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(ABSTRACT)

The ultimate goal of the breeding scheme, of which the

present study is a part, is to introduce exotic germplasm ‘

into existing cultivars of Solanum tuberosum ’through'4z X 2x

crosses using the South Amer:Lcan d1plo:.d potato specie's‘
Solanum phureja as the pollen parent The flrst phase of this
program includes the recon_structlon— of  a h:Lghly‘
heterozygous diploid pollen parent by first reduc1ng the
. chromosome number of the S. phureja clones to the monop101d
level and subsequently fusing genomes of two unrelated
monoplo_id pla_nts:_either'by somatic. hYbridization or by

cross-pollination between fertile “doubled monoploids .

Within this framework, the obj ectiv‘es of this research
were to analyze var1 atJ. on among anther- der1ved pl ants of
Solanum phureja regardlng theJ.r 1) plo:Ldy level ' and»

morphology, 2) net photosynthesis and its .‘bioehem‘ical compo-¥ 7



’nents, and 3) nuclear-genomiclstructure,'particularly With'
‘regard'to the amplification of}rRNAfgenes asfinfluenCedubyv
,r}thevanther—culture'proCess; R | |
Easedfon’the analysisﬁofeseueral.morphological?characters
of the anther derlved plants by canonlcal dlscrlmlnant func-
_'tlon, four characters_'-(antherbg length . number  of
chloroplasts/palr of guard cells, leaf w1dth corolla w1dth)
‘were selected for most effectlve ass1gnment of plants'to,.
their p101dy groups by clusterlng procedures. Clusterlng of
thevanther-derlved plants proved to be an_efflcient meanS~off"

separating monoploids from higher-ploidy'levels.

To assess the 1mpact of the process of anther-culture on

the phy51ology of the resultlng plants and to. evaluate thef.

fpos51b111ty of selectlngbanther-derlved'genotypes,for further

'breeding:efforts;vmonoploidfidiploidfandftetraploid anther-

derived~‘ plants - were studled regarding' their -net_
1photosynthe51s and ‘its component characterlstlcs. Leaf area,

net photosynthes1s and chlorophyll content 1ncreased w1th,

increasing p101dy Among the monop101ds,vRub1sco act1v1ty and A

: concentratlon dlsplayed a: 51gn1f1cant genotyplc effect

bwhereas in the d1p101d group varlatlon among genotypes was
.51gn1f1cant for total proteln content and max1mum spec1f1c'
act1v1ty of ribulose - blsphosphate carboxylase. yAmong the -

_ tetraplo;d genotypes,¢SLgn1f1cant d;fferences-were‘found with



vrespect to net photosynthe51s and spec1f1c leaf weight. Two

'ofexceptlonal genotypes were 1dent1f1ed a monoploid w1th an

':.ancrease of 28% for max1mum,act1v1ty of ribulose blsphosphate -

carboxylase and a tetrap101d w1th an increase of 30/ for net

J7_-photosynthe51s over: the anther-donor plant.

- To evaluate DNA varlatlon among the anther- derlved plants,‘

“Vethe nuclear genomes of anther derlved monop101d and d1p101d‘

plant were studled by DNA reassoc1atlon klnetlcs It was

'»,found that the nuclear‘genomeeofgthetmonopIOJd has undergone

differential ’replication. reSulting' in. an increase of' se-
bquences con31st1ng of h;ghly repetltlve DNA. Free solution
h RNA- DNA hybrldlzatlon showed that the monop101d DNA contalnedi.
30/’ more rDNA sequences than the d1p101d Southern blot
analysis using "rRNA as the probe.revealed varlation‘for copy:
number of certain restriction’frégmentsdénd*for‘restriction

enzyme cleavage sites.
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| CHAPTER 1

INTRODUCTION =

' THE VALUE OF SOLANUM PHUREJA TO POTATO IMPROVEMENT

;‘In_tot_alb volume of prodiiction (estlmated at 290 mllllon‘f.
-tons./yr -for 1981), the potato ranks fourth in the world after,
wheat' maize and' rJ.ce - Of all the food crops,‘ the rate of
potato productlon is- currently 1ncreas:.ng most rap:.dly J.n"
.‘bmany develop:.ng countrles the percent 1ncrease in productlon?ﬂ
from 1961 to 1981 was 1474, for potatoes compared w:Lth 127/""
. for wheat (FAO 1982)

-'I‘he p101dy levels of cultlvated potato svpec:Les ‘ra‘nge _ from B
| dlplOld to pentaplo:.d (2n = 24 36 48 60). However,‘ the
most :meortant cultlvated potatoes are tetrap101d 'I‘here are‘ :
two views regard:.ng the taxonom:.c : class:l.flcatlon : of the '
tetraplo:.d potato th Russ1an botan:.sts Juzepczuk and -

'Bukasov have lelded the tetraplo:Ld potatoes 1nto two spe-- |

'c1es, S. tuberosumf L. and S andlgena Juz & Buk whereas.f”

'other taxonomlsts recognlze only one spec1es S tuberosum,;"'



often further d1v1ded 1nto two subspec1es, namely tuberosumidf?ff'i

‘and andlgena (Howard 1970)

:7fThere 1s a s1m11ar controversy‘over'the 1ntroduct10n of'theiff:“

tetrap101d potato to E 1ope. the Russ1an botanlsts hold the-i

fv1ew that tetrap101d spec1es or1g1nated 1n Chlle, howevertf”

biv”there seems to be more ev1dence squestlng that the flrstfjfhw”'

;wi;ntroductlon came from the Andes and was of the Andlgenaf7§::

‘3type, Wthh was subsequently selected for adaptatlon to longf

,lday condltlons JJI Europe.-' The potato was brought to thei rf

”Unlted States by European settlers 1n the early elghteendv

",century Except for one: later 1ntroductlon of potato to the

;;””';U S. dlrectly from South Amerlcafln 1851 ’currently grown

potato cultlvars 1n the U S have descended from the orlglnal'

1ntroductlons (Howard 1970) _dThus, the cultlvars 1n the
_northern cllmates have been developed from a’ restrlcted gene.“

,pool ThlS narrow genetlc base of the tetrap101d cultlvars-

~ _has lead to 1ncreased 1nterest 1n 1ncorporatlon of germplasmf

‘from non-tuberosum spec1es 1nto cultlvars of S tuberosum

. Solanum phureja 1s a d1p101d potato spec1es of reglonal eco- o

nomlc 1mportance :u1 South Amerlca. Through recurrent se-

‘lection, it has been adapted to long-day condltlons (Haynes d{sjghf

1972) and 1s currently belng used 1n several breedlng proQI-

grams in the US Selectlons of S phure]a have been showntfse3lfl~

to be res:.stant to bacterlal w1lt caused by gseugo_mona-i



solanacearum (French and De L1ndo 1982 Bowmann and Sequelra,
: ;1982) The res1stance has, been characterlzed by reduced
acropetal spread of the bacterla and by tolerance to a hlgh'
"tltre (Bowmann and Sequelra 1982) Ethanollc extractlons of‘
'tlssues of w1lt-res1stant clones of S phure]a have beendd
Vshown to 1nh1b1t the growth of Pseudomonas solanacearumﬂ

_(Zalewsk1 and Sequelra 1973) Bacterlal w1lt res1stance is

of partlcular 1mportance in troplcal cllmates, where the warm B

'temperatures and h;gh humldlty favor 1ts spread -Two §A
h:_-;ubgrgggm clones: contalnlng w1lt-re51stant s. »'Qhureja in, e

':thelr parentage have been selected for further testlng
largely because of thelr good yleld and superlor bacterlal
',w1lt res1stance in auCIP (InternatlonalaPotato_Center)vproe

. gram in Mindanao](CIP-report;'1954).

TISSUE CULTURE AND MOLECULAR TECHNIQUES FOR POTATO GERMPLASM

IMPROVEMENT

Phenotypic variation”*amongdfplants‘,derived-5throught”tissue'

culture has been viewed as a mechanism for crop improvement.
This is especiallyfthe-Casveor potato_becausefof,the rela-

tive ease with which various explants'(Cassells et”al. 1983),



suspension cells (Austin:and‘CaSSells,Sl983),;microspores

S(WenZel, 1981; VeilleuXw ét"al. 1985) and protoplasts v

»(Shepard} 1977) can be manlpulated yltro to undergov L |

- morphogenesis.

-The first successful callus'cultureoof=potato was'accbm-j” :

'pllshed by Steward and Chaplln as early as 1951 However,
“regeneratlon of embry01ds and shoots from tuber callus was
: not reported untll 1975 (Lam) ‘ Subsequently,vplantlet re-
b'generatlon has been reported from callus derlved from tubers
" (Lam: 1977; Jarret et al 1981), cut rachlses of leaves (Roest
and Bokelmann 1976), leaf dlscs (Jacobsen 1977; Karpvet alf
',19845, stem.pith (Cassellsret al;‘1983)/*and~shoot tibs

' (Ahloowalia 1982; Wang and Huang 1975; Roca et al. 1978).

-fotato.plantlets have;alsopbeen regenerated from suspension
fcultures_grown on media supplemented_wlth an auxin and‘little’;
‘_or:no cytokinin>(LamllS77; Schumann 1980); Plant regener-v
ation from protoplast-derived .callus (p-calll) has been
achleved for several tetrap101d cultlvars, malnly by modlfl-p'
catlonsato_culture cond;tlons,‘as descrlbed:by,Shepard_andn'
r‘icolleagues-»(Shepardr“and~“Tottenu 1977; Shepard7'19801- 198l,d
1982; Shepard et.al.‘1980- Gunn and Shepard 1981; Thomastv
bl981}>Karp,et al 1982 Bokelmann and Roest 1983) Recently,
Vd'Haberlach'et al. (1985) publlshed a protocol for 1solatlon

‘and culture of potato protoplasts that was'successfully ap-



plied to 15 S. tuberosum lines. Regeneration of calli of
dihaploid breeding lines of S.‘tuberoéum (Binding et al.
- 1978) as well as S. phu;éja (Schumann et él. 1980), and the .
hybrid S. phureja x S..chacoensé‘gibberulosum“kGrun and Chu

1978) have been reported.

Plants derived from ai; oﬁ‘the abo?e inlzitfo'techniques’haVe
béen demonstrated to ekpress.$oma¢lonal variation (Van Harten
ét‘ai.'1981; Karp 1984; Hu and Wang 1983;‘Ah;00walia 1982);
however, most attention has béen fbcused on'evaluation of
variation among protoplast derived plénts. Useful variation
for the breeder with respect to diseaée resistance
‘(Alternaria, solanii, Matern et al. 1978; Phytoghtora
'iinfésﬁans, Shepard et al. 1980), growthv habit, maturity,
tuber characteristics and photoperiodic requirements for
vflowerihg (Shepafd et al. 1980; Ayers and .Shepard 1981;

Thomas et al. 1982) has been observed.

A coﬁparison améng the £yp§s“o£A§oma¢l9ngl vériants among
plénts regeneréted from protoﬁlast éultures ahd leaf deriVed
callus and those derived.from latefél buds;revealed'grossly
abnormal plants-in~both'of tﬁe'first two,culture'types, how-
ever,.these were §éiécted é§éinst during thé-establiéhmént
stage-(Casselis et ai: 1983).-.ThUS,7£he variability assessed
'aftérAestablishment in the‘gfééhhouse was similar in the

callus, single cell and lateral bud derived plants, except

-5



that leaf varlegatlon and anthocyanln productlon appeared
}only in the . callus and 51ngle cell. derlved plants. The au- .
thors concluded that it waS‘encouraglngfthat the surv1v1ng'

'regenerants dlsplayed the varlatlon within the range of

character varlablllty of the lateral bud derlved plants

- For somaclonal variationbto'be useful inbcrop improVement

it must be heritable, and there must be a means of generatlng-
‘the desired varlatlon whlle otherw1se preserv1ng the orlglnal
genome. This leads to a con51deratlon of the factors caus1ng
bsomaclonal varlatlon. Only by understandlng the mechanlsms
.respons1ble for the var1atlon can 1t be manlpulated in a de-“
sired fashion. The approaches to solve: the problem have in-

'cluded conVentlonal -Mendellan»-genetlcs and cytogenetlcs;
(Shepard 1985),'evaluatlon of the 1mmed1ate gene productsf
by electrophoret1c analys1s of enzymes (Sanford et al 1984),:
and studies on the nuclear (Dhlllon et‘al. '1983; dePaepelet

al. 1983;'Sree Ramulu et al. 1984; 1985) and organellavaNA
v(Shepard et al. 1985) by cytophotometrlc quantlflcatlon of
.nuclear DNA and by molecular genetlc studles of the changes

in the DNA”sequences whlchtoccur-durlng culture.

