation failed to 

occur  on the control  medium devoid of  PGRs and petiole  explants on this  medium became 

necrotic within 4 weeks of culture. Calli on media supplemented with higher concentration of 

2,4-D (1  mg.l-1)  alone  grew faster,  when  compared  with  calli  grown on  media  with  lower 

concentration of 2,4-D (0,1 mg.l-1). At media combining BAP and 2,4-D, production of callus 

increased with higher concentration of BAP in the initiation medium. Callus was not initiated 

from petioles  placed  on  two  types  of  media  (treatments  A,  B)  supplemented  with  BAP in 

concentrations of 1 and 2 mg.l-1,  respectively.  Likewise, Makunga  et al. (2003) used various 

concentrations of BAP to initiate callus in petiole explants of  Thapsia garganica L.,  an  apioid 

medicinal plant. Nevertheless, they observed the elongation of explants only. Based on these 

results, can be suggested that BAP may induce callogenesis only in combination with auxin, in 

our  case  2,4-D.  However,  2,4-D  when  used  individually  in  induction  medium,  succesfully 
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Figure 8: Occurence of spherical meristematic 

centres  on  the  arracacha  callus  surface 

(photo: author)



produced callus on explants.

The  frequency  of  callus  induction  in  other  variants  (C-H)  varied  from  64-100%  in 

dependence  on  BAP and 2,4-D concentrations  (Table  8).  The highest  percentage  (100%) of 

callus was observed in variant of medium F containing BAP and 2,4-D at concentrations 1 and 1 

mg.l-1,  respectively.  Combination  of  these  PGRs  was  found  out  highly  effective  for  callus 

formation  also  in  Juncus  effusus L.  (Xu  et  al., 2009),  Hypericum perforatum L.(Pretto  and 

Santarém, 2000), Smallanthus sonchifolius (Poepp. and Endl.) H. Robinson (Corrêa et al., 2009), 

Curcuma amada Roxb. (Raju  et al., 2013),  Clivia miniata Regel (Wang  et al., 2012a, 2012b), 

Dorem  ammoniacum D.  Don.  (Irvani  et  al., 2010),  Centella  asiatica L.  (Martin,  2004b; 

Paramageetham  et  al., 2004),  Foeniculum  vulgare Miller  (Maatar  and  Hunault,  1997), 

Eriophorum vaginatum L. (Rewers et al., 2012), and Aloe vera L. (Rathore et al., 2011).

Table 8: Effect of various concentrations of BAP and 2,4-D on callus                   

induction from petiole explants of arracacha

Treatment 2,4-D (mg.l-1) BAP (mg.l-1) callus  induction 
frequency (%)*

A 1 0

B 2 0

C 0.1 72.7

D 1 63.6

E 1 0.5 81.8

F 1 1 100

G 1 3 81.8

H 1 5 81.8

* frequency of callus induction was recorded after 4 weeks of culture

In this thesis, calli on petioles on the induction medium supplemented with 1 mg.l -1 of 

2,4-D were initiatied from 63.6%. These results correspond with study of Slíva et al. (2010), who 

reported as the best variant for induction of callogenesis  from petiole explants in  arracacha, 

medium supplemented with 1 mg.l-1 2,4-D, in which 70% of explants produced callus. Das et al. 

(2013) studied the effect of various concentrations of auxins 2,4-D, IBA and NAA on induction 

of  callus  in  Indian  valerian  (Valeriana  jatamansi Jones.).  They  found  out  the  best  callus 

induction frequency of petiole explants in medium with addition of 2,4-D (0.5 mg.l-1). At such a 

concentration 64.1% of explants involved in their experiments proliferated callus. As the second 

best result of callus induction frequency from petiole explants (62.7%), the variant of medium 
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supplemented  with  1  mg.l-1 2,4-D was  recorded.  Auxin  2,4-D was  considered  to  be  highly 

effective also in Pennisetum glaucum (L.) R. Br. (Jha et al., 2009).

Percentage of callus formation depends on the following factors: explant source (Tawfik 

and Noga, 2002; Dave and Batra, 1995; Irvani et al., 2010; Jha et al., 2009; Kallak et al., 1997), 

types and concentrations of cytokinins and auxins used (Anzidei et al., 2000; Tawfik and Noga, 

2002; Irvani et al., 2010; Kallak et al., 1997; Martin, 2004b), and plant genotype (Anzidei et al., 

2000; Bairu et al., 2008; Jha et al., 2009; Kallak et al., 1997; Pourhosseini et al., 2013).

