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INTRODUCT TON

The succesaful exploitation of heterosis as & result of hybridi-
zation between inbred lines in maize has led to many similar investi-
gations with other crops, The cultivated potato of Burope and North

fmerica, Solanum tubercsum L. Group Tuberosum (2n = 4x = 48) is gener-

ally considered a tetrasomic polyploid by most investigators, Althgugh
several workers have reported inbreeding studies in cultivated tetra-
ploid potatoes, similar investigations in cultivated diploid potatoes
‘have not been reported probabij because the diploids are mostly self-
incompatible. Research in this area is now possible as a result of
studies of haploids of the cultivated totraploid potato. Crosses
between the cultivated diploid Grovps Phureja and Stenctomum (2n = 2x = 24) I
and male~fertile Group Tuberoswn haploids prodnee vigorous, highly fer-
tile progeny. Most of these 24-chromosome hybrids are self-incompatible,
but crosses involving haploids from an inbred Minnesota seedling, Minm,
20-20-3l (primarily US-V L), were found to be self-compatible (Cipar, 1964;
Smiley, 1963).

Genetic studies in potatoes have been hampered by a scércity of
suitable well defined marker genes. This can in part be attributed to
the fact that the early genetic work vas done exclusively with the tetra=-
scmic Group Tuberosum. Thus progress in describing new markers has been
very slow., The self-compatible, highly heterozygous 24-chromosome hybrids
that are now available form the genetic base for much more efficient

studies of inbreeding and potato genetics,

Aardevo Exhibit 1034
Page 0011



An investigation with a genebic base of dipleid hybrids invelving
cultivated diploids and Group Tuberosum haploids, has several advantages
over similar studies on the tetraploid level :

1) Since bobth the tetraploids and thz self-compatible diploids may have
several recessive genes not frequently expressed, these hybrids should
be an extremely fertile source of unexplored genetic variability (Bou-
gas and Peloquin, 1562),

2) The rate of progress towards homozygosity following selfing is much
faster with diploids than with autotebraploids, The number of genera-
tions needed to reduce heterozygosity by 50 § by self-pollinating is
1 in diploids and 3.& in autotetraploids (Bartlett and Haldane, 1934).

3) Stocks homozygous for warker genes of potentisl value for future ge-
netic investigations can be obtzined much faster with diploids.

L) The segrepation ratics obtainsd for progenies from sclfed seed would
be much easier to apalyze with a disomic inheritance pattern.

Self-compatible diploid hybrids were utilized therefore to eveluate
the effects of inbreeding and to characterize soms of the qualitative
genebic variation present in these hybrids. The spscific objectives of
this study were 3
1) To measure the inbresding depression for several gquantitatively inher-

ited characters,

2) To search for rarker genes which can be used in future genetic studies.

3) To develop clones and inbred lines with known genotypes for such marker

genes,
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LITERATURE REVIEW

A. Inbreeding in tetraploid potatoes

Several inbreeding studies have been reported in tetraploid pota-
toes and have been reviewed by Abdalla (1970), Engel (1957), Feistritzer
(1952), Howard (1960) and Rudorf (1958)., Inbreeding by selfing tetraploid
potatoes has been proposed as a method of genetic analysis and for the
development of superior lines for future bresding work (Feistritzer, 1952;
Gowen, 1956; Krantz, 1946; Rieman et al. 1956). Some old American potato
varieties such as Early Rose are reported to be derived by selfing Rough
Purple Chili (Fruwirth, 1935; Salaman, 1926).

Krantz (1946) reported high yielding seleclions from the crosses of
variety x inbred but none from the inbred x inbred crosses. Guern (1940)
was also unable to produce higher yields than the parental varieties from
inbred x inbred crosses. To determine whether heterosis is playing an
important role in superior varieties, Engel (1957) caleculated the
coeflicients of inbrewding and relaticnship for several commercial varieties
and their parents. He concluded that the presence of heterosis in the
cormaon potazto was still an unproven hypothesis,

Crossing inbred lines to obtain heterosis has also been proposed for
tetraploid potatoes (Rudorf and Ross, 1952), However, in a theoretical
model, considering two alleles per locus, Dudley (1964) has shown that the

system of using inbred lines to produce highly heterozygous single croszes
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L
cannot be used with aulotetraploid crops., In thie medel, maximm hetero-
zyposity would be realized in single crossez belwzen non-inbred plants
rather than in crosses between their selfed progenies unless effective
selection occurs during selfing.

In another model, Busbice and Wilsie (1966) suggested that allelic
interactions at trigenic and tetragenie loci are important factors contri-
buting to hybrid vigor in auvtotetraploids. With this model, inbreeding
would result in a very rapid loss of second and third order interacticens,
but crosses between two homorygous inbred lines could at best result in
progeny in the duplex condition. The observations that several autotetra-
ploid crops have an inbreeding depression which is more nearly like that

expected of a diploid than of 2 tetraploid (Bushice and Wilsle, 1966;

o

Dewey, 1966; Kalton eb al., 1952; Iundgvist, 19566) would support such 2

|

hypothesis, Krantz (1946) alsc observed that in tetraploid potatocs " The
yields obtained in the first, second and third inbred generations were
higher than the calculatzd yields based on the reduction in heterozygozity
in an amphidiploid, but lower than yielda caleulated on the basis of the
reduction in hetevrouyzosity of on antotetraploid," The observationa by
Mendiburu (1971) on potatoss also lend support to the hypothesie ol Busbiecsz
and Vilsie (1964), e found uvnasually high performance in tetraploid prog~
enies from croszes bebween tetraploids and dipleid Phureja-haploid Tuberosum
hybrids. This waa interprcted as a ranifestation of the capacity of 2n-pol-
len, foried by first meiotic division restitution, to pass onto the progeny
the already heterotic diploid genotype in a largely intact array., Benefieial
intra~ and inter-locus interactions are presumably corbined upon feriili~
zation of an n-szz from the tetraploid femnle parent with 2 2n-gamete from

an wnraelsiad diploid rale parent,
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5

Deway (19663 1969) suggested that an accumulation of chromosome aber-
rations and unfavorable gene combinations could be the major cause of an
inbreeding depression vhich was greater than expected for autotetraploid

crésted vheatgrass, Agropyron ecristatun (L.) Cacrtn, The gametic scresn

would eliminate most chromoseme aberrations in dipleids but the buffering
effect of autoploids would permit an accwmlation of such aberrations .

Rudorf (1958) obtained several S_ generation inbreds of tetraploild

5
potatoes, but in many cases could not go beyond the 8, as & result of
sterility, general weakness of the planis and virus infections., Thus, the
same could be eaid of inbreeding tetrapleid potatoes as Busbice (1968)
said of inbreeding tetraploid alialfa : M,....the barrier to producing
homozygous alfalfa 1s not the time requived to achieve homozygosity but
the loss of fartility and vegetative vigor in the inbrcd progeny ".

Chase (1963) has proposed & hypothetical analytical breeding scheme
in which the techuiques of inbreeding and ploldy manipulations would be
utilized. Haploids extracted from auvtolebraploids could be crossed with
diploid spscies; afier which inbresding of the diploid F‘1 crosses would
be reQleire.;‘. to fix desirable genebic raterial, Resynthesis of the tetra~

ploid level is possible through colchicire doubling or by the use of

gemetes with the unreduced chromoszcie nunber,

B. Inbreeding in diploeld potatocs

No inbresding studies have been reported in cultivated diplold
potatoes, probably because the diploids are mostly self-incompatible
(Cipar b al., 1964). CGrabam (1963) reported little or no inbreeding de-
pression upsa oolfing the self-conpatible wild diplold speeies Solanun

verroteann Seldashbtd, Upon aolfing introducbions and inbraspecifie

T T s e bt
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6
hybrids of S. werrucosum, Abdalla (1970) fonnd a severe inbresding de-
pression for stem height, leaflet size, per cent stainable pollen, seeds
per fruit, tuber ﬁumber and tuber weight, Within S. verrucoswn, I-‘1 hy-
brids performed better than inbreds. For several characters, the magni--
tude of heterosis in the F1 and the degrees of inbresding deprassion in
the Fz were found to be associated. Although S, tuberosum Group Phureja
is normally self-incompatible, self-compatible plants do occur sporad-
ically (Dodds, 1956; Paxman, 1958; 1960) and bave been used in preducing
inbred plants (Abdalla, 1970; Lamm, 1945),

Self-pollination of norimally self-compatible cross~fertilized crops
frequently results in sharply reduced seed set, In fully self-compatible
crops, this can be conaidered to be a vanifestation of imbreeding dopres-
sion. In species or hybrids which are only partially self-compatible, ib
is difficult to distinguish if reduced ssed sot is dve to effectis of in-
breeding depression, or of partial self-compatibility. Cooper and Brink
(1940) considered that in alfalfa the endosperm rather than the exbryo
was the basis for the inbreeding depression effect. It has been suzzzsted
also that epistatic gene action ray be the important factor in zygote
visbility in alfalfa; recessive lethals in the homszygous state at ons
locus ray nmask the effects of viability genes at all obther loci (Busbies,
1968), Other examples from the literature as quoted by Brink and Coopar
(1947) vhere selfing in a normally cross-pollinated species causes a

malfunctioning of the endosperm include Zza maya L, and Sczeale coreale L,

-y an gl e o —

Reduced sesd set upon selfing has beesn reported in the self-coupni~
ible species S. verrucosum, but the effect of inbreszding upon the endo-

sperm in poteto is nob knewm. However, the sola:p-=m de Twroun to pl=y
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an important role in the success and failure of interspecific crosses
(Lee and Coopar, 1958). Tha importance of the endosperm in seed develop-
ment in potato is also evident from the observation that the recovery of
haploids from tetraploids is regularly associated with the presence of a
hexaploid endosperm (Wangenheim et al., 1960).

The discovery that highly self-compatible plants occurred in hybrid
femilies when Groups Phureja and Stenotomunm were crossed with haploids of
Group Tuberosum (mainly US-W 4) (Cipar, 196k4; Smiley, 1963) has rade in-
bresding by selfing possible in cultivated diploid potatoes. Several work-
ers (Abdalla, 1970; Cipar, 1963; Hollenback, 1966; Howard, 1960; Smiley,
1963) have reviewsd the genetics of self- and erogs-incompatibility in
potatoes, The one locus gamcbophytic system is reported to occur in wost
Solanum species, including S. tuberosum Groups Phureja and Stenotomun,
haploids of Groups Tuberosum and Andigena and hybrids betwsen hapleids
of Groups Tuberozum amd Andigena with Groups Phureja and Stenotouun
(Cipar, Peloquin and Hougas, 1964; 1967). A two locus grmebophylic system
has also been reported for some Solanum species (Pandey, 1962). Such a
system has been postulated for Groups Phurejs and Stenotomin as well
(Abdalle, 1970).

The oceurrence of self-compatibility in & hybrid betwesn two seli-
incompatible parcats has not besn fully explained, Smiley (1963) postu=
lated a typz of complementary 'gene action in the self-conpatible hybrid
Us-¥ 1109, If the parents, Group Phureja WRF 359.9 and US-\ 4, would have
the respective genobtypss FF and F'F!, then their hybrid US-W 1109 would

be FF! and self-coupatible, The progeny obtained by sclfing US-U 1109

o

would then segregate ina 1 ¢ 1 retio for self-compatibility and eelf-

inconratibility, Swiley interpreted his data to fit such a hypobhesis,
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Hollenback (1966) proposed a scheme similar to the one postulated by

Pandey (1964) for crosses between lNicotiana alata and N, langaderffii,

Al ]

In this scheme a hypomorphic condition of the § allele (S ) is assumed,

T"‘I

".:.[. ¥ and the hapleid US-W 4, S "'FI FI would both be

self-incompatible but the hybrids S ‘I'ILT. viould be qelf-compl_ztible if there

The diploid species,

are no alleles in common, i.e. S x Sy » With ona allele in common

=1'3 " =E3'FL "
the progeny would segregate in a."3ﬁ. 1 ratio and wvith two alleles in con-
non (such as in selfing) a 1 ¢ 1 ratio would be expected, The homozygous
§1 Pl genotype might be pseudo-self-compatible and could increase the pro-
p:rtion of self-compatible plants,

There are reports of an increase in S-specificities upon inbreeding
(Denvard, 1963; Nettancourt and Ecochard, 1969; Pandey, 1970). Nettan-
court (1969) suggested that the self-incompatible plant ray be eguipped
with a switch system or a mutngenic mechaniem which enables it to display
a new specificity when this spocificiby dis nceded for inereasing the
level of genetic polymorphism in the population. Pandey (1970) proposecd
that the principal mechanism of the goneration of new S-alleles was
intracistronic recembinations in the structural cistron(s) of the S~
gene complex, Those recormbinations would be controlled by regulating
genes, Inbresding would produce homosygozity of these genes and consc-
quently reduce the su:)prea'*sion of recopbimtion at the S-locus,

Recessive genes are known that control chromosome pairing (Riley
and law, 1965)., This suggests that various abnorialities in chromosoms
behavior can be expected to occur upon inbrecding cross-pollinated
species. Such plants have been found upon inbreeding in several crops
(Rees, ’1%1 )+ Arong tha 81 progeny of S. rybinii (now Group Phureja)

Lozon (1945) found 1 asynapbie plant, 2 plants with & highor chizum
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9

frequency than the parent and several plants with two or more wivalenta

at metaphase I. The S1 plants also segregated for worphological charac..
teristics and varied widely in pollen fertility. Abdalla (1970) reported
severe inbreeding depression in male fertility upon selfing Group Phurejz,
Several inbred plants with reduced pollen stairability were fourd to have
from 2 to 8 univalents at metaphase I (Abdalla, 1970). Vang (1971) haz
found segregation for several meiotic abnormalities in F2 popnlaticns of
both inter- and intra-specific crosses or_wild tuber«bearing Solanuzs,
She provided evidence that abnormalities such a5 poor pairing st pachy-
tens, high frequencies of ring bivalents at diszkinesis and high univalend

frequencies at metaphase I my be inhsrited as simple rececsives,

C. CGenctic rarkers

There are very few genetic mavicers thal ars aweilable for re-
search in the common potateo. Much of the work in the early part of this
century was based on the assumption that Group Tubseroswn had a discnmie
inheritance rattern and has therefore beeems obsolete. Fruwirth (1925)
and Sweminathon and Howard (1934) have reviewed this raterial. However,

with & tetrascmic inheritance pattorn, progeess in describing new marke

ers has been very slow because of the large populations that are re-
quired (Hougas and Peloquin, unpublished), Furthermore, a large propor-
tion of the more recently reported mutants are either semi-lethsl (none
flowering) or forms of cytoplasmic wale sterility that do not lend then-
selves to use a5 genetic mmarkers. A list of recently identified or cur
rently used genes is presented in the Appendix (A). There is no staridard
nomenclature for genes in potatoes; the same syrbiol has bezn used for

differant gznes (Hovard, 1970).
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10
Hougas and Peloauin (1962) have pointed out thzt a genetic study of |

self-compatible hybrids between cultivated diploid Groups Phureja and Steno-
tomin and haploids of CGroup Tubsresun can be expected to produce several
marker genes, Many recesasive genes exist in Group Tuberosum which are in-
frequentl)y expressed due to tetresomic inheritance. The Groups Phureja and
Stenotomum are known to be sources of great genetic diversity, Du2 to s2lf-
incompatibility, recessive genes of these two Croups arez also infrequently
expresscd, Inbred progenies from self-compatible diploid hybrids, involving

.

Groups Phurela and Stenotomum and Tubercswn haploids should therefore be a

i« Cenes contrelling synthesis and distribution of anthocyanine

fertile source of unexplored genetic diversity.
Dodds (1962) stated that :" In cultivated potatoes there are ne

chayracters of taxonomic value bazed on differences of colowr due to apthe-

cyanins, The genetic system for the preduction and conbtrol is the same in

all potatces. They are able to develop anthocyanins bub their appeararnce

and distributicen are governed by genes different from these controlling

preduction of pigment. The same anthocynning cceur in similar patterns

4

in plants of different pleidy but the correlations between organs of the

individual have not been determined in most instances." However, since
1962 some differences have been reported in pigrentation systems belvwean

the cultivated diploids and the cultiveted tetraploids (Howard, 1970;
Hovard et al., 1970).