Several studies have documented the association between
somaclonal variation and chromosomal changes, such  a
polyploidization, aneuploidy,and‘chromOSome aberrations (re-

views in Larkin and Scowcroft 1981; Evans 1984; Karp 1984;



'Sree Ramulu et al 1983 1984 1985) Accumulated mutatlonsl-u

in the somatlc cells of the explant may result 1n varlatlon =

‘_famong the regenerated plants (Shepard 1980), however, even,'

.among plantS' derlved from the samei callus,] dlfferent;;_tl,r .

_phenotypes and/or p101dy levels have been reported (Sreefifiﬂ

,Ramulu'et al. 1983) Moreover, 1t has been observed that nu-' o

Tclear fragmentatlon followed by m1t051s at an early stage of:_s
‘gculture can result 1n varlatlon 1n calll and regenerated;o

_plants (D' Amato et al 1980);-.

Vln addltlon to‘chromosomal aberratlons,,mutatlons‘affectlng

:only one or few loc1 have been observed (Sanford 1984 Glll =
':et al» 1985) However, due to the hlgh heterozyg051ty and
f.sterlllty of tetrap101d potato cultlvars, detectlon of p01nt‘£

'fmutatlons.by conventlonal_methods,;s nearly.;mposslble,~f'

_TThe appllcatlon of Feulgen cytophotometry for quantlflcatlonv‘

of nuclear DNA of protoplasts, callus cells and regenerated]d

v plants has produced valuable 1nformatlon on- DNA repllcatlon;
vat the 1n1t1al stages of culture,,and has shown.that regen-A
'erated plants contaln cell populatlons of dlfferent p101dy f
-levels -Sree Ramulu et al (1984 1985) observed nuclear DNA=.

"_contents of 4C “to 16C 1nclud:|.ng 1ntermed1ate DNA values

w1th1n 8 days of culture of tetraplo1d potato protoplasts and,

of suspension culture :cells_ derlved fronm monohaplo;d,

dihaploid and.tetraplold-potatoiplants.33Ihe_explant"(shoot



. tip) in all'of,thescases;eontainedfonly”cells‘withfa normalnflﬁ_

' DNA content for the particular ploidy level.

':'It was also observed 1n the latter study that monohap101d5l'
cells had a more. rapld rate of polyp101d1zatlon than cells :
of the hlgher p101dy levels Thls is 1n agreement w1th the-

flndlngs of Vellleux et al (unpubllshed_results),’

It has been shown by restrlctlon endonuclease patterns that

"ln addltlon ,tog changes 'f the nuclear genome,_'the

“-1hm1tochondr1al genome also undergoes changes durlng protoplast‘v

.‘eculture (Kemble and Shepard 1985) Us1ng Southern transferssj

'analysls Cullls (1984) showed flax plants regenerated from
-callus to contaln a: hlgher copy number of 5s rDNA sequencesv

‘than the source plants (see chap 4)

'hFrom thesefstudies, 1t can be concluded that DNA repllcatlon'

and cell d1v1s1on are under 1ndependent control,-and thus not<.'

o ‘synchronlzed in in yltro cultures A key factor to achleve‘

}-synchronlzatlon 1s a proper balance of the exogenous growth

| lregulators, whlch are known to affect both DNA polymeraseff'“

‘,act1v1ty and cytok1nes1s (D Amato 1972 Mennes et al 1978)

' fCommonly, h1gh aux1n/cytok1n1n ratlos are used for ‘the es-ing

frtabllshment of protoplast suspen51on and callus cultures toﬁ:f‘ff‘

“promote dedlfferentlatlon and cell prollferatlon Thls m1ght5

lead to chromosomal 1nstab111ty, espec;ally ;flz,g;Dtls-used*"



‘as the auxin source Sree Ranulu et al (1985) found that
to malntaln cytogenetlc stablllty,vhlgh cytoklnln levels and:vu
culture of small rlchly cytoplasmlc,.merlstematlc cells w1th
“short subculture 1ntervals gave»the_best,results. Thls-ls.of

special importance for thefculture;ofihaploid protoplasts.

Other mechanlsms that have been proposed ,as sources ‘of

~vsomaclonal varlatlon- 1nclude- DNA sequence transpos1tlon,

»dlfferentlal DNA. repllcatlon and cryptlc v1rus ellmlnatlon

(LarklnvandxscowcrOft‘1981, ‘see chap;14)‘ S e

“in potato breedingw

A comblnatlon ofvslow progress 1n potato breedlng by convenf
-tlonal means, whlch 1s largely due to the narrow genetlc basef
dof thevex1st1ng tetrap101d cultlvars,;and .on the other hand
'the success w1th plant regeneratlon from 1n yltro cultures"'
have lead to varlous proposals to 1ncorporate in vltro tech-se

_nlques 1nto potato 1mprovement programs (Wenzel et al 1982-

vVellleux et al. 1985 see p l2) Wenzel and co-workers at

gthe Max' Planck Instltute have developed an analytlcal-,

‘ synthetlc breedlng scheme,f whlch 1ncludes the use'tof"

anther culture and protoplast fus1on in comblnatlon w1th hy-t“

brldbproductlon through sexual crosses;(Wenzelbet al. 1982).



- The approach 1s based on. stepw1se reductlon of the tetrap101d

‘4fpotato to the monop101d level (the analytlcal part), followed

'V'fjlﬁby controlled reconstructlon of a new heterozygous tetrap101d

”3Hu“clone (the synthetlc part) The breedlng scheme has been ap-'

‘T'mplled malnly ‘‘‘‘‘ to utlllze genes respon51ble for v1rus and

vfnematode res1stance as well as ; xltro culturablllty (Wenzel

"'3and Uhrlg, 1981) _ So far the greatest barrler to success has'

vﬂbeen encountered,w1th somatlc fu31on of 2000 plants regen—

’lerated from protoplast fu51onq ‘none 'were somatlc Zhybrlds

V(Wenzel 1980 1982)

pSuccessful fus1ons have been- accomplished 'between'.§é
ftuberosum and~S chacoense (Butenko and Kuchko 1979 1986),
~ and between S. tuberosum and S g; m (Blndlng et al 1982)

In the latter study, the obJectlve was to transfer the ma-.'

ternally 1nher1ted atra21ne res1stance of S. n;grum blotype

bh-to S tuberosumr' Eleven putatlve hybrlds were recovered of

wh1ch six were re51stant to atraz1ne f*Protoplasts of S.

'ltuberosum have also been successfully fused 1ntergener1cally5l

w1th those of

fco erslcon esculentum (Melchers 1978) andv"

'Nlcotlana tabacum (Gleba and Evans, 1983)

The ease w1th whlch potato protoplasts can be cultured andf_jj’”
,regenerated has made 1t an attractlve candldate for trans-:pb

[formatlon studles There are two recent reports on transfor--

: matlon of potato by Ti T- DNA (Ooms et al -1983) andle T-DNAh'"
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’ (Coms et al 19855” In both studles, 1ncorporatlon and ex-_
”‘pre531on of T- DNA was’ observed the hlgh endogenous cytoklnlnl
content of the T1 T- DNA transformed plants lead “to strong‘
tuberlzatlon, whereas the plants contalnlng R1 T DNA had"

abundant roots and showed reduced geotroplsm.

‘A proposed next step is to englneer the vector plasmld to
'contaln a DNA sequence codlng for a. de51red characterlstlc
So far, only the gene codlng for the tuber storage proteln,

patatin, has been characterlzed (Mlgnery et al 1984) How-i

'ever, ‘the recomblnant DNA technlques 1n conjunctlon w1th the o

‘cellular level breedlng methods have great potentlal and ap-

pllcablllty for potato 1mprovement
 RATIONALE AND SIGNIFICANCE OF THE PRESENT WORK

'There has been Very llttle progress 1n potato breedlng pro-v'

'l»grams based on. conventlonal breedlng methods Ev1dence of

thls is that over 60/ of potato acreage in the U S. and Europe A

pls planted to three cultlvars, all released more . than thlrtyl
'Years ago (Howard 1970);. Barrlers to potato 1mprovement
lresult from theanarrdw genet;c;basevof ex1st1ng~S. tuberosum b
| cultivar‘sg hybri.d :vprogenies” are- seldom superior to thei'r‘
parents. The:'revolution in potato breedlng has come about
by the f1nd1ng that exotlc germplasm can be 1ncorporated 1nto:

tetrap101d cultlvars via 4x X 2x crosses ut111z1ng unreduced:

11



gametes in d1p101d germplasm (Mok and Peloquln 1975 de Jongsqf

-and. Ta1 1977 McHale and Lauer 1981 Vellleux~and Lauer L

léél) -Genotypes »of Solanum phureja have frequently been_,_v'”

found to express 2n gametes (Vellleux and Lauer 1981) Ge&“-"

netlc explanatlon for the 1ncreased v1gor of 4x X 2x hybrlds
has- been prov1ded by Mendlburu et al (1974) If~the numer-l

,ical nonreductlon of chromosomes 1n the pollen 1s due -to

fused (Ramanna 1979- Vellleux‘et'al 1982 ) or parallel (Mok:"

and Peloquin. 1975) spindles dur1ng the second melotlc d1v1-'l
‘hslon,_then most of the heterozygos1ty present in the d1p101dun
parent is preserred'in the 2n pollen (Fig:l).:*This mechanism
;»Jallows max1mum heterozyg051ty 1n the ‘resulting‘ hfbrids
h_dMoreover, as can be observed from Flg 1, thls mechanlsm re-,‘
vsults in ‘a relatlvely homogenous populatlon of 2n gametes
.Wthh in: turn w1ll' translate 1nto homogeneous 4x X 2x’
"progeny " This fact then leads to the poss1b111ty of convert-:f

1ng potato from an asexually to a sexually propagated crop

,Exp101tatlon of hybrld v1gor present 1n the progeny of S

'tuberosum x l_ . phure]a 1s the foundat:Lon for the potato -

:breedlng program des1gned bY Dr Vellleux" An add1t10nal”~"”

“7felement in the scheme 1s to 1mprove the heterozyg031ty of the
3d1p101d pollen parent by in yltro technlques (Flg 2) The .

flrst step involves productlon of. monop101d plants of‘twod'

unrelated S. phureja clones Protoplasts 1solated from thesenlm

plants will then be fused to produce hlghly heterozygous‘pﬂ

12



fpresumably fertlle, d1p101d dlplandr01d plants,vwhlch w1ll[;v
‘be used as the pollen parent 1n subsequent 4x X Zx crosses i
jWe have presently 1dent1f1ed one clone of S phureja whlch
produces unreduced gametes and responds to anther culturel"
yleldlng monop101d' plantlets (Vellleux. et al , 1985) : e;
‘screenlng for the other clone as well as the protoplast 1so-v:

latlon and regeneratlon are: underway

‘Broadly; the three studles 1nc1uded 1n thls dlssertatlon deal
w1th the evaluatlon of gametoclonal and somaclonal varlatlon

'of‘antherfderlved plants;of S. phure;a,,The flrsttstudy eg—
»pamines the uSevof’clusterfanalysis.andvcanonicalydiscriminant'
tanalysis for*Classifying‘antherederlved plants‘according to
‘p101dy based on eas1ly measurable morphologlcal character-h
31st1cs An. 1nterpretatlon of the statlstlcal 1nformatlon to
Wdetermlne the genetlc mechanlsm through whlch the plants of
’vdlfferent ploidy level arose 1s also presented ‘The obJec-d‘
tives of the second study were to determlne the p101dy andg

genotypic effect cn1 net photosynthes1s and 1ts component~

haracterlstlcs among anther derlved plants Thevevaluatlon

of the phy5101091cal performance 'of.»the fanther-derived-:f

_plants, espec1ally monop101ds,’enables selection at the earlyf'“

stages of the breedlng program

13



: Flnally, "the  third study was undertaken to 1nvest1gate,.

