
Theor Appl Genet (1991) 82:430 440 

�9 Springer-Verlag 1991 

Somaclonal variation in tuber disc-derived populations of potato 
I. Evidence of genetic stability across tuber generations and diverse locations * 

R.C. Rietveld 1,**, p .M.  Hasegawa 2, and R.A. Bressan 2 
1 Rietveld Enterprises, Inc., P.O. Box 828, Wendell, ID 83355 USA 
2 Department of Horticulture, Purdue University, W Lafayette, IN 47907 USA 

Received July 6, 1990; Accepted January 23, 1991 
Communicated by A.R. Hallauer 

Summary. Approximately 1,600 potato (Solanum tubero- 
sum L.) plants of the cultivar 'Superior' were regenerated 
in vitro from meristems adventitiously initiated on tuber 
disc explants. Direct regeneration from tuber disc cells, 
by passing a callus intermediary, is efficient and results in 
low frequencies of plants with gross phenotypic aberra- 
tions. The somaclonal plant population was statistically 
characterized in field plots over five asexual generations 
and in three diverse locations. When compared in ad- 
vanced generations to a large population of control 
plants propagated from stem cuttings, the means of the 
somaclonal population were significantly different, often 
shifted in the desirable direction, for 16 of 22 horticultur- 
ally important traits. Somaclonal population variances 
statistically exceeded those of the controls for 13 of the 
22 traits. Regressions between consecutive tuber genera- 
tions and between locations or replications (blocks) with- 
in a generation were significant in the somaclonal popu- 
lation for all traits analyzed. In a few instances, signifi- 
cant control population regressions occurred that are 
interpreted to be the result of non-random, non-genetic 
factors primarily affecting control plants of low vigor. 
Selected somaclones exhibiting desirable alterations for 
yield, tuber number and shape, and vigor were stable 
over more than two consecutive asexual generations. 

Key words: Solanum tuberosum L. - Adventitious regen- 
eration - Heritability - Statistical analyses - Quantitative 
traits 

* Research supported by a grant from NPI, 417 Wakara Way, 
Salt Lake City, UT 84108 
** To whom correspondence should be addressed 

Introduction 

Much attention has been given to somaclonal variation 
as a tool for plant improvement (Larkin and Scowcroft 
1981; Larkin and Scowcroft 1983; Evans et al. 1984). The 
potential of somaclonal variation may be the greatest in 
asexually propagated plants and in potato, in particular, 
due to difficulty with integrating desirable traits into 
polyploid genomes. There are reports indicating variabil- 
ity for traits including tuber, flower, leaf, and overall 
foliage characteristics in potato plants regenerated from 
various types of tissues (Secor and Shepard 1981; Thom- 
as et al. 1982; Sree Ramulu et al. 1983; Wheeler et al. 
1985; Austin et al. 1986; Evans et al. 1986; Rietveld et al. 
1987). 

Despite these encouraging reports, the use of so- 
maclonal variation techniques has been very limited in 
potato breeding programs. In part this may be due to 
conflicting reports on its potential to improve commer- 
cially important characteristics such as yield and quality. 
Evidence indicating yield gains for somaclones (Secor 
and Shepard 1981; Evans et al. 1986) has been offset by 
reports of overall yield reduction of somaclones (Austin 
et al. 1986), lack of stability of putative high yielding 
somaclones in advanced tuber generations (Pavek and 
Corsini 1982), and suggestions that higher yielding so- 
maclones may be bolters (Sanford et al. 1984). Also, only 
a few studies (Secor and Shepard 1981; Sree Ramulu 
et al. 1983) were conducted with initial somaclone popu- 
lation sizes near 1,000. Large populations are probably 
necessary to isolate specific somaclones that can be 
shown to be statistically superior to control plants under 
field conditions (Shepard 1979). Lastly, reports of stabil- 
ity across asexual generations and across diverse loca- 
tions (Secor and Shepard 1981; Pavek and Corsini 1982; 
Sree Ramulu et al. 1984; Evans et al. 1986) are uncom- 
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mon and often inconclusive. In asexually propagated 
crops, stable transmission of a trait across at least two 

successive asexual generations is necessary to substanti- 
ate the genetic base of that trait (Scowcroft 1985). 

