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Summary 

Sterility-resistant cytoplasmic factors ofSolanum tuberosum ssp. andLeena(J uz. & Buk.) Hawkes 
and of Solanum phureja (Juz. & Buk.) were combined with chromosomal genes of S. tuberosum 
ssp tuhero~um Eleven morphological characters of reciprocal F and BC progenies were 

�9 . �9 . . . . . .  

momtored to eva uate rate of progression towards characteristics occurring m the recurrent ssp. 
tuberosum parent. Female and male fertilities of F, and BC~ populations were also evaluated. 

Cytoplasmic factors did not influence morphological parameters consistently, except those 
relating directly to fertility�9 Differences between reciprocal progeny depended more upon the genes 
of individual parents used in crosses than on cytoplasm source. No consistent reciprocal 
differences occurred in tuber characters and those differences which arose seem to reflect a 
maternal rather than a cytoplasmic influence. F~ and BC t progenies containing the sterility- 
resistant cytoplasmic factors of ssp. andigena or of S. phureja had higher fertility than their 
respective reciprocal progenies with cytoplasm of ssp. tttt~erosttm. 

Introduction 

Cytoplasmic  sterilities are very c o m m o n  in the genus Solanum and as a result of  their 
act ion many strains of  cult ivated potatoes  (Solanum tuberosum L. ssp. tuberosum)are 
sterile and cannot  be used in plant breeding programs (Abda l la  & Ramanna ,  1971; 
Clark,  1927; Grun  et al., 1977; Grun,  1979; Grun  & Staub,  1981; Hoopes  et al., 1980: 
Koopmans ,  1951,1952, 1955; M ullin & Lauer,  1966; Sa l aman  & Lesley, 1922; Sanford  & 
Hanneman ,  1979). It has been establ ished that  the cult ivated po ta to  contains  cytoplasmic  
factors which are inherited th rough  the female parent  and interact with ch romosomal  
genes inherited th rough  both parents  to produce  at least ten different sorts of 
abnormal i t ies ,  all related to sterility. These sterilities occur when the cy toplasm of the 
cul t ivated po ta to  is combined  with dominan t  ch romosoma l  genes that  occur in other  
species such as S. phureja, S. stenotomum, S. vernei, and S. tuberosum ssp. andigena 
(Grun,  1974; 1979; Sanfo rd  & Hanneman ,  1979). This fact has led to the in terpreta t ion 
that  the sterilities of  the cult ivated po ta to  may be cy toplasmic  in nature  and reflect the 
presence, within ssp. tuberosum, of the nuclear  genes to which its cy toplasm is sensitive 
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(Grun & Staub, 1981). 
Thus, hybrids between commercial potatoes and wild species, when produced as part 

of the process of potato improvement, are often sterile. This poses problems for the 
potato breeders (Mullin & Lauer, 1966), because many of these wild and cultivated 
species contain useful genes for disease, insect, drought and could resistance. Therefore, 
a project was initiated to replace the cytoplasmic factors of northern hemisphere 
cultivars of ssp. tuberosum with factors which lead to fertility. This process involved 
combining sterility-resistant cytoplasm of two potato species from Andean regions of 
South America (Solanum tuberosum L. ssp. andigena (Juz. & Buk.) Hawkes and 
Solanum phureja (Juz. & Buk.)) with chromosomal genes of ssp. tuberosum. A 
substitution backcrossing program has been initiated to restore acceptable commercial 
quality while retaining the resistant cytoplasm. 

This communication describes the effects of the insertion of chromosomal genes of 
Solanum tuberosum ~sp. tuberosum into the cytoplasmic background of ssp. andigena 
and Solanumphure/a in reciprocal Fj and BC I populations. A number of morphological 
and fertility parameters were monitored to determine the effect of cytoplasmic source on 
these parameters and the rate of progression, during backcrossing, towards characteris- 
tics occurring in the recurrent ssp. tuberosum parent. 

Materials and methods  

The S. tuberosum ssp. tuberosum cultivars (T), North American adapted ssp. andigena 
clones (A) and a S. phureja • S. chacoense hybrid, clone JV-2, (PC) which were used as 
parents in this project are listed in Table I. Letters in brackets, i.e. [T], [A], and [P], are 
used to symbolize cytoplasmic backgrounds of ssp. tuberosum, ssp. andigena, and S. 
phureja, respectively. Hand pollinations were used after bud emasculation, and care was 
taken to protect crossed flowers from foreign pollen (Grun, 1961). 

Initial crosses of parental material produced seven sets of reciprocal F I progeny 
groups: four sets in ssp. andigena and three sets in phureja cytoplasmic backgrounds. 
The ssp. andigena X ssp. tuberosum and (S. phureja X S. chacoense) X ssp. tuberosum 
crosses represented the initial insertion of ssp. tuberosum chromosomal genes into the 
resistant cytoplasmic backgrounds. Reciprocal Fj progeny were raised in parallel rows 
as single hill plants spaced 1.50 m apart. Tubers from fifty F l plants, taken at random, 
were harvested from each of the reciprocal pairs (100 plants per reciprocal pair). Tubers 
of the F I progeny were arranged as a randomized complete block design with a split-plot 
arrangement of treatments. There were seven blocks; the main plots were the two 
cytoplasm and the subplots were the seven reciprocal sets with fifty individuals in each 
reciprocal lot. Tubers of these reciprocal F t progeny were harvested, and the number and 
weight of the tubers were recorded. 