”genomlc changes that occur durlng the . process of anther-

cultureb The 1nvolvement of rDNA sequences 1n these changes"

has been addressed
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- Spore mqt_-hqr;_lcv:.el'_lf.f

'Nocrossovers: . .. . - L 77 single crossover.

Prb’pha'se' I 3

- M‘ffelep'ha'sve T

" Telophase II
‘after -SDR

.- Genotypes oi' ) L - )
2n-gametes atter 'SDR . 1AABBCC:1 aabbcc .

Tel-ophasén -
after’ FDR

" Genotypes. of et T >
© 2n gametes alter FDR all Aa8bCc - o /1A8BbCC:2AaBbCcC: 1AaBbcc

Flg l Segregatlon of three heterozygous 1001 on a palr ‘ :

... of homologous chromosomes during 2n gamete formatlon_
+by both first division restltutlon (FDR) and o
second division restltutlon (SDR)

Source-‘Vellleux, 1985
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So larum pkm'éja Solanum phureja

diplandroid A (2x) diplandroid B (2x)
anther : anther
culture . _culture
_uidnoploid A (1x) . ﬁ:ot‘xoploid B (1x)

protoplast
fusion

Solarum tuberosum

tetraploid cultivars (4x) . < highly ‘heterozygous

diplandroid AB (2x)

4x-2x hybrids (4x)

Fig. 2. The qver’a'l-i. breeding scheme
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| CHAPTER 2

 CLUSTER ANALYSIS OF ANTHER DERIVED PLANTS OF SOLANUM
 PHUREJA BASED ON MORPHOLOGICAL CHARACTERISTICS

'(formatted‘for Amer. J. Bot.)

ABSTRACT

The feas1b111ty of . grouplng anther-derlved plants ofl
Solanum phureja according- tc“p101dy based cn ‘thelr
morphologlcal characters was studled Canonlcal dlscrlmlnant
analys1s 1dent1f1ed four characters (anther length ‘number
of chloroplasts/palr of guard cells, leaf w:Ldth corolla
w1dth) of nine measured as the most effectlve comblnatlon for
‘vdlagn051ng p101dy Data for these characters from two‘sets

- of plants were subJected to two clusterlng techniques, one

of whlch uses the average llnkage clusterlng (UPGMA of the3

NT SYS programs) rand‘,*the ‘ other centr01d sorting
(SAS-EaStclns) Screenlng of anther-derlved plants by cluster.
analysisfuprcved to be an ef£1c1ent means- of separatlng

monoploids from the-other’ploidy levels.
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INTRODUCTION

The main applicatidn of anthef culﬁu:e to plantvbreeding.is
the dévelopment of haploid__and subsequently “homozygous
~ diploid plants; theref&re, it is eséentiél that thé ploidy
level'qf regenerated plants be known. Anther-derived plants
have been frequently obéerved to vary with respecﬁ tq_chro-
mosome number (Wenzel and.‘Uhrig, 1981;_YBhaskafan. eﬁ al.,
1983). The mOst'common‘method for detérmining ploidy level
has been Feulgen-staining of root-tip chromosomes. However,
if a lafgé number,of‘plants is.to-bé anélyzed,_this.is rather

a laborious method.

The -overall goal of»ouf'potato breediné program is to
introduce exotic germplasm into exiétiné.Solanum'tuberosum
-cultivars (2n = 4x = 48) by using a‘South_Ame:ican diploid
potato species, Solanum phureja Juz. & Bﬁk; (2n = 2x = 24)
aé the pollen parent in 4x X 2x crossés; The'first step of
the bréeding program is to increase the heterozygosity of the
i 2x parent by fusion of,ménoploid genomes (2n = 1lx = 12) de-
rived through anther culture of unrelated diplandrous,clones;
Hence, early recognition'df monoploids hastens"ﬁhe progress

of the program.

Correlation. between - ploidy  level and various

morphological characteristics of plants regenerated from
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_tlssue culture has been observed 1n several spec1es (T51kov e

et al 1974; Hell, 1979, Fassuolls, 1977 Sree Ramulu, 1976;

Santos and,Handro, 1983) The objectlves of thls study were:

1y to determlne 1f ‘w1th multlvarlate statlstlcs, i. e,jvas
'canonlcal dlscrlmlnant analys1s and cluster analys1s;'a'set
‘ of ea31ly measurable morphologlcal characterlstlcs could be
hldentlfled to dlagnose the p101dy level of anther-derlved.
'plants of Solanum phureja, and 2) to quantlfy the varlatlon"
w1th1n each p101dy group for 1dent1f1catlon of exceptlonal-

‘ genotypes for use in: further breedlng
MATERIALS AND METHODS

. Two separate sets of

vplants derived- through anther-culture of a 31ngle clone of
Solanum phureja;’P;I. 225669 (Vellleux et ‘al., 1985) were -
used. One Set‘(designated'originalvdata7set)‘contained‘58

plants, including' 33 d1p101ds, 19 monoplolds andb‘six

tetrap101ds as determlned by Feulgen stalnlng of the root t1p~v'

chromosomes (Karp, 1982). The other set (de51gnated testing
data set)jconsisted of 30 plantsffincludinchQ‘diploids, 7
1monop101ds and 1 tetrap101d Thls set of plants was derived
. by anther culture of 4 d1p101d plants whlch had been regen-
erated by anther culture ofvthe same genotype of §A_phgrg;g.
The plants were established from‘in_xitrovshOOts, cultured

~on Murashige and Skoog (1962) basalvmedium’with,B% sucrose,
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0.8% agar, pH 5.8 supplemented'with-Z mg/1'2'4-D and 0. 4.mg/l
BAP, by removing the culture medium from the root mass and
plac1ng the plantlets in vermlcullte under plastlc for ahr'
fﬁweek followedvby“3-4 days under-mlst. The plants were then.
1f_transferred to 4 llter pots and placed 1n the greenhouse un-'d
:der amblent temperatures and natural photoperlod ~the orl-‘

glnal set of plants durlng sprlng 1984 and the testing'set

a year later. The plants were fertlllzed weekly with 200ppm

‘N from 20N-8.8P-16.6K.

At flowering, approximately six weeks‘after the plantsv
“had been. placed‘ in the greenhouse, the follcwing

morphologlcal 'characteristics were measured: 1)"leaflet

~ length- (3 _leaflets/plant), 2) leaflet width (3

leaflets/plant), 3) mean number of chloroplastS/lO_pairs of
v:guard cells (FrandSen, 1968), 4) internode length (second
youngest internode), 5) stem width (second internode), 6)
corclla‘length (3 fully‘expanded corollas/plant), 7) corolla
v”w1dth (3/plant), 8):anther length at dehiscence, and.9) num-

 ber of flowers in an 1nflorescence (3 inflorescences/plant).

The original data set was first analyzed by a canonical
discriminant analysis (SAS Institute, 1982) to flnd the best
combination of characters for determlnatlon of p101dy level‘
Us1ng'the resulting character comblnatlon, the data of the

original data set, and, for verification, that of the testing
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data set, were.subjecté¢vto c1uster:aha1ysis by means of
‘nearest centfoid'softingg(Ahderberq, 1973;FSAS Institﬁte,v
1982; Veilleux et al., 1984) . Tofexamihe the,felétionshibs
of the'differeﬁﬁ geﬁofypes within’ploidyfgrqups,vclustering
bf'the'oriéinalldata set was repeated uéing-the-UPGMA (un--
Weighted pair grdup methdd using arithmetig averaées) of the '
‘numerical‘ taxondhy’ paékaqé _6f computer programs, NT?SYS
~v(Rohlf' et al., 1978);‘ The clquéring was based on a Q=
correlation matrix..Céphenetié.éor:elation_céefficients were -

calculated for each similarity matrix.

To determine if clustering
according to ploidy level ¢ouldibe achieved at;an eariier
 developméntal stage, the fdlldWihg'daté-Were meaéufed'bn’the

plants of the testing'set at,transfer from in-yitrO'to‘the

greenhouse: 1) guard cell length (5 guard cells/plant), 2)

 leaflet length (3 leaflets/plant), 3) leaflet width (3
leaflets/plant), 4) internode length, and 5) stem width.
Peels of_leaf_epidérmisvﬁor gquard cell;meésurements.weﬁé’

prepared according to the method of Hilu_and,Randail (1984).
- RESULTS

‘ThebcanoﬁiCal,disCriminant analysis using the known ploidy
as the classification vaﬁiable»on the b:iginal data set re=-.

vealed that a combination of four characters (anther length,
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chloroplast counts/pair of guard cells, leaflet width, and
corolla width) was’most»effective_for grouping_the plants
accordingito ploidy level. (Table l)._Leaflet‘length instead.~
of'c0rolla length was selected'in spite of thevhigher char-
‘acter weight value of the latter to achieve a balance betweeni
floral and vegetative: characters Us1ng this character com-
bination the same data set was subjected'to cluster analysis
by SAS-fastclus~procedure. Optimum"clusterinéroccurred:with
two clusters and yielded a cubiciclustering criterion (CCC)
of 13.9. All 19 monoploidshwere assignedjtolthe same cluster)
- which included onlyvtwo plants ofbhigher ploidybgroups-(Table
2) The remaining diploid andvtetraploid'plants‘formed the
.other cluster. An attempt was made to separate the d1p101ds,
from the d1p101d-tetrap101d group by a551gn1ng the data: set
to three clusters. However, due to the largevoverlap of the
character valuesbbetween the diploids andrtetraploidsv(fable
3), the'tetraploids were alwaysvembedded in thefpredominantly
diploid clusterb However[ a three dimensional'plot of the
plants in the original data set us1ng the characteristics’
most diagnostic of ploidy as revealed by canonicalb
discriminant analysis demonstrated that the»tetraploids‘oc-
curred as a subgroup at the upper limits for all three char-

acteristics (Fig 1).

The canonical discriminant function was repeated on both

of the data sets with the optimum character combination to .
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' »cluster. However,

 study the relative 'importancef of the selected characters

(Tablev‘l). fIno'the‘ testlng data set, ‘thei‘number ’of

chloroplasts/palr of guard cells was the only varlable that»’ o

was not s1gn1f1cant There were also some: dlfferences 1n the..
.relatlve welghts of the dlfferent characters w1th1n the total -
canonical structure, however, 1n general the selected char-
acter comblnatlon proved appllcable to the testlng data set
With the testing data set two clusters were again found to
fbe optlmum (CCC 1 7. 5), w1th all of" the monop101ds grouped
in one cluster and the majorlty (18 of 23) of the plants of"

the other p101dy levels as51gned to the other

"Canonical .discriminant*»analvsls' Of‘fthe“hinf’.it'O'
morphologlcal characters revealed that all but leaflet length;w
of the measured characterlstlcs had a. 51gn1f1cant contrlb-
ution to the between group varlatlon (Table 1) In the clus-
ter analys1s, two clusters agaln were optlmum (CCC 6. 9) andb

aga;n, six. of the seven 1nonop101ds were ass1gned to onev'

the monop101d cluster was not dlstlnct
because plants of the hlgher p101dy levels were approx1matelyf

_’equally spllt between the two clusters w1th 44/ in the’.