Howard (1970) showed a gené&al scheme of at least six major genes
controlling anthocyanin pigmentation in Group Tubereosum, The inherilance
of pigmentation in thes cultivated diploid species propased by Deddz and

Lore (1955) is similar bub nct ddentical with this sel-—s. In the dindcids,
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11
there is no distinction between periderw and phelledera pignentation ol
the tubers, whereas in Group Tuberosum this is contrelled by twe separate
genes (Howard, 1960; 1970). It now appears that in Group Tuberosuw R and
E are allelic (loward, 1968), Howard (1950) has sugpested that the Group
Tuberoswa R may be more comparable to the _I_‘x.m\-r than to the R of the culii-
vated diploids. There is some evidence that Group Tuberosum R is linked
with F (Lunden, 1960). However, this is not true in the diploids (Hovard,
1970), where F is known to be linked with B and I (Dodds and Leng, 1954),
On the bagis of their effect on tuber pig:;'lenta.tiot‘l, I in the diplolds
seens to be identical to D in Group Tuberoswr (Heward, 19693 1970). Simi-
lar differences appsar to exist between the inheritance schewmes of spec-
tacle in the cultivated diploids and Group Tuberosws, Jn the dipleids,
the genolype liﬁy Logether with either P or R or both produces spectacle
(Dodds and Paxnsan, 1942; Simnonds, 19566). In Greup Tuberosum the situ-
ation is niore complicated, The genotypes RERMD or FEID can produce both
hidden spotted or spectacled, M is the gene responsible for the pigment
restriction and is closely links=d to R (Howard, 1970). In the diploids,
;Eﬂ)

the mene vresponsible for the restriction of pigawntation (i
- i . -~

-

ia en
allele of I and iz not linked to R,

There is also evidence that the pigmentetion systems of the wild
and cnltivated dipleid spzciss differ, Paszan (1960) stated : " In the
wild potatoes, no pigment wvariation is known that corresponds to tha
variation associated with the R and Ac loci in the cultivated types, Thn
blue-flowered wild forms corrzspond to thz dominant P genotype but the
white-floverzd foris do not behave as though they vere pu in constitulion;

thus erozsing uith vhite cultivated clones (pp) gives coloured hybrids,M

)
[}

hns wostalsied an dnhibiteor in several wild dipledd zpyrcicy,

—

Faseon (1991
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Co, which when homozygous recessive suppresses pigmentation in the corol-
la (similar to £f in the cultivated species). Paxman (1961) clairs that
Co is linked to the B I F linkege group of the cultivars,

The close linkage of the three penas B

-~

X and F, all of which affect

the distribution of anthocyanins in diploid potatocs, is very similar to

linked factors for anthocyaning are postulated (Tigehelsar et al., 1963).
One locus is thought to have three alleles. The B locus in potato consists
of a2 group of alleles in a hicrarchical system of dominance In the following
order @ _119>.§_9->§9>§‘3->1:_ (Dodds and longz, 1956).

Instances of multiple alleles, "super genes" or pseudo 21leles affec-
ting anthocyanin developnent and distribubtion, are relatively cesion in
naturse (Alston, 1959). This raices some gueations with regard to gens se-
tion in anthocyanin synthesic, Alston (1959) suggested thet 3" In Solamwm,
as wzll as in Streptocarpua, tissue culture of certain critical plant
parts affected by each 2llclic form might prove valuvable, Since in sueh
cases the plant possesses the factors reguired for anthocyanin syntheals,
it should bz po3dsible to initinte pigrent formation in isolated parts of
a plant, even though that plant does not earry the allele geverning pla-
mentation therein. The stimdus, if found, would be & key to gene action,™

Iunden (193%7) postulated that the differences in segregation ratics
which he obtzined from the croéses Pppp x pppp and Dddd x dddd would be
due to a different degree of double reduction., He suggested thal the facw
tor P wonld be located close to the centromere and the factor D far from
the centzermere, By meanz of the helf-tetrad amalysis in 4x - 2% crossey,
Hendibura and Pelequin (1959) calevlated the rap distance P - centremore
to be 12 « 14 uwrdus.
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Peloquin and Heugas (1959) have demonstrated the valne of pigren—
tation genes in the extraction of haploids from CGroup Tuberosum. The
development of a line with the genolype Iﬁ;ﬁgﬁ by Hermzen (1970) is &
potential improvement in this area,

Physiologically, anthocyanin production is often the result of cone-
ditions which are injurious te the plant. Alston (1959) listed the fol-
lowing conditions which may be respensible for anthocyanin formatien in
plants genetically compstent to produce the pigment & low temporature,
tissue darage, plant tumors, mineral deficiency, abnorm2lly high concen-
trations of growth factors and aubumn coloration. Nilzen (1971) hns showm
that near-ultraviolet light can induce enthocyanin synthesis in the di-

ploid potate clone US-W 5279.15,
ii. Chemogenetic markers

Biochemical techniques have been wsed to sbudy several phanolie
substances, espacially the flavonoids, in the Solanun species (Harborne,
1967; 1968; Harbornz and Sirmonds, 1954), Harborns (1955; 1959) Las oube
lined the basic methods of papar chrosmtesrapny of anthocyznius ard of
othor flavonsid pigments. Hess and Meyer (1952) have doionstrabed bhe sup-
aration of anthocyanins with thin Jejyeor chromatogzaphy (hereaftor abbre-
viated as TLC). Stahl (1959) gives the most comprehensive treatmsnt of the
voluminous literature which has appzared to-date in relation to the TLU
method, Structures of some phenolic compsunds of pobatoss are given in
Fig. 1.

The chemical activity of the R locus appiars to be rather comdlax.
Doedds and long (1955) listed 3 components produced by the B leeua end
concluded that M,.,it bacones a 1ziber for srzowlatiden wisbher Wals Jasbd
is in fact three closaly linked genzs or a coipound atruebvre of subunils
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not classifiable as genes within thair own rights," These authors also
noted that the activity of ths subunit of the R locus ccncerned with flo-
ral piguent is not suppressed by P, whereas the subunit of R responsible
for tuber pigment is suppressed in the presence of P. Thus epistasis ot
curs in the tuvbsrs only,

The P locus seems to be less complieated, In Group Phmreja, P con-
trols the production of dslphinidin in both flowers and tubers (Harborns,
1960 &), The biochemical pathway of pigment synthesis as it relates to P
and R is not clear although some put.h'r.'ays-h:wo been proposed (Dodds and
Long, 1955; Howard et al., 1970). Any hypothesis must take into account
fha fact that epistasis of F over R does oceur in the tubers but not in
the flowers,

The Ac locus is concerncd with the acylation of the anthocyaning with
p-couraric acid, the attachmont of a glucese residuc in the 5-position cnd
the methylation of delphinidin and cyanidin derivatives. On the bazsis of
these varioung biocheuwiecal effects, Harborne (1957) has suggested that,
like the R loeuns; the Ac locus may be compound. Both acylation and metip.
ylation are not complstely effective in plznbts with Ac- genotypes. Thus
often both acylated and unnacylated forms of the sbove mentioned pigments
are found in the presence of Ac~. Plants with the genotype acsc bave only
the uwnaeylated pigmcabs,

Tubers of several varieties of Group Tuberosum contain only singla
pigments which contrasts with the mixtures of pigments in flowers and
tubers of cwltivated diploids reported by Dodds and Long (1955) and Har-
bornz (1960 a), Tubers of CGroup Andigers examined by Howmrd et 21, (1970)
did contzin miztnres of pigments similar to the cultivated dipleida, Thcy

gpecvlated that v The differences between the Andigens potatoss wibh thada
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mixed pignents and the Tuberosum varieties with single pigments may be
correlated with the fact that Tuberosum varieties are descended from a
very small number of introductions from South America and that variability
in the Tuberoswm group was further cubt down by the extensive inbreeding
following the blight epidemics of the 1840's."

In Group Tuberosum tubers, the gene P adds an OCH, group to pelar-
gonidin to preoduce peonidin, The fact that the genes E and R of Tuberosum
produce the same anthocyanin in the periderm and phelloderm respectively
has been considered additional) evidence that these genes are allelic
(Howard et al., 1970).

Samorodova~Bianki (1965) has analyzed the anthocyanidins and flavo-
noids in tubers and flowers of severcl Solanum specles. Rutin was found
to be the main flavonol of potato flowers and varied in per cent of co-
rolla dry weight from 2.5 in §. tarijense to 12.5 in certain Group Tu-
berosun varieties,

The distribution of a nunber of phenolic glycosides in potato species
appears to have taxonomle significance. The berries of 19 wild tuber-
bearing Solanun species have been found to contain a caffeic acid deriva-
tive which was abssnt from the berries of cultivated potatoss and of non
tuber~bearing Solanums. In contrast, berries of cultivated potatoss are
known to containn cownaric acid derivative and a cowrarin which are not
present or are very rare in thle wild species (Harborne and Coraer, 1961),

Harborne (1962) found a total of 9 flavonol glycosides in flowera of
60 wild gpecies belonging to 12 different Series and 39 cultivars. Kaemp-
ferol 3~glucoside was found only in S. santolallae, All spsedes in the
three Series, Conicibacecata, Piurana and Decmissa which are known to be
closely related, were found to be partleularly rich in kacmpferolglyco-
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Fig. 1. Structures of some phenolic canpounds of polatoss

Pelargonidin, R = R! = H

A, Anthocyanidins

K Cyanidin, R = OH, R! = H
Peonidin, R = OCHy, R* = H
Delphinidin, R = R' = OH

Petunidin, R = Of, R' = OCHy

Malvidin, R = R' = COCH3

B. Flavonols

=s

Kaempferol, R =R! = H
Quercetin, R = O, R' = H

RY = O

H

Myricetin, R

C, Coumarins

HOw, 2 flo ,.#’Q

-
g

(8 2
R‘*‘j\'lo/\\z/"

Aesculetin, R = OH

Scopoletin, R = OCH3

D, Petanin (Petunidin 3-(p-coumaroyl rutincside) 5-glucoside)
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sides. Iuteolin 7-gluceside vae found only in 8. stelenifeorvg and dn S, =

S

yallig-mexicsd vhich is considered to be a hybrid between S, sholeniferun

and 8, verruzosun (Marks, 1958), Two potato sead glycosides appesred to
be specific to the tuberous Sclsopum speeles, A gene vhich eontrols the

transfer of glucose to quercetin 3-rhamnosylgzlucoside, CGl, was found in

chacosznse and 8. stoloniferum (Harborne, 1950). The speeies S, pinnas-

....... ey

tisectun, S. jemesii and S. szxbueinum, all of vhich belong to the Serics

Pimratisscta (Iawkes, 1953) contain thres cownarins which do nob oeccur 14

70 other species (Harborns, 1962),

ziecal characters

oy

iii. Genea controlling morpholozical and physiolo

Sinmonds (1955) listed 12 sutontz vhich could be distinmished
on & morphological or physiological basiu, Of these 12 wutants, 4 avz
reported to have reached the flowering stage ¢ nlnl, yom (Dodds and
Paxran, 1962), drdr and shsh (Simmends, 1965). Of these, only droopy
(drdr) plants are known to have boen used successfully in erosses (Sin=

monds, 1966), The dr locus is Jinked to the § locus (Sironds, 1965; 194

The ¥ (yellow in) Jocus is somabinocz linked to & racessive latbal
in ths roepulsicn phase. Heterozyzous Ymym plants yield sizuifiesntly nove

than homozygoue Ym¥m., It has been suzgested that the heterovie effect on

(13
.]‘

vield of that part of the chromesowe which contains the ¥m leocus hag Jed
to the preferential salection of heterozygotes and hence to thelr hign
frequency in enltivetion (Dedds and Paxran, 1962). A scarch for auxe-
trophic mutants by Simnonds (1965) proved unsuécessful.,

A large nuber of somatic rutations have besa reported, In a reviee

Heiken (1958) listed 14 different types of soxabtie mutziicons, Includirg
. O T s Tt
chanzes in lool typs, flover color angd Lubed coler, Huvzpd (1970) iz
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reviewed more recent cases, None of these mutonts have been reported to
flower and are therefore of littls uvse as genetic markers.

A considerable nunber of genes have been described which confer
disecase resistance (Appendix, A). Tests for the presence of nmost of these
genes are rather complicated because often nany indepsndent genes can con-
fer resistance and the expression of resistance is frequently a matter of
degres, The group of genes which produce the resistant reactionsz to potate
viruses A, B, C, X, Y and S require relatively less complicated procedures
for their detection, It appears that these reactions are controlled by
single dominant genes, However, disturbed segregation ratios, due to as
yet undetermined causes, are sometimes encounbercd (Cockerham, 1970).
Howerd and Fuller (1965) reported that in Group Tuberosum Nx, Na and Ne
were located on 3 different chromosomes of the same homologous group of
Lo M vas found to be independent of Jix end Ne. In another family of
different origin, Nx, lb and Ne were found to be independent of each othor
(Hovard and Fuller, 1965). The same genes are also present in several
diploid species (Canguly, 1963).

Cockerhan (1970) provided evidence from crosses between the Group
Tuberosum cultivars Craigs Defiance (Iix, Nb, Iia, Ne) and Flowurball (ru,
nb, pa, ne) that lix and lla are closely linked in the coupling phase and
that Nb segregates independently of Mx, Na and Ng, The relationship bu-
tveen the linkage group on which I and Na are located and N¢ is still
not clear (Cockerham, 1970), Beccuse the old system of symbolism fox
genes affecting resistance to viruses X and Y vas not sufficiently dis-
criminating in distinguishing genes with similar effect but located in
different species or at different loci, a new sysbolism in which the basie

tyna, oricir end effcct of these gencs is easily apparent has heen voe-
b 273 < w .
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posed (Cockerhuin, 1970).

In a consideration of the general genetie systen of virus resistance,
Cockerham (1970) states ¥ The evidence available indiecstes that reactions
to virus X are conditioned by six genes sitﬁatad at four, or possibly
five, different loci (There are no data on the relationship of Esﬁnd with

n a

=)

| 7 e3e I ad 1
lbtb )e Two of thesze locd, L:§2£ and lix ahe

linkage group which also conbtains the loci of genes conbrolling rezctions

, appear to be assoecialed

to Y viruses, namely, Eﬁtbr’ Ehck" and, poaswnlv, Ne, b A significant

=y

feature of this association is that each of the genss conceened cenbrols

a lethal ncerotic reaction end it may well be that the whole grovp of

genes is situated within a section of chromozcme which is in overall ccn- -
s S

trol of this response to infection ircespective of the virns evaidng khe |

response,. W |
In addition to the above mentioned dominant genss, sone recessive
genes are known to confer resistance to semz virus diseasgs, Bagnall and
Young (1968) reported this type of resistance to virus S in the Croup
Tuberosun varieby Saco. Kishore and Riean (1968) found e recessive gens
& an

for immunity to virus X vhich szcrs te act independent of the othsr knum

dowinant and complenentary ganes for resistance to virus X,
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MATERTALS AND METHODS

The field expsrinsnts were conducted at the Interregional Potato
Introduction Station, Sturgeon Bay, Wisconsin. The initial plant materials
used in these investigations are listed in Table 1. ﬁuring the course of
these studiesz several inbred lines and clones with known genotypss for

certain genes have been derived.

A, Vigor and yield
In each generation, plants were self-pollinated and the sead
produced by self-compatible plants bulked to produce subseqguent generations,
Observations were rade on populations grown from true secd and from tubers.
Families grovn from true seed were sturted in the greenhouse and irans-
planted to the field. Two replicates of seedling populations were obtainsd
by dividing o bulked population of secd into 2 egual lots, All plants
producing tubers were saved for cveluation in tuber plantings, Replicatead
trials were planted in the field in 2 ycars,
The following characteristics wore measurel 3

1. Plant height = in em when the plants had reached maszirum height.
2, Vigor index - based on total amount of folisge. Individual plants were

rated on a scale from 1 (very weak or small) to 5 (very vigoroun),
3, Number of tubers per hill,

4. Tuber weight - g per hill,
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B. Fertility

In 1968 a fertility study was conducted on all replicates plantzd
from tubers. The data were obtained by wsing the decapitation technique
(Peloquin and Hougas, 1959), and methods similar to those employed by
Hollenback (1966). For each flowering inbred clone to be tested, 3 stems
with 4 buds ecach were collected at randem from a large population of
Group Phureja plants, and these 12 flowers were then used as females to
test the pollen~fertility., Up to 2 stems, also with 4 buds each, were cut
from each flowering clone of the inbred pt;pulations. On each sten, 3 {low-

ers were used to test the self-compatibility, and one flower was emascu-

lated and pollinated with a mixture of pollen from the Group Phureja popu~ °

lation to measure the female-fertility. A total of 3651 pollinations were
made; of these 935 were made to measure self-coipatibility, 2375 to nease
ure pollen~-fertility and 341 to m=asure female-fertility. The data obtained
vere also used to classify individual clones in families US-V 5309 and
US<W 5328 for their compatibiliby behavior,

The progenics obtained by selfing the two s2lf-compatible S0 clones,
Us-\ 5328-11 and US-T 5328-20, were emalyzed for self~compatibility in
1970, The pollinating procedurcs were ths sanme as used in the fertiliby
study in 1968. In contrast to 1968 vhen the populations used wers derived
from bulked lots of sesd, the populations of the 1970 study were 81 Profe
enies from 2 known parental clones. A total of 2035 pollinations were
rade in this study, Within these 2 Sy lines, cach flovering plant vas
classified for its self-compatibility as well as for its pollen- and
female~fertility. Th2 following rules were set up in the e¢lassification @

3 Piants which preduced no fruit when less than 3 pollimatiens wore

LY

% . -y 3 .0 \

made dn'a particular test wers not cizsaificd At tha exzeoption n
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the cases mentioned under Rule 3,

2, Only plants which were pollen~fertile and highly femle-fertile wore
clasgified for self-compatibility.