Reciprocal BC I crosses to the recurrent ssp. tuberosum parent were raised in a field 
nursery the following year as single hill plants spaced 1.50 m apart. Plants were set in a 
randomized complete block design with a split-plot arrangement of treatments. There 
were four blocks; the main plots were the two cytoplasms and the subplots were thirteen 
reciprocal families. Ten reciprocal sets were in andigena cytoplasmic background and 
three sets in aphureja cytoplasmic background. The primary consideration of this study 
was the comparison of reciprocal progenies. Therefore, in order to grow an adequate 
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Table I. Identification and source ofSolanum tuberostlm parental material used in the production 
of reciprocal F I and BC I populations. 

Clone Clonal Taxonomic Experimental 
identification ~ source-" * classification 3 designation 4 

Norchip A, C ssp. tuherosum T I 
Hudson A, B ssp. tuherosum T, 
Red Pontiac A, C ssp. tuherosum 
Superior A, C ssp. tuherosum T,~ 
Kennebec A, C ssp. tt~berosum T~ 
Katahdin A, C ssp. tuherosum 
4NJV2 D Induced tetraploid of P6C 

Interspecific hybrid 
S. phurq/a X S. chacoense 

R85-4 B ssp. andigena A I 
R 133-10 B ssp. and(~ena A., 
R247-1 B ssp. amtigena /V 3 

* A = Dr. Raymon Webb, Beltsville, MD; B = Dr. Robert Plaisted, Ithaca, N.Y.: C = Dr. Richard 
Cole, University Park, PA; D = Part of the potato genetics project, The Pennsylvania State 
University - Teil des Karto./.l'elgenetikprojektes Provenance ~h~ pro/et gkn&ique sur lapomme de 
terre. 

] Klon-Kennzeichnung Identification des ck'mes; 2 Khm-Herkut!ft -- Origine des clfnes; 
Taxonomische Ein~ruppierung - Classe ta_vonomique, "4 Experimentelle Bezeichnung - D~'signa- 

tion exp&imentale;- lnduziert 7"etraploid yon der interspezi/~schen Hvbride (aus) S. 12hureja'X S. 
chacoense Hvbride inter.v)kcifique tktraploikle issu dtt croisement S. phureja X S. chacoense 

Tabelle l. Kennzeichnung und Herkunft des Eiternmaterials von Solarium tuherosunl, das zur 
Produktion der reziproken F t- und BC.-Populationen verwendet wurde. 
Tableau I. Identification et origine des ,~olanum tuberosum parentaux utilis~s dans la production 
des populations r{:ciproques de F te t  BC~. 

sample  of  each reciprocal  pair  while s taying within space l imitat ions,  it was necessary to 
limit the total  number  of  backcross  progeny to thirteen. Fifteen ssp. t t tberosttm and ten 
ssp. andigena clones were used as s tandards  for measuring rate of  progression in T X A 
reciprocal  crosses. Clones were set in separate  plots and arranged in a randomized 
complete  block design with three replications. 

Notes on above-g round  a n d / o r  be low-ground phenotypic  characters  were taken in all 
trials to de termine  effects of cy toplasmic  source and rate of progression towards  a 
recurrent  parent.  The morpholog ica l  characters  were chosen which separa ted  ssp. 
andigena from ssp. t uberosum (Correll,  1962; H awkes, 1956; Sa laman,  1926; S immonds,  
1964). The  phenotypic  parameters  moni tored  were: (1) largest adjacent  leaflet width, 
length and area; (2) terminal  leaflet length and area; (3) leaf angle; (4) number  of  
interjected leaflets; (5) petiolule length; (6) style thickness; and (7) total  tuber  weight, 
number  and average tuber  weight, and tuber  eye depth.  Measurements  of  any one 
character  were made at the same time but different characters  were scored at different 
times. F o r  example ,  leaflet d imensions  were recorded earl ier  in the growing season than 
leaflet are measurements .  All  leaflet measurements  were taken on the third leaf(usual ly  
the first fully expanded)  from a te rminal  shoot  apex when plants  were at full maturi ty.  
Leaflet  area was measured by passing three leaflet samples per plant through a s ta t ionary 
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leaf area meter (L i -Cor  Instruments ,  Inc., Lincoln, Nebraska)  and calculat ing an average 
leaflet area value. All measurements  were taken on BC l families. Measurements  of  
petiolule and style thickness were not recorded for 1978 F 1 populat ions .  Tuber  weight 
and  number  were the only parameters  recorded dur ing the 1978 greenhouse trial. Tubers  
in all trials were hand-harves ted  and stored at app rox ima te ly  15 ~ Measurements  were 
taken within 60 days after harvest. 