All calli on every initiation medium had a tendency to brown after 3 weeks of culture. 

These calli were not removed. Despite browning they showed to be viable and capable of growth 

and shoot initiation. The browning of the culture that was also observed in other species from 

family Apiaceae (Irvani et al., 2010; Makunga et al., 2003; Martin, 2004a) may occur due to the 

activation of secondary metabolite synthesis (Irvani  et al., 2010; Martin, 2004a). Chand  et al. 

(1997)  prevented  the  browning  of  the  culture  by  the  shortening  of  the  interval  between 

subcultures into 15-17 days. In this study callus seemed to be active and proliferating even when 

left without subculturing for more than 70 days. This corresponds with study of Martin (2004a) 

who observed the growth of callus of medicinal plant  Eryngium foetidum L. (Apiaceae) even 

when it was maintained 80 days without subculturing.

5.2.2. Regeneration of in vitro plantlets

Plantlets started to regenerate from callus when replaced on media without PGRs. If the 

callus was subcultured on the medium with the same plant growth regulators, organized tissue 

also  appeared,  nevertheless  in  lower  frequency.  Medium  supplemented  with  the  lowest 

concentration of 2,4-D (0.1 mg.l-1) in comparison with other induction media showed the earliest 

regeneration  of  plantlets.  Callus  replaced  from this  induction  medium into  medium without 

PGRs started to regenerate shoots after 60 days of age, which was the first regeneration response 

in cultures. Moreover, it provided the greatest quantity of shoots and thus it proved to be the 

most effective. The difference compared to other treatments was statistically significant (Table 

9).  Satisfactory  response  was  observed  also  on  medium  supplemented  with  2,4-D  at 

concentration 1 mg.l-1. Callus on this medium started to differentiate onto organized tissue at 80 

days of culture, but regeneration of plantlets was in comparison with the treatment C (0.1 mg.l -1 

2,4-D) lower. The treatments of media combining concentrations of BAP and 2,4-D proved to be 

also capable of plantlets regeneration from callus, nevertheless organogenesis occured later and 

in lower frequency than in variants with 2,4-D alone. The fact that the regeneration of plants was 
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obtained with inclusion of a single plant growth regulator  does not correspod with study of 

Makunga et al. (2003) regarding micropropagation of Thapsia garganica L., who mentioned that 

the influence of one PGR could not support further development of plantlets. This hypothesis is 

also confirmed by study of Pretto and Santarém (2000), in which cultivation of explants in the 

presence  of  2,4-D did  not  result  in  callogenesis  of  Hypericum perforatum L.  leaf  explants. 

Nevertheless, preliminary paper of Slíva  et al. (2010) and present study confirm the fact, that 

indirect  organogenesis  in  presence  of  2,4-D alone  is  possible.  For  the  count  of  regenerated 

plantlets from calli of various induction media see Table 9.

Table 9: Effect of various concentrations of 2,4-D and BAP on shoot 

regeneration from petiole-derived calli of arracacha

Treatment PGRs  used  in  callus  initiation 
phase

Average  number of 
plants  per  callus 
(mean ± S.E.)*2,4-D (mg.l-1) BAP (mg.l-1)

C 0.1 14.13 ± 1.90d

D 1 11.22 ± 1.47c

E 1 0.5 7.11 ± 1.52ab

F 1 1 6.64 ± 1.23a

G 1 3 9.11 ± 1.2bc

H 1 5 7.43 ± 1.59ab

* Number of plants regenerated from the callus was recorded after 90 
days of culture
** In the same column, numbers followed by the same letter are not  
significantly different (Tukey test, p < 0.05)

To date, many studies regarding micropropagation of valuable taxa from family Apiaceae 

are available (i.e. Anzidei et al., 2000; Tawfik and Noga, 2002; Fiore et al., 2012; Grigoriadou 

and  Maloupa,  2008;  Hedrawati  et  al., 2012;  Irvani  et  al., 2010;  Makunga  et  al., 2003; 

Paramageetham et al., 2004). Nevertheless, systems of tissue-culture regeneration optimized for 

various species and genera from the Apiaceae family may not be applicable for all members of 

this group. This study regarding assessment of genetic stability of in vitro propagated arracacha 

follows the study of Slíva et al. (2010).