3. Plants which produced seed upon selfing but not upon crossing with the
tester plants were classified as both pollen-fertile and famle-fertile,

L. A distinction was rade between self-compatibility and psewdo-celf-coms
patibility at the l—evel of 2 15 secds per fruit,

5. A sinilar distinction as under Rule 4 was made between plants with a
high female~fertility and those with a ow fermale=fertility at the

level of = 15 secds per fruit,
C. Genetic parkers
i. General procedure

During the growing seasons of 1968, 1969 and 1970 the inbred lines
waere exanined for gualitative traits which might be controlled by single
genss, This examination was done both by visuval inspection and by chroiae
tographic analysis of flower pignonts of sample plants, Plants which ape-
peared to have poteontially useful genotypss were self-pollirated and wisre
possible crossed srith other plants with and without the trait in qitzstion,
In zddition to thes irbred lines used for studics on vigor and yield, addi-
tional plant material vas incorporated in this part of the research (Table

2),

il. Chemogenctic markers
A1l enalytical chromatography was done by means of TLC., Several
recently developed naterdzls and methods are described by Stahl (19469).

Manz bzebniaus? were tried befora the metheds described beleow wers ehozon
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(See : Preliminary survey of materials and methods for the detection of
cheizogenctic mirker genes, Appendix, B).

The adsorbent was mixed with distilled vater to a slurry and appliei
to 20 x 20 en glass plates with a Quickfit spreader, The plates were pl-
lowad to-dry for 12 hours at rocm temperature before use, The developing
solvent, was ths uppser phase of L parts n-bubanol : 1 part acetic acid : 5
parts wvater (on a volume basis), The solvent was aged for approximately
2 days after mixding.

Plant tisaue to be analyzed for anthocyanins was extracted by the
procedurs of Harborne (1958). Extracts coabaining chlorophyll were washed
with petrolsum ether before applying a senple to the TLC plate, Generally
the samples of the extracts were applied dircctly to the plates without
prior purification other than the elinmimation of c}:ﬂ‘:moph;'.'],lu In the cas
of potato flowera, patels of 3 - 5 flowsrs were usmlly gufficient to pro-
duce encuzh extract vhich could be analysed., The zwount of extracting sol-
vent added to the tissus was kepl to a minimum so no further concentration
of the extroct was necessary, For the exbraction of fiavenoids from whibe

flowers, the general method of Harbowvie (1959) was used.

J

The brush typs eample applicator dsseribed by Tavara (1965) vas uecd
to apply a szmple from the exbtract to ths plate. Since this vas & survay
for qualitative differences, the quantities and the concentrations of the
extracts frem the various genot:ypas applied to the plztes were only ap-
proximately equal., Spots of reference cowpounds were placed on exch plate
for comparison. As soon as the sample spots were dry,; ths plates were
plaeed in the daveloping solvent in a Camag S-chamber or in a Quicklit
d.\?.v::lc';;:i?'r;z tanke Tha developod plates were dried at room teuperature

gnthosymnin toads @ clearly viaible in daylichb bt sewniral obher
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phenolic bands were only visible in ultraviolet light in a UV viewing
box (Chromatovue Model CC 20) or upon treatment with certain chromogenic

spray reagents (Harborne, 1959),
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Table 1. Initial plant materials uscd

i - e — ——

Used for studies on

Fertility

Vigor Effect Sogreg.

: and of for Marlcer
Femily Pedigrea yield inbrdg. self-c, genes
US-W 5309 Phu PI 195191 x US-W 4 ¥ o +
n 5311 Phu PI 225708.1 x UsS-W 4 + + +
t 5315 Phu PI 225675,1 x US-Y + 1+ +
" 5328 Stn PI 2305i3,1 x US-Y 4 + + + +
no 7139 Phu PI 320382.3 x Us-¥ 5315.9 =+
it T3 US-W 8030.3 x US-IT £€318,1 +
9175 US-Y 5312 x self H:
" 9548 US-Y 7875.9 x US-VW 8818,1 +
"o 9569 US-Y 7875,9 = US-W 8818,2 +
" 9570 US-Y 8030.,9 = US;-W 8818.2 +
W gon US- 8030,7 x Us-ll £€818,1 +
" 9586 Stn PI 230513.1 7
w0887 US-V 8640,1 »x US-Y E646.1 +
" 95388 US-Y 8646.1 x US-W 8640.4 +
PI 365375 Siby of Phu PI 225702 x
Phu PI 225682 (from
Hermsen) -+

T T e e i o e D T | e e b i g i
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Table 2, laterials and equipment uscd in chemogenctic study

- s -

Materials and equipnent

Sourca

A. Adsorbents

Avicel TG 104 (22 g Avieel 4 50
ml vater for five 20 x 20 em
plates for a coating of 0,25 mm).

Sigmacell Type 19. Microcrystal-
line ce].lu'[o.;e, approx. particle
size is 19 microns (20 g Sigma-
cell + 50 md vator for five 20 x
20 cm plates for & coating of
0,25 m),

American Viscose Division, FINC
Corporation, Nevark, Delaware,

Sigra Chamical. Company, St. Louisz,

Missouri.

B, Equipment

Chromatovue Yedel CC 20 viewing
box

Quickfit TIC ap
8 CR.

paratus, Hodel

Sandwich chamber for a 20 x 20
cin plate

Ultra~violet Products Inc,, San
Cabricl, Califoruia.

Motheson Scientific, Chicago,
I)linois,

Camag Inc,, Milwaukee, Wisconsin,

Cs Reference materials

Antirrhinin (Cyznidin 3-rham-
nosylelucoside).

Petanin (Petunidin 3-(p-counra~
royl rutinosides)-5-glucoside)

Rutin (Overcetin 3-rhirnceyle-
glucoside),

i, Red flowers of Streptocarrus,
Sced was obtained Lrom the Fark
Sved Company Inc,, CGreenwcod,
South Carolina,

i1i. Flowers of Antirrhinum raius,
cultivar Padre., Sced vas obtaine: 1
from the 0lds Sced Company, ladison,
Visconsin,

Ripe fruits of the garden huckle-
berry, Solamme puinecse, Socd vas
obtained from the Olds Sced Company,
Madison, Wisconsin,

Yann Rezcarch laboratories, New
York, New York.

e e ——— e e ——

o — et s —— e —— o
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A, Vigor and yield

Inbrezding depression was expressed by all measured cherochora,
Vihen averaged over the L families; the inbreeding depression gensrally
followed the rate expected based on reduction of heterosygosity. For
tuber veight per hill for ths populations grovwn from tubere in 1958, it
was possible to calculate a curve which agreed very well wilth the ob-
served data (Pig. 2). Considerable variation in reaponse to inbrooding
existed between families (Table 3). Progenies cbtained by selfing from
fanmily US-W 5328 exhibited an inbrceding depression at each generation
of inbreeding., Such progenics from family US-W 5309 had a sharp depression
from thea SO to the 51, but the subssguent 52 generation vas not deprecsed,
The performnnce of such progenios from fawilies Us-Y 5314 and US.YW 5315
respectively, vas slightly lower and slightly highor in the 32 timn in
the 31 (Table 3),

The inbreeding depresgion of populations obtainsd by c¢lonal repre-
duction wms nearly alvays less than in the parent population (Tables 3
and 43 Fig. 3). Pailure of tuberizabion in pavent popmlationz canzed a
reductlion in the muiber of genotyves in the svbzequant pooulations. The
percentage of tuberizing plants decreascd with each level of inbresding
(Table 5).

A severe inbrecding depression was observad from the S to the S

0 i
for all characters for all families when grown from true sced, There vas
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Table 4. Effect of inbreeding on potato populations grovn from trus
seed and the Iirsl clonal generation,

Seedling populations (1968) TFirst clonal generations (1969)

Character S g S S S S

0 1 2 3 0 1 2
Number of
plante 29 163 18, 163 11 11 48 35
Plant height
(em) 25 16 16 15 L6 21 20 20
% of 5 100 b1, 64, 59 100 L6 43 42
Vigor index L7 2.4 247 2.7 L.8 3.0 3.0 3.0
% of 8g 100 53 57 57 100 60 60 60
Tubers/hil) 10 6 5 5 23 16 20 16
% of Sp 100 60 50 50 100 70 &7 70
Tuber weight
(g/hil1) 61. 20 16 14 1,26 236 234 193
% of S0 100 33 26 23 100 55 55 L5
% tuberizing 69 81 80 7L Q7 93 9% &3
% with > 1
viable tubers
after storege 62 70 72 63
% with >, |
vizble tnbers
after storare 38 33 32 25
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Table 5. Effect of inbreeding on asexmal reproduction
Number, of c¢lones planted
Yeo
ear SO Sl 52
1968 21 50 L
1969 19 40 26
% replanted in 1969 90 80 59
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Fig. 2. Average tuber weight in g per hill, first clonil ganeration, 1953
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little if any depression in the subsequent S2 and S_ generations. These

3
populations tuberized fairly well in the field even in the advanced gen-
erations of inbreeding. Most of these tubers were very small, however,

and were not viable the following spring after standard winter storage

conditiona (Table 4).

B, Fertility

All SO clones flowered but generally the per cent of flowering
clones decreased rapidly from the S0 to the 51, but not from the S1 to
the 32 (Table 6). There was no apparent depression in the number of fruit
per pollination associated with'inbrecding, but the average number of
seeds per fruit decreased with each level of inbresding for self-
compatibility and pollen~ and femle~fertility. The average self-
compatibility was much lower than either pollen~ or female-fertility at
all levels of inbreesding when expressed as seeds per fruit, The inbreed-
ing depression, especially from the SO to the 81, was much less severe
for self-compatibility than for pollen- and female-fertility (Table 7;
Figs 4).

The following abbreviations were used in classifying individual

clones :
5S¢ = self-compatibility
SI = gelf-incompatibility
PSC = pseudo-self-compatibility (£ 15 seeds per fruit)
HFF = high femle~fertility
LFF = low female-fertility (<£.15 seeds per fruit)
FS = female~sterility
PS = pollen-sterility

U = unclassified
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Both families UB-W 5309 and US.Y 5328 conbained self-incompatible,
psendomgel fwcompatible and self-coupatible clones, Al claseifiable clonss
of both families were highly femzle-fertile and pollen-fertile (Tables 8
and 9). The observations on the relatively suall sample of plants from
family US-Y 5328 are in general agreement with those of Hollenback (Table
10).

In the two S,I 1:?.11'&5, US-¥ 9547 and US-W 9550, the majority of the
flowering clones could not be elascified for self-compatibility due to
the high nunber of clones which wers classified as either fenzle-st erile,
low fexale~-fertile or pollen-sterile (Tables 11 and 12), A progeny test
revealed differences between the two full sibg, US-W 5328-11 and US-W
5328-20, in relation to both the foamle-fertility ard self-compatibility
reaction of these two clones, US-W 5323-11 was classified as a psoudes
gself-ccrpatible elous and exhibited only & medium'degree of fersle-fer-
tility. Vith the exception of one clone, 2ll of its promeny (US-Y 954%7)
which set at least some seed upon selfing wss elso poeudomzelf-compatible,

This is close to expeetation since according to the rodel presented by

Hollenback (p. £1 of this thesis) a peevdo-solfi-conpatible clone can upsn |

selfing produce only pssudo-gulf-compatible or eelfwinconpatible propeny.
In contrast,; US«h 5326-20, yhich was a highly self-comuatible clone pro-
duced a progeny (US-U 9550) with a relatively large proporbion of self-
compatible elones, Of the clones clrssifisd for female-fertility in
family US~YW 9547, only 6 of 19 (32 %) of the classifizble clones ware
highly fepale-fertile vhereas din family US-W 9550, 25 of 39 (6L %) of the
classifiable cloncs were h1r11v'fﬁl*lc fertile (Table 13; Fip. 5).
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Table 6, Effect of inbreeding on flowering

- — -

Average
number Clones fleovasring
Level Number of 7 of
of . ¢lones clones b4 clones
Fawily inbrdg, planted gmerged stand nmurber planted
US-4 5309 50 12 12.0 100 12 1C0O
" Sy 16 16,0 100 6 38
" So 16 13.7 a5 12 7>
US-W 5328 So 9 8.0 88 9 1C0
" Sq 12 10,0 g3 9 75
" 8o 8 43 54 L 50
US-W 53l 8y 12 11,0 92 7 5
u 5o 12 6.7 61 5 L 5%
US-4 5315 S 10 8.7 87 5 50%
i 52 9 8,0 89 3 33%
Veightad avg 30 21 20.0 95 21 102
n Ry 50 L5, 93 27 Sh
) "o, L 32.7 (" 24; 54

e v— e e —

# Is a relatively low estinate since the data from these clcnes
were collected rather late in the flowering season,
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ct of inbreeding on fertility

Number

of Number Fertile clones
Level flower- of in per cent of Fruits per Seeds per
of ing pollin-tions Slowering 2lones pollination fruit
anily inbrdg clones self femzle pollen self femals pollen self female pollen self female pollien
VS 5309 Sq 12 25, 00 501 63 9T 89 38 62 a1l  Xl.G a8 42.9
5 Sy 6 68 21 179 10 15 19 »32  1.00 25 1B 32,7 40,3
" So 12 151 62 450 15 61 51 .50 .65 A3 6.1 31,9 3.9
UB-Y 5328 Sp 9 149 52 347 25 71 83 +35 6l Jh  13:2 82,3 bl
& S 9 11k AL 27 3T 70 57 48 U5 G b . k7 41.7
It Sa 14 36 13 121 1 e 20 «50 - 12 2af - 5.5
US=W 5314* 51 /4 58 2 167 7 21 21 33 1,00 50 1.2 16.:% 29.5
85 5 32 12 101 5 10 10 1.00 .57 A2 .8 2.0 41.2
US- 5315% 8, 5 40 16 11k 16 23 38 67 17 22 6.0 12,0 19.2
" So 2 33 33 76 38 63 33 S . 07 9.6 14.% 3.1
Total pollinations 935 341 2375
Welrhtcd avg Sy L7 g6 85 037 .63 J2 1.8 75.9 53.7
" Sl 16 23 34 43 «29 .18 8.7 3L 35.6
So 26 47 41 60 .63 A3 63 29,2 3.6
* Data ceollected late in fleowerins season
w
o
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Table 8. Classification of self-compatibility, female-~ and pollen=-
fertilitv of familv US-W 5309

-

‘Self-conp, Female-fert, Pollen-fert, Classification
No, No. No,
seads seeds seeds

Clone No., No. per No. No. per No. No. per Self- Female Pollen
number poll. fris fruit poll. frts fruit poll. frts fruit comp. fert. fert.