We have developed an efficient method of adventi- 
tious regeneration of potato from tuber disc explants 
(Lam 1977; Jarret et al. 1980 a; Jarret et al. 1981; Rietveld 
et al. 1987). Using this methodology, we regenerated a 
large populat ion of somaclones from the locally popular 
cultivar 'Superior '  (Rieman 1962). A smaller populat ion 

of control plants was clonally propagated from lateral 
shoots so that statistical comparisons to the somaclones 
could be made on the populat ion level. Furthermore, 
these populations were studied across five asexual gener- 
ations, and the phenotypes were evaluated in three di- 
verse locations. We present evidence of somaclonal vari- 
ation for commercially important  traits occurring at fre- 
quencies that should be useful for breeding purposes. 
Many somaclones exhibited phenotypic stability and 
maintained the horticulturally desirable characteristics 

inherent to 'Superior' .  

Materials and methods 

Tuber disc regeneration 

Potato tubers (progeny of certified seed) of the cultivar 'Superi- 
or' were used as a source of disc explant material and were 
cultured onto a first medium as previously described (Jarret 
et al. 1980a, b; Rietveld et al. 1987). Shoot primordia appeared 
on the disc perimeters after 6-8 weeks, and the discs were 
transferred to a second medium containing gibberellic acid to 
elicit shoot elongation after 5 7 weeks (Jarret et al. 1981; Riet- 
veld et al. 1987). Only one shoot, measuring 4 cm and possessing 
well-expanded leaves, was severed from a single initiation site on 
the disc to exclude the inclusion of clones resulting from the 
same meristem (Jarret et al. 1981). Shoots from all meristems 
were represented in the population to avoid selection of only the 
most vigorous shoots. 

Shoots were cultured in 200-ml glass jars onto a third medi- 
um containing one-quarter strength MS salts and, in mg 1 1: 
i-inositol, 100; thiamine, 0.5; glycine, 2.0; pyridoxine, 0.5; nico- 
tinic acid, 0.5; sucrose, 30,000; and Bacto-agar, 8,000 to elicit 
root initiation. After 1 week under low light (60 p.E m-2 s- l) at 
26 ~ the jars were placed under high intensity lighting (150 gE 
m -2 s-1) at the same temperature for an additional 1-2 weeks. 

Rooted plantlets were acclimated to ambient humidities un- 
der hydroponic conditions and low light (50-60 ~tE m -2 s-1) 
using half-strength Hoagland's solution, pH 6.5 at 24~ After 
1 2 weeks plantlets were transplanted into 5-cm square peat 
pots containing a standard greenhouse soil mix. After i week of 
partial shading, plantlets were allowed an additional 3 weeks of 
growth under full sun prior to field establishment. 

Establishment of  control plants 

Terminal shoots, 6-8 cm in length, were severed from plants 
established from the same lot of tubers as used for production 
of adventitious shoots in vitro. These shoots were induced to 
form roots in 5-era peat pots within 2 weeks on a mist bench in 
the greenhouse. Control plant establishment was coordinated 
with the development of the plants derived from tissue culture. 

Field establishment and experimental design 

Over 2,000 tuber disc-derived (hereafter termed treatment) and 
control potted plants were transplanted to the field in a repeated 
linear pattern of one control plant followed by five treatment 
plants. Within row plant spacing was 91 cm. Since control plants 
provide an estimate of environmental and any clonal variability, 
a smaller control population was established to allow the inclu- 
sion of the highest number of treatment plants. At maturity, 
tubers were collected from each plant, separately bagged, data 
collected, and the tubers were subsequently stored at 5 ~ 

The initial planting was termed the A o generation (A for 
asexual propagation), and the tubers from this A o generation 
were used to establish the A 1 generation. Specific lines (i.e., 
individual plants from the A o generation were defined as puta- 
tive lines) were chosen for inclusion in the A 1 generation by 
meeting the selection criteria presented in Fig. 1. The selected A o 
tubers were cut into seed pieces weighing 45_ 3 g, allowed to 
suberize, and then planted at a 91 cm spacing and to a depth of 
4-5 cm. To reduce heterogeneous field effects, up to 10 plants 
were established from each selected line, and these plants were 
divided equally between two completely randomized blocks. 

