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INDUCTION AND APPLICATION OF DIHAPLOIDS OF POTATO
(SOLANUM TUBEROSUM L.) 

ABSTRACT

The breed ing work with com mon po tato as a tetraploid crop is com pli cated. Re duc ing the tetraploid chro mo -
some num ber to the dip loid one, makes the re search and breed ing sim pler, be cause tetrasomic in her i tance is re -
placed with disomic. Dihaploids of S. tuberosum crossable to var i ous dip loid Solanum spe cies give also pos si bil ity 
for di rect gene trans fer from the wild and prim i tive cul ti vated Solanum spe cies to the S. tuberosum back ground. In
this way the gene pool of com mon po tato is im proved and en riched, but there are also dis ad van tages con nected
with us ing of dihaploids and it is nec es sary to change the ploidy level back to the tetraploid one in or der to pro duce
a cultivar. In spite of that, dihaploids were uti lized in sev eral po tato breed ing programmes con ducted in Eu rope
and USA. Dihaploids con trib uted to many modern potato cultivars, facilitating genetic works. 
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INTRODUCTION

The dihaploids of Solanum tuberosum subsp. tuberosum be long to hap loid
plants. The hap loids are plants with gametophytic chro mo some num ber of 
sporophyte. Hap loids, which are euhaploids, are di vided into two groups: 1) mono -
ploids (monohaploids) with half of chro mo somes num ber of dip loid spe cies; 2)
polyhaploids with half of chro mo somes num ber of polyploid spe cies. For ex am ple
po tato dihaploids (2n=2x=24) are de rived from tetraploid Solanum tuberosum spe -
cies (2n=4x=48). Among polyhaploids five types of aneuhaploids are dis tin -
guished. Hap loid plants can be used in ge netic and  tax o nomic stud ies and
breed ing.

Com mon po tato (Solanum tuberosum L. subsp. tuberosum) is one of the world’s
most im por tant crops. This spe cies is tetraploid and highly het ero zy gous, which
com pli cates its breed ing and re search. By re duc ing the tetraploid chro mo some
num ber (4x=48) to the dip loid num ber (2x=24) the prob lem of tetrasomic in her i -
tance is omit ted. Re search and breed ing be come sim pler in a disomic sys tem
(Chase 1963).
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Dihaploid po tato plants were pro duced on a large scale via 4x x 2x crosses, where 
S. phureja clones were pollinators (Hougas and Peloquin 1958, Hermsen and
Verdenius 1973). Pol li na tion of tetraploid po ta toes with pol len of spe cific dip loid
S. phureja clones in duces the de vel op ment of un fer til ized ovules into a hap loid em -
bryo and seed by par the no gen e sis (Hermsen and Verdenius 1973, Samitsu and
Hosaka 2002). The de vel op ment of fer til ized ovules also can oc cur and then elim i -
na tion of chro mo somes be long ing to the pollinator is ob served (Clulow et al. 1991,
Misoo et al. 1997). The sec ond method of dihaploid pro duc tion is an in vi tro an ther
cul ture (Rokka et al. 1996a).

The first re port on a hap loid plant found was given by Blakeslee et al. (1922) de -
scrib ing a Datura stramonium plant, which had 12 chro mo somes and was ob tained
af ter cold treat ment of 24 chro mo some dip loid plants. In S. tuberosum the first
dihaploid form pro duced was re ported by Ivanovskaja (1939). 

 Peloquin with co-work ers  in 50s have ini ti ated po tato dihaploid pro duc tion on
a large scale by 4x × 2x interploid crosses with S. phureja pol li na tion of tetraploid
cultivars and have started us ing them widely in re search (Hougas and Peloquin
1958). They ini ti ated the ap pli ca tion of dihaploids by breed ers also in Eu rope. In
de vel oped schemes of po tato an a lyt i cal breed ing dihaploids were taken into con -
sid er ation in breed ing cultivars. Dihaploids have given new pos si bil i ties for ge -
netic re search. 

Apart from dihaploids of  S. tuberosum subsp. tuberosum in the ge nus Solanum
hap loid plants were ob tained from other tetraploid spe cies like S. polytrichon
(Marks 1955, Singsit and Hanneman Jr 1987), S. tuberosum subsp. andigena
(Landeo and Hanneman Jr 1982), S. fendleri, S. hjertingii, S. papita, S.
stoloniferum (Singsit and Hanneman Jr 1987), S. acaule (Rokka et al. 1998a) and
from hexaploid S. demissum (Bains and Howard 1950, Dodds 1950).

METHODS OF PRODUCTION OF DIHAPLOIDS

The pro duc tion of dihaploid plants from com mon po tato is the first step in
a breed ing or re search pro gram, which ex ploits dihaploids. There are two meth ods
for in duc tion of dihaploids, the first via 4x x 2x mat ings and the sec ond one via an -
ther cul ture.

