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A B S T R A C T  

Nei ther  founding  clones  nor  major  genet ic  con- 
tributors to  modern North American pota to  cultivars 

have  been  sys temat ica l ly  identified.  Available pedi- 
grees,  through 12 generat ions,  were used to identify 

found ing  c lones  and  m a j o r  c o n t r i b u t i n g  a n c e s t o r s  
(MCAs), to outline relationships among these clones, 

to  de te rmine  the genet ic  contr ibut ion of  MCAs and 

exotic germplasm to prominent  cultivars, and to draw 

conclusions  about the gene  base of  prominent  Nor th  

A m e r i c a n  cu l t ivars .  Based  on  1996 c e r t i f i e d  s e e d  
acreage, 46 cultivars were identified as prominent ,  of  

which 44 had published pedigrees. Using this pedigree 

data, 12 MCAs consisting o f  four  types were identified: 

land race types including Daber and Sutton 's  Flourbail; 

immediate  descendants  o f  land race types  including 

Busola, Early Rose, Garnet  Chili, Imperator, Richter's 

Jubel ,  and Triumph; ear ly  USDA re leases  including 
Chippewa, Earlaine, and Katahdin; and one derivative 

o f  a German S o l a n u m  d e m i s s u m  x S .  t u b e r o s u m  pop- 
ulat ion designated Germ. No. 3895-13. These c lones  

appeared in the pedigrees o f  from 61 to 100% of  the 44 

most  prominent North American cultivars. Some MCAs 

appeared numerous times in the pedigrees of  the culti- 

vars with the maximum being Busola, which appeared 
in the pedigree of  NorDonna 94 times. Across the 44 

cultivars, the genetic contr ibut ion of  MCAs averaged 
from 1.4% for Daber to  23.2% for  Katahdin. A positive 

genetic contr ibut ion by exotic germplasm was p resen t  

in 34 o f  the 44 cultivars. Krantz, Russet Nugget, Cones- 
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toga, and Yukon Gold had exotic germplasm contribu- 

t ions o f  49.5, 34.1, 32.3, and 31.3%, respectively. 

I N T R O D U C T I O N  

Over 84 potato cultivars were grown for certified seed 

in North America as of 1996 (National Potato Council, 1997). 

Dates for introduction of these cultivars range from 1876 up 

until just a few years ago (Chase, 1984, with updates). In spite 

of the disparity of age among these cultivars, current thinking 

is that they share extensive common ancestry (Mendoza 

and Haynes, 1974; Plaisted and Hoopes, 1989). The resulting 

narrow gene base among commercially grown potatoes gives 

concern for the stability of production. A narrow gene base 

results in homogeneity for resistance genes, leaving all or 

most of the crop susceptible to severe damage by pests or 

diseases. An example of such a disease situation is that 

presented by the new metalaxyl resistant races of late blight, 

to which North American potato cultivars are universally sus- 

ceptible (Inglis et al., 1996). 

Hawkes (1979) discussed the genetic diversity of potato 

germplasm among European cultivars. Because North Amer- 

ican potatoes were originally imported from Europe, and 

exchange of germplasm has occurred freely between Europe 

and North America, his comments are equally pertinent to 

North American cultivars. Hawkes listed four introduction 

events that formed the basis of modern potato germplasm. 

The first two were S o l a n u m  t u b e r o s u m  subsp, a n d i g e n a  

introductions from South America into Spain and England 

around 1570 and 1590, respectively. No other introductions 

Abbreviations: 
MCA = major contributing ancestor, acl = Solanum acaule, adg = 
Solanum tuberosum subsp, andigena, chc =Solanum chacoense, dem 
=Solanum demissum, ktz =Solanum kurtzianum, mag = Solanum 
magi/a, phu =Solanum phureja, rap =Solanum raphanifolium, sim = 
Solanum simplicifolium, spg =Solanum spegazzinii, stn = Solanum 
stenotomum, tor =Solanum toralapanum. 
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were recorded until around 1830 when the South American 

cnltivar Daber was imported into Germany. Finally, in 1861, 

Goodrich imported Rough Purple Chili into the US. Evidence 

suggests that until the 1920s, these four introductions formed 

the genetic foundation of all European and North American 

cultivars. The situation naturally led to a narrow gene base, 

made even narrower by germplasm losses during the Euro- 

pean late blight epidemics of the 1840s. 

With the introduction o f S o l a n u m  d e m i s s u m  from Mex- 

ico into Europe in the early 1900s, and its subsequent use in 

breeding, a trend for incorporation of unrelated germplasm 

was established. This has continued for the past 70 years, and 

a high percentage of commercially prominent North Ameri- 

can cnltivars contain genes from "wild" species. However, 

the overall gene base of potatoes remains quite narrow. Evi- 

dence for continued common ancestry among North Ameri- 

can cultivars was given by Mendoza and Haynes (1974), who 

established the presence of a high level of coancestry among 

cultivars introduced prior to 1969. No inbreeding or coances- 

try values have been provided for North American cultivars 

released since that time. 

Pedigree information can be used to evaluate a crop 

gene base using any of a number of strategies. One such 

strategy is to find the founding varieties and major con- 

tributing ancestors (MCAs) and to determine the genetic con- 

tribution of these clones to prominent cultivars. No 

systematic effort has been made to identify the founding 

clones and MCAs of North American potato cultivars. The 

goals of this research were to use available pedigree infor- 

mation to identify the founding clones and MCAs for 44 

prominent cultivars, outline relationships among these 

founding clones, calculate the genetic contribution of MCAs 

to prominent cuitivars, and to determine the genetic contri- 

butions of exotic germplasm. 

MATERIALS AND METHODS 

For this study, commercially prominent cultivars were 

defined as those with minimum 1996 certified seed produc- 

tion of 200 acres in 1996. Using the 1997 National Potato 

Council's Potato Statistical Yearbook, it was determined that 

46 cultivars met this criterion. Two of these cultivars, Irish 

Cobbler and White Rose, have uncertain parentage and were 

eliminated from the list. The remaining forty-four cnltivars, 

their year of introduction, and parentage are listed in Table 1. 

These cultivars have a range of published introduction dates 
from 1914 through 1995 (Chase, 1984, with updates). 

With the parents of each cultivar being defined as the first 

generation (one generation removed from the cultivar of inter- 

est) the known pedigree of each cultivar was extended 12 gen- 

erations. Pedigree information was taken from published 

release descriptions, as listed in the Potato Variety Inventory 

(Chase, 1984), assorted cultivar handbooks (Clark and Lom- 

bard, 1951; Darling, 1959; Rathlef, 1932; Salaman, 1926; Steven- 

son and Clark, 1937; Smart, 1915 and 1929; Swiezynki et al., 

1997), published papers (Akeley et al., 1948; Folsom, 1945; 

Horsfall, 1972; Reeves et al., 1980), National Potato 

Germplasm Reports (Published since 1943 by the USDA, 

Beltsville), and from the records of numerous breeders. 

Using the pedigree information, lists of both founding 

clones and major contributing ancestors were compiled for 

the 44 cultivars. Founding clones were those of unknown 

ancestry (pedigree dead-ends) originating prior to the advent 

of public breeding programs in the early 1900s. 