Subsequent generation studies were designed and estab- 
lished as presented in Fig. 1. Tubers from the A 2 through the A 4 
generations were collected, stored, and prepared for planting the 
following season using the methods described above. The only 
exception was the bulking of tubers harvested from the 20 plants 
in each block-replication in generations A 3 and A 4. In these 
instances collection and bagging of tubers from individual 
plants was not feasible because a closer plant spacing of 30 cm 
was used. 

The proportion of lines infected with potato viruses X, Y, 
and leaf roll was estimated in the A 3 and A 4 generations. Leaves 
from one plant of each line in each of the two blocks were tested 
for the three viruses using the POTASCREEN TM ELISA assay 
available from Agdia (Elkhart, Ind., USA). 

Collection and analysis of  data 

In the advanced generations 16 quantitatively measured traits 
and 6 ranked traits were used to characterize the lines (see Table 
1). The characterization of earlier generations was based on 
fewer traits. All measured traits except main stem length were 
collected from every bagged sample. The main stem length mea- 
surement and all ranked traits were collected from a random 
sample representing 40% of all experimental units. 

Results 

Mean and variance differences on a population level 

Block effects were not  significant in A1-IND-82, A z- 
IDA-83, and A2-IND-83 (data not  shown). In A3-IDA- 
84, a highly significant block effect was observed (data 
not  shown), presumably due to a confounding seed piece 
origin effect since block A was derived from A2-IDA-83 
and block B from Az-IND-83 (see Fig. 1). The three 
locations of the A 2 generation exhibited large mean dif- 
ferences for many traits (data not  shown). For  example, 
treatment populat ion means for total tuber weight per 
plant  were 727, 446, and 213 g in Az-IDA-83, Az-IND- 
83, and Az-CAL-83, respectively. In A 3 , the mean values 
of block A greatly exceeded those of block B for every 
trait except total tuber number.  The block effect was not 
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Generation, location, and year 

A0-1ND-81 

Design 

Field established from tissue culture. One 
plant represented each line. A total of 1545 
treatment and 397 control lines survived. 

A1 - IND-82  

/ 
A2-IDA-83 A2-1ND-83 A2-CAL-83 

A total of 202 treatment and 42 control lines 
were selected from Ao-IND-81 based on 
low, middle, and high 2.5% regions of total 
tuber weight and total tuber number distri- 
butions. These selected lines were repre- 
sented by up to 10 plants each divided be- 
tween 2 blocks. 

The Al-IND-82 experiment was essentially 
duplicated as three plots planted in three 
diverse locations. The number of lines and 
plants per line were the same as in Al-IND- 
82. 

A3-1DA-84 A3 - IDA-  8/, 

(Btock A} (Brock B) 

A4-1DA-B5 A4-1DA-85 

(Block A) (Brock B) 

Based solely on total tuber weight, the top 
25% of the A2-83 lines were selected from 
A2-1DA-83 and A2-1ND-83 and these estab- 
lished blocks A and B, respectively, of A 3- 

IDA-84. The 47 treatment and 10 control 
lines were represented by 120 plants each 
divided between two blocks and among 
three replications per block. 

This experiment was a repeat of A3-1DA-84. 

Fig. 1. Flow chart of asexual genera- 
tion advancement. Asexual genera- 
tions are represented by Ax, where 
x = consecutive generation number 
(initial generation of plantlets from tis- 
sue culture is Ao). Locations are abbre- 
viated as follows: CAL E1 Centro, 
Calif., IDA Wendell, Idaho, IND 
LaCrosse, Ind. 

significant in A4-IDA-85; this apparent provenance ef- 
fect was not stable for more than one tuber generation. 