Dur ing the de vel op ment of the first tech nique many dip loid spe cies were tested
as pol len do nors to ob tain dihaploids. The first dihaploid plant from S. tuberosum
(cv. Au rora) was ob tained by Ivanovskaja (1939) us ing pol li na tion with S. rybinii
as an in duc tor of the un fer til ized ovule de vel op ment. Hougas and Peloquin (1957)
also used S. rybinii pol len to pro duce dihaploid plant from cv. Katahdin. Later,
other dip loid spe cies were used as pol len do nors with some suc cess: S. vernei and
S. megistacrolobum (Jakubiec 1964), S. kesselbrenneri, S. stenotomum, S.
macmillanii and S. phureja (Budin 1969), S. stenotomum (Buketova 1970,
Buketova and Yashina 1971), S. goniocalyx and S. canasense (Budin and Broksh
1972) and S. tarijense (Carroll and Low 1976). 

The most ef fi cient pollinators, with high abil ity of dihaploid in duc tion, are dip -
loid S. phureja clones. Well-known se lected hap loid-in duc tor clones are PI 225
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682.1.1, PI 225 682.1.13, PI 225 682.1.22 (Peloquin and Hougas 1959, Frandsen
1967) and IvP 35, IvP 48, IvP 101 (Hermsen and Verdenius 1973, Hutten 1994).

Pol li na tion of tetraploid po ta toes with spe cific dip loid S. phureja clones or with
other dip loid spe cies can re sult in two dif fer ent ways of dihaploid in duc tion. Par -
the no gen e sis is the first of mech a nisms, based on hap loid em bryos and sub se -
quently seeds arised from un fer til ized egg cells of the tetraploid par ent (Hermsen
and Verdenius 1973, Samitsu and Hosaka 2002). In this way euhaploids and
aneuhaploids can be formed (Hermsen et al. 1970, Samitsu and Hosaka 2002). For -
ma tion of aneuhaploids is caused by chro mo somal ir reg u lar i ties dur ing mei o sis in
autotetraploids (Hermsen 1969). The fre quency of aneuploids pro duced de pends
on ge no type (Hermsen et al. 1970). Study of Samitsu and Hosaka (2002) strongly
sup ported the par the no gen e sis method as a hap loid in duc tion mech a nism. Ac cord -
ing to Hermsen and Verdenius (1973), Rowe (1974) and Samitsu and Hosaka
(2002) the dip loid pollinator did not con trib ute any ge netic in for ma tion to the
dihaploid prog eny de vel oped by par the no gen e sis. 

Clulow et al. (1991, 1992) ex plained the al ter na tive mech a nism of dihaploid for -
ma tion. Dihaploids could be de vel oped from fer til ized egg cells by a pro cess of S.
phureja chro mo some elim i na tion in de vel op ing zy gotes. Dihaploid plants ob tained 
in this way were aneusomatic. Most of the cells had 24 chro mo somes of S.
tuberosum par ent, but some cells con tained ad di tional chro mo somes (1, 2 or 12)
from the S. phureja pollinator. Genes of S. phureja were ex pressed in the leaves and 
tu bers of aneusomatic plants. Misoo et al. (1997) found S. phureja spe cific frag -
ments with RAPD mark ers in euploid and aneusomatic clones of cv. Chijiwa ob -
tained by pol li na tion with S. phureja. Aneusomatic dihaploids with rel a tively small 
pro por tion (1-15%) of cells con tain ing ad di tional S. phureja chro mo somes did not
ex press leaf isozyme mark ers or patatin bands char ac ter is tic for the pollinator or
showed its weak ex pres sion only. How ever, those dihaploids with a high pro por -
tion of cells con tain ing ad di tional chro mo somes (50-55%) showed strong ex pres -
sion of S. phureja genes (Clulow et al. 1993). Clulow et al. (1993) found
a dihaploid plant, which was euploid (2n=24) and ex pressed S. phureja mark ers,
what was ex plained by oc cur rence of re com bi na tion or chro mo some sub sti tu tion
be tween the ge nome of S. phureja and S. tuberosum. Straadt and Ras mus sen (2003) 
ana lysed S. phureja DNA introgression into po tato dihaploids ob tained us ing three
pollinators EC90, IVP48 and IVP101. They found S. phureja IVP101 as an ex cel -
lent pollinator in the pro duc tion of S. tuberosum dihaploids be cause no
introgression of S. phureja DNA into the dihaploids was ev i denced. The mor phol -
ogy of aneusomatic dihaploids, which ex pressed S. phureja mark ers, was much
closer to S. tuberosum than to S. phureja (Allainguillaume et al. 1997).

In the prog eny of 4x × 2x crosses tetraploid, triploid and dihaploid in di vid u als are 
formed. The tetraploid and triploid plants are hy brids re sult ing from the fer til iza -
tion of egg cells by unreduced or re duced pol len grains from pollinator, re spec -
tively. Usu ally, the trip loids oc curred very rarely (van Suchtelen 1966, 1976,
Hanneman and Peloquin 1967, Frandsen 1967). This phe nom e non was de scribed
as semi-le thal “triploid block” (Marks 1966). The ma jor ity of the prog eny from 4x
× 2x crosses were tetraploid hy brids. It was caused by the high num ber of 2n pol len
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grains formed by S. phureja (Höglund 1970). The num ber of pro duced dihaploids
was usu ally very small (Nitzche and Wenzel 1977). 