Major contributing ancestors (MCAs) were those which 

met two criteria= 1) those found in the ancestries of the major- 

ity of the 44 prominent cnltivars; and 2) those which con- 

tributed through multiple first-generation progeny. This last 

criterion was intended to help identify clones breeders used 

successfully as parents and to eliminate clones which served 

simply as genetic conduits to or from the major contributors. 

For each MCA, the percentage of descendants among 

the prominent cnltivars was calculated. In addition, the num- 

ber of times ancestors appeared in the pedigree was counted 

and the genetic contribution to each cnltivar computed using 

the method employed by Lansari et al. (1994). The calcula- 

tion of genetic contribution was based on the assumption 

that the process of selection does not change the random 

contribution of alleles from ancestors. Relationships among 

MCAs were mapped. The genetic contribution of exotic 

germplasm (wild species or clones with no known relation- 

ship with the founding clones or MCAs) was determined for 

each prominent cultivar. Finally, the information generated 

was used to reach conclusions about the gene base of mod- 

em North American potato cultivars. 

RESULTS AND DISCUSSION 

For most prominent cultivars, only limited pedigree 

information was available (Table 1). Within seven to ten gen- 

erations, the majority of pedigree branches terminated at 

open pollinated progenitors or those with unknown parent- 

age. Through twelve generations, there are 8,190 possible 

ancestors. Information about only a fraction of this number 



1999 LOVE: FOUNDING CLONES 265 

TABLE 1.--Prominent North American potato cultivars 

g~vwn on 200 or more seed acres in 1996. 

Cultivar Parentage 

Percentage 
of 

Possible 
Date of Ancestry 

Introduction Available 1 

AC Novachip F68061 x F66011 1991 8.2 
Andover Allegany x Atlantic 1995 5.5 
Atlantic Waseon x B5141-6 (Lenape) 1976 5.1 
CalWhite Pioneer x BC8370-4 1995 16.4 
Cascade B3820-14 x PI214372 1969 2.7 
Centennial Russet Nooksack x W12-3 1976 8.9 
Century Russet A6789-7 x A6680-5 1995 14.5 
Chieftain LA 1354 x IA 1027-18 1966 4.5 
Chipeta WNC612-13 x Wischip 1993 14.3 
Conestoga G7063 x G6652 1982 15.0 
Frontier Russet A66102-16 x WN330-t 1990 13.4 
Goldrnsh ND450-3Russ x Lemhi Russet 1992 25.2 
Itasca MN304.72-10 x ND58-3 1994 19.2 
Kanona Peconic x GN bulk 1988 1.4 
Katahdin USDA 40568 x USDA 24642 1932 0.3 
Kennebec B127 x USDA X96-56 1948 1.8 
Krantz MN366.65-3 x G6743-5 1985 6.1 
LaChipper Cayuga x Green Mountain 1962 7.9 
LaRouge LA02-5 (LmSodax Progress) self 1962 4.3 
Mainestay AF431-9 x ? (open pollination) 1995 5.3 
Monona B126846 x B1299-15 1964 1.4 
Nooksack Kennebec x A501-13 1973 4.5 
Norchip ND4731-1 x M5009-2 1968 4.4 
NorDoima ND206-1R x ND821-6R 1995 29.2 
Norland RedKote x ND626 1957 5.6 
NorValley Norchip x ND860-2 1996 22.5 
NorWis RD289-18 x Monona 1990 3.4 
Onaway USDA X96-56 x Katahdin 1956 1.4 
Ontario Richter's Jubel x USDA 44537 1946 0.8 
Pike Allegany x Atlantic 1995 5.5 
Ranger Russet Butte x A6595-3 1991 13.3 
Red LaSoda 2 Triumph x Katahdin 1953 0.4 
Red Pontiac 3 Triumph x Katahdin 1945 0.4 
Red Ruby Bison x MN11.76-10 1994 9.3 
Russet Burbank 4 Early Rose x ? 1914 <0.1 
Russet Norkotah ND95264Russ x ND9687-5Russ 1987 17.5 
Russet Nugget Krantz x AND71609-1 1989 13.7 
Sangre Viking x A6356-9 1982 9.7 
Sebago Chippewa x Katahdin 1938 0.7 
Shepody Bake-King x F58050 1980 4.8 
Snowden B5141-6 (Lenape) x Wisehip 1990 11.6 
Superior USDA X96-56 x MN59.44 1961 6.7 
Viking Nordak x Redskin 1963 5.4 
Yukon Gold W5279-4 x Norgleam 1980 3.5 

1Indicates the amount of pedigree information expressed as the per- 
centage known of the 8,190 possible ancestors through 12 generations. 
Repeat appearances by ancestors were counted separately. 
2Red LaSoda is a clonal selection of LaSoda (introduced in 1948). 
3Red Pontiac is a clonal selection of Pontiac (introduced in 1938). 
4Russet Burbank is a clonal selection of Burbank (introduced in 1876). 

was  available fo r  each  of  the  p r o m i n e n t  cultivars. The highest  

n u m b e r  a c c u m u l a t e d  ( including all r epea t i ng  a p p e a r a n c e s  

for  all a n c e s t o r s )  w a s  for  N o r D o n n a  wi th  2391 (29.2%), whi le  

the  l o w e s t  w a s  fo r  Ru s s e t  Burbank  wi th  3 (<0.1%). The aver- 

age k n o w n  a n c e s t r y  for  the  44 cult ivars,  as  a p e r c e n t a g e  o f  

the  tota l  poss ib le ,  w a s  7.8% wi th  m o s t  falling in t he  range  o f  

0.9 to  15.0%. 

The c o n s e q u e n c e  o f  the  d e a r t h  of  p e d i g r e e  in fo rmat ion  

was  tha t  any e s t ima te s  o f  gene t ic  con t r ibu t ion  w e r e  under-  

es t imated.  However ,  compu ta t ion  of  a m i n i m u m  genet ic  con- 

t r i bu t ion  w a s  p o s s i b l e  and  p r o v i d e d  va luab le  i n f o r m a t i o n  

conce rn ing  the  divers i ty  o f  the  gene  b a s e  a m o n g  p r o m i n e n t  

Nor th  A m e r i c a n  po ta to  cultivars. 

The p e d i g r e e s  revea led  a tota l  o f  20 found ing  c lones  for  

p r o m i n e n t  Nor th  A m e r i c a n  cul t ivars  (Table 2). These  c lones  

TABLE 2.--Founding clones of prominent North American 

potato cultivars, percentage of cultivars descended from each 

founder, and well-known and/or .important descendants. 