Da ta  from 1978 F I field trials were analysed by a paired t-test, and an analysis of 
var iance  was per formed on da ta  from 1978 F e greenhouse and 1979 BC I field progenies.  
The  variances of BC~ sibling lots were found to be homogeneous  for above-ground  and 
be low-ground characteris t ics  (Bart let t ' s  test for homogenei ty)  and sibling lots were 
g rouped  in five BC I families. Var iances  of  rec iprocal  F I , T X A and T X PC families for 
above-ground  characterist ics were homogeneous .  Means for 1978 F I greenhouse and 
1979 BC 1 progenies were also homogeneous .  Means  for 1978 F I greenhouse and 1979 
BC I progenies were compared  by Duncan ' s  least significant difference test at P < 0.05 
and P < 0.01. 

Female  and male fertility of F I and BC I popula t ions  was evaluated at the end of  the 
growing season by recording relative amoun t  of  berry set and anther  indehiscence, 
an ther  width and length, an ther  color,  and by cytological  observat ions  of  anther  smears. 
Berry set classes ranged from 0-2,  where 0 signifies no berry set, 1 scant berry set and 2 
plentiful berries. Berry set records were taken on plants  which had at least 7 flowers 
present  or showed evidence of having produced  at least 7 buds dur ing the season. 
lndehiscence classes ranged f rom 0-2,  where 0 signifies complete  indehiscence, 1 scant 
pol len shed and 2 comple te  dehiscence. Anther  measurements  were taken with a Bausch 
and L o m b  ocular  micrometer  while cytological  smears were prepared  by staining freshly 
collected anther  contents  with a 0.45 % prop io-carmine  solution. One hundred cells from 
the anthers  of  each plant  were observed under  a light microscope (100N) and the 
frequencies of  normal  pollen, sporads  and shrivelled microspores  were recorded.  
Anthers  were grouped  into two color  classes, green and non-green.  Anthers  of the 
non-green class were either yellow and orange while anthers  in the green class ranged 
from green to yel low-green or orange-green.  Anther  color  class designat ions represent 
the most character is t ic  state of the plant  at the t ime the note was taken.  It does not imply 
that  all the anthers  on a plant  fell into that class. X 2 analyses were performed on fertility 
characters  of F I popula t ions  and BC I families to determine whether  differences existed 
between progenies conta ining sensitive and resistant cytoplasms.  

Results 

Signif icant  differences between reciprocal  F I progenies occurred in a number  of 
morpholog ica l  characteristics,  par t icular ly  those concerning terminal  and adjacent  
leaflet d imensions  (Tables  2 and 3). Leaflets used for leaflet area  measurements  were at a 
more  mature  stage than  those leaflets used in scoring leaflet d imensions .  The ie  was no 
evidence of a consistent  pat tern  of  cy toplasmic  control  over these characterist ics.  The  
crossing direct ion showing higher values depended principally on the individual  parenta l  
clones used. F o r  example ,  s ignif icantly higher terminal  leaflet areas were observed in 
progeny f rom T I X A 2 and T 2 X A 3 (bo th  in ssp. tuberosum cytoplasm) and in A s X T 3 
and PC X T 2 (bo th  not in ssp. tuberosum cytoplasm) crosses when compared  to their  
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reciprocals. However,  while differences between reciprocals occurred in some F I 
combinations,  the overall lack of  significant differences was more striking than was their 
presence. 

The tuber characteristics of reciprocal F I populations were evaluated under field 
(1978) and greenhouse conditions. Plants were grown from true seed (field 1978) and 
replanted as tuber seed (greenhouse). The only significant differences in tuber 
characteristics observed in field trials occurred between reciprocal progeny o f t h e T  • PC 
crosses. In each case values for tuber number  and weight were on average higher in 
progenies containing ssp. tuherosum cytoplasm. In greenhouse trials, the pattern of 
reversing reciprocal differences observed with leaflets area characteristics was evident in 
T X A crosses for tuber characteristics. The only cross which showed consistent 
reciprocal differences for tuber characteristics in both field and greenhouse environ- 
ments was T I >( PCj in which progenies containing ssp. tuherosum cytoplasm were 
superior to their reciprocal counterparts. 

BCj families involv ingT I )<(A 2 X Ti) , T 5 X ( P C  • T~) and T I X ( P C ) <  Tj) crosses 
showed significant differences between reciprocals (Table 4). While significant differ- 
ences occurred between reciprocals of these crosses, there were comparatively fewer than 
those in the F I . BC~ contrasts were sporadic and did not follow those seen in the F l . 

The phenotypic characters used to measure rates of  progression were those used by 
S immonds  (1964) and Hawkes (1956). These included: (1) adjacent leaflet width and 
length and terminal leaflet length; (2) leaf area of  adjacent and terminal leaflets; 1(3) leaf 
angle; and (4) number  of interjected leaflets. An analysis of variance test for normality 
(Shapiro & Wilk, 1965) was performed on all phenotypic characters. All characters 
except leaf angle and interjected leaflets had normal distributions in both F I and BC I . 
These two characters had continuous distributions in both F i and BCj though they did 
differ significantly from a strictly normal distribution. These data indicate that all 
characters were under polygenic control. 