Gen er ally, the in flu ence of the pollinator and tetraploid par ents on the fre quency
of dihaploid prog eny from interploid crosses was found by sev eral au thors (Hougas 
et al. 1964, Jakubiec 1964, 1967, Frandsen 1967, Werner 1970, Hermsen and
Verdenius 1973, Hutten 1994). How ever, von Breukelen (1981) showed lack of the 
in ter ac tion be tween pollinator and seed par ent on the fre quency of dihaploids
produced.

Grow ing con di tions of pa ren tal plants can af fect in di rectly dihaploid pro duc tion. 
Wöhrmann (1964) and von Breukelen (1981) found that low tem per a ture had
a pos i tive in flu ence on dihaploid for ma tion. Peloquin and Hougas (1959) tried to
in crease the ef fi ciency of pro duc ing dihaploids in 4x × 2x crosses by de cap i ta tion
of the pis til late S. tuberosum par ent. This method in creased fruit setting 5 to 10
times.

An al ter na tive way to pro duce dihaploids is the an ther cul ture (androgenesis).
The first de scrip tion of this tech nique for the pro duc tion of em bryos from an thers
and then plantlets was done by Guha and Maheshwari (1964) for Datura innoxia.
This method was de vel oped for dif fer ent im por tant crops, among them for po tato.
First po tato dihaploids ob tained via an ther cul ture were re ported by Dunwell and
Suderland (1973) and Irikura (1975).

The com bi na tion of ge no types and an ther age was more im por tant for suc cess ful
androgenesis, than the com po si tion of the me dium and cul ture con di tions (Mix
1983). How ever Johansson (1986) pre sented that the embryogenesis in an ther cul -
tures of S. tuberosum could be in creased by treat ment of do nor plants
(N,N-dimethylsuccinamic acid), pre-treat ment of buds (low tem per a ture) or ma -
nip u la tion of the cul ture me dia (ad di tion of L-cystein-HCL). Irikura (1975) found
an im por tant role of the in ter ac tion be tween the ex og e nous growth reg u la tors and
the type of basal me dia played in this tech nique. Rokka et al. (1996a) first es ti -
mated androgenic ca pac ity for many com mer cially im por tant cultivars.

The method of hap loid pro duc tion by an ther cul ture is more la bo ri ous than 4x x
2x crosses (Ross 1986), but very ef fi cient for tu ber-bear ing Solanum spe cies
(Irikura 1975, Veilleux 1999). With this method dihaploid clones pro duc ing 2n ga -
metes in com bi na tion with good tu ber yield and tu ber ap pear ance were ob tained
from tetraploids (Wang and Ran 2000).

IDENTIFICATION OF DIHAPLOID PLANTS

Among the prog eny de rived from pol li na tion of tetraploid form with a hap -
loid-in duc tor iden ti fi ca tion of dihaploid plants is nec es sary since tetraploids and
trip loids also oc cur. Some pollinators pos sess em bryo spot, which is a use ful
seed-marker (Peloquin and Hougas 1959, Hermsen and Verdenius 1973). Em bryo
spot is a deep pur ple or red dish col or ation at the base of the cot y le dons of the em -
bryo, vis i ble through the seed coat. Spot ted seeds ger mi nate into plants show ing
col oured rings or bands at the base of plant or gans like: leaves and leaf lets, scale
leaves of sto lons, tu ber eye-brows and flo ral abscission lay ers. The genes in volved
in red em bryo spot determination, have a pleiotropic effect.
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Ac cord ing to Dodds (1955) the anthocyanins of dip loid po tato are con trolled by
at least two in de pend ent, com ple men tary, dom i nant genes with a pleiotropic ac -
tion. P gene con trols anthocyanin for ma tion, Bd gene causes the dis tri bu tion of pig -
ment at the plant parts. Anthocyanin spots on the em bryo help to iden tify in early
stage and on large scale, seeds giv ing dihaploid plants. Seeds with out em bryo spot
are se lected as con tain ing hap loid em bryos.  Dihaploids are mor pho log i cally di -
verse and have some char ac ter is tic mor pho log i cal fea tures, for ex am ple nar row
leaves, which can be em ployed to iden tify them. Num ber of chloroplasts per guard
cell of stomata and size of pol len grains can be also used to dis tin guish dihaploid
plants among tested prog eny (Frandsen 1967, 1968). Size of periderm cells can be
a good ploidy in di ca tor as well (De Maine 1998). Clones with mean size of
periderm cells not greater than 60% of the par ent’s cell size could be clas si fied as
dihaploids. The fi nal proof of dihaploidity is chromosome count in cells of root
tips. 

DESCRIPTION OF THE S. TUBEROSUM DIHAPLOIDS

Dihaploid plants dif fer in some traits from their tetraploid par ents. Gen er ally,
pri mary dihaploids had re duced vig our and tu ber yield (Hermundstand and
Peloquin 1985, Tiemann and Pe ter 1998), smaller leaves and more leaves per stem
(Frandsen 1967), smaller num ber of chloroplasts in the guard cells of the stomata
(Rothacker et al. 1966) in com par i son to their tetraploid par ents. Some dihaploid
plants were weak, chlorotic and did not ini ti ate tu bers (Peloquin and Hougas 1960,
van Suchtelen 1966, Hutten 1994). Vari abil ity among dihaploids de rived from the
same tetraploid form was ob served. Ob ser va tions were made for dihaploids of cv.
Katahdin (Peloquin and Hougas 1960) and cv. Chippewa (Matsubayashi 1979).
Many work ers de scribed vari abil ity in re spect of some char ac ters among dihaploid
plants pro duced from dif fer ent tetraploid par ents (Jakubiec 1964, 1967, van
Suchtelen 1966, Frandsen 1967, Yerk and Peloquin 1989, Tiemann and Pe ter 1998, 
Hutten 1994). 