It is of essential importance that genotypes of plants propagated with help of  in vitro 

culture  remain  stable  and  the  most  crucial  requirement  in  such cultures  is  to  retain  genetic 

uniformity with respect to original plant genotype (Fiore  et al., 2012; Makunga  et al., 2003). 

Numerous reports describing the lack of genotypic and phenotypic uniformity among callus-
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derived plants exist (Aversano et al., 2011; Gao et al., 2010; Gesteira et al., 2002; Linacero et  

al., 2011; Pontaroli and Camadro, 2005; Rathore et al., 2011; Sharma et al., 2007).

The process of  in vitro gereneration of arracacha plants via indirect morphogenesis is 

provided on Figure 9.

The occurence of somaclonal variability was verified in following arracacha regenerants: 

2 accessions regenerated from callus induction medium supplemented with 0.1  mg.l-1 2,4-D, 1 

plant regenerated from callus cultivated on induction medium containing 3 mg.l-1 and 1 mg.l-1 of 

BAP and 2,4-D respectively and 4 regenerants obtained from induction medium supplemented 

with 5 mg.l-1 and 1 mg.l-1 of BAP and 2,4-D, respectively. Such a small number of regenerants 

was verified due to limitation of time available for the experiment. Results of genetic analysis of 

regenerants using molecular markers are provided in chapter 5.4.2..
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Figure 9: Regeneration of arracacha plantlets through intermediate callus phase. A- 

petiole-derived callus (60 days of culture), B - proliferating callus on medium lacking 

PGRs subcultured from induction medium supplemented with 0.1 mg.l-1 of 2,4-D, C - 

proliferating callus divided into smaller parts, D - mature arracacha plantlets (photo: 

author)



5.3. DNA extraction

There were no problems with DNA extraction from plant material using the  Invisorb® 

Spin  Plant  Mini  Kit.  Despite  the  small  amount  of  plant  material,  DNA  of  satisfactory 

concentration was extracted. The DNA was electrophoretically separated on an agarose gel to 

test its capability for using in further molecular analysis. All DNA samples showed to be suitable 

for further analysis (Figure 10)

In  various  apioid  species  DNA  extraction  was  mostly  done  with  help  of  Cetyl 

trimethylammonium bromide - CTAB (Bahmani  et al., 2012; Dogan  et al., 2010, Fiore  et al., 

2012). This method of DNA extraction is popular also in other species out of  Apiaceae family 

(Bhatia et al., 2011; Cuesta et al., 2010; Gao et al., 2010; Gesteira et al., 2002; He et al., 2011; 

Khoddamzadeh  et al., 2010; Kumar  et al., 2011; Mansilla  et al., 2006; Milella  et al., 2005; 

Milella et al., 2011; Ortega et al., 2007; Pissard et al., 2006, 2008a, 2008b). The popularity of 

this method is probably due to the cost, which is in comparison with commercial kits relatively 

low. Moreover this method can be modified considering the purpose for which DNA is extracted. 

On the contrary, this method is more time consuming than commercial kits (Čurn et al., 2008). 

The same method of DNA extraction was used in study of Blas et al. 2008 regarding diversity of 

wild arracacha species using AFLP markers. 

Despite the relatively high cost per sample in extraction methods using commercial kits, 

the DNA samples obtained from these methods are standard, reproducible, repeatable and easy to 

make  (Čurn  et  al., 2008).  These  methods  were  used  for  DNA extraction  in  many  species 

throughout the plant kingdom (Aversano  et al., 2011; Bennici  et al., 2004; Emshwiller  et al., 

2009; Fernández et al., 2002; Khatri et al., 2011; Lata et al., 2010; Linacero et al., 2011).
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Figure  10:  DNA  samples  screened  on  agarose  gel  to  verify 

suitability of DNA for further molecular analysis (photo: author)



5.4. ISSR analysis

5.4.1. Verification of genetic stability in plants propagated via direct organogenesis

First  step  of  ISSR  analysis  involved  the  verification  of  genetic  stability  in  plants 

propagated via direct organogenesis in order to exclude occurence of somaclonal variation before 

beginning of the indirect morphogenesis experiment.