The F I represents the initial insertion of  chromosomal  genes of ssp. mberosum into 
the cytoplasmic background of  andigena or phureja and the interaction effects of  these 
distinctly different genomes. This interaction and the rate of progression of phenotypic 
characteristics towards a recurrent ssp. tuberosum parent (T I) was evaluated utilizing 
A I , A 2, and PC as non-recurrent parents. The mean values of phenotypic characters in F I 
and BC t progeny bracketed by their95 % confidence limits for populations involvingT I 
are given in Fig. 1 3. Findings of  this evaluation were compared to data when all sets of 
progeny families were taken collectively (Table 5). 

The F~ progenies from reciprocal T )< A crosses are closer to the andigena parent in 
terminal and adjacent leaflet dimensions than to the tuberosum parent (Fig. 1,2, and 3). 
These facts reflect the dominance of  andigena parental genes governing these 
parameters. In contrast to the leaf dimension characteristics, the low number  of  
interjected leaflets and larger leaf angles, typical of ssp. tuberosum, are dominant  to the 
higher number  of  interjected leaflets and smaller angles ofssp, andigena. This resulted in 
transgressive segregation in the F t for these characters. When sets of F I progeny families 
in T • A reciprocal crosses are taken collectively (Table 5), observations of  all characters 
parallel results obtained in T I • A 1 and T I • A 2 reciprocal matings, except adjacent 
leaflet width. Progenies showed the dominance of ssp. tuberosum parental genes for this 
character. Al though leaf angle means were too close to allow discrimination between 
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Table 4. Morphological traits in reciprocal backcross sib families from crosses of(S. tuberosum 
ssp. andigena X ssp. tuberosum 2) and ((S. phur~ja X S. chacoense) X ssp. tuberosum:). First 
backcross families. 

Morphological T i X(A X T )  T i X(A, )<T)  
characteristic 14 and recii~rocal I and recii~roca 

n' [T] [A] n [T] [A] 

Adjacent leaflet 
length 3(cm) 341/298 5.0 5.0 ns 214/119 4.9 5.7 ** 

Adjacent leaflet 
width4(cm) 341/298 3.1 3.1 ns 214/119' 3.0 3.2 ns 

Terminal leaflet 
length 5 (cm) 341/298 6.9 7.02ns 214/119 6.6 5.9 * 

Leaf area terminal 
leaflet 6(cm 2) 332/288 17.3 16.5 ns 212/98 15.6 16.1 ns 

Leaf area adjacent 
leaflet 7 (cn~) 332/288 10.0 10.0 ns 212/98 9.4 10.4 ns 

Leaf angle ~ 340/297 48.6 49.5 ns 214/119 51.2 48.7 ns 
Interjected 

leaflets ~ (n) 340/297 3.8 3.8 ns 225/94 4.6 6.2 ** 
PetioluleL~(mm) 341/298 3.1 2.9 ns 214/119 3.9 5.5 ** 
Style 

thickness i6 (mm) 365/316 0.4 0.3 ns 90/51 0.3 0.4 ns 
Tuber weightf~ 346/297 1046.9 1042.3 ns 220,, '97 1120.0 1259.3 ns 
Tuber number Ij 344/297 22.8 24.3 ns 220/97 26.5 30.9 * 
Average tuber 

weight ~2 (g) 344/297 45.9 42.8 ns 220/97 42.2 40.7 ns 
Eyedepthr3(mm) 213/185 2.3 2.3 ns 100/111 1.8 1.9 ns 
Sets of reciprocals j7 4 2 

Voir tableau 2. + * ** ***, n.s. See Table 2 Siehe Tahelle 2 -- 

i ~3 Siehe Tabelle 2 - Voir tableau 2, H Morphologische Merkmale ~ Caractbristiques morpholo- 
giques; 15 Bliitenbliittchen Pi'tiolule: i6 Dicke des Stempels - Epaisseur du style," J7 Zahl der 
Reziproken - Classes ,te rkciprocit[" 

Tabelle4. M orphologische Merkmale in reziproken Rtickkreuzungsfamilien aus Kreuzungen yon 
(S. tuberosum ssp. andigena )< ssp. tuberosum:) und ((S. phure/a X S. chacoense) )< ssp. 
tuberosum-'). Familien der ersten Rtickkreuzung. 
Tableau 4. Caracteres morphologiques des families reciproques issues du croisement en retour de 
( S. tuberosum ssp. andigena X ssp. tuberosum '-)et ( ( S. phureja X S. chacoense) • ssp. tuber osum2). 
Premieres familles issues du croisement en retour. 

parents, transgressive values were recorded. 
While F I progeny of reciprocal T l • PC matings reflected dominance  of the 

t u b e r o s u m  parental  genes for leaf angle, the characters interjected leaflets, and adjacent 
and terminal  leaflet lengths were more influenced by those of the PC parent. These trends 
parallel those when sets of progeny families were taken collectively (Table 5), except for 
adjacent leaflet length and width. Adjacent leaflet width showed the dominance  of 
t u b e r o s u m  genes and length was more influenced by the PC parent. In all cases, leaflet 
areas obtained mid-point  values as in reciprocal Tj X PC matings. 