Most of dihaploids had re duced fer til ity or were ster ile par tic u larly on the male
side and their flow er ing was poor or even lack ing (van Suchtelen 1966, Carroll and
Low 1975, 1976, Hutten 1994). Gorea (1970) ex am ined both male and fe male fer -
til ity of dihaploids and found that fe male fer til ity was good. He also no ticed good
abun dant flow er ing of those dihaploids. The usual low fer til ity of pri mary
dihaploids can in crease af ter dihaploid intercrosses (De Maine 1997). Capo et al.
(2001) found that male ste ril ity de pended on post mei otic ab nor mal i ties or on
desynapsis. In the desynaptic clone only 2n pol len grains were fer tile. Two
dihaploids pro duced 2n pol len grains and three clones pro duced 2n egg cells in
Capo’s et al. (2001) stud ies. 

In dihaploids fol low ing mei otic ab nor mal i ties were found: univalents at
metaphase I, anom a lous ori en ta tion of spin dles at metaphase II, lag ging chro mo -
somes, frag ments and bridges at anaphase I and metaphase II, dyads and tri ads
(Dinu et al. 1999) and dif fer ent shapes of bi va lents (Sosa and Hernandez De Sosa
1971). 
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ADVANTAGES AND DISADVANTAGES OF USING DIHAPLOIDS

The breed ing of the mod ern po tato cultivars is very dif fi cult be cause of ne ces sity
of com bin ing a lot of traits in one ge no type. Us ing of dihaploids of S. tuberosum of -
fer a method, which can make breed ing and re search work eas ier, and many re -
searches point it out (Hougas and Peloquin 1958, 1960a, Chase 1963, Rowe 1967,
Howard 1970, Œwie¿yñski 1980, Œwie¿yñski et al. 1985, Zimnoch-Guzowska
2003).

Hougas and Peloquin (1958) em pha sized two ma jor ad van tages of S. tuberosum
dihaploids use: 1. di rect gene trans fer from wild and prim i tive cul ti vated dip loid
Solanum spe cies to back ground of S. tuberosum, 2. disomic in stead of tetrasomic
in her i tance of char ac ters. Œwie¿yñski (1980) and Œwie¿yñski et al. (1985) pointed
out that ob tain ing ho mo zy gous forms is eas ier with use of dihaploids. The fre -
quency of in di vid u als with de sired al lele com bi na tion is higher in com par i son with
the fre quency of such hy brids in tetraploid prog eny. 

Most tu ber-bear ing wild Solanum spe cies are dip loid. They are a big gene res er -
voir of traits de sir able in the cul ti vated tetraploid germplasm. Most of them can be
crossed rel a tively easy with dihaploids (Hougas and Peloquin 1960b) giv ing prog -
eny with high flow er ing in ten sity and good male fer til ity (Werner 1970, Tiemann
1993) able to pro duce 2n ga metes (Hermundstad and Peloquin 1985). Hy brids ob -
tained this way had good vig our and nor mal growth (Hougas and Peloquin 1960b,
Sawicka 1976).

The com bi na tion and se lec tion of de sir able char ac ters at the tetraploid level are
much more la bo ri ous and re quire larger size of prog eny than at the dip loid level.
So, the re duc tion of tetraploid level to dip loid one fa cil i tates po tato breed ing and
re search. 

Part of dihaploids were of great im por tance in breed ing, how ever
Zimnoch-Guzowska (2003) listed dis ad van tages con nected with uti liz ing them in
breed ing. Haploidization can cause in breed ing, which is man i fested in some un de -
sired traits. The ger mi na tion rate of dihaploid seeds was low, at about 50% (Neele
and Louwes 1986) and some seed lings were weak and de formed (Caligari et al.
1988). On av er age about 60% of dihaploids formed tu bers (Hutten 1994) and most
of them had re duced flow er ing and fer til ity (van Suchtelen 1966, Corroll and Low
1975, 1976).

APPLYING OF DIHAPLOIDS IN POTATO BREEDING

Us ing of dihaploids is one of pos si ble method in po tato breed ing (Chase 1963).
He out lined a hy po thet i cal breed ing scheme to show how ma nip u la tion of the
ploidy level may be use ful in po tato breed ing programme. This scheme, called an a -
lytic breed ing, con tains three fol low ing steps: 1. re duc tion from the tetraploid po -
tato to dip loid lines via par the no gen e sis, 2. in ten sive breed ing and se lec tion at the
dip loid level, 3. re cov ery of the tetraploid level and fur ther se lec tion. 