";,fmonop101d cluster.,:h

The centr01d sortlng method of the SAS fastclus proce-
dure does not yleld 1nformatlon on the relatlonshlps between

rthe different members in each cluster. ‘Thus,: for a closer
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look at the within group variation, clustering of the ori-
ginal daté set was repeated with the UPGMA methodv(Fig 2)f
The UPGMA resulted in a better separation of the-different
ploidy levels. The majority of the monoploids'(ls of 19) ap-'
peared in one cluster that included four diploids. The
diploids were separated into two subclusters, linked to each
other at a correlation coefficieﬁt*level o£ 0.934‘and to the
predominantly monoploid cluster at a '6;965 level. The
tetraploids separated into two very distinct subclusters that

were linked.to.éacﬁ dthef,éf,thé{lowest:correlation:level
(0.893) of all the othe: éroups. The tetraploid cluster also
included a heterogeneOQS'but_distinCt_subcluster comprised

of diploids and monopiéids.
DISCUSSION

Both mean chloroplast number/pair of guérd céllgvand the-
guard ceii length were valuable for separating.thé'different
plbidy levels of this potatb species in all bﬁt the testing
data set. This is in.aQréemegt with the findihgs of Hermsen
et al., (1971). Even mbreldiagnostic of ploidy level were the
floral characters - corolla length, cOrollavwidth and anthéf
length-, which supports the association of flower dimensions
with polyploidization (Eigsti and Dustin, 1955; NarayanasWami
et al., 1971; Santos and Haﬁdro, 1983)( The discriminatory

power of leaflet dimensions was less than that 6f the florélf
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characters, as,for'Petunia‘(Santos and Handro, 1983). Very .

high-Within-group variability'for number of flowers in an

nlnflorescence and 1nternode length made these characters poorfv*

ch01ces for d1agnos1ng ploldy of mature plants.‘° The

canonlcal dlscrlmlnant analys1s not only reduced the number' ”_

of characters one needs to measure,_but also gave valuable
information on whlch'characters dlsturb clustering by‘having
larger within than between group standard deviation; e.g.,

number of flowers per 1nflorescence and 1nternode length.

The'clustering,according to ploidy leVel,usingkthe di-
agnostic character combination'was‘good-in bothloﬁ thegdata
sets from greenhouse grown plants Thus, it is'conCIudedbthat
_.cluster analys1s based on morphologlcal characters is useful
for initial screenlng of anther-derlved plants.a However, as
is partlcularly clear ln the testlng data set,'the ploidy
level shOuld.ultimately be”confirmai'bv:axdirect method.
(Feulgen staining of;the chromosomes,”cytophotometryhor flow

cytometry).

- Because the monoploids  have developed vthrough.
embryogenesis of pollen grains, the genetlc complements of
which result from free recomblnatlon in ‘a cross- breedlng
heterozygous species, one would expect the group to be het-

‘erogeneous. Our results, however, 1nd1cate the oppos1te. One

could speculate that with .respeCt_ to  the measured
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morphological characteristics, the nuclear ploidy is a major
determining factor leading to the uniformity of this group.
" The UPGMA of the‘NT-SYS program was very efficient in
separating the different ploidy levels. The‘vaiue 6f the
correlation coefficien£ ét which the different pléidy groups
clustered decreased with the increase ip ploidy level. This
woﬁld indicate higher heterogenei‘ty at the higher ploidy

levels.

Genotypes- within the higher ploid&ﬂ_groups may have
arisen either from reducéd pollen followed" by
endopolypioidization.Or'from unrediided ‘or dbubly unreduced
pollen. The frequencies of the Various‘m¢¢hahi§mé“are cur-
rently unknoWﬁ;' howéver, that both non-reduction and
endopolyploidization have cbntributed to the population of
diploidé‘in our populatién has been supported by genetic‘eQ-
idence (Veilleux et al.,:1985). Those diploids-a?ising from
2Q pollen due to spindle co-orientation dﬁrihgrthe sebond
meiotic division w&uld be relatively homogeneous'¢§hpared to.
those which have been derived by endopolyﬁloidi‘zaticnv- of
monoploid embryos:. As a group, therefore, £he»diplOidélwéuld
be.expected to exhibit less Variability; This‘wés true"only
for charactérs measured on individual fldwers (éﬁﬁher.length,
corollaklength and corolla width - Table 3). Héwever, these

are characters which are more stable over environments, and
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~'because the data were collected over a nerlod of two weeks
x_v of lengthenlng days, we are 1ncllned to: take thls as ev1dence'lw
of greater genotyplc homogenelty in the d1p101d group Howf:gy;vcr
ever, thls genotyplc homogenelty may have obscured generalyrht
- effects of nuclear p101dy by bufferlng the data w1th a large»

csubgroup of v1gorous heterozygous dlplOldS from 2n POllen’-“"'“

embedded among the comparatlvely 1nbred doubled monop101ds

The clusterlng was not as clear on the data collected

at ‘the Qin.“"itf:o'stage ln addltloni to problems in
ndlscrlmlnatory power at thls early stage,va poss1b111ty ofy

._endopolyp101dlzatlon. after removal of 'the plants from ;:g '

vi tro condltlon could have confounded the results Because

the chromosome counts were determlned at the seedllng stagel?fl)fr

;n the greenhouse, some. of the 1n yltro monop101ds could have

~gone through one or more cycles of endomltosls before"
greenhouse establlshment Genomlc lablllty and the tendencyr

of monop101ds to change to hlgher ploidy levels in potato has .

been reported by Wenzel and Uhrlg (1981)
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TABLE 1. C_anonicdlv discriminant analysis of the 'original’, "‘testing‘ and 'in-

vitro' data sets.

SRR c_ha.'racvte':‘ e - Original Testing ‘ In wvitro
N "&ajcaf-“s:e.t ’ data set data set
F-value Char. - F-value Char. E'-,-valbue Char.

we i’g]:x‘i:al we:’_. ght ‘ ‘weight

P 38.3#2+°  o.81 4.2 0.59

Chl/10 gc
E Stem~yidth,} 3.7 0.33 | _
'Légf.iéﬁqth» 12.0%#* - 0.55 o . ;-qz;9w  0.50
| Leaf width  18.9%**+  0.65 6.0+  0.68 5.5%  0.64

Intern length 2.5 0.28 . 4.0% @ 0.5
Anther length 73.2¢%+  0.94 . 9.8%%  0.80 .

Flowers/inflo ~2.3_  . 0.26

Corol length 38.3%#+*  0.81

corol Qidtnj' 55;2***;. ‘biégv“"_QZQ,S*f* 0.99

Guard cell Lenéfh e . S 87***077

‘3Character weight in the total'canon‘icyal st;:uctufe. :
b<;uard 'cell pairs ) . ‘
€%, #*, and *** denote significance at the 0.05, 0.01, and 0.001 .

levels, respectively.



TABLE 2. Cluster as.évignm‘e‘nts of the anther-

derived plants.

Original Testing In vitro

data set 'data set  data “s‘e,t

a

Cluster M° O M O M ©
1 19 0 7 5 6 10
2 2 37 0 18 1 13

aM=mc>noploid; O=other (including .bdth‘ .

diploids and tetraploids)
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"TABEE- 3. Means, - standard deviations (Std), and coefficients: 6f variation (CV')

. of -morphological characters among the anther-derived plants differing “in ploidy .

2.6

‘Mean std cv 3
" Variable | M Db T ¥ D T M D T
Chl/10 g.c. 10.1 17.2 25.3 1.7 3.3 1.5 17.6 19.3 6.0
Stem width (mm) 3.3 3.7 3.9 0.7 0.7 0.6 21.8 19.3 16.
Leaf length (cm) 2.7 3.4 3.5 0.5 0.7 1.2 20.5 21.0 350
Leaf width (ecm) - 1.4 2.2 2.9 0.3 0.5 1.2 19.1 23.5 42.7
Inter lngth (mm) 1.6 2.0 2.6 0.9 1.1 1.2 53.4 54.7 as.
‘Anth lngth (mm) 3.1 5.1 5.9 0.9 0.7 0.7  27.5 13.0 1I.
Flower.s/inflo‘ 5.5 6.5 6;2 lv.‘6 2.7 24 30.0 41.2 37.
Corol lngth (cm) 0.9 1.5 1.6 0.4 0.2 0.3 42.4 14.7 1s.
Corol width (ecm) 1.5 2.5 0.3 0.5  35.3 10.1 1s.

"0 .0 W, W o

3M=monoploid, D=diploid, T=tetraploid
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Fig.. 1. Scattergram of mohopioid;r dipléid‘fénd ‘tetraploid 

plants »based on three 'mb:phoiogical characteristics. All

plants'were,regeneratéd by antherfculturé‘of one genotype of

Solanum phureja
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Fig. 2, ,Phenogramf'of antherfdérived;‘plants of Solanum

~phureija. clustér'lﬁ(l7 dipldids; 1 ﬁonoploid)} Cluster 2 (16
monoploids, = 4 diploids); Cluster 3 (7 diploids, 1
" tetraploid); Clustef o (5"diploids, 5 vtetraﬁloids,, 2

monoploids).
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. CHAPTER 3

 PHUREJA

~ (Formatted for‘Planta)

Abstract. _ tfhe _effeot fofv'ploidy and hgenotYpe on :net_ df'

v photosynthes1s and ,s~¥¢bmp¢hent - characteristics, RuBP

'f,carboxylase (E C 4 1 1 39) act1v1ty, chlorophyll‘content.' o

']51eaf area and chloroplast ultrastructure among monop101d
h idlplOld and tetrap101d anther-derlved plants of Solanum‘
;jphure]a wasz_studled., Leaf area, net photosynthe51s and
. chlorophyil:content increasedvsignifiCantlydﬁith increasiné
‘. pl‘oidy'nW’ithin the monoploid group, Rubisco a’ctivity and |
"dconcentratlon dlsplayed a 51gn1f1cant genotypic: effect. For
the d1p101ds, variation among genotypes was s1gn1f1cant for
total protein oontent and maximum spec1f;c act1v1ty of
Rubisco, and among the tetraploids for‘net‘photosynthesis and
specific leaf weight. The antheréderived plants‘surpassed'the
anther donor plant for all ’characteristiCS‘ exceptv net
'photosynthesis;:for Whioh’onlyttheptetraploids were;superior I

'to_theganther'sonroe plant.' A monoploid genotype with an
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increase of 289 for maximum activity of Rubisco‘ and a
tetraploid with an increase. of 30% for net photosynthesis”
over the anther donor plant were‘identified. |

Key words: Potato - photosynthesis‘i anther culture —‘ploidy

- monopioid.
Introduction

'Although originally viewed as a.potentially efficient means
for produc1ng homozygous breeding lines after chromosome
doubling, androgenes1s in anther cultures has been demon-
'strated to yield transgreSSive segregants for traits of eco-_
nomic s1gnificance, or‘even novei phenotypic‘variation (Evans
et al. 1984); This has been well_documentéi»fdr various
.characteristics of plantimorphologYA leaf color) alkaloia
content and disease and insect resistance‘(Arcia,et'al. 1978;
Burk and Matsinger i976~ Burk andﬁChaplin 1980;.fhurston et
al. 1977).. However,r variability for phys1ological traits
among anther-derived plants has’ been less frequently reported_
(Bhaskaran et al. 1983; Medrano and Primo-M1110’1985).

A common' phenomenon ‘encountered among‘ plants derived
through anther cnltnre'is'variation in ploidy resulting from
cycles of‘endopolyploidization, nuclearffusion during'the
androgenetic process (Chen et al. 1984), or embryogenesis of

2n microspores (Veilleux et al. 1985). - Ploidy Variation
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among such closely related genotypes provides thevopportunity
for studying gene dosage effects on various physiological
characteristics; In previous,studies, an increase in ploidy -
has been found to  be positively a»correlated with
photosynthethic rate and“biochemicar:activiries associated_

with CO, fixation rateS'forrMedicago (Molin et al. 1982),f,a
Festuca (Byrne et al. 1981; Joseph et al. 1981) and Triticumv

(Dean and Leech 1982). In a polyploid series of fern (Todeav‘

barbara) DeMaggio et al. (1971) found that the ultrastructure
of chloroplasts changed with increasing ploidy.