Progress towards the ssp. t u b e r o s u m  parental  morphology occurred for all character- 
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q's X (PC X 1"~) T~ X (PC X T~) T I X (PC X Ti) 
aiad reciprocal ahd reciprocal and reciprocal 

n IT] [P] n [T] [P] n FF] [P] 

301/204 4.8 4.5 ns 100,20 4.6 4.5 ns 98/158 5.0 4.9 ns 

301/204 3.2 3.0 ns 100/20 3.0 2.7 ns 98/158 3.5 3.1 * 

301/204 6.6 6.6 ns 100/20 6.2 6.5 ns 98/158 6.7 6.3 * 

292/119 18.0 17.1 ns 96/22 15.0 14.6 ns 119/153 16.2 15.7 ns 

292/119 I0.1 9.1) ns 96/22 8.6 8.0 ns 119/153 9.7 9.0 ns 
298/206 44.0 42.3 ns 99/21 44.0 44.1 ns 95/158 48.2 47.3 ns 

301.,204 4.4 5.0 ns 100.'20 4.9 4.1 ns 98/158 5.2 5.3 ns 
301:204 4.6 4.6 ns 100~ 20 6.1 5.1 ** 98/158 5.1 5.1 ns 

320/217 0.4 0.4 ns 114e24 0.5 0.4 ns 94/119 0.5 0.5 ns 
279/197 948.9 822.0 ns 105/22 1057.7 723.6 * 116/152 1000.3 946.8 "ns 
279/197 16.1 15.1 ns 105/22 17.8 18.9 ns 116/152 22.4 23.1 ns 

279/197 58.8 54.5 ns 105/22 59.3 38.1 * 116/152 44.6 41.0 ns 
193/168 2.4 2.4 ns 54'21 1.9 2.0 ns 70/69 2.6 2.9 ns 

4 I 2 

i s t i c s i n B C  I , i . e . ( A x T l ) x T  I , ( P C X T I ) X T  i and  r e c i p r o c a l s ( F i g .  1 3). I n A X T  
mat ings  m e a n  values  for  the cha rac t e r  ad jacen t  leaflet length  were  essential ly those  o f  the 
andigena parent  while t e rmina l  leaflet length and t e rmina l  and ad jacen t  leaflet areas were 
c loser  to the tuberosum parent .  M e a n  values for  ad jacen t  leaflet wid th  had ob ta ined  
paren ta l  m i d - p o i n t  va lues  by the BC I . L e a f  angle  and inter jected leaflets had ob ta ined  
tuberosum-like values  by the  F i, due  to t u b e r o s u m  d o m i n a n c e  for  these charac ters .  
W h e n  sets of  p rogeny  famil ies  are cons ide red  col lect ively (Tab le  5) progress  t oward  the 
recurrent  paren t  was observed  but was not  as s t r iking as that  seen in A-T~ matings.  

F o r  P C - T  a mat ings  m e a n  values  for ad jacen t  leaflet length and inter jected leaflets were 
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CYTOPI.ASMIC EVAI.UATION t)URING SUBSTFI-UTION BACKCROSSING IN SOL_ANUM 

Fig. 2. M o r p h o l o g i c a l  cha rac te r s  of  pa ren ta l  c lones  and  reciprocal  F~ and  BC I progeny.  M e a n s  of  
area  t e rmina l  and  ad jacen t  leaflet (cm2). 
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I-~-I F--~ 1 
Al T l 

F---~ I 

~ I 

Parents 

F l (TlXA 2) 

(A2xT l ) 

BC l TlX(A2xT l)  

(A2XTl)xT 1 

I - ~ - - - I  

Parents 

F l (TIxPC) 

(PCxT 1 ) 

BC l TIX(PCxT l ) 

(PCxTI)XT l 

I 
3 

F - ~  I--- ~tT-I 

I-~-4 
I--~--I 
I----~---q 

t-~--I F--- ~ I 
/ p c  T l 

F-~---I 

I 1 L t i I I I I 
5 7 9 II 13 15 17 19 21 

Leaf Area Terminal Leaflet (cm 2) 

F-~-q I 
A1 F--~----q 

F-~---I 

F--~---I 

T1 

I--Xa? I Xtl t 
I--~---I 

I-~-I 
t--~---t 

F-~--t 

F--~-~ I -~ I 
Pc T 1 

F-~-~ 

I--~--I 

I i I i i I I I 
2 4 6 8 10 12 14 16 

Leaf Area Adjacent Leaflet (cm 2) 