Dihaploids re flect the ga metic sam ple of their tetraploid par ent, so they can be
help ful in es ti mat ing the breed ing po ten tial of that par ent. How ever, Neele (1991)
found that this method had some lim i ta tions. 
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Pri mary dihaploids (ob tained di rectly from tetraploids) can pos sess re sis tance
and qual i ta tive de sir able traits of tetraploid ini tial ma te rial. The dihaploid clones
were do nors of re sis tance to Synchytrium endobioticum (Werner 1970), to Phy -
toph thora infestans and Globodera pallida (De Maine 1978). Dihaploids se lected
by Tiemann (1996) were good for chips pro duc tion and French fries pro cess ing.
Pietilä et al. (1996) se lected dihaploids with high tu ber yield and with the high
starch content.

Many hy brids with de sir able, out stand ing traits ob tained by cross ing dihaploids
with dip loid spe cies were in tro duced into breed ing ma te ri als. Hy brids with good
ag ro nomic and pro cess ing traits were se lected from crosses with S. sparsipilum,
S. berthaultii, S. bukasovii, S. phureja, S. vernei, S. kurtzianum, S. gourlayi and
S. famatinae (Tiemann 1993, 1996, Serquen and Peloquin 1996). From S.
sanctae-rosae the tol er ance to frost was trans ferred to S. tuberosum back ground
(Tucci et al. 1996). S. canasense, S. multidissectum and S. tarijense spe cies gave
the re sis tance to black leg and tu ber soft rot (Frusciante et al. 1996, Carputo et al.
1997, 1999). Werner (1970) re ported clones re sis tant to G. rostochiensis ob tained
from cross ing dihaploid with S. vernei. Barchend and Pe ter (1998) de scribed two
dihaploid trans gen ic po tato lines car ry ing the re sis tance gene to PVY, which had
very low rates of infection in the field conditions. 

Pri mary dihaploids or hy brids be tween dihaploids and dip loid spe cies pro duced
2n ga metes were crossed with tetraploids. Ob tained tetraploid ge no types had good
tu ber char ac ter is tics and high tu ber yield (Carputo et al. 1999, Concilio and
Peloquin 1987). Kleinhempel and Tiemann (1987) se lected tetraploids com bin ing
high tu ber yield and low dis col our ation of tu ber flesh af ter cook ing with the re sis -
tance to vi ruses and to G. rostochiensis.

Some po tato cultivars have dihaploid clones in their ped i gree. Tiemann and Pe ter 
(1998) re ported on four cultivars Tewadi, Agave, Rasant and Livera de vel oped by
uti li za tion of dihaploids. Two cultivars Yu kon Gold (Johnston and Rowberry
1981) and Krantz (Lauer et al. 1988) were de rived from dihaploids of cv. Katahdin. 

At the be gin ning of 70s in the Plant Breed ing Sta tion, Mielno, Po land dihaploid
and dip loid forms were used in a breed ing programme (Dudek 1976). Among hy -
brids ob tained from mat ing dihaploids with dip loids, clones tol er ant to drought and
highly yield ing on sandy soils were se lected. Ta ble cultivar Ibis (reg is tered in
1987) was the first Pol ish cultivar hav ing in ped i gree dihaploid of S. tuberosum,
which was a bridge clone for wild spe cies S. spegazzini (Dudek 1988). Two ta ble
cultivars Lena (from The Plant Breed ing Sta tion, Mielno, reg is tered in 1991) and
Cykada (from The Plant Breed ing Sta tion, P³ochocin, reg is tered in 1998) were the
next Pol ish cultivars with dihaploids in their or i gin, be ing a bridge form for wild
spe cies S. polyadenium. 

In the In sti tute of Ge net ics and Cy tol ogy in Miñsk, Belarus a breed ing
programme us ing dihaploid clones has been  de vel oped (Yermishin 2000). They
have in tended to es tab lish a col lec tion of dihaploids of cultivars as do nors of qual i -
ta tive traits. 