In addltlon. to 'varlatlon. for p101dy among regenerated
plants, the androgenetlc process can also result in consid-
erable genotyplc varlatlon w1th1n each ploldy group. Thls 1s
largely due to genetlc recomblnatlon and segregatlon durlng
m1crosporogenes1s of cross-polllnatlng, heterozygous spec1es‘
or to genomic 1nstab111ty durlng the callus phase for plants
regeneratlng.from 1nd1rect embryogenesis. Inbreeding de-
pression, often;present in colchicine induced polyploids,’can
" be partly c1rcumvented by " the 'rigorous' selection; of
embryogenic mlcrospores surviving to form plantlets durlng“
‘androgenesis. Thls has been termed the monop101d sieve'
(Wenzef et al. 1979) and may be partlcularly effectlve for"
species normally intolerant of 1nbreed1ng L |

Selection for photosynthetlc_eff;c1ency asirr.factorbin
‘yield imnrovement has‘meﬁ with{only linited success (Zelitch

1982; Gifford et al. 1984). Crosbiebet'al.'(1981)'reported
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an advance of 4.7% in carbon exchange‘rate per selection Cy-;v
cle among inbred’lines of maize; however, no'concomitant in-
Crease in yield‘was[observed.‘Wiebold et al.. (1981) observed
- nod response to selection for net photosynthe51s among soybean
cultlvars |
The overall goal‘of our breedingvprogram is‘tO'introduce
exotic germplasm to existing~Solanum’tuberosum L. cultlvarsi
: by 4x X 2x crosses us1ng Solanum phure]a Juz. & Buk as the
bd1p101d‘pollenvparent. Evaluatlon of ‘the genotypes derlved
through anther culture of the'pollenwparent'wlth,respect tol
physiological performanceﬂis important for'selection ofrthe
best genotypeS'and methodsvfor'potato germplasm improyement.
Thus,vthe;objectiyes'of this Studyuwere: 1) to assess the
 effect of ploidy on,net"photosynthesiS‘and RuBP-Carboxylase
activity among anther-derived genOtypesvof the diploid potato
'species,igh__phg;gig; andiZ) toveyaluate the potential_Of‘
' anther culture for'generating variability]for‘photOsynthetic

~traits among regenerated;plants.

Materials and methods

Plant materlal - Four genotypes each of monop101d d1p101d

"'i-and tetrap101d plants derlved by dlrect embryogenes1s in

yanther cultures of a s1ngle genotype of S. phureja. P,I.
225669 (Vellleux et al ~1985), which had been selected for
'adaptatlon to long photoperlods (Haynes 1972), were studled

'UThree individual plants of, each genotype were grown from
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tubers in 4 L pots in the greenhouse under ambient temper-
- atures and‘naturai'nhotoperiod (March through«Mey,‘1985).
' The plants were watered weekly with a balanced nutrient sol-

ution.

Photosynthesis measurements. Nine weeks aftertplanting, be-
fore the plants had flowered,'net‘photosynthesis was deter?
vmined on:fully eXpanded leaves. One compound leef per plant
was enclosed in a plexigias chamber (18 X 13.5 X 4 cm). Air
circulation through the chamber was controlled by a small_fan
located directly beneath the leaf. Photosynthesis was meas-
ured using'.the open system-desoribed by Sch’a‘ff_er et al.
(1985). Photosynthetic photon flux density at the leaf sur-
fece was 0.9 mM s"bm'é. Air temperature in the chamber was
maintained at 28 * 1°C and relative humidity at 50 * 1%. heaf-
area was measured using a Li—Cor LI-3050A leaf area meter.
Following ' the photosynthesis end leaf 'erea’ measurements,
'tWenty»O,Z cm? discs were removed at randomvfromvthebleef.
' These discs were collected and stored in a Dewar of ligquid

* nitrogen.

RUBP carboxylase;'ohlorophyll‘ and protein determinetiOns.
The frozen leaf material was extracted at 25°C in a glass
homogenizer containing 1l ml of an extraotion medium (50 mﬁ

. Tris-HCl (pH 8.2), 20mM MgCl,, 20 mM NaHCO; 50 mM'ﬂ

Zemercaptoethanol, and 1 mM NapEDTA). Aliquots were then
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removed for measur:.ng chlorophyll (Wl'ntermans” J.and'DeMo‘ts.,.,ﬂ.‘.‘v..'.._.

""--'“1965) and total proteln concentratlons. The" remaining ex-’

: tract was clarlfled by centrlfugatlon (12 000 g, 1 mln)

,. ..RuBP carboxylase (E C 4 l 1. 39) act1v1ty was measured 1n- SR

trlpllcate at 25°C (Servaltes, _1985) RuBP carboxylase pro-

' tein concentratlon '. was- ' determn.ned ' u31ng the

2 1“C-carboxy D-arablnltol blsphosphate technlque of Hall et'

al'; (1981) as modn.fled by Serva:x.tes (1985) Both total pro-“

-teln and soluble proteln (that present -in the extract fol-

“ ﬂv‘vlow:Lng centrlfugatlon) was determ:l.ned in trlpllcate by a

: dye-b:.nd:.ng assay (Esen 1978)

"Electron mlcroscopy __ Leaf samples of monoplo:Ld (A205),

d1p101d (A95) nd tetrap101d (A86) plants : (one'

"'genotype/p101dy) were f:Lxed in - 27 gluteraldehyde 1n 50 mM'»

’ ";sod:.um cacadylate buffer (pH 6 8) and post flxed 1n 1/ ost.um o

tetrox:.de ~ The samples were embedded in Spurr s res1n and_,

' vstalned 1n 1/ uranyl acetate 1n 50/ ethanol and lead acetate :

»Gr:l.ds were examn.ned us1ng a JEOL lOOC transm::.ss:.on electron_ ok

mlcroscope B Number of chloroplasts/cross sectlon of aev

mesophyll cell and number of starch granules/chloroplast were‘,

determlned from mlcrographs photographed at magnJ.fJ.cat:Lon of

‘33OOX'. .Chloroplast -s:L‘ze was’ mea_sured from enlarged_m:.vcro-
. .'gr_aph‘s at magnification of 1600X using‘ a ’-Z,idas'b 1mage a»nalyzer

' 'v‘.(Car'l Zeiss, Inc.).
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Statistical analysis. The'effect*of'pioidy'was‘analyzed by |
‘SAS ANOVA procedure and»thermeans separated by LSD test. For 5
genotypic effect ANOVA was repeated on data from each plOidy

~group separately The relationship of net photosynthe31s to

the component characteristiCSgwas analyzed~by correlation -

analysis.
‘Results

Area per.ieaf;bnétiphotosyntheSis\and chiorophyil content‘on,:
~a leaf area'basis‘were observed to,increaseisignificantle

with 1ncreas1ng ploidy (Table 1). Meanssfor the three dif?th
ferent ploidy groups were s1gnificantly different for leaf

area; however,vdipIOid and~tetrap101d groups did_not differ¢f
significantly féf“ﬁét pnot03ynthesis or chlorophyilbcontent,
althouch they were Significantly greater than monoploid means
,for both traits. Specific leaf weight was not s1gnif1cantly
»different among p101dy groups.

| Due‘to high within group variation,‘ploidy effect was not
significant for biochemical data. - However,»lforlegBP

carboxylase actiVity, maximum SpelelC act1v1ty (SAmax), and

‘measured specific act1v1ty (SAmeas), a trend towards 1mproved. .

performance from monop101ds to tetrap101ds could be observed
Means of RuBP carboxylase activity, RuBP carboxylase'protein,
x_and soluble and total protein concentration were greater for

 tetraploids than for diploidsﬂand_monoploids; The anther-
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'donor plant PPS was 1nfer:|.or or 31m11ar to the- mean per-

o _formance of the anther-derlved plants for all character:.stlcs”_} _

_ except >net photosynthes;.s, for 'th.ch‘ it was vonly.. surpassed S

“ by the tetrap101ds

: The separate ANOVA tests for each of the three dlfferente

p101dy levels revealed s:.gnlflcant var:.atlon w1th1n each;»‘,"*ﬂ“"”

,plo:l.dy group- for several of the measured tra:Lts ('I’able 2).

_For the monoplo:.d group,,RuBP carboxylase actJ.v:Lty and con-- "

. centratlon, and max1mum as. well as measured spec:Lf:Lc act:LVJ.ty‘

| f'i’-d:Lsplayed a s1gn1f1cant genotyplc "effect. For the dlplOld

‘”~group,, genotyplc effect was s1gn1f:|.cant for total proteln'f" ”

f,content- and max::.mum ‘ spec1f1c actJ.VJ.ty "l‘he -tetrap101d_

wgenotypes var:Led s:l.gnlflcantly for- net photosynthes:Ls and

spec:.f:.c leaf we:!.ght » The monoplo:Ld group 1ncluded one'-.'j.f:',.f:"’ T

ngnotype (A205), th.ch had an 1ncrease of 28/ in max:.mum'

vRU.blSCO actJ.v:Lty as compared to the anther donor plant

Among the tetraplo:Lds a genotype (A87) was 1dent1f1ed th.ch

. surpassed,_the anther donor plant and the mean o;f the

tetraploids in net _photosynthesls by 30: and 28%, 'res‘pe,c,-"y S

'tively It also h'ad’ e’XCeptionally' high values 'fOr .mos_t cof
'the measured component characterlstlcs (Table 2) |

The :anrease in net photosynthes:Ls,. regardless of plo:.dy'

was assoc1ated w:Lth larger leaf area,' hJ.gher act:Lv:Lty and .

amount of Rub:.sc_o, and hlgher chlorophyll concentratn.on
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 Electron_ microscopy. The size of the cthroplasts'_in
me'sophyll cells of the monoploid pl‘ant was significantly

,smaller than ln the higher ploidy leVels‘(Table 3, Fig.’l).
The chloroplast sizelof the diploid surpassedbthat of the
tetraploid plant; however, the nunberIOf.chloroplasts in the
”cellslof”the-tetraploid plant was twice that of the diploid,
'whlch resulted 1n s1m11ar percentages of cell face area cov-
”tered by chloroplasts for both p101dy levels (Table 3) Both
‘the number and size of the starch granules appeared to 1n-

Ccrease with 1ncrease 1n p101dy (Flg 1)
Discussion

: Ihe‘positite,association between increasing ploidy level and
net photosynthetic rate reported for_Other crops (Joseph et
al. 1981; Byrne et*al' '1981- Molin.et:al 1982) has been
demonstrated for “the d1p101d potato spec1es,':L .phure]a.
However,pthe-lncrease wasfs;gnrflcant only»fromamonoplold to»l
,dj..plo‘id». level, Whli'ch.vis: in agreelﬁent.with"ajr:ec-en_t.:r_ep'or}t by
Degﬁaineb(1984);IWho’found similar rates oflphotosynthesis"
for a dihaploid'of‘s. tuberosum,cv ~Pentland'Crown»and its

chromosome doubled ’derivatiVes De Malne (1984) concludedvA

~that photosynthetlc rate was not affected by ploldy man1pu-7"'

v*.llatlon

Other parameters, which contribute to photosynthetic'ac-

ptivity‘revealed similar trends in relation to’ploidy,level.
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The lérger leaf area of the tetraplbid plants waé not asso- -
}ciated with reducea levels of soiuble protein per unit leaf
area, as has been reported for soybean (Hesketh et al. 1981)
and rice (Oritani et al.i1979). ihe'diffefences in protein
and chlorophyll'bontept are not the result of differences in
leaf thiékness.becauSe'the‘speci£;c leaf'weight was similar
~for all threebploidj leQelé. ThuS*if seémS’fhat,faCtors in-
volving protein synthesis arevnot limited byyéﬂe»lower gene
copy number at the monoploid iéﬁei.. .

The specific activity of Rubisco did not significantly
différvamong the ploidy groups, which is in agrgeménﬁ with
the findings of Joseph et a1;~(1981). In'contrast with that
study,‘ouf data showed fhét the amount“oflRubisco as a,fréc_
tion of total protein was remarkably similaf‘(SZ%) ih all
ploidy groups. This seems to indicate that the smallerzsub-
unit of Rubisco, which is coded for by the ﬁuclear génome,
might not be a 1imitinq-faCtor;in the biosyntheéis of ﬁhe
enzyme at'lower ploidy 1¢Vels as suggested by E1iis>(1975).

From the separéte>ANOVAs within each’ploidy leVé1;fit‘can>; 
be concluded that useful genotypic variation was preéent with
reSPect to se§e£al characferistics._Of pérticﬁiaf‘interest
was the variation within thé monoploids and bdip-loids for
measured and‘.theoretical maximum specifié> actiVity. of
i Rubisco. ‘The SAmax activities of all the diploid.’anther-

.derived'plantS'sdrpassed’the anther-donor piént’by 14-28%.