Means and variances of  the treatment and control 
populations and the appropriate statistical tests (Neter 
et al. 1978) are presented in Table 2. Data  collected from 
the asexual generation lineage passing through Az-IND- 
83 and blocks B of  A 3 and A 4 are not presented (see 
Fig. 1). The results of  this lineage agree with the lineage 
passing through A2-IDA-83, except the treatment means 
statistically exceed the control means for the traits of  cull 
tuber number and weight in the A2-IND-83 lineage (data 
not shown). A preponderance of  treatment lines at the 
high end of  the distribution region for several traits is 
reflected in significant variance differences (Fig. 2). In 
the A 3 and A4 generations, additional traits were mea- 
sured that were not included in the earlier generations 
(Table 3). 

Line-to-line mean differences 

On a population level the treatment and control popula- 
tions were significantly different for most traits. More 
direct line-to-line comparisons between the two popula- 
tions are presented in Table 4. Comparisons made in the 
A 4 generation between individual treatment lines and the 
extreme control lines or the 95% confidence intervals of  
the control lines substantiate the unidirectional shifts in 
the somaclones. 

Individual A 4 treatment line means were statistically 
compared to control mean values using the Least Signif- 
icant Difference (LSD) Test at the 5% level. The propor- 
tions of  treatment lines significantly exceeding control 
mean values for tuber elongation ratio and total tuber 
number and weight were 0.92, 0.56, and 0.23, respectively 
(data not shown). When these statistical comparisons 
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Table 1. Descriptions of ranked and measured traits 

Ranked traits 

Plant maturity 

Flower number 

Plant vigor 

Leaf color 

Degree of branching 

Time of blooming 

Measured traits 

Tuber elongation ratio 

Total tuber number 

Total tuber weight 

U.S. 1 tuber number 

U.S. 1 tuber weight 

Cull tuber number 

Cull tuber weight 

Main stem length 

Percent scald, growth 
cracks, second 
growth, and sun 
greening. 

Percent hollow heart, 
internal necrosis, 
and vascular discolor; 

Specific gravity 

Rankings and description of ranks 

1 -  3 (late to early maturing) 

0 -2  (none present/few/many) 

1-4 (weak to very vigorous) 

1 3 (pale green/normal/dark green) 

1 -  3 (single/few/many branches) 

1-3 (early to late blooming) 

Description of measurements 

(Total length) (total width)- ~ 
for all U.S. 1 tubers 

Count of all tubers (per plant) 

Weight in grams of all tubers 
(per plant) 

Count of tubers 4.8-8.9 cm in 
diameter (per plant) 

Weight in grams of tubers 4.8-8.9 cm 
in diameter (per plant) 

Count of cull tubers (per plant) 

Weight in grams of cull tubers 
(per plant) 

Length in cm from soil surface to apex 

Each of these four traits is expressed 
as a percentage of cull tuber count 

Each of these three traits is expressed 
as a percentage of U.S. 1 tuber 
count 

Only for U.S. 1 tubers 

were made relative to the highest control  line, the propor-  
tions of  significantly different t reatment  lines were 0.48, 
0.10, and 0.02 for tuber elongat ion rat io and total  tuber 
number  and weight, respectively (data  not  shown). 

Stability within distribution regions 

Equal  propor t ions  of  low, mean, and high performing 
lines (for the two traits total  tuber  weight and number)  
from the t reatment  and control  A o populat ions  were 
selected for inclusion in the A 1 generation (see Fig. 1). 
The performance of  these selected lines in the next two 
generations is of  interest because any stabili ty within the 
dis tr ibut ion regions found for the t reatment  popula t ion  
but  not  found for the control  popula t ion  would support  
the hypothesis of  stable genetic variabi l i ty  resulting from 
adventi t ious regeneration.  Table 5 is a listing of  the distri- 

g 
o 

-$ 
re"  

7 0 " ~  y 

x x  
6 0 " x x  

x x  
5 0 . x x  

x x  
4 0 . •  

x x  
30 . x x  

x x  
x x  

2 0 . x x  
x x  

lO .XX 
x x  

0 Y Y  
1.10 

Control 

Treatment 

1.2 1.3 1.4 1.5 1.6 1.7 1.8 
Average tuber etongation ratio 

~ 4 0 .  
c 

~ 3 5 .  