In the M³ochów Re search Cen ter of IHAR (for mer In sti tute for Po tato Re search)
breed ing on dip loid level has been con ducted since 1970 and it was mod i fied
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Chase’s scheme of an a lytic breed ing (Jakuczun et al. 1997, Sawicka et al. 1977,
Œwie¿yñski 1980, Zimnoch-Guzowska et al.1997). Ob tain ing of dihaploids from
cultivars and tetraploid clones was the first step of this work and was fol lowed by
the preselection. Then, se lected dihaploids were mated with pre se lected hy brids
ob tained among or within wild dip loid spe cies. The best tetraploid clones from the
Lab o ra tory of Ge net ics with high starch con tent, re sis tant to PVX, PVY, PVA,
PVS and to P. infestans were cho sen for ob tain ing dihaploids (Sawicka et al. 1977). 
In breed ing at the dip loid level dihaploids of cultivars and tetraploid clones were
used as do nors of fol low ing char ac ters: ear li ness, tu ber yield, tu ber qual ity, cook -
ing qual ity, re sis tance to PVX (Rx gene), PVY, PVS (Ns gene), PLRV, and re sis -
tance to eelworm, wart and P. infestans. In cor po ra tion of wild germplasm from
dif fer ent dip loid Solanum spe cies into S. tuberosum back ground was done via
crosses of wild spe cies to dihaploids (Œwie¿yñski et al. 1985, Zimnoch-Guzowska
and Dziewoñska 1989, Wasilewicz-Flis and Dziewoñska 1997). Sawicka (1976,
1984) trans ferred high starch con tent from S. chacoense and re sis tance to P.
infestans from S. verrucosum on S. tuberosum back ground us ing dihaploids of
starch cv. Wulkan. Di rectly af ter first crosses be tween dihaploids of Solanum
tuberosum with wild spe cies an in crease of tu ber yield was ob served. The first vis i -
ble im prov ing of qual ity traits on dip loid level was found as an ef fect of us ing in
cross pro gram dihaploids from M³ochów and from Groß Lüsewitz
(Zimnoch-Guzowska et al. 1985). Dip loid clones ob tained at M³ochów are com -
pos ite hy brids of Solanum spe cies. In their ped i gree there are dihaploids of
tetraploid stocks and cultivars with the o ret i cal con tri bu tion to the com po si tion of
dip loid clones vary ing from 50% to 90% (Jakuczun et al. 1995). Dihaploids of
tetraploid stock FM-1/17 ob tained at M³ochów have the large con tri bu tion in the
or i gin of com plex hy brids bred at M³ochów. The ped i gree of dip loid clones con -
tains also dihaploids of cultivars Certa, Pola, Prosna, Leda, Azalia and Pierwiosnek 
and dihaploids from the Neth er lands and Ger many. The main idea of uti li sa tion of
dihaploids in breed ing programmes at M³ochów was us ing them as bridge forms
be tween wild dip loid Solanum spe cies be ing sources of men tion traits and S.
tuberosum back ground and in duc ing tu ber yield heterosis. Domañski et al. (2000,
2004) se lected tetraploid prog eny from 4x x 2x crosses per formed ag ro nomic traits
and cold chip ping abil ity ex ceed ing level of these traits in prog eny from 4x x 4x
crosses. Dip loid (dihaploid) germplasm con trib ute ap prox i mately in 70% of
tetraploid pa ren tal lines ob tained in breed ing programme at M³ochów Re search
Cen ter (Jakuczun 2005). In 2002 the cross ing pro gram was con ducted to pro duce
new pool of dihaploids in dip loid pro gram at M³ochów.

APPLYING DIHAPLOIDS IN BREEDING RESEARCH 

Dihaploids do not only sim plify breed ing pro ce dure, they are also use ful in
breed ing re search. The pop u la tions de rived from crosses with dihaploid clones
were valu able ex per i men tal ma te rial to study in her i tance of dif fer ent traits, for ex -
am ple agronomical traits (De Maine 1984a), re sis tance to dry rot (Suska 1985), dis -
tri bu tion of anthocyanin in tu ber (De Jong 1987), or tu ber shape (De Jong and
Burns 1993). 
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In duced trisomic lines from dihaploids were used for cytogenetic anal y sis by
Hermsen et al. (1973), who lo cated a gene caus ing chlo ro phyll de fi ciency and by
Wagenvoort (1982), who found ym gene (yel low mar gin) on chro mo some XII.
Dihaploids were used to ana lyse the na ture of polyploidy and to con duct ge nome
anal y ses in re la tion to the or i gin of the com mon po tato (Yeh et al. 1964,
Matsubayashi 1979). Hougas and Peloquin (1958) used dihaploids to study the in -
flu ence of ploidy level on tu ber yield and vig our and Landeo and Hanneman Jr
(1982) for es ti ma tion the heritability of quan ti ta tive traits. An other sec tor of
knowl edge to which dihaploids can con trib ute, is the evo lu tion ary stud ies of spe -
cies (Howard 1973). From dihaploid clones monohaploids could be in duced for
easy pro duc tion of homozygotic lines (Hougas and Peloquin 1958, Hermsen 1984). 
Van Harten and Bouter (1973) used dihaploids in mu ta tion stud ies to eval u ate the
dose rates of ir ra di a tion. Dihaploids were also used in mo lec u lar stud ies to con -
struct a ge netic map of po tato with mo lec u lar mark ers (Bonierbale et al. 1988,
Gebhardt 1994, Gebhardt et al. 1989) and to lo cate genes. Re sis tance genes act ing
against P. infestans (Leo nards-Schippers et al. 1992, El-Kharbotly et al. 1994,
1996, Meksem et al. 1995), against G. rostochiensis (Barone et al. 1990, Ballvora
et al. 1995, Jacobs et al. 1996), against G. pallida (van der Voort et al. 2000) and
against PVX (Tommiska et al. 1998) were lo cated us ing dihaploid clones. 

In M³ochów and other de part ments of IHAR dip loid clones with dihaploids in
the ped i gree are used in many re search as pects. Przetakiewicz (2003) elab o rated
a method of pro duc tion of so matic hy brids with clones orig i nated from M³ochów.
Dip loid clones took a part in the con struc tion of po tato ge nome map
(Zimnoch-Guzowska et al. 2000). They were used for the iden ti fi ca tion and map -
ping mo lec u lar mark ers linked to the re sis tance genes: PLRV (Marczewski et al.
2001, 2004), PVS (Marczewski et al. 2002) and to P. infestans (Œliwka et al. 2004). 
The study of in her i tance of qual ity traits, like starch con tent (Zimnoch-Guzowska
1986), glu cose level in tu bers (Jakuczun and Zimnoch-Guzowska 2004), tu ber
green ing (Jakuczun 2001), black en ing of tu ber flesh (Jakuczun and Eising 2003)
and in her i tance of re sis tance to Erwinia spp. (Zimnoch-Guzowska and £ojkowska
1993, Lebecka and Zimnoch-Guzowska 2004), to PLRV (Flis and Wasilewicz-Flis 
1998) and to P. infestans (Œwie¿yñski et al. 1991, 1997a,b) were con ducted with
dip loid clones having dihaploids in their pedigree. 