Leaf  area  t e rmina l  leaflet (crrr ~ ) - Blatt./16che ties End./}ederbliittchen SmfaceJ~,liaire de la/Olioh, 
termhmh, 
Leaf  a rea  ad j acen t  leaflet (crrr ~) Blatt/Tiiche der Seitenbliittchen Surface foliaire de la foliole 
adjacente 
Paren t s  - Ehern Parents 

A bb. 2. Moq~hologische Merkmale der Elternklone und (let" reziproken F, und BCi-Nach- 
kommenschqften. Mittelwerte der Blattfliiche (let Eml/~eder- und Seitenbl6ttchen (co~). 
Fig. 2. Caractkres morphologiques des cl6nes parentaux et de la descendance rkciproque des F Iet 
BC t . Moyennes des surlaces des./'olioles terminales et adjacentes (c,? ). 
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closer to the PC parent. Adjacent leaflet width, leaf angle, adjacent and terminal leaflet 
length and area were closer to mean values of the tuberosum parent. Progress towards 
ssp. tuberosum was comparatively slower when sets of progeny families are considered 
collectively. 

In some instances the range of variation in morphological characters of parental 
clones was larger than the variation observed in segregating populations. The parents 
grown in replicated design were planted as tuber-seed while the reciprocal F I's and BC I's 
originated as seedlings. The parental range probably reflects the environmental 
differences between different replicates (the soil conditions in the field being rather 
non-uniform). The F~ and BC I range reflects both the genetic influences and soil 
variations. However, since they were planted in a more uniform field they may not have 
been as subject to soil variations. The large numbers of F I and BC I progeny examined 
may also have been a factor in decreasing the variance. 

Fertility data were taken on F I and BC~ progeny to determine whether the sterility- 
resistant cytoplasmic factors of andigena and phureja retained their influence in 
advanced generations. Due to meager flowering of reciprocal F~ ssp. tuberosum X ssp. 
andL~ena progeny, fertility notes were not taken on T 3 )< A3 reciprocal F i lots and limited 
information was obtained on other T • A F I populations. However, significant 
differences were observed between reciprocal lots involving T I X A I, T] • A 2 and T~ • 
A 3 crosses for berry set, anther length, and anther width, respectively (Table 6). 

i-hose progeny containing the S. phureja cytoplasmic background [P] consistently 
showed higher female fertility than their reciprocals. For instance, progeny containing 
sterility-resistant cytoplasmic factors, i.e. PC )< T crossings, displayed significantly 
greater numbers of non-green anthers and higher frequencies of normaI pollen when 
compared to their reciprocal counterparts with sterility sensitive cytoplasmic back- 
grounds. 

Fertility trends in BC I sib families (Table 7) parallel those observed in F I populations. 
All BC I families with an andigena or phureja cytoplasmic background had substantial 
fertility. With only a few exceptions - T~ • (A2)< T t ) and T~ • (PC • T~) - they were 
significantly different from their reciprocal counterparts in ssp. tuberosum cytoplasm for 
berry set, anther width and length, anther color, dehiscence ability and pollen fertility. 

Discussion 

The substitution backcross program described here was designed to overcome some of 
the cytoplasmic sterility problems associated with the ssp. tuberosum potato. This would 
consequently allow intraspecific and interspecific crosses to be made with formerly 
incompatible potato clones. By monitoring the progress towards a recurrent ssp. 
tuberosum parent during backcrossing, information was obtained which showed how 
rapidly ssp. tuberosum-plants can be regained in the changed cytoplasmic background. 

Cytoplasm source did consistently influence morphological parameters relating 
directly to fertility (berry set, anther length and width, anther color and dehiscence, and 
pollen fertility) but not for other above and below ground parameters. Significant 
reciprocal differences in morphological characters did occur both in F x and BC l 
progeny, but the occurrence depended largely on the parents used. 

When F I greenhouse and field populations in this study were examined for tuber 
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weight, number and average tuber weight, only one consistent reciprocal difference 
(T i X PC) was observed in which higher values were produced by progenies with a [T] 
background. In all other crosses, differences that were recorded in the field (botanical 
seed) were not seen in the greenhouse (seed tuber) and vice-versa. Moreover these 
differences were not observed in the reciprocal BC l progeny, T I X (PC X T I ). 

These data support findings of Rothacker (1962) in which tuber yield/hill, tuber 
number and size were influenced by the specific ssp. tuherosum parent used in ssp. 
andigena-ssp, tuherosum crosses. It seems likely that such reciprocal differences resulted 
from maternal effects, i.e. an influence of the chromosomal gene products of the 
maternal parent on the progeny. Had they been true cytoplasmic effects they would have 
been more consistently maintained in the backcross progeny. This conclusion is of 
practical importance. If tuber yield is partially cytoplasmically determined then some 
productive potential may be lost as a result of cytoplasmic substitution. If it is subject 
only to maternal effects, the production loss would disappear during backcrossing. 