The  amplified  DNA  products  were  screened  in  three  plants  obtained  via  direct 

organogenesis and compared with DNA template of control plant. A total of 10 ISSR primers 

were  screened,  out  of  which  9  ISSR  primers  produced  a  total  of  216  clear  distinct  and 

reproducible bands (Table 10). The amplified products were monomorphic throughout all the 

selected multiplicated plants and were similar to the control plant (Figure 11). The multiplication 

protocol adopted from Slíva et al. (2010) proved to be suitable for plants micropropagation and 

thus enough of genetically stable plant material was obtained for further experiments.
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Figure 11: Examples of monomorphic banding patterns of primers 'UBC 836' 

(on the left) and 'UBC 812' (on the right) screened to verify stability of plantlets 

multiplicated through direct organogenesis. bp: base pairs; L: 100bp DNA 

ladder; Co: control; M1-M3: plants multiplicated through direct organogenesis 

(photo: author)



Table 10: Scorable ISSR bands amplified by each of 9 selected primers screened to verify stability  

of plants multiplicated via direct organogenesis

Primers 
code

Primer 
sequence 

(5'-3')

Total number of 
bands amplified

Number of 
scorable 

bands per 
primer 
(total/ 

polymorphic)

Range of 
amplification 

(pb)

Approximate size 
of each band (bp)

'UBC810'
(GA)8T 32 8/0 350-1200

350, 580, 780, 
900,950, 1000, 

1160, 1210
'UBC812' (GA)8A 24 6/0 360-1000 360, 440, 500, 600, 

700, 1000
'UBC823' (TC)8C 16 4/0 290-580 290, 450, 500, 550
'UBC834'

(AG)8YT 48 12/0 200-1280

200, 280, 420, 460, 
480, 540, 700, 750, 

820, 1000, 1100, 
1280

'UBC836' (AG)8YA 24 6/0 480-1120 480, 520, 700, 850, 
950, 1140

'UBC841' (GA)8YC 28 7/0 200-1270 200, 280, 500, 620, 
720, 1000, 1270

'UBC843' (CT)8RA 8 2/0 1020-1200 1020, 1120
'UBC844' (CT)8RC 24 6/0 250-600 250, 300, 420, 500, 

600, 800
'UBC845' (CT)8RG 12 3/0 320-580 320, 500, 580

Total 216 - -

In literature, genetic stability/instability of plants propagated via direct organogenesis is 

assessed mainly by combination of two molecular marker techniques - ISSR and RAPD. Genetic 

fidelity of plants propagated via direct organogenesis have been proved using these two markers 

in following plant species: Gerbera jamesonii Bolus (Bhatia et al., 2011), Simmondsia chinensis 

(Link) Schneider (Kumar et al., 2011), Olea europaea L. (Leva and Petruccelli, 2012), Prunus 

dulcis (Mill.)  D. A. Webb. (Martins  et al., 2004),  Guadua angustifolia Kunth (Nadha  et al., 

2011), Withania somnifera (L.) Dunal (Nayak et al., 2013), Aloe vera L. (Rathore et al., 2011), 

Cordyline terminalis (L) Kunth. (Ray et al., 2006), Pongamia pinnata (L.) Pierre (Kesari et al., 

2012),  Zingiber  rubens Roxb (Mohanty  et  al., 2011a),  Aerides  vandarum Reichb.f  x  Vanda 

stangeana Reichb.f  (Kishor  and  Devi,  2009),  Eucalyptus  tereticornis Sm.  (Aggarwal  et  al., 

2010), Kaempferia galanga L. (Mohanty et al., 2011b), Dendrocalamus asper (Schult. & Schult. 

F.) Backer ex K. Heyne (Singh  et al., 2013). Nevertheless, some studies proving the genetic 

fidelity of plants propagated directly without intermediate callus phase using ISSR markers alone 

are  also  available  (Lata  et  al., 2010;  Negi  and  Saxena,  2011;  Piña-Escutia  et  al., 2010; 

Gangopadhyay et al., 2010; Bopana and Saxena, 2009).
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Although the genetic fidelity has been proved in most of species propagated by this way 

it is not a rule and some studies revealing somaclonal variability in plants propagated through 

direct organogenesis are also available (Bairu et al., 2006; Chandrika et al., 2008; Cuesta et al., 

2010; Guo et al., 2006a; He et al., 2011; Sharma et al., 2011). Somaclonal variability obtained 

with  multiplication  of  plants  through  direct  organogenesis  can  be  influenced  by  rate  of 

multiplication (the higher the rate of multiplication the higher the somaclonal variation), number 

of subcultures (age of culture) (Bairu et al., 2006; Skirvin et al., 1994), plant genotype (Sharma 

et  al., 2011; Skirvin  et al., 1994), concentrations of PGRs (Bairu  et al., 2006; Sharma  et al., 

2011; Skirvin  et al., 1994) and the number of initial explants, which means that with a large 

number  of  multiplication  cycles,  if  the  number  of  initial  explants  is  small,  the  final  rate  of 

variants in the population will be very high (Bairu et al., 2006; Skirvin et al., 1994).