RETETRAPLOIDIZATION OF DIHAPLOIDS

Ac cord ing to Chase’s scheme retetraploidization is the third step of the an a lytic
breed ing. This step is nec es sary to make dihaploids ac ces si ble for prac ti cal breed -
ing. Dihaploid clones and other dip loids do not reach the yield level of the
tetraploid par ents, as 4x level is the op ti mum for po tato tuberization. Four meth ods
are used for retetraploidization po tato dihaploid clones: (1) gen er a tive via
unreduced ga metes (2n) in 4x x 2x crosses, (2) veg e ta tive dou bling via colchicine
ap pli ca tion, (3) protoplast fu sion or (4) tis sue cul tures of tu ber discs or leaves.  

Colchicine treat ment cause un de sir able ef fects such as ste ril ity, ab nor mal growth 
and mor phol ogy or chi me ric plants (De Maine and Fantes 1983). Ob tain ing clones
with all three germ lay ers dou bled was dif fi cult (Frandsen 1967, Langton 1974).
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Chi me ras and their iden ti fi ca tion which takes a lot of time are the main dis ad van -
tages of the colchicine treat ment method. Pro duc tion of unreduced ga metes (2n)
oc curs only in cer tain dip loid ge no types. Their fre quency is of ten low. In re sult, ob -
tain ing greater num ber of seeds from interploid crosses is dif fi cult and la bo ri ous.
The dou bling num ber of chro mo somes via protoplast fu sion and tis sue cul tures re -
quires spe cial ised lab o ra tory. Apart from some dif fi cul ties colchicine treat ment
and unreduced ga metes are the most fre quently used methods of retetraploidization 
in breeding research. 

Frandsen (1967) treated seeds of dihaploids with colchicine and ob tained 50% of 
to tally dou bled plants, but also 23% of chi me ras. Colchicine was ap plied also on
nodal, aux il iary meristems us ing Dionne’s method (van Suchtelen 1966, Ross et al.
1967, Langton 1973, 1974, De Maine and Fantes 1983, De Maine 1985). Com par -
ing dihaploids with their colchicine chro mo some-dou bled de riv a tives, De Maine
ob served that tu ber yield and rate of pho to syn the sis per unit leaf area (1984b) and
to tal leaf ar eas per plant (1985) were similar. 

A widely ad vo cated method to re turn to the tetraploid level is sex ual
polyploidization by unreduced ga metes. Sex ual polyploidization can be ei ther uni -
lat eral (4x × 2x and 2x × 4x crosses) or bi lat eral (2x × 2x crosses), de pend ing on fre -
quency of type of unreduced ga metes in breed ing ma te rial. In IHAR M³ochów
uni lat eral sex ual polyploidization by 4x x 2x crosses is usu ally used, be cause se -
lected dip loids are char ac ter ized by much more fre quent pro duc tion of 2n pol len
grains than 2n egg cells (Strzelczyk-¯yta et al. 1997). There are many re ports on
us ing sex ual polyploidization to re cover tetraploid level of dihaploid clones (van
Suchtelen 1966, Concilio and Peloquin 1987, Kleinhempel and Tiemann 1987,
Hofferbert and Wenzel 1994, Tiemann 1993, Tiemann and Pe ter 1998, Carputo et
al. 2000).

The retetraploidization is also achieved with so matic hy brid iza tion
(Przetakiewicz et al. 2002, Orczyk et al. 2003). So matic hy brids were ob tained be -
tween dihaploids (Rokka et al. 1996b) or be tween dihaploids and Solanum spe cies
to trans fer de sir able char ac ters on com mon po tato back ground. From S. brevidens
the re sis tance to PLRV, PVY and P. infestans (Aus tin et al. 1985, Horvath et al.
1993, Rokka et al. 1994), from S. commersonii the tol er ance to frost (Frusciante et
al. 1993, Nyman and Waara 1997), from S. etuberosum the re sis tance to PVY
(Novy and Helgeson 1994), from S. pinnatisectum the re sis tance to P. infestans and 
Erwinia spp. (Menke et al. 1996), from S. acaule the tol er ance to frost (Rokka et al.
1998b) and from S. verrucosum the re sis tance to PLRV (Carrasco et al. 2000) were
trans ferred by this method.

The next method of retetraploidization is spon ta ne ous dou bling of chro mo some
num ber by tis sue cul ture. Some au thors ap plied leaf cul ture (Jacobsen 1978, 1981,
Karp et al. 1984) or tu ber disc cul ture (Mozafari et al. 1997). Their re sults showed
that this method was po ten tially a good al ter na tive or ad di tional method to the
colchicine treat ment. Re gen er a tion from dihaploid leaf pieces gave a high pro por -
tion (60%) of dou bled ge no types and a very small pro por tion of mixoploids,
aneuploids and no chi me ras (Karp et al. 1984). 
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HAPLOID PLANTS FROM OTHER SOLANUM SPECIES

Hap loid plants were ob tained not only from S. tuberosum subsp. tuberosum, but
also from other Solanum spe cies. 