Hybrids involving ssp. andL~ena and ssp. tuherosum have been made and yield 
components examined. In terms of total yield T • A or A )< T hybrids were superior to 
either parental subspecies alone (Cubillos & Plaisted, 1976; Glendinning, 1969: Paxman, 
1966; T a m  & Tai, 1977). T X A sometimes (Cubiloos & Plaisted, 1976: Hoopes et al., 
1980; T a r n &  Tai, 1977), but not always (Tarn & Tai, 1973, 1977) exceeds A )< T in 
numbers of tubers. Hoopes et al. (1980) and Sanford & Hanneman (1979) both showed 
differences in tuber yield between reciprocal F i progenies. Long-time (seven years) 
maintenance of the reciprocal differences (H oopes et al., 1980) led the authors to favor a 
cytoplasmic interpretation since dilution of original maternal products might be 
expected to occur with time. The Sanford & Hanneman (1979) yield differences also 
seemed more amenable to a cytoplasmic interpretation since they were maintained into 
the F 2 generation. However, a definitive answer would require reciprocal backcross 
progenies. 

Backcrossing studies on A and T matings (Rothacker, 1962) have shown that standard 
values (cv. Ackersegen) for tuber yield, tuber number, tuber size and starch content were 
reached by the BC r and no substantial improvements were seen in the BC~. Data from 
the present study indicate that although progenies may return towards characteristics 
occurring in the recurrent ssp. tuberosum parent by the BC 1, the rate of return depends 
upon the recurrent parent and the trait considered. Morphological characters of F~ 
populations were influenced by dominant parental genes. For example, rate of 
progression towards the T I (Norchip) recurrent parent, in T I • Aj and T I X A 2 
reciprocal crosses, was rapid for numbers of interjected leaflets and leaf angle reaching 
tuberosutn-like values by the F I . While leaflet characters had reached mid-point values 
by the BC I , only interjected leaflets and leaf angle obtained tuherosum-like character- 
istics. These types of trends were also evident in progenies of reciprocal T~ X PC crosses. 

Cytological evaluation of anther contents also provides an indication of the rate of 
return towards the recurrent tuherosum parent, When the male fertility of progeny in 
tuberosum cytoplasm in the F I (T X PC) is compared to that of the BC l [T X (PC X T)] 
progeny, contrasts occur which demonstrate the replacement ofS. phure/a genes by ssp. 
tuberosum nuclear genes. For example, in the F t 77 % (33 % sporads and 44 % with 
shrivelled microspores) of the progeny showed sterility resulting from the presence of S. 
phure/a genes compared to 33 % (13 % sporads and 20 % with shrivelled microspores) in 
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the  BC I . This  increase in fert i l i ty f r o m  the F 1 to BC I is close to the expec ted  recovery  rate 
o f  one  half  per  genera t ion .  

It has not  been d e m o n s t r a t e d  that  p rogeny  c o n t a i n i n g  the s ter i l i ty-resis tant  cytoplas-  
mic fac tors  of  andigena or  ptmreia have  a h igher  degree  of  fertility when c o m p a r e d  to 
rec iproca l  p rogeny  in s ter i l i ty-resis tant  tuherosum cy top lasm.  This  charac ter i s t ic  ferti l i ty 
was re ta ined in the BC I . This  fact, in con junc t i on  with seemingly  non -cy top l a smic  nature  
of  the  m o r p h o l o g i c a l  traits s tudied,  inc luding  tuber  weight  and number ,  indicates  that  
the subs t i tu t ion  backc ross ing  p r o g r a m  may  p roduce  potent ia l ly  useful b reeding  stock. 

Zusammenfassung 

ZytoplasmatLwhe Evaluierungen wiihreml der Subst i tut ions-  Ri ickkreuzung in Solarium 

Es wurde ein Substitutions-Rflckkreuzungs- 
progfamm entwickelt, um die zytoplasma- 
tischen Faktoren yon Solarium tuherosum L. 
s s p .  It therosum s o  ZU ~ndern, dass eine Form 
entsteht, die keine Empfindlichkeit gegen 
dominante Gene l't~r zytoplasmatische Sterilit:at 
aufweist. Sterilitfits-resistente zytoplasmatische 
Faktoren ,,on Solarium tuherosum ssp. andi- 
gena(Juz.  & Buk.) Hawkes und yon S. phur~ja 
(Juz. & Buk.) wurden mit chromosomalen 
Genen von S. luherosunt spp. tuherosltm kom- 
biniert (Tabelle I). Ell morphologische Merk- 
male der reziproken F und BC] Nachkom- 
menschaften wurden ausgewfihlt, um d e Ste - 
gerungsrate gegen~ber Merkmalen, die in den 
wiederholt vorkommenden ssp. Itthero.s'um El- 
tern auftreten, zu beurteilen und um das Aus- 
mass zu bestimmen, in dem das Zytoplasma die 
Form der Pflanze beeinflusst. Weibliche und 
m~innliche Fertilit~it der F und BC. Popu- 