Genotype A95, Which ‘has been shown  to bé‘kheterozygous
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(Veilleux et al 1985), thus llkely a result of androgenetlc

”development of a 2n mlcrospore, had the lowest SAmax Value,

A,whereas A97 prev1ously shown to be homozygous thus a: result

of a cycle of endopolyplo:.dy,- had a hlgh SAmax act1v1ty _I.t

is speculated that a comblnatlon of completely homozygous'b

) :”nuclear 1oc1 w1th chloroplast DNA has resulted in h:Lgher" S

enzyme act:.v:.ty than when .the ) comb:.natlon ,i' 1nvolves1

m'ﬂ”.’heterozygous lOCl Slmllar dlchotomy between hJ.gh and low,':#?-”'::"'”' o

enzyme act1v1ty was observed among the monoplo:Ld plants both.t S

in SAmax and SAmeas Heterogenelty among the monoplold groupg“

was expected because of segregatlon dur:.ng m1crosporogenes1s

’ From thl,s, one could further speculate that only a. unlquev_':'

'-comb:.natlon of one type of nuclear gene together w1th the'jf
”_”chloroplast DNA w:Lll result in product:Lon and assembly of an'
"'enzyme of h1gher catalytlc act1v1ty or 1ncreased express1on

An alternatlve explanatlon to the var:Lat:Lon in Rublsco :
act:LVJ.ty of the anther-der:.ved ln.nes could be a: mutatlon :|.nva

the chloroplast genome durlng 'an_ther. culture. Th_J.s is s_.up-_v'

",'portedvby_recent;workuof:Day and Ellis (1984), who identified e T

l'aﬁr'ge ‘deletions in the ctDNA of anther-'der_iv.ed ;"wheat plants

‘indi’ca't'ing» : genomic lability in the organellar‘.i AZDNA due to

o ._anther-culture

In sp:.te of the 1mprovement for Rub:l.sco act:Lv:Lty among the
'anther-derlved monoplo:.l_.‘d.s_, t'he:v.source plant, PP5, still sur-
passed them for net photosynthesis. | Thus, we are presentl.y
testing isogenic lines of A205 of different ploidy levels to

®
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study - the gene dosage effect in comblnatlon w1th the - hlgh_;v
enzymatic act1v1ty on the rate of . photosynthes1s

The observed 1ncrease in the number of" chloroplasts in the»
tetrap101d plant as well as the smaller size of the organelle’

in the monop101ds conflrms the prev1ously reported assoc1-'

atlon’between cell 51ze and the area covered byachloroplasts'

(Tsuji et al. “1979- Scott and Poss1ngham 1980 Olzewska et">

al. 1983; Ellls and- Leech 1985) The obv1ous 1ncrease 1n thef

- starch granule size of the tetrap101ds is 1n agreement w1th ‘?;l

vthe finding of DeMagglo et al.’ (1971)
“In conclu31on, our results showed that anther-culture can

produce genotypes whlch vary in net photosynthe51s and ltS-.

varlous blochemlcal components Such varlablllty may be use-.“f

ful for germplasm 1mprovement Thls is of partlcular 1nterest.3ﬂ” ;

in potato,breedlng,-because several,reportsxhave shown a
correlation between yield,and;net photosynthesis in this crop

(Moll and Henniger 1978; Dwelle et al. 1981; Oparka 1985).
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Table 1., Means for photosynthétic and biochemical parameters among anther-derived plants of Solanum phure ja
differing in ploidy (Pn = net photosynthesis LA = Leaf area; SLW = specific leaf weight; CHL = chliorophyll; SAmax
= units/mg Rubisco; SAmeas = units/mg soluble protein; SAchl = units/mg CHL) .

Pn LA SLwW Rubisco - Rubisco Total Soluble CHL
Ploidy mg CO, dn~2 hr-1 cm2 mg/cm2 activity protein protein protein mg/cm2 SAmax SAmeas  SAchl
units/cm2  mg/cm2 mg/cm2 mg/cm2

PPS ‘ 12,0 22 12 0.12 0,071 . .- 0.34 0.27 16 1.35 " 0.46 7.8
1x 8.1 26 1.2 0.14 . 0.100. 0.43 0.31 BT 1.56  0.50 = 8.8
2x 10.9 41 1.2 0.16 0.095 . 0.39 0.29 19 1.60- 0.52 8.0
ux 12.8 56 1.2 0.19 0.120 7 ‘0.45 0.38 25 1.63  0.52 7.0
Lso (5%) 2 2.1 s . 2.9

Anova among the ploidy groups; least sngmftcam; differences (LSD) are provmed for cnaractemstncs demonstrating
sngmrlcant genotypic effect among ploidy groups



_ Lg‘

Table 2. Means for photosynthetic and biochemical parameters for individual genotypes (3 plants per geno;ype) bfff,
anther-derived plants of Solanum phureja differing by ploidy (see Table 1 for heading abbrevuat:nns) . s:gnlficant s
correlations (r*) between Pn and other character(stnc§ regardless of ploidy, are’ also gtven : i o o

Pn SLw- Rubisco Rubisco Total = Soluble CHL: 2 L
Ploidy Genotype mg COp dm~ 2 pr-1 cm2 mg/cm activity protein prbte&n prpteén mg/cm<  SAmax SAmeas SAchi
units/cm2 mg/cm2  mg/cm2  mg/cm ' k
2x PP5 12,0 22 1.2 0.2 0.07 0.3 027 16 135 046 1.77
Ix . AB6 7.6 - 19 1.1 0.12 T o.ne 0:30 - 20 - -1.16 - 0.41 | 6.10
1% A165 10.0 - 19 i 0.14. . -0.09 . 0.42 0.33 19 . 1.57 ‘0.43 ° 7.58
1x A205 5.9 23 1.1 0.09 . 0.09 o.44 . 0.28 17 © 1.87 . 0.60 9.77
1% A258. . 8.8 42 1.3 0.19 0,12  "0.43  0.34 17 ‘1.63. 055 | 10.84
LSD (5%)8 ’ 0.06 - 0.05 e - 0.31 0.13 ,
2x AT1 12.3 45 1.2 0.15 0.09 0.37 0.28 18 1.73 0.53 ¢ 8.y
2x A95 1.3 46 1.2 0.16 0.10 - 0.43 0.31 . 207 1.4  0.52 7.76..
2x A7 10.0 46 1.3 0.21 0.12° 0,46 '0.35 21 . 16T . 0.57- 10.39.."
2x A178 9,2 37 1.1 0.11 0.07 . 0.30 0.23 17 1.60 " 0.51. .5.98
LSD (5%) B _ ' N AT _ 0.16. i
x ABT 17.5 83 1.5 0.23 - 0.14 . .0.54 0.44 28 1.64  0.517 . 8.23
yx A119 10.8 3 1.2 0.19 0,11 0.43 0.34 21 1.69 0.57 . 1.75
S A301 15.3 58 1.1 0.19 0.13 0.45 0.36 25" 1.51 0.53 . 7.45
ux A330 9.3 58 1.2 013 .0.08 - 0.37 0.27. 2. 1.70  0.46 5.15
LSD (5%) w03 R PR
r* Pn to IS 0.36% -0.334 S RTLEE SRR R

Anova within the ploidy groups; least significant’ dnfferences (LSD) are provtded for characteristncs demonstratlng
sugnlflcant genotype ‘effect within ploidy groups .
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Table 3. Means and standard deviations for number of chloroplasts/cross-
section of a mesophyll cell (n=10), chloroplast size (n=30) and chloroplast
face area as percentage of total cell face area (n—lO) among anther-derived
plants of §Ql§ngm ph_;glg differlng in p101dy

Number of B Chloroplast : Face area covered by

Ploidy . chloroplasts/cell size (um?) chloroplasts (% of total area)
S k. std _ b 'std std
1x 9.7 2.9 18.64 0.49 - . 18.6 ‘2;6
2% . 7.6 1.6 23.30. 0.64 26.1 4.0
4x - 15.0 2.7. 8.8

20.28 . 0.61 . - 23.8
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Fig. 1. Cross-section of a mesophyll'ééll'(from'tOp-dOWn)

of a monoploid,

phureja.

diploid and tetraploid plant of Solanum
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CHAPTER 4

'CHANGES IN THE NUCLEAR GENOME OF ANTHER-DERIVED PLANTS OF

SOLANUM PHUREJA: AMPLIFICATION OF RDNA SEQUENCES |

(Formatted fOr'PlantiMolecuiar.Biblogy)

_ Keywords:‘gené-aﬁplification}_differential'replication,

“anther-culture, monobldidg‘

SUMMARY

The nuclear genomes of anther-derived monoploid[aﬂd‘diploid
plants of Solanum threja -Qeré comﬁared '€0' thatu.of- the-
'anther-donor‘plant. The Tm of nuclear DNA'wés détérmined tqf
be 85.1°C with a cérrespénding mol G+C thtént'of’38f1%; Opj.'

tical reassociation kinetics revealed that DNA amplification

(7%) of the anther-derived monoploid consistedfbf_highly‘refy,*’ 

petitive DNA sequences. There wére no differénces émong‘the"
kinetic components of the nuclear genome betWeen_the~anther¥‘
derived diploid and the diploid anther-source plant. RNA-DNA

hybridization in freevsolutioh revealed.thét'the monoploid
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| DNA contained'SO% more rDNA sequencési(lSs‘and 25s compo-
'hents) than either diploid. Variationifor éopy number.éf‘
éertain restriction.fragméhts and for restridti§n¥ enZYme 
cIéavage sitestwas revealed by Southern blot analYSisiﬁsiﬁQ.

pboled 18s andeSS compohents of rRNA as the probe.
INTRODUCTION

_-Alth.oﬁg‘h 'reports 'of differential DNA replication _‘duringv
3nofﬁa1”differentiétibn?prdcesses in plants (1) or durigg;ig ’
z;ﬁ;g manipulations of plénﬁ protopiésts (2), suspénéion; gnd;:f
‘céllus~cultures (3, 4) have become moré freqﬁent, oQ;aﬁnderft’
standing'df the dynamics-of thesevevents reméinsfiimited.:An’:
amplification of'répeatéd sequenceé has béeﬁ‘demqnstraté&““”
during dedifferentiétion of seedling-derivédi eallus ‘ofv
Cﬁcumis melo,(S),’inléallus derived-frbm secqndé?y ?h;6em‘of
carrot (6), aﬁd pith—aefiﬁéd_Cailus_of‘Nicofiéna‘éiéﬁéa;(7);
as well és,suspehsion cultﬁres’of.sbybeah'céllsv(8)a it
seems that’specific éynthé£i¢ proceSses of DNA-conﬁribute'to
the developmental"regulafién of'gene‘expression.»Eurthef;fit -
. has been spéculatedvthatthe'stfesé‘imposed'qn_the tissue in

x;;;g éauseé’an imbalénce‘in‘the régulation’oquNA repli-
-cation. Both of these phenomena,'iue., fegulatory'rolé»of‘DNAb
amplification and the gehomé;s response'tobstiesé, have also

been shown to operate'in»zizé (9, 10, 1).
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“An increase in total nuclear DNA content has been demon-
Strated- “among - . tobacco plants regenerated by direct
embryogenesisr in anther cultures (11, 12). The authors

speculated that the DNA increase in the vegetative nucleus,

Ai'which’occurs concomitantly with DNA synthesis in the genera-

'tive nucleus (13),‘was retained though subsequent divisions

of the androgenetic embryoid, resulting in higher DNA content
_pin the anther-derived plants (11, 12), Using»flow cytometric
"quantification of total DNA per nucleus, we have observed a
similar increase of 6- 7/ in nuclear DNA of anther-derived
~monoploid plants of Solanum Qhureja when compared to half :
1that5of the source plant (Veilleux et al., unpublished re-

“sults).