Percent of 
Cultivars as Well Known/ 

Clones Descendants Important Descendants 

North American Origin 
Aroostook Wonder 
Carman No. 3 
Carter 

Charles Downing 
Early Sunrise 
Irish Cobbler 
Kepplestone Kidney 
Lookout Mountain 
Rural New Yorker No. 2 
Western Red 

98 Chippewa, Katahdin 
5 Beltsville USDA seedlings 

52 Early Vermont, Excelsior, Keeper, 
Sflverskin 

34 Houma 
Hindenbel~, Busola 

70 Earlaine, Minnesota seedlings 
14 Beltsville USDA seedlings 
20 Progress, Minnesota seedlings 
95 Chippewa, Katahdin 
50 White Peachblow, Pop,air, Minnesota 

seedlings 
English Origin 
Seed 73 
Sutton's Flourball 98 
White Rocks 98 

German Origin 
Deutches Reich 2 
Fransen 11 

Hamburger Eierkartoffel 5 
Spate Dauer 73 

Rm~sian Origin 
Trophime 5 

South  Amer ican  Origin 
Daber 98 

Rough Purple Chili 100 

Reichskanzler, Petronius, Earlaine 
Hermarm, Busola, Chippewa, Katahdin 
Paterson's Victoria, Imperator, Busola 

Pamassia, Canadian seedlings 
Eigenheimer, Populair, Aberdeen 
USDA seedlings 
Populair, Aberdeen USDA seedlings 
Victoria Auguste, Richter's Jubel 

Populair, Aberdeen USDA seedlings 

Wilhelm Kom, Reichskanter, Busola, 
Earlahle 
Garnet Chili, Early Rose, Bnsola, 
Earlaine 

1Origin of the clones designated Early Sunrise and Kepplestone Kidney are 
not known with certainty. 
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were  in the pedigrees of  from 2 to 100% of the 44 cultivars. 

Ten of  the founding clones were  of North American, three of 

English, four of German, one of  Russian, and two of  South 

American origin. All founders  were the clonal equivalent of 

land races or were the products  of mid to late nineteenth cen- 

tury breeding efforts. 

Fol lowing careful  evaluat ion of  the 44 pedigrees ,  and 

using the established criteria, twelve MCAs were  identified 

for the 44 prominent  cultivars. The clones, their  parentage,  

and  origins are found in Table 3. Two contributors,  Garnet  

Chili and Early Rose, were  found in the  ances t ry  of  all 44 

prominent  cultivars (Table 4). Five additional clones, Busola, 

Daber, Imperator, Katahdin, and Sutton's Flourbal l  were  in 

the ancestry of  over 90% of  the cultivars. The other  five con- 

tributing clones were  presen t  in over 60% of  the pedigrees.  

In many cases, a lack of  an MCA in a cultivar's ancest ry  was 

due, in part, to that cultivar being older  than the MCA. 

The MCAs fell  in to  one  of  four  ca tegor ies ,  1) c lonal  

equivalents of  land race  types, 2) immediate descendants  of 

l and  race  types  tha t  were  used  as  pa ren t s  in Europe  and 

North America, 3) early USDA releases, and 4) progeny from 

the early 1900 German late blight resis tance breeding pro- 

g ram involving Solanum demis sum Lindl. The land  race  

t y p e s  are  t hose  wi th  u n c l e a r  or ig ins  and ances t ry ,  and  

include Daber and Sutton's  FlourbaU. Daber is an old South 

Amer ican  cult ivar  impor ted  into Germany,  while Sut ton 's  

F lourba l l  is an  old  English cu l t ivar  wi th  uncer ta in  back-  

ground. Immediate  descendants  of  land race types included 

Busola, Early Rose, Garnet Chili, Imperator,  Richter 's Jubel, 

and  Tr iumph.  Ear ly  USDA r e l e a s e s  iden t i f i ed  as  MCAs 

included Chippewa, Katahdin, and Earlaine. 

The MCA identified as Germ. No. 3895-13 is an open pol- 

l inated seedling from a late blight resis tant  populat ion devel- 

oped in Germany using hybrids be tween S. tuberosum and S. 

demissum.  It  is p l aced  in a c lass  by  i tself  be cause  of  i ts  

species background and the fact that its Solanum tuberosum 

L. background is unknown. However, given that  it was devel- 

oped  in the  s ame  coun t ry  w h e r e  seve ra l  o t h e r  founding  

clones and MCAs originated, it is likely related to some of the 

other German clones. 

The pedigrees  revealed complex  re la t ionships  among 

the founding clones and MCAs (Figure 1). This chart  suggests 

rapid movement  of germplasm among the early breeding pro- 

g rams  of  many  countr ies .  Ear ly  Rose  inf luenced cul t ivar  

development  in Germany and other  par ts  of  Europe and is in 

the ancestry of  Imperator, Richter's Jubel, and Busol~ Daber  

and Sut ton 's  Flourbal l  are in the  ances t ry  of  Busola, a Pol- 

ish-Russian cultivar. Busola, Imperator,  Richter 's Jubel, and 

Sut ton 's  Flourbal l  were  impor ted  into the  US by b reeders  

a round  the t ime  the USDA breed ing  p rog ram began. The 

TABLE 3.--Parentage and origin of major contributing ancestors of prominent  North American potato cultivars. 

Major Contributin 
Ancestor Parentage Origin 

Busola 

Chippewa 
Daber 

Earlaine 
Early Rose 
Garnet Chili 

Germ. No. 3895-13 

Imperator 

Katahdin 
Richter's Jubel 

Sutton's Flourball 

Triumph 

Alabaster x Furstin Hatzfeld 

USDA 40568 x USDA 24642 
Unknown 

Irish Cobbler x USDA 43055 
Garnet Chili x ? 
Rough Purple Chili x ? 

Open pollinated seedling of a German 
derived S. demissum pop~ation. 

Early Rose x Paterson's Victoria 

USDA 40568 x USDA 24642 
Victoria Auguste x Richter's $78-92 

Unknown 

Peerless x Seedling of Early Rose 

Introduced prior to 1914. Brought into the U.S. from Russian Poland in 1914. (Folsom, 
1945; RathleL 1932) 
Released in 1933 by the BeltsviUe USDA breeding program. (Darling, 1959) 
Imported into Germany from South America around 1830. Never introduced into North 
America. (Rathlef, 1932) 
Released in 1938 by the Beltsville USDA breeding program. (Darling, 1959) 
Originated in 1861 by Albert Bresee of Vermont. (Darling, 1959) 
Originated in 1853 by C.E. Goodrich of New York. (Darling, 1959; Plaisted and Hoopes, 
1989) 
Developed from a population Imported from I~O. Miiller in Germany. Brought into the 
U.S. around 1908. (Plaisted and Hoopes, 1989; Akeley et al., 1948; Stevenson and Clark, 
1937) 
Originated in 1875 by William Richter of Germany. No documented introduction in 
North America. (Salaman, 1926) 
Released in 1935 by the Beltsville USDA breeding program. (Darling, 1959) 
Origh~ated prior to 1900 by William Richter of Germany. Introduced to the U.S. prior to 
1937 by USDA breeders. (Folsom, 1945; Plaisted and Hoopes, 1989) 
Originated prior to 1880 in the U.K. Imported into the US prior to 1923. (Stevenson and 
Clark, 1937) 
Originated in 1878 by B.K. Bliss and sons of Connecticut. (Darling, 1959) 
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TABLE 4. Percentage of 44 prominent North American potato cultivars descended from, and the documented first genera- 
tion progeny for, each of 12 major contributing ancestors. 