1 2 2 3% 8 6 68 33 3 69 FSC HFF FF
% @2 & 1 & % B ¥ L. 4 W g u
3 18 5 15 5 & B 36 % L, SC  HFF PP
4 19 7 g 7 6 KT 34 3 73 PSC HFF PF
5 21 Q- v T W 3% & 35 SI  HFF PF
6 22 A 10 B 3 42 35 0 - U HFF u
7 23 8 L 7 5 65 33 7 52 P5C HFF 123
8 2, 8 19 w- 6 154, 36 3 22 BC EFT PP
9 21, g .= o A 7 TR - S 32 S1I HFF FF
10 10 2 32 3 2 W o2 3 76 SC  HFF PF
1 2, 3 & B 6 108 36 2 38 PSC HFF PF
R’ & s 1 6 2 W@ 3 2 a P W PF

Total 25, 66 90 55 393 kb

Aver. no,

seeds/fruit 11 73 43

L"ﬁii;‘}}’;ﬁ;t 11 67 38
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Table 9. Classification of self-compatibility, female-~ and pollen-
fertility of family US-U 5328

Self—comp. Female-fert. Pollen-fert. Classification
No, No. No.
seeds seeds seeds

Clone No. No. per No. No. per No. ©No, per Self- Female Pollen
nunber poll. frts fruit poll. frts fruit poll. frts fruit comp. fert. fert,

S

1 18 7 2 6 % B W N 60 FSC  HFF FF
2 ¥ B g & L 128 3% 19 L6 SI  HFF PF
3 1 3 23 6 2 95 34 3 78 SC HEF PF
b 8 2 L9 L L 105 21 2 7L 8C HFF PF
5 18 i 60 6 i TR L5 § 25 6 121 5C HFF PR
6 12 6 L L 3 37 35 8 L7 PSC  HFPF FF
7 10 0 = b 4 91 23 5 L6 SI HFF P
8 1y G 0 6 o Sl B8 % 79 ST  HFP PF
9 _}E _E - _E 0 - l% 1 59 WU U PF

Total 125 20 Ll 28 266 L6

Aver. no,

seeds/fruit 13 82 6L,

Median no, |

seeds/fruit 14 9hL 60
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Table 10, Summary of self-compatibility, female-~ and pollen~fertility
of families US-W 5309 and US-W 5328 and comparison with data

from other investigators

Self-camp, Female-fert. Pollen-;fert .
Family no, plants no, plants no, plants
SC PSC SI U HFF U PF U
Us-4 5309 3 2.2 7 0 10 2
US-W 5328 3 2 3 1 8 1 9 0

US-W 5328 (Hollenback, 1966) 13 5

Y
o

US-¥ 5328 (Smiley, 1963) 17 0
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Table 11. Classification of self-compatibility, female-~ and pollen-
fertility in the 5, family US-W 9547

Self-comp. Fenale-fert. Pollen-fert. Classification
No. No. No.
Seed- seeds seeds seeds

ling No. No. per No. No. per No. No. per Self- Female Pollen
no., poll, frts fruit poll, frts fruit poli., frts fruit comp. fert. fert.

b % @ 230 35 3 K 0 = = 86 P PP
g ¥ ® = 3 3 28 ' R « HFF U

g Bl e F R e B R 2B PF
36 o i % B we EE B e B W S
W @ & % 5 & 9 20 6 &k W CIFF FF
5%, % fF e WOH 3L PR SR, - TR
18 3 & = 92 @ 35 .30 0 & HFF PS5
19 ¥k 5 B % S8 R 7 75 PSC HFF PF
5 S VR ) R S - R '« S PUR LFF U

50 ok @ oa B N s A 1. 8k ¥ u PP
2, M 3 B 0% % = H % W iF ¥
29 1 3 K ol B = B 8. 8. W LFF  PF
35 5. & B A0 g 3 § 1 57 PS¢ 1FF PP
37 0 3 5 & 0 = 3B § 4k, W ‘e PR
s JE @ v g B el A % e B B S
. NS & O - TR S - S P | B, = B 8 7S
W T B w2 8 e M TR A | PS
. 7T B T 2 32 35 8 3 325 st BE PP
g MR BB ARy o e e W R ¥

oAk & "wm vk, B m BB 95 (Am F 98 U
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Table 11. Continved

Self-comp. Femle-fert., Pollen-fert. Classification
NO. NO! Nol
Seed- seeds seeis seeds Self- Ferale Pollen
ling No.  No. per No. No. per No, No., per

no. poll. fris fruit poll. frits fruit poll, frits fruit comp, fert, fert,

L1, 21 12 L 5 2 L 13 0 - U L¥p U
50 5 A 6 3 i i85 B 0 - PS¢ IFF U
51 5 0 w 1 B 3k 0 = 0 LFF P8
e B o w B e = B8 4 BB W FF
55 12 3 k 3 0 - 28 7 67 U U PF
56 3 0 - 2 6] - 12 3 12 U u F¥
57 14 0 - 5 B 1. 25 2 38 u LFF FF
53 2 0 - 2 0 - 12 2 32 U u BF

Total 204 46 109 22 381 L7

Aver, ho, .

seeds/fruit 5 29 54

Median no.

seeds/Iruit 5 12 L1
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Table 12, Classification of self-compatibility, female- and pollen-
fertility in the S1 family US<W 9550

Self-comp. Female~fert. Pollen-fert. Classification
NO. NO' NO.
Seed~- seeds seeds seeds

ling No., No. per No. No. per No. No. per Self- Female Pollen
no, poll. frte fruit poll. frts fruit pell, fris fruit comp. fert. fert,

12 13 2 8 5 6o - 1 0 = P3¢ IFF U
13 2 - T 1 6 = I B = ® @ S
16 1 0, = ke O = B « 0 ¥ FS
25 25 14 19 5 3 : 32 23 2 55  SC HFF PF
26 5 0 = 2 0 - 127 G o Y U S
27 g B % 4 1 8 10 B & W HFF U
2 T & 3 3 1 9§ 2600 & Y9 ¥ I PR
33 15 2 'y 3 g < 23 6 e B FS FF
34 8 0 @ 6 [ I 0. w B FS ES
38 16 3 8% 5 2 22 3@ 10 43 B¢ HEF PR
39 10 1 15 2 % 28 33 ¥ kb Be WF PP,
51 ‘5 s S 6 = = 15 G « 8 U P
B % 10 3 6 L2 19 O = 4B I P
L5 13 A L on i 332 '3 g ' ® HFF U
L8 L1 2 0 =~ 3 .30 W 8¢ WF P
51 g = s 2 0 = 9 3 127 B U PF
56 2 A 3 2 60 10 8 70 SC HFF FF
64 14 0 B 23 an & &k " LFF PP
8. 2y 5 3. % % B % v 2 8w gw
69 6 1 5 3 3 36 10 O " &= 8 HFF U
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Table 12, Continued

Self-comp, Fenale--fert. Pollen-fert, Classification
No, Ko, No.
Seede seeds seeds seeds

ling No.~ No. per No. No, per No. ©No. per Self- Femzle Pollen
nos peoll, fris fruit peoll. frits fruit pell. frts fruit comp. fert. fert.

e —— At = e —

] 6 0o - l; g = 13 s (R "I ¢ FS = PF
76 7 L 28 3 “Rl T % 9 8¢, IFF PR
79 3 3 28 0 = = 0 - - 8¢ HFF PP
80 5 i 32 2 1 a8 0 - - U HFF U
&l L 0 - L 0 - 1 1L % U FS PF
87 12 5 19 ly 3 %1 94 0 0O 8¢ HFF PP
90 5 o - 7 5 9 30 2 23 A LFF PP
96 9 7 30 3 I 31 9 2 259 8¢ HKfF PP
98 5 5 11 2 Z2 & 9 3 75 PSC EFF PP
| 99 6 0 - 5 0 = 10 % 52 @ FS PF
iy 3 " 3 12 0 - 5 1 18 PS¢ 1FF TF
105 10 2 25 3 g - 27 4 48 8¢ WF PP
108 22 0 = 9 1 60 18 0 - ¥ EFF S
108 33 2 55 3 3 %0 3% 12 @25 B4 HE P
112 5 '+ SR 2 1 23 0 = e | ) HFF U
113 9 s TS 2 2 63 21 2 28 B WF FF

U F3

ke
o
W
o
!
™
o
!
&
o
!

120 15 N 3 2 0 - 12 1 165

121 10 7 _ 6 1 0 - 14 14 89
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Table 12, Continued

e e et i . g i P

Self~comp. Female-fert, Pollen-fert, Claseification
No, No. No,
Sead- seeds secds seeds

ling No.. No, per ©No., No. per No. No. per BSelf- Female Pollen
no. poll, frts fruit pell. fris fruit poll. fris fruit comp. fert. fert.

——— SR — e

123 13 16 18 3 2 2L 16 1 78 8¢  HFF PP
121 19 & 26 ¥ i R 18 - S I 205 =18, HE# FF
@ L & 9= 9 B K 3B § o 0 me
133 7 2 | 6 1 25 24 3 8% S0 HFF Fi
134 _ﬂ_}i __5_ 22 __2 __‘:L- 310 _33 ._u]; 12 50 HFF PF
Total 509 130 174 56 793 138
Avsr. no,
seeds/Iruit 16 L7 58
Median no,

I seeds/Truit 15 31, 52
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Teble 13. Summary of self-compatibility, female- and pollen-fertility data in the clones US-W 5328-1
1
US-W 5328-20 and their respective progenies abtained by selfing % :

Self-compatibility Female-fertility Pollen-fertility
No. seeds No. seeds No. seeds
No. No. No. per fruit No. No. per fruit No. No.  nper fruit
US=W number clones poll. frts Avg. Median voll, Ifris Avg. Median poll. frts Avg. Median
5328-11 1 3% 12 11 25 L 28
9547 (5328-11Q@) 28 204 16 5 5 109 22 27 12 381 L7 56 L1
5328-20 ‘4 28 61 6 52 Lo 39%
9550 (5328-20®) L5 509 130 15 15 174 55 AT 3L 703 138 58 52

Classification (Number of plants)

Self-compatibility Female-fertility Pollen-fertility
8¢ PSC SI U HFF LFF FS U Pr pPS U
5328-11 + - i
94T 1 5 0 22 6 s R 16 > 5
5328-20 + + +
9550 LA I G © 28 8 6 7 30 8 7

Based on sib-pollinations and therefore probably a low estimate

oY
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C. Genetic maprlers
i, Genes controlling synthesis and distribution of anthocyanins

Progenies cbtained from selfing self-compatible clones were ana-
lyzed for previously described marker genes such as those listed below:
P - Controls synthesis of blue pigment (delphinidin and petunidin deriv-

atives),

1=
t

Controls synthesis of red pigment (eyanidin and pelargonidin deriva-
tives).
Ac - Controls acylation of the anthocyanin molecules by p-cowmaric acid

(Fig, 1 D and Fig. 8).

=
1

Is a multi-allelie locus, The highest knowm allele, Eg, conbrols
the distribution of pigment to the stem nodes and to the cotyle-
donary node of the embryo (sesd spot, Fig. 6).

I - Controls distribution of pilgment to the tuber skin and stem,

I

- Controls distribution of pigment to the flower,

A search for new marker genes was also undertaken., Considerable at-
tention vae paid to two traits not previocusly described or analyzed: piz-.
nmented leaves and pigmented ovary w2ll. The two clones US-W 8318.1 and
US-W £818,2 exhibit extremnely heavy pigimentation in the mature leaves
vhen grovin under norial growing conditions in the field at Sturgeon Bay.
In the case of US-Y 8318.1 the leaves turn purple and with US-Y 8818.2
they become red. The pigmented ovary wall is illustrated in Fig. 9, The
phenotype has previously been described (Pushkarnath, 1960) but no infor—
mtion on its inheritancg vas available from the literature, The piguent
eynthesis in the ovary wall secins to stop when the flowers are opsn, be-

causz the vigeent Is gradually diluted when fruits dzvelop and enlarpe,

-
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Fig. 6.

Seed spot

Figg 70

Pigmented stigma
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Fig. 9. Pigmented ovary wall

50

A. Longitudinal dissection

B. Transverse dissection
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This trait appears to be inherited as a single dominat gene (seze foluw
lowing discuasion) and the gene syubol Cu has tentabtively been asaigned,

Another trait which may have value as a genetic marker 1s the pig-

menbed stigra (Fige 7). Popmlations with segzregation for this trait were
small, but the preliwinary data indicate that this trait is recessive,
The number of genes involved in the conbtrol of pigmented stigma has nwb
yet been detemained,

Vhen the clones with pigmented leaves (US-U 8818.1 and US.-M 8818,2)
were crossed to clones with non-pigmented leaves, approximately 23 < of
“the total number of plants from all progenies were found to havz at least
some leaf pigmentation varying from light to heavy (Table 14). When non-
pigmented or very light pigmented plants from the progenies described
above (The pigmented plants in these progenies did not produce safficient
flowers or were sterile) were backercosed to their reszectiva pizsentd
parent,, the resulting progenies conbained several dward plants with siall
leaves and abnormal leaflets., Two types of leaflets were observed: a,
small and round; b. small and narrow with a mottled aypsprance, Nearly
all the pigmented plants in these progenies were alzo dvmrf plants, but
not all dwerf{ plants vere pigmented. This wes especislly true in the bacl-

eross progeny from US-Y 95711 x US=W 8818,1. A1 of the hzaavlly pigcented

plants from this progeny could be classilied under either of the two iyzes

il

of dwarf plants, Severzl of the lighier pigmented plante from this progeny
had a normal plant type and most of the non«pigneated plants were also of
the normal plant type. However, several non-pigmented dizprf plants ware
observed as well (Tablza 15).

The factors controlling the basic pignentatisn of the flovers (F)

and of ths Lvlar skin ('l) re known o be olorsle T¥led (Dldds sl 1
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1956), This is confirmed by the segregation pattern of I and £ in familics
US-V 9547 and US-W 9581 (Tableas 16 C and 17 C), The factor controlling
pigmnentation of the ovary wall (_(_}_-.1') also segregates jointly vith the I f
linkage group (Tables 16 A and B and 17 A and B),
The. linkage of Ow with I is further supported by the data from 5

other S, progenies where no deviation from the expected phenotypes oc-

i
curred wvhen the parental genotypes were assumed to be %‘{,—%—{ and no

crossing over between the Ow and I loei (Table 18). In this case only
plants with either fully pigmented or comﬁlet.ely white tubers were con-
sidered because of the difficulties of assigning genotypes to the plants
which produce tubers with various degrees of pink skin color, In families
US-W 9550 and US4 9554 nearly all plants with pink tubers had the sane
phenotype for ovary wall pigmentation as did thes plants with white tubers.
The pink color in this case my have been the result of an incomplote
suppressicnh of tuber pigmontation in certain il genotypes. In family

US-W 9552, all of the plants with pink tubers coirespond with the plants
vith fully pigmented tubers in respect to the phenotypz for ovary vall
pigmentation (Table 18). In this instance, the pink color could possibly
have rezulted from reduced activity of the basic pigwent producing gene

R in I~ genotypes. This is known to be trus in plants with 34-{_‘_‘_}*-‘: £20-
tyvp23 which; in the presence of F and I, produce white flowers and pink
tubers (Dodds and long, 1956). Since all plants in this family alroady
had white flowers, presurably as a result of the ff genotyps, a correw
lation betveen tuber and flower pigmentation could not be made, Thus it
was not possible to determine whether the pink tuber color in this
family was the result of a reduced activity at the R locus such as in

s T ;
B~ o1 dua to some othor cause,

-—
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The genotypes for 31 selfwcompitible or pseudo-seli-compatible

clones at various levels of inbresding have been determined on the basis
of a progeny test, Several progenies exhibited a high degres of uniforio-
ity not ouly for genes controlling the synthesis and distribution of

anthocyanins but also for several other traits for which the inheritance

has not yet been solved such as tuber shape; tuber flesh color and leaf

type (Table 21),
ii. Chemogenetic markers

The routine laboratory techniqus which was developed as part
of this investigation permibted scresning of families segregating for
genes affecting flavonoid syathesis. In the families U3.H 9515 and US-W
9559, segragation for dominant and recsseive gen?types at the Ac locua
have been dsbected, The segregation ratioz in both families very closcly
approximated 2 3 t 1 ratio (Table 21),

A1l plants in fanily US-W 9559 had red flowers and vhite tubers, so
that the dztesnination vas done on the flover pigments only. Family USS
95L5 was segregating for flower and tuber pigmentation, so thet in this
fomily the vignient analysis was dons on the red flowers and the red tubers,
The few plants which had both plsuwented flouers and pigranted tubsrs ex-
hibited inlternal consistency, i.e. where the flower pigment had been clas-
sified as upacylsted, the tuber pigment was also unacylated.

With somz experience it vas quite easy to distinguish between ecylates
red and unacylated red flower pigasnts by a visuval inspection of ths flow-
ers in ths field (The unscylatsd piznent is wore intense). en visuzl

scoring was dong, uncerbain csses were always amlyzed dn the laboratory.
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However, a distinction bebween Ac- and gesc genotypes could not be made
upon a visual iuspaction of the tuber pigneats. The 83 clong, UsS-
9187-2, produced only a few flowers in the sunmmer of 1970 and has ten-
tatively been designated as acac on the pasis of a visual inspection,
The few.plants in the S L progeny of this clone which produced some flow;
ers also all appear to have the urneylated red flower pigment upon vig-
vzl inspection,

Plant material containing the gene P was very limited in this study.
Consequently no families segregating for acgl’*i.rvd and unacylated blue
_p:i.gment.s wvere detected, The laboratory nsthod wvas very effecbive in dis-
tinguishing the acylated red pigments in either flowers or tubers from
blue pigments. The acylated red pigments were frequently misclassifisd
as blue or purple pigments when insxperienced persons rade a visual
sgoring.

Several differences and similaritisza due to the absencz or prosnce

of certain bands could be observed in the chramiograns of flowsre fron

different Solapum species growing in the field at the Potate Invroduvetion

i

f

Station. Differsnces within species cr within inbred lires vere also ob-
. > oy 1

served. No sinple segregation ratius hawe as yeb been found for sucn tands

in families exhibiting segregation for thezs traiis,
iii., Gones centrolling tuber shape

The following classification for tubser shape vas used @
2., Compressed, longitudinal axis (stenm to apical end) shorter than the
dismeter axis,
b. Round.