>.30. 

=~25. 
~ 2 0 .  

>~15 
" 6 1 0  

rv 5' 

5 6 7 8 

Controt 
I ~  Treatment 

9 10 

NNI 

11 
Total tuber number per plant 

Fig. 2. Frequency distributions of the treatment and control 
populations for two traits in the A3-IDA-84 generation 
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Fig. 3. Scatter plot of treatment (circles) and control (triangles) 
lines across two tuber generations for tuber elongation ratio. 
Regression line for the treatment population (solid line) is signi- 
ficant at P_<0.001. Regression line for the control population 
(dashed line) lacks significance at P >  0.05, and although drawn 
with positive slope, this slope is statistically indistinguishable 
from zero 

but ion region means for several traits in the A 1 and A z 
generations. Table 5 does not  include the results of  A 2- 
CAL-83,  but  the da ta  were consistent with those da ta  of  
the other two A2 studies. Da ta  of  the A3 and A4 studies 
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Table 2. Mean and variance results for five generations 

Trait Generation, Treatment Control 
location mean mean 
and year 

Mean difference Variance difference 

t-value Signifi- F-value Signifi- Direction ~ 
cance cance 

Tuber elongation ratio Ao-IND-81 1.396 1.241 23.2 *** 1.64 *** T/C 
Al-IND-82 1.510 1.341 11.9 *** 2.43 *** T/C 
Az-IDA-83 1.328 1.222 5.65 *** 2.60 *** T/C 
A3-IDA-84 1.385 1.184 7.31 *** 8.44 *** TIC 
A4-IDA-85 1.428 1.239 9.94 *** 1.73 * T/C 

Total tuber number Ao-IND-81 14.4 9.18 11.2 *** 1.74 *** T/C 
Al-IND-82 11.3 8.92 4.49 *** 2.21 ** T/C 
A2-IDA-83 9.14 7.84 3.59 *** 1.44 ? T/C 
A3-IDA-84 7.35 6.16 4.57 *** 1.56 ? T/C 
A4-IDA-85 7.21 6.07 4.53 *** 1.21 NS T/C 

Total tuber weight Ao-IND-81 530 683 8.42 *** 1.19 * T/C 
Al-IND-82 1,300 1,180 1.64 * 1.43 ? T/C 
A2-IDA-83 727 661 1.41 ? 1.07 NS T/C 
A3-IDA-84 801 794 0.18 NS 1.98 ? C/T 
A4-IDA-85 746 676 2.21 * 1.23 NS T/C 

U.S. i tuber number Al-IND-82 3.28 3.34 0.56 NS 1.25 * T/C 
A2-IDA-83 3.84 3.52 1.55 ? 1.58 ? T/C 
A3-IDA-84 1.65 2.48 5.84 *** 1.09 NS C/T 
A4-IDA-85 1.52 1.96 4.10 *** 1.38 NS T/C 

U.S. 1 tuber weight Al-IND-82 694 737 1.70 * 1.27 * T/C 
Az-IDA-83 816 787 0.54 NS 1.69 * T/C 
A3-IDA-84 313 478 5.86 *** 1.35 ? C/T 
A4-IDA-85 307 392 3.22 *** 1.03 NS C/T 

Cull tuber number A3-IDA-84 0.411 0.334 1.47 ? 1.79 ? T/C 
A4-IDA-85 0.715 0.826 0.70 ? 1.33 NS C/T 

Cull tuber weight A3-IDA-84 50.8 53.6 0.33 NS 1.01 NS T/C 
A4-IDA-85 62.8 65.4 0.17 NS 1.46 NS T/C 

Main stem length Al-IND-82 67.0 67.1 0.05 NS 1.45 ** T/C 
A2-IDA-83 66.8 68.7 1.02 ? 3.04 *** TIC 
A3-IDA-84 52.2 50.4 1.25 ? 1.67 ? C/T 
A4-IDA-85 53.1 50.1 3.45 *** 1.76 ? T/C 