Major Percent of 
Contributing Prominent cultivars 
Ancestor As Descendants 

First Generation Progeny With 
Ancestral Ties to Prominent culdvars 

Busola 98 
Chippewa 80 
Daber 98 
Earlalne 70 

Early Rose 100 
Garnet Chili 100 
Germ. No. 3895-13 61 
Imperator 98 
Katahdin 93 

Richter's Jubel 73 

Sutton's Flourball 98 
Triumph 77 

Petronius, USDA 40238, USDA 40568, USDA 48774 
B127, B1299-15, B2067-52, B2068-23, Sebago, USDA 44537, W13-253 
Odin, Pommerania, Prof. Wohltmarm, Reichskanzler, Wilhelm Korn 
A102-35, B24-58, B56-1, B56-11, Delta Gold, F43021, Teton, USDA 45075, USDA 46952, USDA X247-24, 
USDA X247-44, USDA X247-48, USDA X499-A, USDA X792-24, USDA X792-88, USDA X792-94, USDA 
X96-44, USDA X96-56, USDA X96-140 
Burbank, Early Ohio, Imperator, Silverskin, unnamed seedling 
Early Rose, Early Vermont, Peerless 
USDA X44-12, USDA X96-44, USDA X96-56, USDA X96-140 
Helios, Imperia, Maercker, Neue Imperator, President, Victoria Auguste 
1441-8, B127, B126846, ]33511-17, B3820-14, Cayuga, F34011, F43026, F45019, Houma, LaSoda, MN66- 
5, MN80-7, MN9-4, Mohawk, NDg-4-1, NEB.101.40-3, Onaway, Peconic, Pontiac, RD3-22, Reddick 421, 
Saranac, Sebago, Sequoia, USDA 44537, USDA 45075, USDA X1241-91, USDA X1276-179, USDA X444- 
12, USDA X627-126, USDA X627-213, USDA X927-3, US-Wl, W13-253, W5279-4, W5289-2, Wauseon 
Hindenburg, Imperia, Menommee, MN43, MN43.39-6-40, Ontario, Parnassia, USDA X245-52, USDA 
X245-186, USDA X499-A, USDA X528-170, USDA X528-229, USDA X528-349. 
Hermann, Juno, USDA 24642 
F43021, LaSoda, ND217-5, NEB.101.40-3, Pontiac, USDA 40154 

Carter Rough Pu~lc Chili 

Garnet Chili White Dalmr 

i I '~ Pate~n's I ~ Hermann [ 
EarlyVermont [ ] Early Rose Vwtona I / | I 

/ / I  -/ / \  E vonl V ~ [ Seedling Imperator ~" ~"'Fr6msdorf [ 

/ ! I .  l Early 
gl~e ..... * ~[F /Hnel i°s  Sun~se l ~  S~ed I Aroostook 

/ Triumph / / ,t t \  I I Wonder 
4, q / F~,~ mgeld ~' ¢ I I 

Green / -",~ "~. / Reichskanzler I I 
Mou tai / / n I I 

J Alabaster "V-- .,. / I I 

S ,eOn r / ¢ " ' - - . /  I I 
\ / Buola ¢ -  ~ I I 

Victor'~aAugu~ / I ~ 4 Triu?ph 4 4 
I / ]_ ~ Petmnius / USDA24642 

l /USD~40238 1. /  i l l  
Riehter"s Jube, / ~ USDA40154 ] ] 

,,J USDA 41582 1 /11 
w -  " ~  USDA 41724 Rural NewYorker ' USDA40568 I~ . / ] ]  

~ ~Cobble'r USDA 43055 N I  
Germ. No. 389.5-13 \ $ ~ ~, ] ] / 

USD~X95_56"~ X ~ " ~  - . / / /  
K ~ e n n e b e ~ B  127 4..,.. Chip pewa I I 1 

Katahdim t 

FIGURE 1. 
Interrelationship of  founding potato clones, major contributing 
ancestors (MCAs), and selected descendants. MCAs are in bold 
print. 

USDA Beltswille program was the earl iest  federal  breeding 

program in North America  and became the source of much 

of the germplasm used for cultivar development  by later US 

and Canadian breeders.  

Several clones showed up in the pedigrees  of numerous 

prominent  cultivars but  were not  included among the MCAs. 

The most  important  of  these were Rough Purple Chili, Peer- 

less, Irish Cobbler, and Western Red. Rough Purple Chili was 

found to be in the ancestry of  100% of  the cultivars, Peerless 

in the ancestry 75%, Irish Cobbler in 70°/6, and Western Red in 

50%. All three  were  exc luded  from the major  contr ibuting 

ancestor  category because  they passed  their  genes predom- 

inate ly  t h rough  a s ingle descendan t ,  Rough Purple  Chili 

through Garnet  Chili, Peerless through Triumph, Irish Cob- 

b ler  th rough  Ear la ine ,  and  Wes te rn  Red th rough  J e r s e y  

Peachblow. Because the three descendants  of  Rough Purple 

Chili, Triumph, and Irish Cobbler were considered MCAs, the 

contributions of  these excluded clones was accounted for. 

Three other  clones were not  considered as major  con- 

tr ibutors because  they were in the ancestry of  less than half 
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o f  t he  p r o m i n e n t  cu l t ivars .  H o w e v e r ,  t h e s e  c l o n e s ,  Ear ly  

Gem, B5141-6 (Lenape) ,  a n d  Pont iac ,  con t r i bu t ed  heavi ly  to  

cult ivars wi thin  cer ta in  ma rke t  classes.  Early Gem w a s  found  

in  t h e  p e d i g r e e  o f  all  p r o m i n e n t  r u s s e t s  e x c e p t  Kran tz .  

Lenape  w a s  an  a n c e s t o r  o f  all p r o m i n e n t  ch ipp ing  cul t ivars  

r e l eased  af ter  1970 e x c e p t  AC Novachip,  Itasca" Kanona,  and  

NorWis.  Pon t i ac  w a s  an  i m p o r t a n t  con t r i bu to r  to  m o s t  r ed  

cul t ivars  as  well  as  to  m a n y  o f  the  m o d e m  russe t s .  

The n u m b e r  o f  t i m e s  e a c h  MCA a p p e a r e d  in t h e  pedi -  

g ree  of  e a c h  cult ivar  is s h o w n  in Table  5. F o r  individual  cul- 

tivars, t h e s e  va lues  could  be  ve ry  high. Fo r  example ,  Buso la  

a p p e a r e d  in t he  ped ig ree  of  N o r D o n n a  94 t imes,  Goldrush  82 

t imes ,  a n d  C o n e s t o g a  66 t imes .  Ear ly  Rose  a p p e a r e d  in the  

ped ig ree  o f  Go ld rush  93 t imes,  N o r D o n n a  79 t imes,  and  Cal- 

White  66 t imes .  Su t ton ' s  F lourbal l  w a s  d o c u m e n t e d  91, 69, 

and  60 t i m e s  in t he  p e d i g r e e s  o f  NorDonna ,  Goldrush,  a n d  

Cones toga ,  respect ively .  On average,  t he  MCAs a p p e a r e d  in 

the  k n o w n  12 gene ra t ion  ped ig ree s  o f  p r o m i n e n t  cul t ivars  in 

the  range  o f  f rom 4 ( C h i p p e w a  a n d  Germ.  No. 3895-13) to  26 

(Early Rose)  t imes.  