C, O‘."ﬂlo

Aardevo Exhibit 1034
Page 0064



55
d. long.
e, Very long, tubers often curved or hocked.
No attempts were made to subdivide the oval shapes any further into round-
oval, long-oval, etc¢. In evaluvating tuber shape, it must be taken into
account that nearly all of the tubers classified were harvested from plants
groun from true seed, The tubers were thercfore smaller than they might
have bezen if the observations had been m2de on tubers from subsequent
clonal generations. On the other hand, it has been shown in this study
that a considerable number of genotypes derived by inbresdiung are usually
lost in the first several ase£m1 reproduction cycles, The best represeni~
ative sample of genotypes is therefore probably available in the seedling
year.

Self--compatible clones with cval tubers produced progenies ugon
selfing with relatively more long tubers than did siimilar clones with
round tubers, In progenies from parents with round tubers and from parents
with oval tubers, the tuber shapes were nol randomly distributed between
plants with white and pigmented tubers, Most of the white tubers were
long and most of the pigmented tubers were round (Tables 19 and 20).
Clones with long tubers produce only progeny with long tubers upon self-

ing whereas clones with oval or round tubers can produce progeny with all

shapss upon selfing (Table 21). At least one clone (US-W 9537-7) has been
found which produces progeny ﬁith only round and compressed tubers upon
selfing. Clones US-W 9185-33 and US-W 9190-15 which have round tubers also
do not produce any progeny with long tubers upon selfing, although plants
with oval tubers do occur. All the self-compatible clones which have been
found to breed true for long tubers are white, whereas the above mentioned
clones (US-W 9537-7, US<W 9185-33 and US-W 9190-15) all have pigmented
tubers (Table 21).
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Table 14. Segregation for leaf pigmentation in Fl hybrid famnilies

Parents Progeny

UBSH  leaf Sivmentation
Female - Male preg

no, Number of plants
US4 Phenotype US-U Phenotyps none light mediun heavy
no. no. x
8030.3 non-pign, 8818.1 heavy blue pigm. 7143 47 2 3 i
7875.9 L 8618.1. i it n 9568 30 11 2 2
7875.9 " 8818.2 hsavy red pigan. 9569 10 I 1 i
8030.9 " 8818.2 i “ L 9540 45 0 9 6
8030.7 Tt 8818,) heavy blus pigm, 957} 32 1 2 0
Total 164 15 v 16
% of total no. plants i 7 8 g
Pigmsnted plants of all classes in ¥ of total 23
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able 15.

pigmented narents

Segregation for leaf pigentation in progenies from backcrosses between F, hybrids and the

Parents Progeny
Female Male Plant type
Dwarf plants
Leaflet type
Pigmen-
IS~k no. Phenolype Us-W no. Phenotyps tation Normal round narrow, motiled
9568-1 very light blue pigm. &s8ig,1 heavy blve pigm. none 31 29 2 8]
light 5 C 5 0
heavy 0) - - o)
9570-2 light red pignm. g812.2 heavy red pigm. none 111 .111 0 0
iight 25 25 0 0
9571-1 no pignm. 8818.1 heavy blue pign. none 78 63 15 0
light 30 7 17 6
heavy 1k 0 2 12
0571-2 no pigm. £218,1 heavy blue pigm. none 68 68 0 0
light 11 9 0] 2
heavy 2 4 0 o 1 =
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Table 16, Segregation of the gene O with the genes I and F
in family US4 9547 (Proposed genotype of selfed
parent is O I T
ow i F

A. BSegregation of Ow and £

Observed Expected®

Ovary wall

=

Flowers Unclaa~- Non- Pigm.
sified pign,

Vhite (f££f) 218 s ] 1 16 o 17
Pigm. (F-) 25 0 8 17 8.33 : 16,66
Unclagsif, 6 6 0] 0

Total L9 T 9 35 10,50 : 31:50

B, Segregation of Oy and L

" - e — - e

Obzerved Expected®
Ovary vall
Tubers Unclas- Han- Pigm,

sified pigm.

White (ii) 6 2 b 0 L: O

Pign. (I=) 41 5 g 3l 0: 36
Unglaseif, 2 0 0 D
Totz] 19 17 9 33 10,50 : 31.50
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Table 16, Continuesd

C. Segregation of I and f

Observed Expected®

Tubers

Flowers Unclas- Non- Pignm.
sified pign.

White (££) 18 1 0 17 0

o i
Pigm. (I=) 25 i L 20 g :16
Unclassif. 6 0 2 I
Total L9 2 6 L1 10.25 1 30.75

% Only plants classified for the respective character(s)
are considerzd. Complete linkage withoult crossing-over was
assupad in caleulating the expected valuss.
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Table 17. Segregation of the gene Ow with the genes I and F in
family US.W 9581 (Proposed genotype of selfed parent

is Owv I f

oW 1 F

A. Segregation of COw and f

Observed Expscted®
Ovary wall
Flowers Unclas~ Non~- Pigm.
gified plgn.
Wnite (£f) 7 0 0 7 I S
Pign, (F-) 22 L 7 11 &6 ¢ 12
Uneclassif, 19 13 3 3

B. Segregation of Cwand I

Observed Expecbeds
Ovary wall

Tubers Unclas- Non- Piga,

gsified pigm.
White (ii) 7 5 e 719 2 0
Pign, (Ii) 27 11 3 35 0 316
Unclassif. 14 1 7 6
Total LE Ly 10 21 Tath 8 12326
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Table 17. Continued

C. Segregation of I and

Observed ! Expected
Tubers
Flowvers Unclas~ Non- Pign.
sified pign.
White (£f) 7 L 0 5 O3 3
Pigm, (F=) 22 7 L 11 5 .20

Unclassif. 19 3 3 13

Total L8 14 4 249 8.50 25,50

# Only plants classified for the respedtive character(s)
are considered, Complete linkage without crossing-over was
asgsumed in calculeting the expscted values,

Aardevo Exhibit 1034
Page 0071



Table 18, Segregation of the genz Oy with the gene I (Proposed
genotype of all solfed parents is g:m;‘!i" )

Ovary vall

5 i e S S e e

Family f

Usati Unclag- lone- Expecbed (assuming

no. ~ Tubers sified pigm., Pign. complete linkage)

9548 While (ii) _ 13 9 L 0 L : O
Pigmented (red) (i=) 19 I 0 15 0 : 15
UnclassiCied 7 0 0 7

9549 Vhite (ii) 9 2 = 0 T 2 ©
Pignented (red) (I=) 24 3 (o | | : 21

\ Unclassified N L 3

9550 White (ii) 3L, 14 20 0 200 ¢+ ©
Pigmenied (pink) 14 5 12 : 4 9
Pigmented (red) (I=) 66 11 o 55 G & 55
Unelassified 14 6

9552 Whits (i) 9 B 8 g8 : 0
Pigpented (pink) 10 5 0] 5 ?
Pigmented (red) (I=) 56 17 0 39 O & 39
Unclassified 9 0 0 9

955, Vmte (ii) 13 Iy 9 9 : O
Pigmented (pink) Iy 2 2 7
Pigmented (red) (I=) 34 11 0 23 0 =23
Unclassified 10 0 2 g

Total White (ii) 88 LO LS 0 L8 : O
Pignented {(pink) 32° 12 1y 6 ?
Pignented (red) (I-) 199 L6 0 153 0 % 353
Unelassified Lh 0 2 35

363 98 7L 19 656,25 1+ 192,75

e i A i At A i i, A e A B S e, i St s . g g vy B i
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Table 19. Sepregation of factors controlling tuber shape and tubor
pigmentation in progenies from parents with round tubers

- - et e

Selfed parent Progeny
Phenotype Tuber pigmentation Tuber shape
US-Yi Tubexr Tuber  US-l Total no.
no, pigmentation” shape no, Color tubers Round Oval Long

5328-11 pigm. (red) round 9547 white 6 X X B
pig,n;. (red) L1 13 -21.; L
5328-19 pign. (red) vround 9549 white 9 1 2 -6
pigm. (red) 24 5 16 3
5328-25 pign. (red) rvound 9554 white 13 0 7

LT~

piga. (pink) L 1 2 1

pigim, (red) 3L 20 1y o)

——— b - > ——— .

Total white 28 2 M a3
pign, (pink) A 3 2 1
piga. (red) 99 38 54 7

- —_—— S

131 B 66 2

Per cent of

—— bt i 8 ¢t

Total pound Oval long

-

that were vhite 21 5 15 67

g " pigm, (pink) 3 2 3 4
n " piem, (red) 76 93 82 29
t " round 31

o " P oowval 51
" " Jeng 18
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Table 20, Segregition of factors controlling tuber shipe and tuber
pigmentation in progenies from parents with oval tubers

Szlied parent Progeny
Phenotyps Tuber pigrentation Tuber shape
Us-¥i Tuber Tuber  US-W Total no.
no, pigrentation . shape no, Color tubers Hound Owal Long
5328-12 pige. (red) oval 9548  white 13 2 & I
pign. (red) 19 2, AR 0
5328-20 pizme (red) oval 9550 white 34 5 L 25
pigm, (pink) 218 i 9 5

pign. (red) 6h 31 30 5
5328-~2). pign. (red)  oval 9552 white 19 g B X5
pign. (pink) 10 6 k4 0
pigm. (red) 56 oy O 3

B “He R ——

Total white 66 7 8 51
piem. (pink) 28 10 13 5

pign. (red) A 59 17 8

235 7% 95 &l

———— et e e 8 B P 4 T e e (R =

Par cent of

-

Total Round Oval Long

that ware vhite 28 9 8§ 80
n " pigm. (pink) 12 13 14 8
mo 0 pign, (red) 60 78 76 12

" " round 32
" L oval L1
N it W long ;?'?

i e e W A e i b B S i S Vil e s W i e ———— —
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Table 21. The assignment of genotypes to self-compatible clones bnsed on segregation ratios for their selfed

rogeny
Frozeny Segregation ratios Selfed parent
Level
Derived of Ceno=
| $rem inbreed- e B Us-w Phenos  type
US=% no. farily ing Character Observed =) <) Expected no. type <) assigned
9500 5309 ) flower pigmentetion 31 W : OP oo : 0 5309=1 W £5
u B i tuher skin L Y 0P oco: D " W 33
# L n tﬁber shape 29 Loe 2. 0F s OR " L
o509 5200 Sq flower pipmentation 56 W : OP o0 .+ 0 53209-7 W 4%
" " b tuber skin " 56 W: 0P o0 : 0 " W ii
L " " tuber flesh color I W @ LY &2 36°Y =5 DY " i g
i " " tuber shape 52 L ¢ 4 Qv OR s L
o509 5209 Ss flover pigmentation 35 W : 0P co: 0 8762=-17 W hey
i 3 " tuber skin " 35W: 0P o0t 0 " W i
L " " tuber flesh color 19 W2 16 1Y " LY
H L L tuber shape 35 1Ts R i L
0513 5209 So flower pignentation 313 P: 6 W 13.50 : 4.50 - 9504-1 B Pt
I 3 flower color 13 ted = @ Fu o2 s @ it Hed pri= o
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Progeny ' Segregation ratios Selfed parent
Level
Derived of 2 ‘ Geno=-
, frem inbreed=- 1.2 US-W Pnenoz— t;rps.:
US<li no., family ing Character Observed ) ) Expected no. type <) assigned
9513 5309 Sa tuber skin pig- s 0P oo 0 9504~1 W oo
mentation
" L n tuber flesh ecclor 6W=235LY: 1Y t LY
i s 1 tuber shape 85 L@ R " L
9516 5308 (?) 82 flower pigmentation L3 W : OFP co : 0 8762.7(2) 2 £
" I H ovary wall " k3 P s ON2 ol = 0 " 7 Cu Ow
“ " N tuber skin " 26 P s OW o=k B0 L ? o
¥ Y i tuber shape s et S A O U L 7
Q521 5309 ‘ Sl» flower pigmentation 10 P: O W o s 0 9187-2 P Fy
! " # flover color 10 Red ¢ O Pu co ¢t 0 L Red rrR=-
i " " meylstion no data, probably all UA " Ua 2cnc(?)
L b i tuber pipmentation M s QOF ez 0 L W ii
" i t tuber shane 34 VL 2 OR ¥ VL
EN
" o " tuber {lesh color 3LW:0X = W
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Tahls 21.

Continued

Segregation ratios

Selfed parent

Level
Derived of Genc-
from inbreed- AL B US-W Phenc— iyre
US~4 nb. farily ing Character Cbserved ~) ) Bxpected no. type ) assigned
9527 5309(72) S, flower pigmentation 23 P: 1 W 9187-2(%) 2
} ‘ I ovary wnll L 2L P ONP oo ¢t 0 L 2 Cw Ow
" " " tuber skin i JO Red ¢ 11 Spect 3 OW i ?
" i tuber shape 208 ¢ 1 Ov " 2
B " i chromat., band RE .62 9 Yees: 5 lo n 7
Q525 5312 Ss Plower pipmentation 43 : OW co : 0 9175=2 F EF
Y " flower color 32.25 'y 1095 # Pu PpR=

stipgma pizmentation

flower vayiegation
flover

pigmentation

tuber skin "

34 Fu 3 9 Red
2L P '3 lé NP

10 Var ¢ 31 NVar
W wWws OP

3 W 37 Pi

L9
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Table 21. Continued

Frogeny Segregation ratios Selfed parent

Level

Derived of Ceno=-
from inbreed- US=W Pheno- type
US-U no! family i £ 1y 2 type 2 5i
W no. family dng Character Observed —) <) Expected no. typs <) assigned
9525 5314 S, flower pigmentation 38 W : OP ¢t 0 01285~33 P o4
i " i tuber gkin % 9 W29 Pi " Pi
i " n .tuber shape 201 : 18 Ov u R
8535 5315 S flower pigmentatien 15 F 2 0OV @0 ¢ O 0190-15 P e
" W " ovary wall " 15?2 0P oo o 0 n NP oW
i n " tvber skin i L5 P s g o0 70 H P T
L it h tuber zkin ecolor L5 Tted = O Pn 20 + 0 i Red nrlle
i i " tubzr shape 25 R s 20Gr 2 B L i R
Q5h1 J 55 flover nigrentation A 7,50 2 2,50 9537-7 P FF
" u A ovary wall ! 3 P % 30 KP " NP
s H L tuber skin i 0P 0W Cos 0 " P IT
" g f tuber slin cclor SO F(25 Ned 4+ 5 Pi) : OPu 02 : O " Red PHREPF
3)
" 1 " tuber shape R 2R " R

89
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Table 21, Continued

Progeny Segregation ratios Selfed parent
Level
Derived of Geno=-
from inbreed- N Us-w Pheno- type
US~\V nolt family ing Character Chserved ~) 2) Expected no. tyve 2) assipgned
Q5L5 5328 Sq flower pigmentation 11 P: 4 W 10.25 3 £328=-L, P Ff
" H f flower color 11 Red 2 O Pu i Red
" " " -ovary well pig- 10 P = 4 KF 10.50 ¢ v P
nmentation
" " o tuber zikin ¢ 2P soW 21350 3 n ¥
& I i acylation 9 A: 5 U 10,50 = L A
i " " tuber shape 5Lz L0v:9R i R
QERT £328 Sl flower pigmentation 25 P : 18 W 32.25 ¢ 5328-11 P
! i L flover color 25 Red : 0 Pu oo " Red
¥ ¢ 4 ovary well pigmen-— 23 P2 9 NP 31,50 = " P
tation
! " " tuber skin " L P 6W 35.25 = h P
1 1 " tuber shape 2V1:6L:250v: 14 R " R
o5L8 5328 Sl flower pigmentation 26 W : OP : 5328-12 W
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Tablz 21, Continued

Progeny Segregation ratios Selfed parent
Level
Derived of Geno-
from inbreed- Uus-w Pheno= type
US-3f nd. family ding Character Observed 1) 2) Expected Nno. type ©) assigned
ovary well pig- .
9543 5328 81 mertation 2P LNP 19.50 ¢+ 6.50 5328-12 P Ow ow
tuber skin pigren—
i R 2 tation 19 P2 13 W 2L 5 8 L P Ii
L " 8 tuber siin color 19 Red = O Fu co: 0 ¥ Red prlh-
g & u tuber shape LRE2AT O 11 5 B . Ov
9549 5328 Sl flower npigmentation 32W : 0P oo : O o "W 2f
3 n n ovary wall ® 2L P : 8 NP 2L + 8 " P Ow ow
- " " tuber skin . 2L P 9 W 2haT5 ¢ 8425 H P J8
H B h tuber sikin color 2L Red = O Pu co = 0 " Red poR=
" " " tuber shape 6R:120r: 9L " R
9550 5328 Sy flower pigmentation 102 W : OPF . M S 5328-20 W 22
" " L ovary wall " 6L, P : 38 NP 75,50 5 25.50 g P O ow
" G n tuber sxin n 34 W s 16 Pi : 66 Red " Red 51
-J
IS}
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Progeny

Level
Derived of

from inbreed-

US-W no. family ing

Segregation ratios Selfed parent
Ceno-
12 UsS-w Pheno- iyre
Character Observed ') <) Expected no. type 2) assigned

9550 5328 81

9552 5328 S1
n " n
1 " "
t " H
n " ”

9554 5328 S¢
i n i

H n 4]

(] 1 "

t " "
955¢ 5328 5y

tuber skin color 8h (Red + Pi) : O pu o 0 5328-20 Red e

[
tuber shape 35 L3t A3 0 ¢ JOR i Cv
" flower pigmentation 61 W : OP oo 3 © 5328-21 W Es
ovayy wall H 2 P B NP 5.5 v 15.25 1t ) P Cvow
tuber slin " 19 W 2 10 Pi ¢ 55 Red w Red ()
tuber skin color 66 (Red + P1) ¢+ O Pu co ; 0 i ¥ D=
ubezr shapsz 18 L2350y 32 R ¥ Ov

flower pignentation H#4 W QP

Wy 8
Ll

(&}

A\

o

b2

(;J..‘.

n

A% §

I

o

ovary wall " 1 B S e ) t. 11 e P Do
Luber skin " 13 W 4 PL: 34 Red " Red I3 (?)
tuber skin color 38 (Red + P1) = 0 Pu oo : O ” 4 o,
tuber shape 7L 2303 21 R e R

flower picucntation W7 P : OUW oF % 0 87753 P o =
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Table 21, Continned

Progeny

Level
Derived of
from inbreed-

] " 3
US-W no. family ing

Segregation ratios

Selfed parent

Character

Chserved 1) 2}

Ceno-—
U3-W Phenoi type
no. type <) ascigned

9559 5328 S
1" 1 ¢]
] 1 n
n " "
1y " "
it t "
9540 5322 So
12 " '
¥ ] 1
" i "n
9572 7139 81

£lower color
ov. vall pigmentation
tuber sk

acylation

[lovier plonen

Mower pirmentation

flower color

47 Red ¢ O Pu
& 45

.