DNA overreplication has generally' been associated with

highly repeated sequences, Specifically of genes encoding'

rRNA in animals (Drosophila melanogaster, 14, 15) as wellﬂ*

as plants (16, 17) Jackson (16) found that the proportion_-

of sequences containing rRNA genes can be altered during se-w_:.

lective vgrowth, of 'soybean cells. Cullis (17) probed the
genome of plants regenerated from callus as well as the
callus tissue with: 'a 755 rDNA sequence~ solated from
env1ronmentally-1nducedvgenotrophs of flax known to vary for
copytnumber of this sequence;‘ The same variation in copy:”

number was detected in'thelcallus and the regeneratedtplants.
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The ultimate goal of our breeding program is to:inoorporaté
oxotic germplasm to existing tetraploid potato 'cultivars‘
though 4x X 2x crosses using the diploid potato species
Solanum phure]a as the pollen parent. In conjuction with the
traditional breedlng tools, we are examining the p0351b11-
ities for utilizing phenotypic varlablllty-observed among;the'
" anther~-derived mohoploids. Thus, a better.underStanding'of
the changes ocourring in the nuclear :oéﬁome ‘during the

anther-culture process is of importance.

The objectives of this.study were;' l)vto characterize the
nuclear genome of Solanum Qhurejé, 2) to identify‘the-kinetic
component(s) in which ‘the observed.overreplicatéd DNA of an
anther- derived monop101d occurred and 3) to determlne 1f the

ampllfled sequences 1ncluded rRNA genes.
'MATERIALS AND METHODS

~ PLANT MATERIAL:

- The plant material included one mohoploid‘(2g‘5f15;= 12)
and one diploid (2n = 2x = 24) ainther-de-r_ived g‘e‘poi:ype as
well as the diploid anther donor plant of‘Solanom‘phureja
Juz. & Buk., which had been selected from P.I; 225669 and
’225682.(18). The plants were propagated fromktubers_in 4
" liter pots'in the greenhousé ﬁnder ambient temperétures andf'

natural photoperiod (spring, 1985). The plants were ferti—
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lized weekly with a balanced nutrienttsolutioﬁ,.Leaf'tissue-
(100g per sample) was'harveeted for each DNA isolation at the
~time ogiflowering. | | |
HVDNA ISOLATION:

| DﬁAtfrom.leaf”tissde was extracted according‘to Scott and
P0581ngham (19) with the follow1ng modlflcatlons The'tissue‘

(lOOg) was ground in . a: Warelng blender in the ‘presence ofdp
liquid nitrogen and extracted w1th,l00ml of:lA SDS-(sodlum“v
dodecyl sulfate) in 0.3M sOdiaﬁ '.acetate, 4%.
polyvihylpyrrolidone ~ (PVP MW#lO 000), 0.02M  EDTA

(ethylenediaminetetraacetic ' acid), and 720ul

7“Hmercaptoethanol/l The homogenate was centrifuged at 20 OOOg

-for 5 min and the pellet re-extracted. Pooled supernatants
were 1ncubated at 37°C w;th 5mg-pronase, img protelnase‘K.and
'1ooug RNAase A for»lh. High moleoular weight DNA was recov-
ered by centrifugation at 65K for 3.5h in a GSTi.rotof;'The
pellet was redissolved in 0.02M EDTA,vO;OSM Tris (pH 7.8),:l.
. and 1Y% SDS.‘_The DNA sample wae then, deproteinized with
Vphenolechlorofomh-thee times. The DNA was precipitated by
addition of 3M sodium acetate (1/10 of the total volﬁme) and
vatwo_,\'/"'olumes of ethanol. The DNA was_pelleted, washed with 809
_ethanol'and‘dried; Aftep drying,vthe'pellet was resuspended
- in 0.02M EDTA, 0.0SM'Tris (pH 7.8) ahd purified by CsCl
centrifugation. For reaseociation kinetios, the DNA was

fragmented by thee passages though a French pressure cell (16
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OOOpsi). ‘Elecrropherefic migration coﬁpareddto‘sizefﬁarkers -
bindicated that this:precedure resulted,in ﬁﬁiform fragment
sizes of 450-600bp. | | | |
TM AND MOL % G+C DETERMINATIONS: |

The meiting point of eaChFDNA sample wae‘determihed by
optical‘ melting vprefiles in 0.5 X‘ SsC (standard saline
citrate: 0.15M NaCl, 0.015M trisodium citrate pH 7.0) using

E. coli as an internal standard. Based on the thermal:ﬁelting"r

points, the guanine plus cytosine content of thevDNAzprepa- ;3'*'

rations was determined according to Marmur and Doty (1962).

RNA ISOLATION:

'RNA from leaf tissue was ektracted by a variatiehren@the
method of Klrby et al | as deeeribedfbyeJohnson (205 ‘mn
tissue dlsruptlon was repeated as for DNA 1solat10n in buffer‘
.'contalnlng 1% naphtalene dlsulphonate, lOQul/lOOml‘dlethyl
pyrocarbonate and 75ul/100ml mercapteethanel; ."The
supernatant was extracted with phenolfcresolktheestimés*and»

the RNA precipitated with  two leumes oftethanol;

Sucrose‘gradient wae used to iselate 185 andv255erNA - RNA
(lmg) was loaded on a 30ml sucrose gradient (5 to 20/ 1n 1X
SSC) and centrlfuged at 25 OOO rpm for 15h at 8°C The gra-

dient was passed though a flow cell and both the 18s and 25s
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peaks were collected and pooled The RNA preparatlons were

"stored in 1 x Ssc, 0.5% SDS at —zo°c

:LABELING OF THE NUCLEIC ACIDS
DNA and RNA was labeled w1th 1“’I as descrlbed by Selln et

al. (21).

REASSOCIATION EXPERIMENTS

The optlcal reassoc1at10n reactlon was conducted in 6 X SSC
at Tm-25°c ‘and the hyperchomlc shlft was monltored at 260nm
.by a Gilford 2400 spectrophotometer‘wz;th therma_l .denatura‘tlon
”appar’atu'bs_. The rate‘conatant':of the reaction‘ was.vcalculated '
from initial absorbance ac.corv'di’ng to Wetmur and Davidson
(22) Forﬂth”e vhyd-roxyapati‘tev (HA)""method denatured'DNA sam-
'ples of 4 dlfferent concentratlons (10 to 2000 wupg/ml) were
incubated at 60°C for vavrlous time periods with '2°I labeled
DNA. »Aftevrv incubation, the aamples were brought to 0.14 M
| (PB) phosphate buffer and mixed with 0.5 g eduivalen‘t of HA.
The unreassociated single ‘stranded DNA (thee washes) 'and the

reassociated duplexes (two elutions) were eluted w1th 0.14 M

PB and 0.40 M PB respectlvely The DNA content . of each,

fraction was measured by a gamma counter (Beck.mann,. model

5500).

RNA-DNA HYBRIDIZATION IN FREE SOLU‘I'ION

To avoid DNA reannealing, the RNA-DNA hybr:.dlzat:l.on was»
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.pconducted at 55°C 1n 457 formamlde as: descrlbed by Vogelsteln.
: ,and Glllesple (23) The reactlon mlxture contalned 10ul la-
:““fbeled RNA (O 3ug,_spec1f1c act1v1ty 1 4 X 10s cpm/ug)l 25ul

v“*~owaNA (12;5ug),“25ul of 20 X SSC and 50ul formamlde The

H'reactlon mlxture"was ’1ncubated at 55°C for 4h After

:‘hybrldlzatlon, the reactlon mlxture was: transferred to a test

letube contalnlng lml of 1 X SSC and 25 ng of RNAase A After

'1h at 50°C the: ac1d-prec1p1table radloact1v1ty 1n’_the’
V allquot relatlve to total counts (w1thout RNAase) was meas-'
"7ured by a gamma- counter and used to calculate the percent of

:7thybrldlzed RNA Ac1d-prec1p1tab111ty at zero tlme was less

 than 2%.

DNA DIGESTION WITH RESTRICTION ENDONUCLEASES, SOUTHERN

TRANSFER AND.HYBRIDIZATIONTWITH ’25IvDABELED‘rRNA'PROBEi'

‘Nuclear DNA of the anther-donor plant and an anther-derived;ﬁf
monoploid  was digestedb with various restrlctlon}'
endonucleases: EcoRI;'HindIII) HincII AluI Tan (BRL) underl:
the appropriate'enzyme'conditiOns' DNA fragments were sepa-ff'iﬂ

rated ‘on a 0.7% agarose gel using lambda phage DNA dlgested‘

by HlndIII as the fragment s1ze marker. The fragments were R

blotted on a nltrocellulose membrane as descrlbed by Southernf7l
.,(24) The hybrldlzatlon was carrled out 1n 5 X SSC w1th 55/l_

| formamlde The spec1f1c act1v1ty of the rRNA probe was 1. 4 x_ﬂ':

106 cpm/ug
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RESULTS

CHARACTERIZATION OF THE NUCLEAR GENQMEFOF‘ Solanum phureija:
"The modified DNA isolatibn'yielde¢350'uq'DNA/gram fresh
weight of leaf tissue. Thermalvdenaturation‘profiles indi-
_cated that the purlty of the DNA samples after_ CsCl
centrlfugatlon was 85 90/ The thermal" melting “poi{’nt fer -
Solanum phureia was 85.1°C (std = 0.26,'n = 6), which corre-
| sponds to a G-C content of 38 1%'(std = 0 9, n = 6). There
were no 51gn1f1cant dlfferences between the meltlng p01nts
or G-C ratios of the anther-derlved ‘plants. and the source

plant.

The reassociation reactien of Solanum phureja;nuelear DNA

in 6 X SSC at 60°C up to an"equivalent cot of 3.5 (corrected-

for the salt cencentratiOn) as ‘ determlned by the

hydroxyapatlte method is demonstrated in Flg 1. As-deter-

mlned from the cot plot there are two shlfts in the rate of
,ythe-reactlon, one at lecot (log equlvalent cot) value of‘0.5
andethehether“at lecot value of 1.75 indicating changes in

‘the reiteration numbers of sedquences.

OPTICAL REASSOCIATION OF ANTHER-DERIVED AND - THE ANTHER-DONOR |
PLANTS
The cot plots of the early part of the reassoc1atlon re-

action of the anther-derlved monop101d and d1p101d plants as
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we‘ll‘as' the source plant are presented in Fig. 2. After ap—“

, pl-yiné".,»the _ calcul‘ationsb. deecribed | by" Wetmur‘ _an_d ,Davvidson
(22), -the{i,_Iv'e=ass-oc.3;-::"=vl12.i‘C:‘>11>vV reaction’ of «;th,é“.vmo,n‘?Plérid DNA was
found toavp‘roceed‘ at a faster rate (k = 1.8 l-ivters/n.\»ole/sec)

| »than that of the dlplOldS (k 1 44 llters/mole/sec) up to- a~‘
cot value of 0.15, after whlch the reactlon proceeded obeylng
‘second order k:Lne-tJ.cs, , but at half reduced rate The.--re-_ -

fduct:.on in the rate ,‘of the reactlon was proportlonally:
“greater for the monoplo:.d than for the d1p101ds (k 0 46 and
k = 0.52 llters/mole/sec, respect:.vely) . When HA utechnique
was usedvfor detectio‘n of -reassociatid‘n, sens:Lt:Lv:.ty was in-
‘sufflcz.ent to reveal dlfferences in the rate of" the reactlon

am.°ng anther-der;vedz,.pl_.an,t.s:; and the S°ur¢‘exzplént~'

RNA-DNA ,IY-IYBRI‘D:lZ‘ATl(})N IN FREE SOLUTION:

12%I-labeled rRNA consieting of 18s and 25s comvpe‘nen’t.si was
incubated independentvly with DNA from the 'source'plant and
the anther- derlved monoplo:.d and dlplOld in the presence of
v'lﬂformamlde to destab:.llze the DNA duplexes 'I‘hese react:x.on

cond:Lt:Lons kept the RNA-DNA hybrlds stable and thus made the

‘extent of hybridizati_on quantifiable (23"). ' U’nder these re- |

“ actlon condltlons, o approx1mately 8/ of the 1abeled rRNA |
annealed to the DNA of the d1p101d source. plant (‘I‘able 1).