TABLE &--Number of appearances of each major contributing ancestor in the pedigrees of 44 prominent potato varieties. 

Garnet Germ. No. Richter's Sutton's 
Variety Busola Chippewa Daber Earlaine Early Rose Chili 3895-13 Imperator Katahdin Jubel Flourball Triumph 

AC Novachip 20 1 22 3 31 31 1 21 7 4 21 5 
Andover 22 4 12 4 11 10 3 14 6 4 22 3 
Atlantic 17 3 16 3 15 12 2 16 4 3 18 3 
CalWhite 42 7 11 12 66 67 8 21 17 12 34 13 
Cascade 5 0 5 0 12 9 0 6 3 1 6 0 
Centennial Russet 27 1 22 7 23 24 4 18 4 4 18 7 
Century Russet 47 4 28 8 60 57 1 21 19 3 39 13 
Chieftain 15 2 15 2 13 15 1 14 7 1 19 3 
Chipeta 47 8 23 9 51 46 9 32 10 14 37 9 
Conestoga 66 11 22 11 28 24 5 27 35 7 60 14 
Frontier Russet 55 3 18 15 32 34 9 24 13 12 38 15 
Goldrush 82 10 11 32 93 73 18 31 35 24 69 25 
Itasca 62 10 10 28 45 31 20 23 36 16 59 21 
Kanona 1 0 6 0 3 3 0 3 1 0 6 0 
Katahdin 1 0 1 0 1 1 0 1 0 0 2 0 
Kennebec 5 1 6 1 6 7 1 5 1 0 8 1 
Krantz 23 1 6 6 21 17 4 7 8 2 20 7 
LaChipper 1 0 1 0 3 5 0 2 1 1 3 0 
LaRouge 14 2 14 2 12 18 0 12 6 0 20 4 
Mainestay 21 3 13 7 8 7 4 13 5 3 19 5 
Monona 4 2 4 0 4 4 0 4 2 0 8 0 
Nooksack 12 1 17 3 16 17 2 15 1 3 12 3 
Norchip 12 4 13 0 12 10 0 16 9 3 21 0 
NorDonna 94 28 9 30 79 72 19 42 67 40 91 35 
Norland 6 2 6 0 28 38 0 8 4 2 12 2 
NorValley 63 17 11 21 41 29 13 26 69 21 63 20 
NorWis 10 2 11 1 10 9 0 10 4 0 17 1 
Onaway 4 0 5 1 5 6 1 4 1 0 6 1 
Ontario 2 1 2 0 3 3 0 3 1 1 4 0 
Pike 22 4 12 4 11 10 3 14 6 4 22 4 
Ranger Russet 39 7 42 5 53 42 1 40 11 7 32 9 
Red LaSoda 1 0 1 0 2 3 0 1 1 0 2 1 
Red Pontiac 1 0 1 0 2 3 0 1 1 0 2 1 
Red Ruby 32 8 13 5 28 26 4 24 14 12 31 6 
Russet Burbank 0 0 0 0 1 1 0 0 0 0 0 0 
Russet Norkotah 66 5 22 18 64 57 8 30 15 12 42 21 
Russet Nugget 53 5 16 15 47 39 10 24 14 10 39 17 
Sangre 28 3 28 4 44 39 0 24 13 2 26 7 
Sebago 2 1 2 0 2 2 0 2 1 0 4 0 
Shepody 8 1 10 1 23 24 1 10 4 2 12 1 
Snowden 35 7 22 6 50 36 7 29 9 11 30 6 
Superior 3 0 4 1 41 42 1 4 0 1 4 1 
Viking 17 2 19 2 19 14 0 18 9 1 20 3 
Yukon Gold 11 2 11 0 11 7 0 11 9 0 18 0 

Avg. 25 4 12 6 26 23 4 15 11 6 23 7 
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A c r o s s  al l  44 p r o m i n e n t  cul t ivars ,  t h e  gene t i c  c o n t r i b u -  

t i o n  o f  f o u n d i n g  c l o n e s  r a n g e d  f r o m  1.5% ( D a b e r )  t o  23.4% 

( K a t a h d i n )  ( T a b l e  6). K a t a h d i n  is  t he  i m m e d i a t e  p a r e n t  o f  

f ou r  cul t ivars ,  i nc lud ing  Onaway ,  Red  LaSoda,  R ed  Pon t i ac ,  

a n d  Sebago,  r e su l t i ng  in  a 50% gene t i c  c o n t r i b u t i o n  fo r  t h o s e  

cul t ivars .  G e n e t i c  c o n t r i b u t i o n  is  a p r o d u c t  of  b o t h  t h e  n u m -  

b e r  o f  t i m e s  a c lone  a p p e a r s  in  a p e d i g r e e  a n d  t h e  n u m b e r  o f  

g e n e r a t i o n s  i t  is  r e m o v e d  f r o m  t h e  c u l t i v a r  i n  q u e s t i o n .  

C l o n e s  s u c h  as  Daber ,  E a r l y  Rose,  G a r n e t  Chili, a n d  I m p e r a -  

to r  t e n d e d  to  s h o w  up  in  p e d i g r e e s  frequently,  b u t  w e r e  m a n y  

g e n e r a t i o n s  r e m o v e d ,  w i t h  s u b s e q u e n t l y  l o w  gene t i c  contr i -  

b u t i o n s .  C l o n e s  s u c h  a s  C h i p p e w a  a n d  E a r l a i n e  t e n d e d  to  

a p p e a r  r e c e n t l y  in  p e d i g r e e s  a n d  h a d  re la t ive ly  large  gene t ic  

c o n t r i b u t i o n s  w h e n  c o m p a r e d  w i t h  t h e  n u m b e r  o f  appea r -  

ances .  K a t a h d i n  t e n d e d  to  b e  b o t h  a r e c e n t  a n c e s t o r  a n d  to  

a p p e a r  n u m e r o u s  t imes.  The  resu l t  w a s  a r e m a r k a b l e  average  

g e n e t i c  c o n t r i b u t i o n  o f  23.4%. I t  a p p e a r s  t h i s  o n e  c l o n e  is 

r e s p o n s i b l e  f o r  a l m o s t  o n e - f o u r t h  o f  t h e  g e r m p l a s m  t h a t  

m a k e s  u p  p r o m i n e n t  N o r t h  A m e r i c a n  cu l t iva r s .  F o r  s o m e  

c u l t i v a r s ,  t h e  t o t a l  g e n e t i c  c o n t r i b u t i o n  o f  all  M C A s  sur -  

TABLE 6 . - - G e n e t i c  c o n t r i b u t i o n  (%) of each major contributing ancestor to 44 prominent potato varieties. 