The wild Mex i can hexaploid (2n=6x=72) spe cies S. demissum re sis tant to P. 
infestans is widely used in po tato breed ing. The polyhaploid plants (2n=3x=36)
were ob tained from crosses be tween S. demissum and dip loid spe cies S. rybinii or
S. toralapanum (Bains and Howard 1950) and S. stenotomum or S. ascasabii
(Dodds 1950). The size of polyhaploid plants was re duced, they had smaller leaves
and flow ers in com par i son with hexaploid S. demissum (Bains and Howard 1950,
Dodds 1950). Each polyhaploid had the same re sis tance to P. infestans, as the par -
tic u lar line of S. demissum from which it orig i nated (Dodds 1950).

Marks (1955) de rived a dihaploid plant from tetraploid tu ber bear ing S.
polytrichon us ing tetraploid S. stoloniferum as in duc tor of par the no gen e sis. The
plant was chlorotic, smaller and slower grow ing, than the plant of S. polytrichon
and had nar row leaf lets. Also nar row leaf lets were a mor pho log i cal char ac ter to
dis tin guish dihaploid. This plant did not flower, but pro duced tu bers. In the
dihaploid there was a con sid er able re duc tion in bi va lent for ma tion of mei otic chro -
mo somes.

Rokka et al. (1998a) ob tained via androgenesis over 250 dihaploids from
allotetraploid spe cies of S. acaule subsp. acaule Bitt. Gen er ally this spe cies has
a lot of valu able traits as re sis tance to many po tato pests (PVX, PVY, PLRV, PSTVd, 
nem a todes) and tol er ance to abiotic stress  (Hawkes 1994). S. acaule does not
readily cross with S. tuberosum, be cause of dif fer ences in the en do sperm bal ance
num ber (EBN) (Johnston et al. 1980), so it is use ful to have its dihaploids. Ob tained 
by Rokka et al. (1998a) dihaploid plants were nor mal-look ing, sim i lar to each other 
and to the tetraploid an ther do nor S. acaule. The male fer til ity was low and none of
the dihaploids pro duced ber ries.

Yamada et al. (1998) ob tained 11 so matic hy brids (2n=68 to 74) be tween S.
tuberosum and dihaploid of S. acaule. So matic hy bridi sa tion fa cil i tates trans fer ring 
of use ful traits from S. acaule to the S. tuberosum back ground. 

Also from other tetraploid spe cies like S. tuberosum subsp. andigena (Landeo
and Hanneman Jr 1982), S. fendleri, S. hjertingii, S. papita and S. stoloniferum
(Singsit and Hanneman Jr 1987) dihaploid plants were ob tained.
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COLLECTING MISSIONS IN POLAND IN 1999 
(SHORT COMMUNICATION)

ABSTRACT

Three col lect ing mis sions were or gan ised by Na tional Cen tre for Plant Ge netic Re sources of the Plant Breed ing 
and Acclimatisation In sti tute at Radzików in 1999. The aim was col lect ing of old va ri et ies and lo cal pop u la tions of 
crop plants, cul ti vated in gar dens and fields, old va ri et ies of fruit-trees and wild grow ing fod der, med i cine and or -
na men tal spe cies. A to tal of 339 ac ces sions of 41 gen era of crop plants were col lected dur ing these ex pe di tions.
Al though ge netic ero sion of crop plants is still be ing con tin ued and old va ri et ies oc cur ring in the re cent past yet are
re placed by new ones, there can be still found old, valu able va ri et ies and local populations in many region of
Poland.

Key words: crop plants, ge netic re sources, land races, old va ri et ies

DESCRIPTION OF EXPEDITIONS

Sys tem atic col lect ing of plant ge netic re sources has been re al ized in Po land since 
1971 (Podyma 1997). Ev ery year ex pe di tions are or ga nized to the re gions that are
thought as the most rich in land races and old va ri et ies of crop plants ar eas
(Nowosielska, Podyma, 1998, 2001).

In 1999 three re gions of Po land were ex plored dur ing col lect ing mis sions.
The places of ex plo ra tions were: the val ley of lower Narew river (53°12’ N,
22°46’ E), Ponidzie (Kielce re gion, 50°53’ N, 20°37’ E) and Przedkarpacie
(suroundings of Przemyœl, 49°48’ N, 22°47’ E).

All ex pe di tions were or gan ised by Na tional Cen tre for Plant Ge netic Re -
sources of the Plant Breed ing and Acclimatisation In sti tute at Radzików. The
par tic i pants of these mis sions were dr. W. Podyma (NCPGR), D. Nowosielska
(NCPGR), A. Kwiecieñ (In sti tute of Veg e ta bles), G. Hodun (Re search In sti tute
of Pomology and Flori cul ture), T. Ga³ecka (War saw Ag ri cul tural Uni ver sity)
and Me la nia Masarykova (Re search In sti tute of Plant Pro duc tion Piestany, Slo -
vak Re pub lic).
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