',There was. a 51gn1f1cant increase in the amount of rRNA DNAR
thbrldlzatlon for- the monop101d compared to the anther-donor

;p.lant; with the vmonoplo:Ld ‘having 30% more rRNA-DNAr hybrl:ds.
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Therantherederived diploid shoﬁed-a decrease of approximately
15% Of~rRNA-DNA'hybridization in both experiments; however,

ithis decrease was only significant in the second experiment.
ANALYSIS OF NUCLEAR DNA WITH rRNA PROBES:

All of the restriction endonucleases' (EeoRI HindIII,
HincII, Alul, Taqgl) cut the DNA 1nto bands contalnlng re-
peated sequences varylng 1n copy number Problng of these
fragments with rRNA probe revealed both banding pattern as
well as binding intensity changes'in the DNA'of“the monoploid
compared to the diploid anther-donor plant (Fié. 3). In the
EcoRI digest, there was an intense light band (0.59 kb) for
the source-plent which was missing for the monoploid. In ad-
dition, fragments 4.90 and.3;35 kb had different reiative
intensities in the two digests. In thehHindIII digeSt, there
is a large fragment showin§ intense.bindinq;with the probe
for both of the DNAe; however, the bands correepcnding to
7.71, 1.16 and O.S4-kb present for the diploid source plant
were not‘ apparent for the monopleid. The HincIl digest
'showed clear differences‘in the banding patterns of'the two
'DNAs; the monoploid DNAtdigest contained four banas (12.59,
"7.71, 6.37, 4.92vkb);which were not present in the digest of
the sonrce plant. Alul cut the DNA into four light frag-
ments, which hybridized with the rRNA probe, however, there
were no differences between the bandlng patterns of the DNA

digests of the two plants.
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DISCUSSION

The Tm (85.1°C) and'.the G+C content (38.1%) ‘of Solanum
phureja determined from the optical melting profile have-notu_f
been previously reported. The reassociatibn-kinetics,indi;
- cate that 607 of the DNA o£.SQlénum.phureié_cdnsiSts of re-
petitive DNA, which isvébhéistént wiﬁhfthé proportion-of'
. repetitive DNA foupd;in other higher plants of similar 2C DNA
content (25). The nuclear.DNA content of S. ghﬁféjé isbzgéb’

picograms (Veilleux»ét,al,,‘uﬁpublished fééults);"

Analysis of the eafly‘paf£ of the”reaésociation»réaction
revealed a higher reassoéiation rate cbnstént for the
monoploid than for the diploid. Amplification of highly re-
petitive sequences reassoéiating'befofé é cot vaiﬁé,of 0,15
- is therefore assumed for thevmonoploid. This is in'agreement
with the‘findings-vovf"DeP»é'epev_evt al. (12) for doubled-:h}aploids |
of Nicotiana. The,amplification'in the highly repefitive
' 'éomponent has léad'tbja relatively lower concentration.of the
.othef components-aﬁd underlies thevobservéd feduction in re-
associaticn feaction’of the ﬁonopioid DNA at higher édt val-

ues.

An increase ‘of 30Y% rRNA-DNA hybridization for the
monoploid as compared to the source plant and the anther-

derived diploid demonstrated amplification of rRNA genes in
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the monoploid' The Southern transfer analys1s revealed both -

copy number variation between the monop101d and the d1p101dbf,.

;blsource ’ plant as well asva Varlation fffor"'restrictlonf

endonuclease cleavage 51tes. Hence, only some of the ‘se-

'quences of ‘the rRNA genes had been amplified and sequence”'“‘

rearrangements had taken place during the process of anther-

_ culture To study the extent of thls variation and its poss

””-s1ble s1gn1f1cance to phenotyplc variatlon observed among the’

anther-derived lines, we are presently conductlng151milar

Vekperiments with a higher.numberwof7anther—derivediplants.“

The increase 1n rDNA sequences can take place durlng dif-’

‘ 5»ferent1ation of the nucleus of the pollen grain or during the .

fvandrogenetic process Of-the two anther-derived plants of
.‘Solanum phureja studied only the monoploidvdisplayed an in-
'crease in nuclear DNA.content and in rDNA sequences. We have
previously. provided tgenetiC’ evidence for origin of the
anther-derived diploid hv.androgenesis of a 2n microspore
(18) This leads to two speculations. if the observed ampli-
fication of rDNA sequences of the anther-derived monoploid
plant resulted from replication of DNA in the vegetative nu-
cleus, as suggested by Dhillon et al. (11) and DePaepe et al.
(l2), then such replication only occurs in a reduced‘_
(haploid) microspore; a diploid vegetative'nucleus of an un-
reduced'microspore' mould not undergo'differential‘bNA rep-

‘lication. Alternatively,_the monoploid DNA polymerase might
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be more active during androgenesis or subsequent.culture,
perhaps by greater sensitivity to. exogenous dJgrowth regula-
tors, which have been shown to affect gene expression (13).
A specific gene has been reported in the genome of
Drosoghila melanogaster (14)bwhich when present without its
‘complement has lead to disproportionate replication of rDNA.
-Alternatively, amplificationbcouid have occurred'during the
embryogenic development of the anther-derived plants of both
ploidy levels as a response to a temporary need for rRNA;
however, only the diploids would have subsequently undergone
selective underreplication‘to_eliminate~thesevsequences. This
view is in agreement with Masuda et al. (27),‘who found an
increase in rRNA at an - early phase of carrot -somatic
embryogenesis; however, the extra rRNA, whlch was ellmlnatedr
two weeks after embryoid initiation, was not attributed to

increased rDNA sequences.

Besides ampllflcatlon of rDNA ‘sequences, the’ anther-derlved
:monop101d demonstrated sequence rearrangements as 1nd1cated
by the Southern transfer and hybridization experlment. This
is rather surprising,-becanse rDNA sequences.are thought to
be highly conserved w1th1n spec1es (28) Some variation nas
been shown to occur- among inbred llnes of maize with respect
to copy number and restriction endonuclease cleavage sites

(29).
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Amplification of rDNA and sequence rearrangements mayvplay
a role in the phenotypic varlatlon observed among plants de-
rived from tlssue culture The copy number of rDNA sequencesf"

- can alter the amount of rRNA and thus the- avallablllty of

51tes for translatlon,,or more dlrectly,‘rDNA may contaln '

enhancer sequences; the number of whlch can affect the ex- .
'pression of genes under»thelr control Both of these mech-'

anisms have been reported in anlmal systems (15 30)

"In conclusion, thls study has shown that the process of
anther-culture can result 1n ampllflcatlon and rearrangement

of rDNA sequences.‘ Such changes may have a.role 'in the

phenotyplc varlatlon observed amongs7the anther—deriVed“ S

monop101ds. The fact that the changes have been shown to oc-
‘cur at the DNA level 1nd1cates that the phenotyplc varlatlon
is heritable and ‘not. only due to eplgenetlc dlfferences
However, the dynamlcs of the plant ‘genome are as yet poorly
understood and cautlon should be exerc1sed when attrlbutlng

phenotypic dlfferences to undetermlned genetlc events.a_f-'
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TABLE 1. Binding of 1251 labeled rRNA to DNA of anther-derived monoploid and diploid plant and to the 'diploid- . -
anther-donor plant B . : : ) . S . s S

Anther#deereg

Source plant - = o Monoploid . g‘ Diploid S BgckgrOUnd“ Total cv %
counts binding*. - counts . binding ., .counts binding. ' ccounts (%) _counts o

EXP 1 11140a%* . 2.09  14651b 2.74 9664 - 1.80° 1.6 128388 11.4
LSD 5% 2151 - T R o R
EXP 11 9932a . . 1.86 124800 - 2.33 8979¢ 168 1.6 128403 . 3.9

. LSD 5% 654

binding*= pg of RNA bound/mg of DNA . oo . .

ANQVA significant in both experiments, mean separation by LSD
a¥¥= means with the same letter are not significantly different
counts. have been corrected for background -

counting efficiency 70% U




Fig. 1. Reassociation kinetics of Solanum phureja DNA.
The fraction of DNA fragments containing%duplexbregions
was assayed by hydroxylapatite chromatography at Tm-25°C

.in 6 X SSC.
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Fig. 2. Wetmur and Davidson'ﬁlots of the early ﬁart of

the reassociation reaction of the anther-derived

monoploid and diploid plant. E. coli used as an

internal standard.
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Fig,[s.'Southern trahéfer analysis of:thévnuClear genome
of  an anﬁherfderived>-mdhoploid- and the énther-dbnor
plantvusinq pooléd:185425s rRNA_as the probe. Lanes 1-4,
.anthef-donof'piant DNA tééfficted by EchI; HindIII,
HianI and AlulI, respectively; lanes 5-8 the .anther-

derived monoploid DNA restricted by the same enzymes.







CHAPTER 5 -

SUMMARY AND CONCLUSIONS

vThe progress of potato breedlng by conventlonal methods
- has been llmlted malnly by two factors, flrst the nar-
. row genetlc‘base_of,theﬂSolanum tuberosumggermplasm poolzr
~in the northern?climates, and Second the difficuities"
, enCOuntered‘in.controliing the incorporation‘of'specificv
traits -when acrossing tetraploid* cultivars,foﬁ S.
"tuberosum, 'Our'hreeding SChemeLrepresentshanrattempt
ko tackle”both'of theéé pfoblgmsfby_introauaing{Wild,'
germplaan to tuberosum cultimars»throudhv4k1X'éxp
crosses  and by exp101t1ng the varlatlon resultlng froma

"1n zltro phases 1ncluded w1th1n the scheme

' The first two‘studieshof thiS*investigatiOn demonstrated

bhthat the process of anther-culture has’ resuited~'in
hphenotyplc varlatlon regardlng morphology and phys1ol-':
{_.ogyaof,the anther-derlved»plants Advances of 20- 30/ ‘in
net‘photosynthesis and its biOChemlcal component char-
acteristiCS»among:the anther-deritedrpiants’compared_to
theaanther-donor"plant were observed,‘This‘iStanhimpor-‘
tant-Contribution'tovthe field:of’thSiologicai’plant.

breeding, where response to'selection With‘respect‘toh
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net photosynthes:.s has been very llmlted (G:Lfford et al
1984) Eurthermore, there have been few: reports on the
1mpact of anther-culture on. phys:.olog:.cal tralts ‘of
fb»anther-der:.ved plants (Bhaskaran et al. 1983; Medrano‘

) '} and Prll‘l}Q-MlllO 1985). The. o,b_sve:_r_v,ed HJ._mp;roveme'nt in net

| “"'photosynthesi'-s ’ma»y‘ be of pafﬁiculaf iﬂipaffanee‘ with re-

| spect to potato breed:.ng, because prev1ous reports have,.:

shown an f assoc:l.atlon between tuber y:Leld"» and' net,,, o -

"photosynthes:Ls in this crop (Moll ‘and Henn:Lqer 1978
: Dwelle et al 1981)

‘ ‘For the varlatJ.on derlved by n z:Ltro methods to be

useful 1n subsequent breed:.ng efforts, the character-

f_flst:.cs must ‘be- stable, i e ', due to changes in the:

'her:l.table materlal rather than eplgenetlc phenomena."
The third study in thls 1nvest1gata.on showed that the'»'
process of anther-culture resulted in amplification of
repetitive DNA sequ.evnces' in an anther-derlved monoplo:.d.
RNA-DNA hybrldlzat:.on revealed a 30/° :anrease 1n the
rDNA sequences as well as varlatlon for restrlctlon»
j endonuclease ' cleavage " “sites | in .'.an anther-derlved |
monop101d Our results regardlng the ampllflcatlon of'

repet:.t:.ve sequences conf:.rm the- f::.nd:.ngs of DhJ.llon et -

(1983) and DePaepe et al. (1983) However, the fact o

' that the increase J.n these sequences was only observed

" “’i‘n the anther-derived"monoploid' but not in an anther-
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derived diplohi is a.novel finding which sheds some
light-on the procesé of anther-culture itself, i.e.,.if
differentiation of the vegetétive nucleus of the
microspore, thensourcé of cellvdivision resulting in
‘androgenesis, includes differential DNA amplification,
then this process occurs only in haploid and not in
diploid microspore. Furthermore, the increase in rDNA
sequences as well | as variation in restriction
endonucleasé cleavage sites as a result of anther-
culture has been reported here for the first time. The
occurrence of éééuence rearrangements and differential
replication is likely to underlie phenotypic variation

observed among the anther-derived plants.

In conclusion, convincing evidence for the occurrence
of gametoclonal variation for both the phenotype and
genotypic composition of anther-derived plants of S.

phureja has been provided in this investigation.
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