Garnet Germ. No. Richter's Sutton's 
Variety Busola Chippewa Daber Earlaine Early Rose Chili 3895-13 Imperator Katahdin Jubel Flourball Triumph 

ACNovac~p 14.3 1.6 2.3 18.8 4.8 4.3 6.3 4.0 35.9 9.4 11.8 8.2 
Andover 7.9 2.1 1.0 9.0 1.0 0.6 2.7 2.0 20.9 4.3 8.8 0.5 
Atlantic 12.5 3.9 1.8 17.2 2.0 1.2 4.7 3.5 28.9 7.8 13.5 1.1 
C~White 4.8 6.0 0.4 7.4 11.7 9.3 3.0 4.3 9.3 15.7 5.0 1.6 
Cascade 10.5 0.0 1.3 0.0 3.0 1.5 0.0 1.4 39.1 0.4 10.1 0.0 
Centenni~Russ~ 7.6 6.3 1.2 21.9 5.0 3.1 10.2 5.5 10.2 6.2 7.2 1.4 
CenturyRuss~ 8.6 4.7 2.2 12.5 15.7 9.9 1.6 3.1 21.9 4.7 8.2 5.5 
Chieftain 10.3 4.7 1.4 6.2 4.2 8.4 3.1 2.1 32.8 3.1 13.2 12.9 
Chipem 7.4 7.8 0.9 15.6 6.3 4.6 11.7 7.5 10.2 21.1 9.3 1.0 
Conesto~ 8.3 7.0 0.9 14.0 2.5 1.6 3.0 2.3 13.5 5.7 7.9 2.1 
~ o n f i e r R ~ s ~  5.8 4.0 0.6 16.7 9.4 8.1 8.5 3.6 8.4 6.4 5.3 1.4 
Goldrush 5.6 4.9 0.3 14.0 12.1 7.8 5.7 4.2 10.4 13.0 5.7 2.3 
Itasca 6.5 4.1 0.6 6.7 2.2 1.7 3.8 1.6 19.1 4.1 7.0 3.6 
Kanona 6.3 0.0 2.0 0.0 0.8 0.4 0.0 1.6 25.0 0.0 6.7 0.0 
Katahdin 25.0 0.0 3.1 0.0 1.6 0.8 0.0 3.1 0.0 0.0 25.8 0.0 
Kenn~ec  16.4 25.0 2.4 25.0 1.4 1.1 25.0 2.1 25.0 0.0 14.6 1.6 
Kran~ 3.4 1.0 0.3 4.5 1.0 0.8 1.8 0.6 11.0 1.0 4.3 1.1 
LaChipper 6.3 0.0 0.8 0.0 8.2 10.4 0.0 3.9 25.0 12.5 8.0 0.0 
LaRouge 11.9 6.3 1.6 6.3 7.0 16.1 0.0 1.5 37.5 0.0 11.8 25.4 
Mainesmy 4.8 1.6 1.0 10.1 0.7 0.4 2.8 1.3 8.6 3.2 4.7 0.6 
Monona 25.0 50.0 3.1 0.0 1.6 0.8 0.0 3.1 ~ .0  0.0 25.8 0.0 
N o o ~ k  10.8 12.5 2.0 28.1 8.5 4.7 15.6 9.9 12.5 9.4 8.5 1.8 
Norchip 6.2 12.5 0.9 0.0 1.6 0.8 0.0 3.2 15.6 9.4 6.8 0.0 
NorDonna 6.8 4.8 0.3 7.4 5.9 6.7 3.8 2.9 20.7 10.7 7.4 11.5 
NoHand 7.8 6.3 1.0 0.0 20.8 15.5 0.0 4.1 25.0 12.5 8.1 18.8 
N o r V ~  5.9 8.1 0.4 5.1 2.0 1.4 2.2 2.3 14.0 7.6 6.0 2.6 
NorW~ 18.9 25.0 2.5 6.3 1,3 0.7 0.0 2.4 5 . 8  0.0 19.3 0.8 
Onaway 16.4 0.0 2.4 25.0 1.4 1.1 25.0 2.1 50.0 0.0 14.6 1.6 
Ontario 12.5 25.0 1.6 0.0 7.0 3.5 0.0 14.1 25.0 50.0 12.9 0.0 
~ 7.9 2.1 1.0 9.0 1.0 0.6 2.7 2.0 20.9 4.3 8.8 0.6 
RangerRusset 9.0 7.8 2.7 12.5 11.2 6.3 1.6 6.1 12.5 15.6 10.5 3.1 
Red LaSoda 12.5 0.0 1.6 0.0 13.3 19.1 0.0 1.6 ~ .0  0.0 12.9 50.0 
RedPonf i~  12.5 0.0 1.6 0.0 13.3 19.1 0.0 1.6 50.0 0.0 12.9 ~ .0  
RedRuby 4.6 3.7 0.5 3.3 4.6 4.6 1.5 2.7 12.8 9.0 4.9 6.4 
R u s s ~ B ~ b ~ k  0.0 0.0 0.0 O.O ~ . 0  25.0 0.0 0.0 0.0 0.0 0.0 0.0 
R ~ s ~  Norkotah 7.4 6.3 0.8 20.3 18.6 9.9 7.4 5.4 10.7 9.9 6.2 3.7 
R ~ s e t N u ~  5.9 4.7 0.6 13.2 7.5 4.0 7.1 3.6 11.0 6.0 5.8 2.0 
San~e 10.9 7.8 1.5 12.5 14.8 10.2 0.0 2.8 28.1 6.3 10.0 8.6 
Seb~o  25.0 ~ .0  3.1 0.0 1.6 0.8 0.0 3,1 ~ .0  0.0 25.8 0.0 
S h ~ o ~  10.4 3.1 4.5 6.3 7.8 7.1 6.3 4.4 ~ .4  12.5 10.8 0.4 
S n o w ~ n  8.8 7.0 1.2 20.3 5.4 2.8 10.2 6.8 9.4 23.4 9.4 1.3 
Superior 3.9 0.0 0.9 25,0 11.6 6.2 25.0 3.6 0.0 12.5 1.7 1.6 
Viking 14.5 12.5 2.0 12.5 5.0 5.7 0.0 3.4 37.5 6.3 13.6 13.3 
YukonGold 15.6 12.5 2.0 0.0 1.0 0.4 0.O 2.0 ~ .0  0.0 16.1 0.0 

Avg. 10.1 8.0 1.5 9.4 7.2 5.7 4.6 3.5 23.4 7.4 10.2 5.6 
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passed 100. This resul ted  from interre la t ionships  among 

MCAs which caused redundancy in computed contributions 

(see Figure 1). 

The last analysis was computation of the genetic contri- 

bution of all exotic germplasm. For purposes of definition, 

exotic germplasm was considered to be all wild species or 

ancestors unlikely to share common lineage with the found- 

ing clones. This definition led to the exclusion of cultivars 

and clones with North American or European origins. The 

resulting pool of exotic ancestors  included accessions of 

eleven Solanum species and subspecies, four South and Cen- 

tral American cultivars, and three accessions with S. dem/s- 

s u m  backgrounds that may or may not be unique from that 

of Germ. No. 3895-13 (Table 7). A few of these ancestors,  

including Acc. 25892, Acc. 25949, Acc. 25953, Ru4, Germ. No. 

3895-13, and AC25953, have undocumented lineage and are 

likely not entirely exotic but  do have known species back- 

grounds. They were considered to be exotic for the purposes 

of this study. Excellent summaries of exotic germplasm used 

in breeding North American cultivars were given by Hougas 

and Ross (1956) and again by Plaisted and Hoopes (1989). 