OPRP s ATW

36 A = 21 UL

LT E s DR
RY LY.z I8 T
26 W QP

20 Pz b NP
Il P8 W
11 Red ¢ O Pa
Jo P 13 W
4 BRed ¢ 12 Pu

0 P 23 NP

5 g e

LT NP

(1]

e
4

|,.

o

.

8775-34 Red PoR—

" o OWOW
m W ¥
g A Acae
1] L
1" “r
e5LA=1 W £t
n B Ouweow
1 bl T3
o Red Prh-
7139-2 ? =t
" Pn Poan
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Tabvle Zl. Continued

Progeny

Derived of

from inbreesd-

[

Segregation ratios

Selfed parent

Coserved 1) #)

Expected

G
Us-i Pheno- t
no. type <) a

Ty r " o - .
US-4 mo. faudly dng
B BT y
e =27 bl
- (o =T
257 7139 51
" n n
" n ]
n n n

° i : "

1" " L]
9578 739 51
”n n n
(3] 1 1"
» " i*

albine sezdlines

flower pigmentsiion

flower color

ovary wall pig-

F o =1
7 %
mentation

tubser skin M
aibino seedlings
flower pigmentation
ovary wzll -
tuber skin "
flowsr pigmentaticon

ovary wall g

tuber piguentstion

Y

albime secdliinss

)

"

.

: 42 NAlb

.

&

g+ ]

57 NAlb 17.75

37.50

W 31.50 ¢

1475

P 3.50

7 NP 22,50 =

L W 13.50

21.25

L]

52,25

12,50

10,50

" Lyo 25

10,50

7.50
L.50
63.75

T139-8 NAYb
7139-19 W

_..
-
he v

T39-20 W
L P

1" ?

: NAIL

Aardevo Exhibit 1034
Page 0083




Table 21, Continued

Progeny

)
UsS-l no.

Level
Derived of
from inbreesd-

fomily ing

Character

Segregation ratics

Selfed rarent

4
Observed =) 2)

fal

GenN Q-

Fheno~ <%tyme
assigned

957%

e

7139 Sy

Stn =
13 I}
n n

flower pigientation
ovary wall e

albino segdlin
flower pigrentation

ovary wall

Dowar pipmentation
ovary wall

flower pigmentation

tubey slkin 1
ovuiy wall v

23 P TH
0Pz 25 NP
5% NA1Db
2O P xdY
QP : 29 NP

22 F o T

bl
it

10 NP
7 W
12 W

L
FJ
G
.

20 + 2L KP

19N QP

NPT oW

0 P

0

19.25

21.75

(1]

L

L1

.

&

7139-22 P

" NP
i NA1b

7139-23 _ P

4]

7139-26
1) P

Stn PT
230513.1 ¢

i )

1" o

4
",

;

OWOW

Alal

g I
S
1),
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Tahle 21. Continued
Yrogeny Segregation ratios Selfed parent
Level
Derived of Ceono-
Trem inbreed- 1. 8 Us-W Pheno,  type
US<U no. fawily 3ing Character Observed —) ) Expected no. type <) assigned
9525 Stn 81 tuber skin enlor 1G9 Bed = O Pu co : 0 Stn FL ? PoER
230513.1
1 » . acylation J9VA: 0A oo : 0 " 2 acac

dao nob necessarily correspenc.

J— r
b
L nan
A —
Ty -
u.'\L b
5
T
< Inpel

‘e of abbreviaticns used:

Aeylated Pi = Pink

Unacylated Pu = Purnle

Pigmented NP = Non-pigmenhted
W = thite

uded 6 "compressed” types

Sirce not all flowering plants tuberized and vice versa, the ratlios

£
I

Light Yellow
Tellow

Y = Dark Yellow

for ficowers and tubers

VL = Very Long

L

Long
Oval

Round

Var = Variegated

of the same family

NVar = Non-variegeted

Alb = Albhino

NAlD = Non-2lbino
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DISCUSSION
A. Vigor and yield

Generally the average performance of the 4 families decreased with
each subsequent level of inbreeding., The inbreszding depreesion measured
for yield for the first clonal generation in 1968 coincided with & curve
calculated on the basis of heterozygesity in a diploid organism (Table 3;

Fig. 2). In another sample from Lhe same porulation, in both the secdling

populations and the first clonal generation, the inbreeding depression for

yield and other characters related to vigor exhibited & very sharp de-

rease from the SO to the 81 but only a slighl deprassion orf no depres—

i

depression e expscted in c¢rops that are nowrally hizhly heleron; coug

sion at 211 from the S, to tha 83 (Taie h). A considersble dnbresding
and cross-pollinated. A depression from the SO 1o thz 51 vihich is greater
tkan can be expected on the basis of a reduction in heterozygesity could
be interpreted as an indication of the prouence of non-acditive genetic
variance, Significant non-cdditive yariance has been rezavted in potu-
toes (Mendiburu, 1971).
Upon inbreeding tetraploid potatozs, Krants (1944) obtained an 52

that yielded 82 % of the S.. In this experiment with diploids the fi-at

0.
clonzl generation 52 yielded only 36 & of the SO (Table 3). The difference
can be attributed to the more rapid increase in hormouyzosity abt the di-

ploid level. The 4 families responded differently to irbreedinz. The fluce

tustions in response were partly due to reproductive difficulties (hoth

76
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sexunl and ascxual) which incresse with inbreeding, The genetic differ~
ences bebween the originnl perent populations (50) could also have
contributed to differences in response to inbrecding. This was observed
at the tetraploid level by Krantz and Hutchins (1929).

Attenmpts to obtain euch subsequent level of inbreeding from a rep-
resentative sample of parents at the preceding generation were not al-
vays successful. Only the more vigorous plante flowered, and only a
portion of theze were self--fertile in the adwvanced generations of in-
breeding (Tebtle 7). Selection for vigor in the sexual cycle has also
been observed upon inbreeding at the tetraploid level (Krantz, 1946;
Krantz and Hutchins, 1929). Rudorf (1958) reported similar difficulties
upon inbresding tetrapleid potatoes, He could not obtain the S3 in most
inbred lines due to their lack of vigor, end to virus infection and re-
duced fectility, Approximately 45 % of the genotypes wers lost betueen
the tims of planting the ssed and the transplanting stage. Simdlar
losses were reporbed by Engel (1957).

Several gznolypas were unshle, due to lack of tuberization, to pro-
duce the second clonal gensvation. VWhen ths pesrfovrance of the first
clonzl generations was comrared with the ascxusl progenies, the dsproi-
sion in relabion to the respective So's vaz sraller for most prozenies
than for their respective asescmal parental populations (Tables 3 and 4
Fig. 3). This can pirobably be attributed, in part, to failures of a-
sexuzl reproduction, lany plants that were classified as "tuberizing"
in the seedling year, nevertheless only produced szall immature tubers
which were not viable thz following spring after standard storage con-
ditiorz. The per cent of seedlincs with 4 or more viable tubers the

follonins samring wits Sonzdderabdly Jover ih tha 33 whan dn the HU’
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although the per cent of plants classilied as ™uberising! was opprozx-

imately the sauwe for the S, and 53 (Table 4). The reduced asexual yo-

0
production indicates that harmful recessive gonds vay have been uncovered,
the expresaion of which is delayed until after the [irst clonal genser-
ation, or until an unfavorable reaction bebween the envivonment and the
weaker genotypes occurs. The genotypes in which lethal or send-lethal
genss are expressed are auntomatically excluded frem contributing to the
subsequent, generation, which in turn affects the rate of inbresding, In
spite of these problems in repreduction, several fairly vigorous 85 lines
have been obtained,

Assuming no selection for hsberosygosity, the dipleid S5 genavation
is approximtely 97 % howozygous. In cunpsrison, the autotobraploid 3
generation, assuming raudem chuewesone ssgregabion, would only be 53 &
homozygons (Bartlett and Haldane, 1934), Ths unavoidsble selection four
vigor during reproducticn, although kept to z minimwa, probably resulizd
to & certain extent in soms selection for heterozygoaity es well, Hove
ever, the diploid 55 genevation prouably repvessnii the grostest dagrss
of inbresding ever imposed upon povatoos,

The rapid dscline of viger upen inbrzeding suggests thal hybeid
vigor may be obtained when tuo inbred clones with z high corbining ablil~
ity are crossed. Considering the success with hybrid vigor in cther crops,

this arca certainly varrants further investigation in potatoss, espeeizlliy
on the diploid level vhere advanced inbred lines can be obtained in a
relatively short times. A broader gensiic base will probably be necesoary

to devolop more diverse inbred lines that can be usad as parents to pro-

duce maximum hybrid vigor.
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B, Fertility

Se_'i_{"-comp:'..tibility wvas considerably Jower than either pollen-
orr femle-fertility for all levels of inbresding when expressed as per
cent of {lowering clones or as seedsl per fruit. A reduction in sced set
for self-compatibility, pollen-, and female-fertility could be denon-
strated with each subsequent Jevel of inbreszding (Table 7; Fig. 4). In
these experirents no study was made of the growth of the pollen tubes in
the styles. It is therefore difficult to separate clearly the effeclts of
inbrecding upon the level of self-compatibility from that of various
degrees of breakdown of the self-incompatibility reaction since both
phenomena can be expected to affect the nurber of seeds per fruit, In
addition, the level of seliw.compatibility can be obacured by either the
level of pollen= or fenile~fertility or both,

The data obtained on self-compatibility for family US-W 5328 agree
with those cbtained by Hollenback (1956) for this family (Table 10). In
both instances self-incompatible and paseundo-gelf-coimpatible plants occur
in the So population. These data contradict the resvlts obtained by
Smiley (1953) vwho reported only self-compatible plants in this family,
Unfortunately Sniley (19463) did not present any detailed data of his
experinental. results so that a further comparison with his methods of
clagsification is not pessible.

The data reported herein and by Hollenback (1968) indicate no femals-
sterility in family US-U 5328 (Tables 8, 9 and 10). Hollenback (1966) did
obaserve some‘plants with a reduced level of ferale-fertility in thiz
fardly, Houever, the progenies obtained by selfing US-W 5328-11 and US-i]

5328-20 eontained several plants which were classified as Jow feualo-

Aardevo Exhibit 1034
- Page 0089



&0
fertile or femsle-sterile (Tables 11, 12 and 13). Thus it appears that
inbreszding he2s uncovered recessive genes for ferale-sterility, Infor-
mation from the progeny tests of the two clones from femily US-M 5323
indicates that the difference bebuce 'n theze twe clones in the dogree
of femle-fertility is genetically controlled (Table 13; Fig. 5). This
could be interpreted-as an additive effect of the genes for femal
sterility. In that case, the clone US-W 5328-11 which vas classified as
pseudo-self-compatible may have been misclassified for self-compatibility
since the reduced level of female~fertiliby would 2lso reduce the sesd
set upon selfing,

The information obtained on self-compatibility in the S genzration

0
seems to fit the schome presented by Hollenback (19%6), This hypobhzais,

wvhiceh is based on the one proposad by Pandey (1964) for Nicotizns slasa

el i)

and N, langsdorffii assumes two basic forie of inconpatibllity alizl=s

at the § locus & 8, and § Spr (I represents the 2ll=le wurber), The hypoth-

—

esis was formlated to account for the pressance of pseudo-self-zompat-

¥

ibility as well as self-compatibility and self-incanpatibility in the ’

hybrids between the dipleid Groups Phursjs ard Stenctemri and the Group
Tuberosum haploid US-W L when both parents are self-lncompatiblz, The

effect of the form is to slow pollen tube growth, effecting 8 pellen

o
'ﬂ

less than §'FI pollen, Reciprocal differences can tharefore be exp

o rH

‘rwj_.

—

The §FI alleles differ from the _S_I alleles in that they have less pollen

spzcificity than the §I alleles, Both the 8 . _ and the S Borvi genotynes

are self-incompatible, Genotypes with comion alleles such as § ,

o

1
etc, are pseudo-self-compatible end gerwdbypes with ne comvon alleles such

.25 8 . y 9 « 7 ehe. are fully self-cerealibla,
i R <
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According to Hollenback's (1946) hypothesis the follewing schems

can then be applied to fit the behavior of family US-W 5328

Stn PI 230513.1 x us-u 4
(self-incompatible) (self-incompatible)
s. & .
12 F1E3
i /

US-Y 5328

__S_l. - pseudo-self~compatible
S ._ self-compatible

-— Ei

S . self~conpatible

2’11

S . self-carpatible

2B

Dus to envirvonmental factors pseudo-seli-compatible clones might occaw-
sionzlly be clasagified as either ssli'—:incompetibie or &s selfw-compatible,
A pscudo-self-compatible clone would upon szlfing produce sclf-incon-
patibla and pscudo-self-conpatible progeny.

Abdalla (1970) reported female-sterility in Groups Phureja and
Stenotomna which hz considered to be a8 nanifestation of fernle-incons
patibility. Tha author pastunlated s two locus ganctophyvic inconpati-
bility system in Lhese two grougs. The regular § locus is proposcd to be
epistatic over the szcond locus, K. The latter loctus is postulated to
have zn allele, Bf:i. (ferale-incompatibility), which when present in the
homozygous condit;n would lead to female-~incompatibility. Until the

cause of female-slterility is further elucidated, it seems advisable not

to ascribs this Lo an incompatibility systen. The data from Abdalla (1970)
covld be explained equally woll by a hypothesis of recessive genes for
ferale-sterility vhich ara nol nzcessarily related to aun incoupabibility

mechsnisns
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Inbreeding by selfing imposes seleclion for self-compatibility.
Lines homogygous for this trait have nob yel been dstected in the limil-
ed scope of this investijgation, Of the total nuwrber of plants of the S1
progeniea investigated, nezrly 50 3 of the plants which were classified

for their female-fertility behavior were classified as either low femle-
fertile or as female-sterile and could thercfore not be classified for
their self-compatibility reaction. Thus it appears that a bstter undei-
standing of the female-fertility system and possible weys of producing
inbred lines with a high degree of hoth f%nale—fertility and pollen-
fgrtility'may be required before a successful search for lines homozy-
gous for self-compatibility may be completed,

Future investigaticnz could foecus on the cause of the reduced secd
set by studying pollea tube grovih in the style as well as the propor-
tions of funciion:l endosperiis in non-inbred parents and thelr progenies
obtained through selfing. Linkage relations with the gene(s) for self-
compatibility will also be of specizl inberesht. Simmonds (1966) reportead
a case of linkags of a harnful recessive gene to the 8 locus in polatla,
If the gene(s) for self-compatibility are linked to recessive lethsls, it

may be difficult to develop true breeding self-cempatible clenes,
C. Genetic merkers

Self-compatible diploid hybrids between the self-incompatible
Groups Phurszja and Stenotomum and haploids of Group Tuberosum bave besn
predicted to be excellent sources of unexplored genetic vardability
(Houzas and Peloguin, 1962), The selfing of such hybrid clones has pre-
duced progenies segregating for a large number of traits. Monogenic segie-

S = |

5

gation ravios of previouszly deseribed rarker genes was confirmed sud the
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inheritance of the new trait, pigrented ovary wall, could be determined,
The data indicate that the gene Cv is closely linked with the B I ¥
linkage group. it appears that in the material used in this study Gv is
linked with I in the coupling phase andlwith‘g in the repulsion phase,
such that a plant heterozygous for the 3 genes would have the following
Cw It

------ . The linear order of these genes has not

. Bk A 4
livkage constitution : e

yet been determined. Without eressing-over, all white flowering plants
in a progeny derived by selfing a plant which is heberozygous for Ow, I
and F are expected to have pigmented ovary wall and pigmented tubers
(assuming no other genes inhibiting flower pigmentation to be prosent).
Siwilarly, all plants in such a progeny which have white tubers are ex-
pected to have nou-pigmented ovary wall and pigmented flowers,

Ow I f

gw 3, f 89P0

In several progenies vhich were derived from selfed
types, no cross-overs between Ow and i or between ow and I could be de-
tected (Tabie 18), but such cross-overs apparently did occur in the parents
of families US-W 9547 snd US-W 9581 (Tables 16 and 17 reapectively). In
cases where viable tubers are still available; those plants now considered
as having been derived from "cross—over gametes" will be re~examined to
verify these results. More data on crossing-over will be nesded to deters
mine the linear order of these genes, A large nucber of cross-overs cannot
be detected in progenies obtained through selfing and therefore a test
cross to a vester clone which is homozygous recessive for these 3 loci
will be necessary.