5.4.2. Assessment of genetic variability in regenerants obtained via indirect 

morphogenesis

In this  thesis  amplified products  obtained by amplification of  DNA extracted from 7 

plants  regenerated  from  calli  cultivated  on  3  different  induction  media  (C  -  MS  medium 

supplemented with 0.1 mg.l-1 2,4-D; G - MS medium containing 3 mg.l-1 BAP, 1 mg.l-1 2,4-D; H 

- MS medium supplemented with 5 mg.l-1 BAP and 1 mg.l-1 2,4-D ) and the donor DNA template 

were  screened  with  aim  to  detect  the  genetic  variability/stability  in  plants  propagated  via 

intermediate  callus  phase.  Out  of  10  ISSR  primers  screened,  9  generated  418  amplified 

fragments  of  which  6  (1.4%)  were  polymorphic  (Table  11).  The  average  number  of  bands 

generated by each primer was 6 (range from 2 to 13) and the size of fragments ranged from 200 

to 1,280 bp. The highest number of bands (13) was generated by primer 'UBC834', the lowest (2) 

by primer 'UBC843'. In four of 9 ISSR primers ('UBC 812', 'UBC 823', 'UBC 844', 'UBC 845') 

monomorphic profiles were detected (Figure 12). 
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Table 11: Total number of amplified bands and number of polymorphic fragments generated by PCR 

using 9 selected ISSR primers in 7 plants regenerated from 3 types of callus-induction media and 1  

control plant.

Primer 
code

Total 
number 
of bands 
amplified

Number 
of 

scorable 
bands 

per 
primer

No. and 
frequency of 
polymorphic 

bands per 
primer

Polymorphic 
regenerants

Loss of 
original 

band

Novel 
band

No. 
singleton

Range of 
amplification 

(pb)

'UBC810' 61 8 2 (25%) C1, G1, H4 2 1 350-1,200
'UBC812' 48 6 0 360-1,000
'UBC823' 32 4 0 290-580
'UBC834' 96 13 2 (15.4%) C2, G1 1 1 2 200-1,280
'UBC836' 48 6 0 480-1,120
'UBC841' 48 6 2 (33.3%) G1 1 1 2 200-1,270
'UBC843' 16 2 0 1,020-1,120
'UBC844' 48 6 0 250-800
'UBC845' 21 3 0 320-580

Total 418 54 6 (11.1%) - 4 2 5

Three out of 9 ISSR primers (33.3%) revealed some polymorphism among regenerated 

plants  and  control  plant.  The  highest  frequency of  polymorphism (33.3%)  was  detected  by 

primer  'UBC841',  however  this  variation  occured  in  one  regenerant  only.  Primer  'UBC810' 

showed to be the most efficient in revealing of polymorphism among plants. Using this primer 

polymorphism  was  revealed  in  all  types  of  regenerants  (Figure  13).  Also  in  other  studies 

regarding assessment of somaclonal variation obtained via in vitro culture this primer proved to 

be effective in polymorphism revelation (Bahmani et al., 2012;Guo et al., 2006b; Khatri et al., 

2011; Yuan et al., 2009). On the contrary Bortlová (2012) screened the set of 4 ISSR primers in 

order  to  detect  genetic  stability/instability of  Smallanthus  sonchifolius plantlets  obtained via 

indirect embryogenesis. She detected no polymorphic bands with primer 'UBC810'. Nevertheless 

the two other primers ('UBC834' and 'UBC841') generated some polymorphic bands as in the 

present study.
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Polymorphism was detected in regenerants from all types of media used for induction of 

callus.  The  distribution  of  variation  among  the  regenerated  plants  was  uneven  and  only  1 

regenerated plant (from callus cultivated on the induction medium supplemented with 3 mg.l -1 