Thirty-four of the 44 (a remarkable  77%) p r o m i n e n t  

North American cnltivars had some type of exotic ancestry 

(Table 8). The other ten cnltivars had no identifiable exotic 

ancestors. Sixteen (36%) cultivars had a genetic contribution 

of exotic germplasm greater  than zero bu t  less than  10% 

(Table 8). At the other extreme, nine cultivars theoretically 

der ived 25% or more  of  their  genotypes  f rom exot ic  

germplasm. These inc luded  Atlantic (31.3%), Cones toga  

(32.3%), I tasca (26.9%), Kennebec  (25%), Krantz (49.5%), 

Onaway (25%), Russet Nugget (34.1%), Superior (25%), and 

Yukon Gold (31.3%). Russet Nugget has Krantz as one par- 

ent and derives most  of its exotic ancestry from that side of 

the pedigree. Krantz has not  only a high percentage of exotic 

parentage in its background, but an unusual  combination of 

wild species (Tables 7 and 8). This is also true of Conestoga 

which has an exotic germplasm genetic contribution of 32.3% 

and within 6 generations includes seven So lanum species 

and subspecies in its ancestry. Additional cnltivars with high 

in fus ion  rates  of exot ic  ge rmplasm inc luded  Andover  

(17.5%), Centennial Russet (15.7%), Chieftan (15.6%), Chipeta 

(17.8%), Frontier Russet (17.5%), Mainestay (18.0%), Nook- 

sack (16.6%), Pike (19.9%), and Snowden (22.7%). 

The infusion of exotic germplasm is a relatively recent 

p h e n o m e n o n .  The only mean ingfu l  in fus ion  of exot ic  

germplasm into prominent  varieties released before 1966, 

evident from the pedigrees, was the use of S. d e m i s s u m  for 

late blight resistance in the late 1930s and 1940s. This breed- 

ing effort was widely embraced and resulted in Germ. No. 

3895-13 being utilized sufficiently often as a parent to be con- 

sidered an MCA. 

Based on the percent  of cultivars as descendants,  the 

most  commonly used exotic ancestor was Germ. No. 3895- 

TABLE 7.--Description and origin o f  exotic germplasm 

found  in pedigrees of  prominent  North American 

cultivars. 

Percent of 
Exotic Prominent Varieties Description and 
Germplasm as Descendants Origin 

acl 20 Solarium acaule from Peru 
adg 25 Solanum tuberosum subsp, andigena from 

Central and South America 
chc 18 Solanum chacoense from Argentina and 

Bolivia 
dem 20 Solanum demissum from Mexico (sources 

other than those listed elsewhere) 
ktz 2 Solanum kurtzianum from Argentina 
mag 2 Solanum maglia from Chile 
phu 14 Solanum phureja from Bolivia, Columbia, 

and Peru 
rap 7 Solanum raphanifolium from Peru 
sire 2 Solanum simplicifolium from Argentina 

and Bolivia 
spg 7 Solanum spegazzinii from Argentina 
stn 2 Solanum stenotomum from Bolivia and Peru 
tot 2 Solanum torcdapanum from Argentina and 

Bolivia 
Acc. 25892 5 A USDA accession of Mexican derived S. 

demissum 
Acc. 25949 11 A USDA accession from the Max Planck Insti- 

tute (Germany) derived from S. tuberosum 
and S. dem/ssum 

Acc. 25953 2 A USDA accession from the Max Planck Insti- 
tute (Germany) derived from S. tuberosum, S. 
tuberosum subsp, andigena, andS. dem/ssum 

Ru4 2 A German (Rudor0 seedling with S. dem/s- 
sum and S. tuberosum ancestry. Imported 
into Mexico by Neiderhauser. Around 1960 
this seedling or its hybrid with Katahdin was 
imported as Acc. 26055 into the US by USDA 
breeders 

Costa Rican Cultivar 18 An unnamed seedling from Central America 
(Plaisted and Hoopes, 1989) 

SA327 18 An unnamed South American cultivar 
(Reeves et al., 1980) 

Villaroela 48 A cultivar imported into the US from Chili 
(Plaisted and Hoopes, 1989) 

Yema de Huevo 7 A South American cultivar imported into the 
US from the International Potato Center 
(GRIN database) 

Germ. No. 3895-13 61 (See Table 2) 
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T~LE 8.--Genetic contribution of aU exotic germplasm to 

each of 44 prominent vultivars. 

Genetic Exotic Germplasm 
Cultivar Contribution 1 (# times in pedigree) 2 

(%) 

AC Novachip 6.3* G (1) 
Andover 17.5" adg (2), chc (1), V (4), G (3) 
Atlantic 31.3" adg (1), chc (1), V (2), SA (2), CRV (1), G (2) 
CalWhite 5.7* adg (8), dms (8), Acc. 25949 (1), V (10), G (8) 
Cascade 6.3 adg (1), dins (8) 
Centennial Russet 15.7" adg (1), dms (16), V (6), G (4) 
Century Russet 3.9* acl (2), V (2), G (1) 
Chieftain 15.6" acl (1), V (2), G (1) 
Chipeta 17.8" chc (1), dins (8), CRV (1), SA (2), V (4), G (9) 
Conestoga 32.3" phu (1), adg (1), chc (2), mr (1), sm (1), sim (1), 

ktz (1), acl (6), CRV (2), SA (4), V (2), G (5) 
Frontier Russet 17.5" adg (1), dms (2), Acc. 25949 (1), V (8), G (9) 
Goldrush 8.2* adg (1), Acc. 25949 (1), V (24), G (18) 
Itasca 26.9* mag (1), dem (9), adg (1), spg (1), rap (1), 

phu (1), Acc. 25892 (1), Acc. 25949 (1), YDH 
(1), V (20), G (20) 

Kanona 6.3 adg (i) 
Katahdin 0.0 None 
Kennebec 25.0* G (1) 
Krantz 49.5* spg (1), rap (1), phu (1), Acc. 25949 (1), V 

(lO), YDH (U, G (4) 
LaChipper 0.0 None 
LaRouge 0.0 None 
Mamestay 18.0" Acc. 25953 (1), chc (1), Ru-4 (1), CRV (1), 

SA (2), V (2), G (4) 
Monona 0.0 None 
Nooksack 16.6" dem (8), G (2) 
Norchip 3.2 acl (2) 
NorDonna 6.1" acl (1), V (12), G (19) 
Norland 0.0 None 
NorValley 9.2* acl (6), chc (1), phu (2), Acc. 25892 (1), CRV 

(1), SA (2), V (6), G (13) 
NorWis 2.3 SA (2), CRV (1) 
Onaway 25.0* G (1) 
Ontario 0.0 None 
Hke 19.9" adg (2), chc (1), CRV (1), SA (2), V (4), G (3) 
Ranger Russet 7.9* V (4), G (1) 
Red LaSoda 0.0 None 
Red Pontiac 0.0 None 
Red Ruby 2.3* V (2), G (4) 
Russet Burbank 0.0 None 
Russet Norkotah 8.6* dem (1), V (6), G (8) 
Rnsset Nugget 34.1" spg (1), rap (1), phu (1), V (12), YDH (1), G 

(1O) 
Sangre 3.1 acl (2) 
Sebago 0.0 None 
Shepody 6.3* G (1) 
Snowden 22.7* chc (1), SA (2), CRY (1), V (4), G (7) 
Superior 25.0* G (1) 
Viking 6.3 acl (2) 
Yukon Gold 31.3 phu (1), acl (2) 

IGenetic contribution percentages accompanied by an * are overesti- 
mates due to the presence of unknown S. tuberosum parentage in one or 
more exotic ancestors. Calculations were made from ancestors within 12 
generations. 
2See Table 6 for an explanation of origins of exotic germplasm. Numbers 
in parentheses give the number of generations from the prominent cul- 
tivar to the exotic ancestor. Abbreviations: G = Germ. No. 3895-13, CRV 
= Costa Rican Cultivar, SA = SA327, V = Villaroela, and YDH = Yema de 
Huevo. 