Maturity index Al-IND-82 1.9 2.0 2.34 ** 1.67 ** T/C 
A2-IDA-83 2.1 2.0 2.08 * 1.39 9 T/C 
A3-IDA-84 2.6 2.9 3.72 *** 5.46 ** T/C 
A4-IDA-85 2.1 2.0 0.48 NS 9.97 *** T/C 

Flower number index Al-IND-82 0.84 0.51 9.29 *** 2.39 *** T/C 
Az-IDA-83 0.66 0.31 5.01 *** 2.11 ** T/C 
A3-IDA-84 1.6 1.2 5.71 *** 1.64 ? T/C 
Ag-IDA-85 1.1 0.61 4.86 *** 1.18 NS C/T 

* P_<0.05; ** P_<0.01; *** P_<0.001; ?, 0.05<P<0.25 (questionable significance); NS, P_>0.25 (non-significance) 
" T/C and C/T designate which population, treatment or control respectively, has the greater variance 

were not  included because selection employed between 

A 2 and A3 eliminated the low and mean regions. Statis- 
tically significant disparity in the treatment populat ion 

across the three distribution regions is noted for all the 

traits listed. Conversely, the three distribution region 

means of  the control populat ion do not significantly dif- 
fer except in A2-IND-83 for total tuber number  and total 

tuber weight. 

Correlations between generations 

Significant correlations between generations were noted 

in all instances for the treatment population, and in con- 

trast, poorer correlations existed in the control popula- 

tion (Table 6). An example of  exceptional regression dif- 
ferences between the two populations is given in Fig. 3. 

In three instances of  significant control correlations, ex- 
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Trait A3-IDA-84 

Mean difference a Variance difference 

A4-IDA-85 

Mean difference Variance difference 

Plant vigor * T/C ? C/T *** T/C ? T/C 
Leaf color ** T/C NS C/T ? T/C * C/T 
Degree of branching ? T/C ? T/C * T/C 9 T/C 
Time of blooming *** T/C *** T/C *** T/C * T/C 
% Scald ? T/C ** T/C *** C/T * T/C 
% Growth cracks * T/C ** T/C - T/C - T/C 
% Second growth NS C/T * C/T ? T/C ** T/C 
% Sun greening NS C/T ? C/T ? T/C NS T/C 
% Hollow heart NS C/T * C/T . . . .  
% Necrosis ? T/C ** T/C NS C/T NS T/C 
% Vascular discolor. * C / T  ** C/T NS T/C ? C/T 
Specific gravity ** T/C NS T/C NS C/T NS C/T 

* P_< 0.05; ** P < 0.01; *** P_< 0.001; ?, 0.05 < P < 0.25 (questionable significance); NS, P > 0.25 (non-significance) 
a T/C and C/T designate which population, treatment or control respectively, has the numerically larger mean or variance 
dashes represent the situation of no lines having the specific phenotype for either or both populations 

value, The 

Table 4. Proportion of 47 total treatment lines numerically exceeding control lines. From the control population of 10 lines, the 95% 
confidence interval was calculated. The proportion of treatment lines which fall above and below this confidence interval are shown 

Trait Proportion of treatment lines in A4-IDA-85 

Above highest Below lowest Above control Below control 
control line control line 95% C.I. 95% C.I. 

Tuber elongation ratio 0.94 0.00 0.96 0.00 
Total tuber number 0.44 0.00 0.69 0.04 
Total tuber weight 0.21 0.04 0.56 0.15 

Table 5. Means of distribution regions in A~ and A z .  Total tuber weight and U.S. 1 tuber weight distributions are based on 
A0-IND-81 total tuber weight data. Totai tuber number and U.S. 1 tuber number distributions are based on Ao-IND-81 total tuber 
number data. Tuber elongation ratio distribution is based on A0-IND-81 elongation ratio data. Means within a row followed by the 
same letter do not significantly differ at the P = 0.05 probability level using Newman-Keuls range test 