BAP and 1 mg.l-1  2,4-D) accumulated 57.1% of the variation observed. The rest of plants (2 

regenerated from the callus cultivated on media supplemented with 0.1 mg.l -1 2,4-D and 1 plant 

regenerated from the callus induced on media supplemented with 5 mg.l-1 BAP and 1 mg.l-1 2,4-

D)  revealing  some  somaclonal  variability  were  always  variable  in  one  single  band,  which 

represents 14.3% of the all variations detected. From the studied plants 57.1% revealed at least 

one variation when compared with control plant. The polymorphism included as the gain of a 

novel bands as the absence of some fragments and some of them were even singletons that is 

variant band present or absent in a single regenerant for a given primer (Gao et al., 2010) (Table 

12).  The  average  proportion  of  shared  ISSR  fragments  was  higher  than  97.7% among  the 

regenerated plantlets and the control plant.
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Figure  12:  Example  of  monomorphic  pattern  screened  in 

primer 'UBC812'. bp: base pairs; L: 100bp DNA ladder; Co: 

control; C1-H4 regenerants (photo: author)



Many studies regarding genetic stability of plants regenerated via callus confirming the 

actuality that plants originating from undifferentiated tissue (callus) are more prone to genomic 

alterations  than  plants  regenerated  directly  without  intermediate  callus  phase,  are  available 

(Bublyk  et al., 2012; Gao  et al., 2010; Guo  et al., 2006b; Hu  et al., 2011; Kuznetsova  et al., 

2005, 2006; Linacero  et al., 2011; Peredo et al., 2006; Polanco and Ruiz, 2002; Pontaroli and 

Camadro, 2005; Sharma  et al., 2007; Siragusa  et al., 2007; Wang  et al., 2012a; Yuan  et al., 

2009). The occurrence and frequency of somaclonal variation in undifferentiated plant tissue 

cultures depends on following factors: plant genotype (Chawla, 2002; Kuznetsova et al., 2006; 

Sharma et al., 2011; Skirvin et al., 2004), source of explant (Chawla, 2002; Cuesta et al., 2010; 

Khatri et al., 2011; Sharma et al., 2007; Skirvin et al., 2004; Wang et al., 2012b), duration of cell 

culture (Chawla, 2002; Kuznetsova et al., 2005, 2006; Skirvin et al., 2004; Wang et al., 2012b) 

and conditions of culture cultivation (Chawla, 2002; Skirvin et al., 2004; Siragusa et al., 2007).

As the somaclonal variation of any kind is undesirable in a micropropagation programs 

(Bairu et al., 2011; Karp, 1994; Sahijram et al., 2003; Sharma et al., 2007) it can on the other 
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Figure 13: Polymorphic profile using primer 'UBC810', detecting polymorphism 

in all types of regenerants. Black arrows show loss of original bands; bp: base 

pairs; L: 100 bp ladder; Co: control plant; C1-H4: regenerants (photo: author)



hand serve as a valuable source of new desirable traits (Bairu et al., 2011; Karp, 1994; Sahijram 

et al., 2003). Somaclonal variation is promissing source of desirable traits mainly in plant species 

with limited breeding approaches, such as assexually propagated species have (Karp, 1994). As a 

greatest contribution of somaclonal variation towards plant improvement development of disease 

resistant crops is considered (Chawla, 2002; Sahijram et al., 2003). Moreover it can be utilized in 

breeding programes involving selection of insect, herbicid and abiotic stress resistant plants and 

improvement of quality or quantity of yield. Nevertheless there are many issues associated with 

application  of  somaclonal  variation,  such  as  uncontrollable  and  unpredictable  nature  of 

variations, which can be moreover without apparent use (Chawla, 2002).

ISSR  proved  to  be  an  efficient  method  for  identification  of  somaclonal  variation  in 

Arracacia xanthorrhiza plants regenerated from calli cultivated on various induction media. 

The  ISSR  marker  has  been  previously  successfully  employed  to  measure  genetic 

stability/instability in many species accross the plant kingdom. At least small variability of plants 

propagated via intermediate callus phase have been proved using this marker in following plant 

species:  Codonopsis lanceolata Benth. et Hook. f. (Guo et al., 2006b),  Amorphophallus rivieri 

Durieu (Hu et al., 2011), Secale cereale L. (Linacero et al., 2011), Aloe vera L. (Rathore et al., 

2011), Lycopersicon hirsutum f.  typicum and Lycopersicon chilense Dunal. (Rzepka-Plevneš et  

al., 2010),  Citrus madurensis Lour.  (Siragusa  et al., 2007),  Camellia sinensis (L.)  O Kuntze 

(Thomas  et al., 2006),  Cymbopogon pendulus (Nees ex Steud.) Will. Watson (Bhattacharya  et  

al., 2010), Gentiana straminea Maxim (He et al., 2011), Hydrangea macrophylla (Thunb.) Ser. 