It might be argued that the gene Ow is an allele at the B locus
vhich is known to conlrol, the distribution of anthocyanins in various
plant ofgans. Since the B locus is also closely linked to I and I such
a2 hypothesis is highly attractiva, However, preliminary evidence

Aardevo Exhibit 1034
Page 0093




el

indicates that this is not the case., Genetic naterial received from
Herisen (1970) known to be homozygous g’d‘:ﬂ_@ did not exhibit pigmentcd ova—
ry wall, Likenise, none of the stocks used in the genstics of pigmented
ovary vall had sead spol, which can oniy be conferred by the two highest
alleles knovn to exist at the B locus (ggand Eg‘). Thus, if the pigmented
ovary wall wae the result of the activity of an until now undiscevered
allele at the B locus higher than _E_?_d‘, then one could expect plants with
Ow~ genotypes to exhibit the effects of lj_‘q as well. 1f, on the other hard,
Ou would be equivalent to an allele which, in hierarchicel deminance,

would fall somewhere between EE- or Eﬁ and b then one could expeset all plarts
grovin from seeds with sead spot to have pigmented ovary wall, Since neither
appears to be the case it is tentatively concluded that O is nob an allele
of the B locus. However, considering the three loci B, I and F, Dedds arnd
Long (1956) concluded that : * The closeness of these locl evidently facile
itates intergenic cooperation either in reaction or Liming sequences of
the development of anthocyanins and the preduction of pattern effects,”
This statemnent can now probably be interpreted to inelude Ow as well,

In addition to hawving the factors B, I, F and Ow in one linkage zrous,
it now appears that a major gene controlling tuber shape is also losated
ont this chromosome, Upon selfing clones which were of the genotype I with
either round or oval tubers, most of the long tubers werz white (3i) and
most of the round tubers were pigmented (I-) (Tables 19 and 20). Howard
(1970) has reported similar results, It is apparent that the long shape is
recessive since the long form breeds true upon selfing, but segregation for
shape often occurs upon selfing clones with round or oval tubers (Table 21),
Clones with round tubers which upon selfing do not producs any progeny with

long tubers can then be considered homozygous for the deminant gena(s).
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Crosses between plants with long white and round piguented tubers have

already been made and secd is available for apalysis,

From the breeding behavior of Stn 230513.1 and of several SO clones
in family US-W 5328 we can now nake sonie inferences about the genelic cone
stitution of the haploid US-W 4. This haploid is the Tuberosun parent of

the hybrid faaily US-U 53.?.8 as indicated below @

Stn PI 230513,1 x Us-w &

fOul vhite flowers and
f Ov 1 white tubers

US-t 5323

plants with white and planis with
pigmented flowers arc found

all planis obgerved had pigmented
overy vall and pigaented tubarw
Since plants with pignenled zs well as planis with white llowers were

found in fauily USSH 5328, we can conclude that US<W 4 is heteroaygous

For T ALY yrosenies obtalipnszd by £e1f3 g clones fron family US-W 5323
— “ - b
ware segregeting for On. It appoars tharelfore that US-W 4 is homozygens

recagaive foi plgaented ovary wall., Sinee US-W L has while tubers we ray

agswp2 that it is homnzygous recessive at the 1 locus a3 weil, Thus, dis-
’ X z i F
regarding tne linear order of the genes involved, US-W 4 would be aj;**f-f 5

If the geas F is prescny, theh we can expect pignented flowers if the

genes for anthacyanin synthesis are present, Because U3-W 4 has white flow-

ers we can postulate that it is probably homozyzous recessive at the E locus

.U‘;!’
and can at most havs a very weak R allele such as K, The anthocyanin syu-

thesis of such an allels would bz suppressed in the tuber by the ii consti-

talion. Cn ths basis of thz phenolype of & c¢lonz with a postulated genstic
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consbitulion such as this one, it is impossible to tinguish between
pu 280 5 7 (RS _
rr and ™ or R, This may be detected upon crossing a clone such as

Us.-if 1-*. to 2 clone with the ‘%-}i‘ genotype. Unfortunately -:-E; ¢lonzs are not
yet available. Howard (1960) has suggested that Group Tuberosum R may be
more compirable to _I:‘._PJE than to R of the cultivated diploids. The occurrence
of some pirnk tubers in several progenies from US<Y 5328 clones (Table 18)
covld be the result of certuin progeny plante being homozygous for Groip
Tuberosum R in the presence of I~.

Conaidarably mora work needs to be done to determine the gensbics of
the leaf pigieniation of elones US-W 8818.1 and US. 8818.2 . The phenom-
enon is nevertheless very interesting, and may well be a secondary effect
as a result of some physiologzieal disorder. The conditions which encowrags
anthocyanin forration are often injuricus to the plent (Alston, 1959).
Thus what is inherited may be & barrier in the IT.'.'::I.}BhOli!ti.‘ﬂ, which in tuen
causes an excesazive anthoeyanin syathasis in the leaves, If this is ths
case then several] different, bub gensbically determined, physiclogical
disordess my 2ach induce antﬁocgs;nin eynthesis, The cause of Lleaf pige
nentation in ths sumdi-lethal dwarf mutants which ocenrrad dir the pregenies
of backerozses to the pimmentsd parents (Table 15) may thsrefore bz Qif-
ferent frem the cauzz of leaf pigmentation in ths parents US-T 8818,1 and
US~¥ 8318,2 , Vhotever causes the leaf pigmentation in these two elones,
it is probably not restricted to any physi ological disorder in thz roob
system since scions of these clones grafted onto tomato rootstocks evenw
tually showed the same sympbons.

Ths discovary by Nilsen (1671) that the dinloeid potato elone U3-U
5279,15 exhibils severaly stunbed growth and considerable leaf piamone

&

tohdon when erpszol to mear-uldeevialal, 13

W Am of Intoyvers in relavion

{
[
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to the leaf pigmentation observed in the clones from family US-VW 8318,
This family wes derived from family US-W 5279 by means of 3 subseguent
sib-pollinations as indieated in the pedigree bzlow @

b
UsS-¥ 5279
US4 75299 .5 % Us-% 5299.12

!l

Us-W 7952
S-4 7952.6 x Us-W 7952.5

i

Phu 195193,13 US4 1

UsS-1 8095
Us-¥W 8095.16 x US4 £095.11

\

Us-¥ 8818

mentation in US= 5279.15 under the above described conditions may be
present in the clones US-Y B818.1 and Us-{ 8318,2 , The difference betweon

the pigmented clonss from families US-W 8818 and US-< 5279 may be due to

5

a lowering of a physziological threshold in USW 8318 as a result of
5279,15 will only synlhesize anthocyznins in the leavas whan
it is exposed to near-ultraviclet light, but US-W £818,1 and .US-W £218.2
exhibit this trait when planted in the field in Sturgeon Bay or in the
gresnhouse. A stuay of the latter 2 clones under different light conditions
may provide further cluss,

These clones may also be excellent source material for a study of gene
action. Alston (1959) has proposed the use of tissue culture for this pur-
pose. The various eavirenmental factors which induce anthocyanin synthesiy
in cultures of leaf tizsuss of U3-W 8318.1 and US-W 8818.2 may proviide

further insight into the physioclogy, blochamdstry and gensli

cyanin syntlhesis,
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The chenogenatic study has ensbled the utilization of ovne well de-
fined marker gene (Ac). In the famdlies whiech weve analyzed, the labora.
tory technigue could be used to supvlement and substanbiate visval sceoring
for flower pigments for this locus. Cldssifﬂnation of the tuber pigments
vag only possible with the lsboratory mcthod,

Yany differenc ir: flavenaid substances were cbservad betwoen Sols.
nun species growing in the field at Sturgeon Bay. Such differences may he
exploited in evaluatione of interspecific hybrids and ray have tarononde
value ag well, Although taxoncmy is bayonﬁ the scope of thies bhesls, thes
1aboratorv technique developed to detset chemogesnetic markers ray also
prove to be a useful tool in future taxonomie studies,

It is of interest that severel of the lool which bave been definad
thus far in potatces appear to be complex as such or to bz yart of =2
gene vomplex affecting similar functizes, Thez loed thought Lo be conplx
inclvde R (Dodds and Loug, 1955) and Ag (Barborne, 1967). Examples of
gene complesg affecting similav functions are the B I F Ow linkage group
which affects the distribution of snthoeyanine and bthe linkege group wihich
controls the hypersenc-itive peaction to wizrus X srd vizus ¥ (Cozkerbe.y,
1970). As the wethods used in genstic studies zre Improved, mors loci of

" 2
{

a complex nature will probably be discovered in polators. The abeove mone-

s
Pyl

tioned cases of gene complexes can be considercd as evidence of soms

3

of functional penstic integration in potatoss, Several cases of gene cone
plexes have already been reported in other crops (Alston, 1959; Lewis,
1967). Genetie investigations of complex loci in higher organisms usually

depend upon a high resolution expsriiental procedurs, For further siuly

of suck loci controlling the synthasis of anthoeyaning or obher flnvonoid
in potatcss, thz technique of TIC = Iderdly saxiel
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SUMHARY

The cultivated diploid potatoss Sglanum tubercsvm Groups Stenotowum

and Phureja (2n = 2x = 21,) are nowmmlly self-incompatible and highly
heterozygoﬁﬁ. Crossing these stocks with the Group Tuberosum haploid

(2n = 2x = 24,), US=U };, produced the seli-coupatible stocks for an inves-
tigation of inbreeding in cultivated dipleid potatoes., Inbreeding such
hybrids would be expected to uncover several recessive genes not normally
expressed, When compared with auntotetraploids, diploids have segregation
ratios which are relatively sirple and the rate of progress towards homo-
zygosity upon selfing is much faster. Thus stocks homozygous for marker
genes of potential value for future genelic investirabtions can be obtainad
mich faster by selfing self-compabible dipleid hybrids than by selfing the
tetrasomic polyploid CGroup Tuberosuwm. The objectives of this study wece:
(a) to messure the inbrecding depressicn for scveral quantitatively inher-
ited characters; (b) to search for marker genzs which can be used in fu-
ture genetic studics; and (e) to davelop clones and inbred lines with
known genotypss for such rarker genes,

The inbresding deprcasion for several charactera, which are assumed
to be quantitatively inheribed, was measured in 4 hybrid families, Subse-
quent inbred generations werc obtained by selfing the flowering self-
compatible clones of the preceding generation, and bulking egqual amounts
of sced Irom each parental clone. The progenies from individual self-
compatible elones were scored for segregation of previously described
parier, genes, rostly those controlling anthocyanin synthesis and distri-

&9
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bution, and potentially useful new markers. A routine laboratory tech-
nique, using thin-layor chromitography, was developed for screening
fandlies sepregating for genes affecting the synthesis of anthocyaning
and other flavenoids.

For a muuber of characters measured, the average inbreeding depresgion
for the L families coincided with & curve calculated on the basis of lozs
of heterozygosity in a dipleid organism, The ) families responded diff'er~
ently to inbreeding., This can, in part, be attributed to genelic differ—
ences betwaen the original parent population and to selection for vigor
in both the sexual and asesual reproduction eycles. Cnly the more vigorous
plants flowered, and only a siall portion of these were self~-fertile in
the advenced generations of inbreeding. Several genotypes were unable, due
to lack of tubsrization, to preduce the second clonal generation, Reduced
asexual reproduction indicates that harmful recessive genes my have been
uncoversd, the expression of which was delayed uutil an unfavorable reo-—
action between the environment and the inmbred genotypes occurred, Ssvaral
fairly vigorous 55 lines vicre ubtaiued, rany of which exhibited a high
degree of uniformity. The rapid decline in vigor upon inbreeding sugzests
that hybrid vigor ray be obiainad from croszes between advanced inbred
clones,

Since inbreeding by selfing imposes selection for self-compatibility,
this proccdure might produce some homozygous self-compatible lines which
would be very useful for an investigation of the genetics of self-
compatibility. Scoring for segregation of self-compatibility vas hampered
by the occurrence of ferale- and pollen-sterility in the inbred progenies,
Inbreeding apparently uncovered recessive genes for various degress of

feinlo=sterility, As a result of these difficulties, no clones holsyeons
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for self~compatibility were idenbified,

Progenies obtained by selfing hybrid dipleid clones segregated for
many traibs, The genotypes for several knowvn and poteabial narker genea
were established for 31 self-compatible diﬁloid clones, A gene, which
controls the pigmentation of the ovary wall, was found and assigned the
gena synbol Oy, This gene appears to be closely linked with several other
genes controlling the distribution of anthocyanins. One of the genes af-
fecting tuber shape apparently is also associated with this linkage group.
Cultivated diploid stocks with known geno%ypes for marker genes have great

otential value for fubure genetic investigations in ponatoes,
g
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APPNDIX

A. list of recently assignad or currently used gene symbols

Gene

syibol Character Sourcel) Reference

Ae Acylation, Ceontrcels acyelation of Pl Vide Harborne, 1940 a
anthocyanins with p-couwnzric acid

AF Anther-style fusion - Tor Grun, 1970

al albino., Vhite seedling lethal Stn Simmonds, 1965

B Has at least 5 alleles which cen- Phu Dodds and Long,
trol vigmentation of floral abe 1956
gcission layer, tuber eyebrow, seed-
spot aad nedal band., Linked to I
and F

c1 Compound leaf Phi Abdz1la, 1970

cl Curled leaf Fhu Simmonds, 1955

Ga Corolla pigmentation, cncn sup- nied Paxman, 19561
presses pigeentation of ihe corolla
in wild diploids. Linked to B I F

er crunpled Phu Sinmends, 1965

D Basic gene for color, Acccrding to Tor Salamwan, 1910
Hovard (1961, 1970) similar to gene
I of Dodds and Long (1955)

daf Deforred flovers, FPlasmon sensitive che Grun et al,, 1962
male sterile,

dr Droopy. Linked to S. Phu Sinamonds, 1965, 1956

dx Defective xylen Phu Sinmends, 1965

B "Red pigment no. 1," (in periderm Tbr Lunden, 1937

of tuber, eyes, stems and flowers).
Closely linked to l (Howard,1966).