13, an S. demissum derivation. This clone was  p resen t  in 61% 

of the p r o m i n e n t  cultivars. Sixty-four pe rcen t  of the cultivars 

had  S. d e m i s s u m  a n c e s t r y  f r o m  o n e  s o u r c e  o r  ano the r .  

O the r  c o m m o n  e x o t i c  a n c e s t o r s  i n c l u d e d  Vil laroela ,  S. 

tuberosum subsp,  andigena, S. acaule, S. chacoense, a Costa 

Rican  cul t ivar ,  an  u n n a m e d  Sou th  A m e r i c a n  cu l t iva r  (SA 

327), and S. phureja, presen t  in 48, 25, 20, 18, 18, 18, and  14% 

of  the 44 North  Amer ican  cultivars, respect ively (Table 7). 

Whereas  the  genet ic  contr ibut ion of  the  MCAs should be 

considered a min imum,  the genetic cont r ibut ion  of the exotic 

ances tors  should,  for three  reasons,  be  cons ide red  a maxi-  

mum.  Firstly, the  exotic ances tors  no t  directly derived from 

wild species  likely share c o m m o n  lineage with the founding 

c lones  and  MCAs. This is especially t rue for Acc. 25892, Acc. 

25949, Acc. 25953, Germ. No. 3895-13, a n d  Ru4, all with S. 

demissum b a c k c r o s s e d  to S. tuberosum an u n d e t e r m i n e d  

n u m b e r  of  times. Secondly, the na ture  of  pota to  breeding pre- 

vents  the  gross  genet ic  cont r ibut ion  of  exotic pa ren t s  from 

reaching its theoret ical  level. Select ion among  clonally prop- 

aga ted  fami l ies  de r ived  f rom c ro s se s  w i th  exot ic  pa r en t s  

tends  to favor preservat ion of the S. tuberosum parental  geno- 

type. As a result ,  useful  genes  f rom the  exot ic  pa ren t s  are 

introgressed, bu t  the gross genetic cont r ibu t ion  of the  exotic 

parent  is d iminished be low computed  levels. Thirdly, only a 

small  por t ion  of  the actual  pedigree of  each  cultivar is k n o w n  

and  the u n k n o w n  por t ion  is likely all S. tuberosum, closely 

related to the MCA's and  founding clones. 

One  a s sumpt ion  m a d e  in mos t  computa t ions  of  genetic 

relatedness is that  dead-end (those with u n k n o w n  parentage) 

ances to r s  in a pedigree  are un re l a t ed  (Glendinning ,  1997). 

The m o s t  c o m m o n  d e a d - e n d  a n c e s t o r s  i den t i f i ed  in  th is  

s tudy  were  Aroos took  Wonder ,  Su t ton ' s  Flourbal l ,  Daber,  

I r ish Cobbler ,  R ough  Purp le  Chili, Rura l  New Yorker  #2, 

Early Sunrise,  Lookout  Mountain,  White  Rocks, Carter, and  

several  o ther  old cultivars. By assumpt ion ,  these  ances tors  

are cons idered  to be  unrelated.  However,  this  a s sumpt ion  is 

inaccura te  (Glendinning,  1997; Hawkes,  1979). As an  exam- 

ple, Aroos took  Wonder ,  Irish Cobbler,  Rural  New Yorker #2, 

Lookout  Mounta in ,  Carter, and  poss ib ly  Ear ly  Sunrise  (iden- 

t i ty s o m e w h a t  uncer ta in )  were developed dur ing the  per iod 

1860-1900 w h e n  it was c o m m o n  pract ice in  the US to develop 

n e w  cult ivars by  select ing among  open  pol l ina ted  seedlings 

for the purpose  of  c i rcumvent ing  a p rob l em  k n o w n  as "run- 

n ing  out". This  pract ice  reach  its peak  fol lowing the  intro- 

duct ion  of  Goodrich 's  Rough Purple  Chili, and  mos t  cultivars 

developed dur ing this t ime were derived, at least in part, from 

this  source  (Pla is ted  and  Hoopes,  1989; Stuart,  1929). Evi- 
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dence for this statement comes from the documented parent- 

age of large numbers of  cultivars that came out of this same 

period. The vast majori ty have as one parent  Garnet  Chih, 

Early Rose, or one of  the other Rough Purple Chili derivatives. 

There is some evidence that Aroostook Wonder is identical to 

the m o d e m  White Rose (Folsom, 1945; Clark and Lombard, 

1951). If so, it is undoubtedly a descendant of  Rough Purple 

Chili. It is also likely that the dead-end ancestors of  European 

origin are interrelated (Glendinning, 1983). Regardless, even 

when no relationship can be inferred from historical evidence, 

the gene base of these early founding clones undoubtedly had 

their roots within the germplasm derived from the four intro- 

duction events described in the beginning of this paper. 

The result of the interrelatedness, in combination with 

the large proportion of  most  pedigrees which are unknown, 

is that inbreeding, coancestry, and genetic contribution coef- 

ficients are grossly underestimated. Except for the infusions 

of  exotic germplasm documented in Tables 7 and 8, there is 

no evidence from the pedigrees that significant proportions 

of  germplasm in prominent  cultivars has any source other  

than the 20 founding clones and 12 MCAs. The interrelation- 

ships  among the MCAs (Figure 1) cont r ibu tes  fur ther  to 

inbreeding with its potential to reduce the gene base. 

The higher genetic contribution of exotic germplasm in 

newer  cultivars indicates that  many breeders  are success- 

fully expanding the gene base. This is important  f rom the 

s t andpo in t  of  i m p r o v e d  pes t  and d isease  res i s tance ,  

improved yield potential, and introduction of important novel 

traits (Horsfall, 1972; Mendoza and Haynes, 1974; Plaisted 

and Hoopes, 1989). All prominent  North American cultivars 

re leased since 1965 have some exotic ancestry. However ,  

because  the crop was domest ica ted  using only four  intro- 

duc t ions  and mos t  of  the gene  base  is a resul t  of  c lones  

de r ived  f rom those  in t roduc t ions ,  the gene  base  is still  

remarkably narrow. Expansion of  this base in potatoes has 

only jus t  begun and will require  purposeful ,  unwaver ing  

efforts by breeders. 
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