(Liu et al., 2011), Clivia miniata Regel (Wang et al., 2012a). Genetic stability in such propagated 

plants using ISSR technique was revealed in Habenaria edgeworthii Hook. f. ex. Collett (Giri et  

al., 2012), Rhinacanthus nasutus (L.) Kurz. (Cheruvathur et al., 2012) and Psidium guajava L. 

(Rai et al., 2012).

Leroy et al. (2012) assessed the suitability of ISSR markers to detect genetic variations 

induced by tissue culture. Their results proved that ISSR marker is a fast and efficient technique 

in the evaluation of somaclonal variations. ISSRs require small amount of DNA, generate a high 

number of markers and are highly reproducible, which make them a candidate of choice in the 

study of plant genome stability/variability (Leroy  et al., 2012). Moreover, ISSR markers offer 

other  advantages  in  the  detection  of  the  somaclonal  variation  notably,  a  high  degree  of 

sensitivity,  reproducibility,  and  the  dominant  representation  of  polymorphic  genetic  alleles 

(Huang  et al., 2009). McGregor  et al. (2000) tested the value of the RAPD, SSR, AFLP and 

ISSR  in  ability  to  distinguish  potato  cultivars.  Their  results  confirmed  that  the  problems 

experienced with reproducibility plus the lower informativeness compared to the multi-locus 
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SSR and AFLP systems limits  the  use  of  RAPD and ISSR markers  in  DNA fingerprinting. 

Nevertheless  they  will  remain  useful  where  costs  exclude  the  use  of  AFLPs  and  SSRs 

(McGregor et al., 2000).
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6. Conclusion

The plants  of  Arracacia  xanthorrhiza were  successfully  multiplicated  and  callus  was 

initiated from the petiole segments on the MS media containing various concentrations of BAP 

and 2,4-D. On media supplemented with BAP alone, no callogenic responses were observed. 

Nevertheless, on other media supplemented with combinations of BAP and 2,4-D or 2,4-D alone, 

callus occured.

From  the  calli  cultivated  on  various  induction  media  plants  were  regenerated.  MS 

medium supplemented with 0,1 mg.l-1 2,4-D proved to be the best for plantlets regeneration from 

the callus. Plantlets started to proliferate when replaced on medium free of PGRs. Regenerants 

were obtained from calli cultivated on all 6 types of callus-forming induction media (C-H).

Genetic stability was verified in 3 plants multiplicated via direct organogenesis in order 

to exclude occurrence of somaclonal variation before beginning of the experiment. The amplified 

products from 9 ISSR primers were monomorphic accross the multiplicated plants and were 

identical to the control plant.

Somaclonal  variation  was  assessed  in  plants  obtained  via  indirect  morphogenesis. 

Amplified products obtained by amplification of DNA extracted from 7 plants regenerated from 

calli  cultivated on 3 different induction media (C, G, H) and the donor DNA template were 

screened. Out of 10 ISSR primers screened, 9 generated 418 amplified fragments of which 6 

(1.4%) were polymorphic. Polymorphism was detected in all regenerants regardless the type of 

media used for induction of callus. Four from 7 analyzed regenerants were variable at least in 

one band.

Propagation via intermediate  callus phase induces in  arracacha  somaclonal  variation, 

thus  the  propagation  directly  without  intermediate  callus  phase  is  recommended  when  is 

necessary  to  obtain  true-to-type  plants.  Nevertheless,  the  somaclonal  variability  in  plants 

regenerated  through  indirect  morphogenesis  can  be  used  in  plant  breeding  to  obtain  new 

genotypes  with  valuable  qualitative  or  quantitative  traits.  Especially  in  arracacha,  where 

reproductive capacity is reduced due to rare flowering and low production of seeds, classical 

breeding  methods  may  be  replaced  by  biotechnological  techniques,  such  as  induction  of 

somaclonal variation.
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