+ Probably an allele of Tuberosun k
(Howard, 1962)
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A. Continued

Gene
symbel Character
El Lethal, Plasmon sensitive, linked
with I
g Cenbtrols pigmentation of flower in
S, tuberaosun,.Possibly linked to
Tubercsum R (lmnaﬂn, 1960)
¥ Controls pigrentation of flover
in diploid cultivated speciesz,
Possibly same as Tuberosum P but
not linked to R in diploids (1101 ard,
1970)
Fa Resistance to Heterodera rosto-
chiensis
s tesistance to H. restochirnsis
Fi Female-sterility
G Green plants. gg plants proauce
chlorobic foliage, Linked with
a facitorr conirolling anthocyanin
pignent
GI Glycosylation of flavonols, bub
not of anthocyanins
HI Resistance to H. rostochiensis
H2 Resistance to H. rostochiensis
hd Hairy cwarf
P Basic gene for tuber skin color.
In Indehiscense of anthers. Plasumon
4,28 3pectacle of ‘Luuer color. Allele
of I, Only I 15°P plants produce
spectacled tubers.
£ keaistance to H., rostochiensis
X Reund Lubcr shape, (linked to 07)

Sp8

spe

Thr

sto,
che

mlt
Stn
Fhu

che,
Tbhr

Phu

ktz

Tor

Sourcel) Heference
Phu Frandsen, 1967
Tor Lunden, 1937, 1960
Fhu Dedds and Long,

1956

Ross, 1966

Ross, 1966

Grun, 1970

Plaisted and Peterscn

1967

Harborne, 19462

Ross, 1966

Ross, 1966

Simmonds, 1965

Dodds and Long, 1956

Grun et al., 1962,

1970

Dedds and Paxman, 19623

Simronds, 1969

Ross, 1966

Maris, 1962
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A. Continved

103

Gene 1
syinbol Character Source ) Heference
L Compound leaf ktz Choudhuri, 19443
' Swaminathan, 1956
Lb Lobed microspores, Plasinon sensi- che Grun et sl., 1962
tive, male-sterile
Jdy lLobed pollen grains, Presence of US.W 42, abdalla, 1970
5y Lobed pollen grains. any 2 genes ver
S - . .
1dq Lobed pollen grains., in vex cyto-
i plasm leads
to lobed
pollen grains
1 Leafroll., Similar to infection by Phu Simmonds, 1965
leafroll virus,
H Restricts tuber periderm pigirsnta- T Kelly, 1924
ticn Lo areas asround the eyes.
Closely linked to & (Howard, 1965)
nsy Male~sterile, non plasmon sensitive BN 42, Abdalla, 1970
higo i
]“‘53- n
Na i Non-lethal nescrosis to virus A, sto Cockerham, 1770
S¥0  Identical with Bym (Ress, 19600,
Independent of ﬂ;cboénu 1 iLd“‘“ .
Natynype Leths) necrosis to virus A, Identi- Thr Ceclierhan, 1970
cal to gene formerly desigmated as
Na. Linked to Eﬁsbr and possibly
Negbrs Independent of Iy .,
‘-_'; hal £2 is i P *CUDE aprhanm 270
No B Lethal necresis to virus X, Groups Tbyr Cockerham, 1370
bt ¥ 12 *
=== 1 and 2, Identical to gene former-
ly designated as lb. Induaendﬁnt of
Nxthr: Magby » Heghe and Bxer™
[ Lethal necrosis to virus strain Y%, Tbr Cockerham, 1770

Identical with gene formerly desig-
nated as Nec., Possibly linked to
Hx and Ka P

Tkbr  Ttbr
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A, Contimmed

Gene S

symbol Character Source*) Reference
Eitbr Lebhal necrosis to strains of Thr Cockerham, 1970

virus X within broups 1 and 3.
Linked to INa br? and possibly also
to MNe, thes but—independent of

Ibtb‘r"
Nx, . 8DL  Allelic and probably identdcal spl
ol Ath 1 Jinke X
hizh;hfj’p—~. Linked to H-_{_:j_l_q
8 chc= "
Yix,). Llethal necrosis to all strzine of che,
===  wyirus X. Linked to hx.,,;ﬁl and
gxbhc‘
Ny .. Lethal necrosis to all strains of che
—lche ]
‘‘‘‘ virug Y and viruz A, Linked vo red
1 e . Spl
Bxong and M, ==,
Ny . Lethasl necrosis to all strains of cics
—~g
(1] - ) .
e virus ¥ end virus A, Idenlical
with gene Tormerly desipnated as
Ny. Independent of E&Eﬂ% .
ls Necrotic rezction to virus S, Ade
nsy Hon shedding anthers, p] LSEOT FPhu
nss sensitive, mlle sterdile., Sane
nss paguotype 28 pl.
ns,
Ng Norial growth. Nz, and i are Phu
2E1 £ LUES) 5gn
Neo complenentary - -
nl Narrow leaflet Phn
0 Decp eyes, (Linked to K 7 Tor
k-~ §e o -5
94 Resistance to H.-rostochiensis opl
0
2

Cockerham, 1370

Cockerham, 1970

Cockerhan, 1970

Cockerham, 1970

Baerecke, 1957

Abaalla, 190

Abdelila, 1970
Dodds and Paxouarn,
1962

Maris, 1962

Ross, 1966
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Sourcel) Reference

i
Purple pigmuentation of tubers,
stems, flowers

Pollenless, Plasmon sensitive
male sterile .
Pink and yellow, Leaflets are
pink underneath and have yellow
margins

Partly stained sterility, Plasmon
sensibtive, male sterile,

Red pigmentation of tuber phallo-
derm in tetraploids, Allelic
vith B (Howard, 1958). Possibly
linked Lo F (LH“M-A, 1950)

Red pigmentation of ftuber, stems,
flowers in diploid species,
Allele RUY produces pink tubders
and white flowers,

Second incompatibility locus in
two locus sysben

Hyparsensitive reaction to Pinto-
phthora infestans (n=i - 7).

ixbreme resislance Lo all slrains
of vitud X. Independent of Niiy,.
and B g

Allele of Ex c3.e Lethal necrosis
to all straiis=of virus X. Inde~
pendent of b, . .

e KR P04

-——

Hxtrene resistance to all strains
of virus X. Independent of M.,

&nd R-'wl

Aliele of Wf « Lethal necrosis

(L34S

Lownrw%ﬁ.-w-

Bxurens rasistence to 21l strains
of viruses Y apd A, Independent
of iy -

| B

Thr

cne

Adg

e SE Y

Salaman, 1910
Grun et al., 1952

Simmonds, 1955

US-W 42, Abdalla, 1970

Tbr

Phu,
Stn

arp

Adg

Mg

dins

hon

Innden, 1937

Dedds and Long, 19356

Pushkarnath, 1953

.

Black et al., 1953

L

Cockerham, 1970

Cockerham, 1970

Cockerham, 1970

Cockerham, 1970

Cockerham, 197C
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A, Continued

Genes 1
syzbol Character Source™) Refercence
va sto Extrere resistance to all strai sto Cockerham, 1970
of viruses Y and A. ldEHuL s: 0 8
with Ry (Eoss, 1960).
EES- 3, Bxbrewe resistance to virus Y and sho Cockerham, 1970

== lethal necrosis to Virus 4.
Probably allele of Ey.i,. Con-
firmed allele of Ry Ti.

R‘stoﬂl Lethal necrosis to virus ¥, coupled sto Cockerham; 1970
:ith susceptibility to virus 4,
Idenbical with Eyn (Ross, 1960).
Allele of Rysto o« Independent of

B¥spormas Rigpon2, and Magyo.
e e ¢ Hve i et P 197
Exgtc&ﬂi Sxtreme resistance Fo virus ¥ sto Ceckerkan, 1970
*=*""and non-lethxl necrosis to virus
A, Allele of I ..u e and lf;:fr..-'.-ﬁ"ﬂ'
. o L
Independent of “":uo 7 -=enid
L‘[L')Llo
Eigt n2 Tdentical in cffect with I“qtv' sto Coclkerhan, 1970
=== Independent of Ry_ nis Ry .
and lla . Al1eTESoF Fv :
nd Ila st 1le st
s Resistance to virus S5, tor Begnall ard Young,
19468
S Self-incompatibility see;
sh Shorty Stn Sirmends, 1965
SM Shrivelled microspores | Tor; Grun, 197C
plasmon che
S Sporads scnsitive, Tor,
' mle sterile che
TA Thin anther Tor
T Tetrad sterility i " ver Abdalla, 1970
un Undivided microsperocyte US-hi 42, Abdzlla, 13770
Ul 1"
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A, Continued

Gene

syihol Character Sourc 31 ) References
v Yellow-green seedling i Thr Imnden, 1937
&
v,- E‘i;. Resistance to H, rostochiensis vrn Ross, 1965
ve Veinal chlorosis gon Sirmonds, 1955
W Vhite (albino) Thy ILnnden, 1937
Vi Viinged sten ned Choudhuri, 1944;
Sweminathan, 1956
X Resistance to Synchytrium endo- Thr ILunden, 1937, 1950
bioticum
X Resistance to 3, endobioticum, Thr Impvien, 1937, 1950
2 Two complementary penes Tbr . ¢ s
i Yellow margin Adg Dedds, 1956;
Dodds and Faxgan,19462
| 3 I o, , o o : -
) For code of abbreviations to potato nanes see Sinmends (1963).
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B. Pralindnary survey of materdals and mwethods for the detection of
chemogenetic merker genes

i. Concentiation of the extract

The extracts were generally not concentrated prior to application
to the piates, Cnly in ecases when it became apparent that a particular
extract vas too dilute and only if no nove fresh tissue was available
vould the exbract be concentrated in a flash evaporator at roon tempsr
ature. If concentration of the extract wag anticipated then the exbrac-
tion would be done with approximately 8 9 acetic acid in methanol rather
than with 1 % hydrochloric acid in methanel which was used in all cther
cases for anthocyanin extraction, Concenbration of an anthocyznin solution
in hydrechloric methanol often results in & rariisl acdd hydrolysis due
to the incressing acidity of the solvent upen concentration (Von Flbs ard

Schailer, 1968; Mullick, 1965),
Adsorbents

Several adsorbents wore tried in o prelininary survey, with only
a few giving satisfactory results. The adsorbents vhiel) were scereozned are
listed in Teble 22, Excellent results wers cbiained with Avicel TG 104
cellulose; unfortuwintely the production of this raterial has besn discon-
tinued by the manufacturer. Good resolutions were also obtained with the
Sigmacell Type 19 cellulose. The Camag cellvlose did not seem to preduce
the degree of resolution as did the Avicel or Sigmacell but this raterial
could still be used successfully with pigments containing rcl~tivclyifeu
components. In general the cclluloses with the sraller particles sizes

(£ 25 microns) provided the best resolution, Thess raterisls requived 2
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longer developing time than the ccarser adsorbents, but the higher degrse

of resolution far oubweighed the time factor,
iii. Appliecation of the extract sample to the plate

Many techniques have been described by Stahl (1969). Only simple
inexpensive instruments were considered for our purpose, When the eample
vas applied with a capillary micropipette, the layer of adsorbent was often
damaged at the point of application. This resulted in an uneven solvent
flow across the plate and consequently in M"tailing" of the pigment and un-
satisfactory separation. These problems were eliminated with the brush

type sample applicator described by Tamura (1965),
iv, Develoning solvenbs

Fany solvents which are used in vaper chromatography (PC) can 2lso
be used with thin-layer chromatography (TLC), The choice of solvent often
depends upon the materials to be separated. The solvents that were scresned
are listed in Table 23, The best general solvent which ecan be used for the
separation of both antheeyanins and flaveuol glycosides is solvent 14 which
is also widely used in PC, Solvenis L and 9 also perfovimed fairly well as
general solvenbs, Solveuts 12 and 10 did well in the two dimensional TLC
as first and second solvents respectively (See Mullick, 1949, for procedure),
The other solvents were not satiéfnctcry for use as general solvents on
TLC although some others, especially solvent 15 did well on PC. Solvent 7
has been used effectively in detecting flavonol glycosides. Harborne's
(1959) observation that alcohol - acebic acid mivturcs (such as solvent
1) altef in coliezition with apge vias confirmed in o laboratory. As the

ure agsd an agueous laysyr eontdoued to ferm. This remulted in lower RE
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valiies with the older solvent as compared with a "frezh" 2-day old sclvent.
Fuleki and Francis (1967) have shoun that the polarity of a solvent can be

altered by changing the awmount of water in the organic phase,
v, Heference materials

Most anthocyaning and flavonol glycosldes cannol be purchased
conmercially, although several anthocyanidin chloridess are available,
Most of the naturally oceurring flavenoids are also dificult to obtain
from other investipators, Bven vhen refrigerated in a slightly acid medium

most anthocyanins become cont“r.natgﬁ with brezVdorn preducts after 1 - 2

months. Thus co-chromatography with known anthocyanins ras becone a standard

2

procedure, Harborne (1967) has listed the major sources cf a large nurber
of anthocyanins. However, most of these sonvces conbain several ovhar piz=
ments as well, and it is usually necessary to scparate these pigienis
chromztographically (preparativs chvoratopraphy), identily the pigment
band which is desired and then elule thzt band and concentrate the eluate,
This is very time consuming and requires additional eguirzent,

Tvo exceptions wers the sources of petanin and o

source of petanin was the garden huckleberry
I £ 3 2

and Harborne (1966) reported that 93 % of the pigment of these berries is
petanin., Our results confirm this to the extent that only one rajor band
appeared upon chremztography of the extract of frozen huckleberries, Thus
no further purification vas necessary in this case, Putin was availsble

commercially.
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vi. Preparatory chromtography

Occasionally it wvas neccessary to purify a pigment chroncntographi-

cally, For example, when no ripe huckleberries were available, the petals

of Petunia hybrida '"larunn Velvet! were our source of petanin, In order
to establish on the basis of chemical tests which of the several bands
present was petanin, it vas necessary to sepzrate the bands and elule
them separately.

Preparatory chromatogrephy was done by means of PC as well as TILC,
The method described by Harborne (1958) was wsed for preparatory PC. The
substances vere eluted from the paper strips with the technique desceribed
by Ballinger and lManess (1969). Several methods deseribed for preparatory
TLC have been ettempted (Asen, 1965; Bennett and Heftraun, 1963; Cennolly
et al,, 196L4; Klein and Papoport, 1970). None of these methods were com-
pletely satiafactory, although the method of Connolly et al. (1964) has
been used with a certzin amount of succezs, This was still not any betber
than what covld be achieved with heavy filter paper (Whatman 3M) ard
proper eguipusnt for PC. Since the eluvate from preparatory work always
had to be concentrated, the pignent vas eluted with 8 ® acetic acid in
methanol,

vii. Visualization and recording of chrovatograms

Since spots of anthocyanins on chromatograms gradually fade avay,
the plates should be expmined on the same day as they are developed, For a
routine check it wes generally sufficient to make an inspection in visible
end under ultraviolet light in the chrowatoview chamber, When flavoncids
proviouély deseribed in the literature were identified for the firat time

with TLC, several visualization resgents as described by Hzrborne (1959)
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vere used in addition to the examination under ultraviolet light,

In addition to recording the Rf values of the various spots, it may
be helpful for future reference to have a general idea about the color and
the fluorescence of the spots. The system for marking fluorescent spots
under ultraviolet light developed by Nybom (1966) was used for this purpose.
Photography of chromatograms under ultraviolet light was performed
successfully by using kodachrome IT Day film and a series of filters as

described by Jackson (1965) and the Eastman Kedak Company (Anonymous),
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Table 22, Adsorbents screened

Material Brand nane

Silic:—‘. gel o % e W & @ e e e Sﬁ..liCE‘.l‘ TI-C“’? Gr

& t .8 B @& B * @& B & & 4 > & " TLC“!', GF
i " factory coated plates, . Chrowaplate 4 GF
n ] L] It ] s n 1‘( G

" n n 1] 1] & b L] 7 G
Microcrystalline cellulose + « o & Avicel TG 104 (£ 25 microns)

" " . v Baker TLC Reagent (<100 micyons)

" " v e Camag (no size indicated)
-] 1) » i X
4 " L Sigmacell Tvoe 19 (L19 nierons)

Microcrystalline cellvlose factory

coa 1 9—1 ].J_El_ t (S48 o % © & ® = W e ® @ I‘:‘_! giEts {:"-‘E- IS.I-: 0 s 25 mm -IL_, hi l__'-k 1;—'. }';.?2"
i : e COMCL SN, . - .
Fj.l t-e;- I}QI.‘L‘}_- Stl‘lps e & & & ® » @® GQ]J-‘?; n ﬁ CIM‘O}.-;’. LO&_ raphy 1 fedin
) "
n n 1 e e e B n o) I
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Table 23, Solvents sereened

Sol- Volwnetric
venb Ingredients proporblons Reference
i

1  Ethyl acetate, formic acid, N HCL 85 ¢ 6 : 9 Harborne, 1967

2 Formic acid, conc, HCl, H.O
("Forestal solvent") . . L i w B

N
L)

Harborne, 1958

s
AU ]

Formic acid, conc, HC1, H20 s w 10 Nybom, 1964

ithyl acetaie; formic acid, H20 g3 233 Harborne, 1958

Tsopropanol, 2 NHCL . o o o « o 1 81 Harborne, 1958
Hzo, acetic acid o » o ® 0 b ¢ ? b 3 Hﬂl‘bflr'ﬂe’ 1953
H?O, goebdc acid o o 5 o« 0 o o 851 15 Harborne, 1962

B 23 O o W

Ethy). acetate, formic acid, H?O 70k A5 % §5 ess and Meyer, 1962

E

w
o

n-Butanol, formic acid, HO . ., 85 Hess and Meyews, 1962
2 2 2

[ S N5

1 Amyl alcohol, acctic acid, H20 ~S - Nybom, 1954
11 Conc. HCl, formic acid, HZO e o bt 1:8  Nybom, 1964
i2  Methanol, conec, HCL, H20 s wow o 1902 1 10 Mullieck, 1969
13 n-Butanol, acetic acid, KO .. 6 :1:2 Harborne, 1959;

< Nybont, 1964
il n=Butznol, acetic acid, H?O oy Lt 3 ab Harborne, 1956
15 n-~Butanol, benzene, formic

acid, HBO B e e e T R ) %
25 Fuleki and Francils,
1967
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