�9 . t 

latmnen wurden auch evalmert. O,e mor- 
phologischen Merkmale wurden dutch die 
zytoplasmatischen Faktoren nicht einheitlich 
beeinflusst, mit Ausnahme der direkt mit der 
Fruchtbarkeit verbundenen Parameter (Tabel- 
len 6 und 7). Die Unterschiede zwischen rezi- 
proken Nachkommenschaften hingen mehr 
von den Genen der bei der Kreuzung verwen- 
deten individuellen Eltern ab, als yon der 

zytoplasmatischen Herkunft (Tabellen 2 5). In 
den Knollenmerkmalen traten keine best~.ndi- 
gen reziproken Unterschiede auf und die 
U nterschiede, d ie auft raten, schienen eher einen 
mOtterlichen als einen zytoplasmatischen Ein- 
t]uss auDuweisen(Tabel len2 5). F u n d  BC I 
Nachkommenschaften, die die Sterilitfitsresis- 
tenten ~'ytoplasmatischer Faktoren ,,'on ssp. 
amti.k, ena oder S. p/mreja enthielten, hatten 
eine h6here Fertilit~it a[s ihre reziproken Nach- 
kommenschaften mit Zytoplasma ,,'on ssp. 
tuherosum (Tabellen 6 und 7). Die Verteihmg 
de rF  undBC WertefOrallemorpholotfischen 
Merkma e, dm zur Kennzmchnung der E tern 
verwendet worden waren, zeigte ihren poly- 
genen Charakter. Eine Dominanz der tu/wro- 
xum-Gene zeigte sich in der Blattstellung und 
bei den eingeschobenen Bl~ittchen (Abb. 3), 
wfihrend die Merkmale der Blfittchen eine 
Dominanz der and(~ena-Gene anzeigte (A bb. I 
und 2). Die Steigerungsrate in Richtung ssp. 
ttthero.vttm war bei dem Blattstellungswinkel 
und der Zahl der eingeschobenen Bl~ittchen 
(Abb. 3) schnell, denn in der Fi-Generation 
wurden tuherosum-~hnliche Werte erreicht. 
Die Merkmale der Blattchen erreichten in der 
BC-Generat ion Werte zwischen den Eltern 
(Abb. und2). 

R~sum~ 

Evaluation cy toplasmique des subst i tut ions survenant  lors de3 croisemenls en retour 
chez Solarium 

Un programme de substitution par croisement 
en retour avait pour dessein de modifier les 
facteurs cytoplasmiques de Solarium tuhero- 

sum ssp. tuherosum dans le but d'obtenir un 
type qui ne pr6sente pas de sensibilit+ au gbne 
dominant de stbrilit~ cytoplasmique. 
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Les facteurs de resistance cytoplasmique h la 
stbrilit~ de Solanum tttb~,rostlm ssp. andigena 
(Juz. ct Buk.) Hawkes et de Solanum phur~ja 
(J uz. et Buk.) ont ete combinhs avec les g;encs dc 
S. ttt/~erosttm ssp. tttherosum (tableau I). 

Onze caracteres morphologiques de rbcipro- 
cite chez les descendances F~ et BC{ ont ete 
contr61es pour evaluer le taux de regression 
vers les caracteres parentaux de So]anttm ssp. 
et pour determiner Finfluence du cytoplasme 
sur la forme des plantes. 

La fertilite femelle et mhle des populations dc 
F~ et BC s'averait bonne. 

kes facteurs cytoplasmiques n'ont pas beau- 
coup influ6 sur les parametres morphologiques, 
/t l 'exception de ceux qui etaient en relation 
directe avec la fertilite (tableaux 6 et 7). 

Les differences entre les descendances reci- 
proques dependaient plus des genes de chacun 
des parents utilises dans les croisements que des 
origines cytoplasmiques (tableaux 2 5). Aucu- 
ne difference reciproque importante n'a et6 
observbe pour les caracteres du tubercule et 
celles qui apparaissent semblaient plus depen- 

dre de l'inlluencc maternelle que du cytoplasme 
(tableaux 2 5). 

Les dcsccndances F~ et BC r renfcrmant les 
factcurs dc resistance cytoplasmiquc i~ la st+ri- 
litb provenant de ssp. aml~ena et S. phur~ja 
avaicnt un taux de fertilite plus grand que les 
dcscendances r~ciproqucs ayant du cytoplasmc 
de ssp. tttt)erosttm (tableaux 6 7). La distribu- 
tion des F et BCj au niveau de t o u s l e s  
caractbres morpho ogiques 6tud es pour repre- 
senter les parents, traduisait leur nature poly- 
genique. L'angle des feuilles ct les folioles 
intermediaires montraient unc dominance des 
genes tttherosttm (fig. 3) tandis que les carac- 
fetes presentes par les foliolcs etaient en rapport 
avecla  dominancc des genes and(k, ena(fig. Ie t  
2). Le taux de regression vers ssp. Ilt/~erosttm 
etait rapide pour l'angle des fcuilles et le 
nombre des folioles intermediaires (fig. 3) chez 
les F~, comparativement aux valeurs de tut~ero- 
.sltm. Les caractbres habituels des folioles etai- 
ent donn6s par la valeur moyenne des parents 
pour les  B C  I (fig. I e t  2). 
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