Trait Generation Means and Newman-Keuls range test results 

Treatment Control 

Low Mean High Low Mean High 

Tuber elongation ratio Al-IND-82 1.45bc 1.52b 1.62a 1.32c 1.33c 1.36c 
A2-IND-83 1.40abe 1.4lab 1.47a 1.20c 1.25bc 1.21c 
A2-IDA-83 1.29b 1.31b 1.47a 1.23b 1.19b 1.27b 

Total tuber number A~-IND-82 12.7a 11.8a 10.2b 9.52b 9.17b 8.77b 
Az-IND-83 8.48d 12.6c 17.8a 9.94cd 13.2bc 16.6ab 
Az-IDA-83 7.75b 9.29ab 10.7a 6.81b 8.80ab 8.69ab 

Total tuber weight A~-IND-82 1,100b 1,260ab 1,350a 1,130ab 1,260ab 1,230ab 
A2-IND-83 273d 438be 675a 306cd 543abc 644ab 
A2-IDA-83 593b 776ab 852a 63lab 639ab 749ab 

U.S. I tuber number A~-IND-82 4.21a 3.98a 3.22b 3.88a 3.28b 3.36ab 
A2-IND-83 1.60a 1.9% 2.12a 1.7% 2.03a 2.11a 
A2-IDA-83 2.07a 2.84a 2.46a 2.42a 2.87a 2.80a 

U.S. 1 tuber weight Al-IND-82 631b 739ab 816a 795ab 806ab 804ab 
Az-IND-83 231a 315a 313a 277a 293a 342a 
A2-IDA-83 393b 512ab 516ab 475ab 642a 554ab 
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Table 6. Regressions between asexual generations. In those regressions marked with ~, the lower 20% of each population was excluded 
from regression analysis. In those compared generations having significant control population correlation coefficients, the slopes 
between the treatment and control populations do not significantly differ at P<0.05 

Trait Generations Treatment population Control population 
compared 

R coeffi- Signifi- Slope R coeffi- Signifi- Slope 
cient cance b cient cance 

Tuber elongation ratio Ao-IND vs AI-IND 0.31 *** +0.26 0.13 NS --0.10 
A 1-IND vs A z-IDA 0.11 * + 0.15 0.22 * + 0.29 
A2-IDA vs A3-IDA 0.80 *** +0.75 0.23 NS +0.15 
A3-IDA vs A4-1DA 0.40 ** +0.24 0.59 * +0.64 

Total tuber number Ao-IND vs AI-IND 0.30 *** --0.06 0.01 NS --0.00 
AI-IND vs Az-IDA 0.32 *** +0.31 0.26 ** +0.32 
A2-IDA vs A 3-IDA 0. t 9 ~ + 0.09 0.62 * + 0.22 
A2-IDA vs A3-IDA a 0.31 * +0.13 0.62 ? +0.26 
A3-IDA vs A4-IDA 0.38 ** +0.31 0.63 * +0.65 
A3-IDA vs A~-IDA" 0.32 * +0.29 0.31 NS +0.33 

Total tuber weight Ao-IND vs A 1-1ND 0.19 * + 0.25 0.10 NS + 0.13 
AI-IND vs Az-IDA 0.28 *** +0.25 0.17 NS +0.18 
A2-IDA vs A3-IDA 0.29 * + 0.09 0.56 * + 0.27 
A 2-IDA vs A3-IDA ~ 0.36 * + 0.11 0.00 NS + 0.00 
A3-IDA vs A4-IDA 0.27 * +0.31 0.54 ? +0.43 

b See Table 3 for levels of significance 

clusion of  the lower 20 % of each population distribution 
negated control correlation significance, but did not ne- 
gate treatment correlation significance (Table 6, super- 
script a). The slope of  a regression line that does not have 
a significant correlation coefficient is statistically indis- 
tinguishable from a line having zero slope (Neter et al. 
1978). Therefore, in comparisons between the treatment 
and control populations having significant and lacking 
significant R coefficients, respectively, the treatment 
population slope is statistically greater than that of  the 
control slope, regardless of  the actual value of  the latter. 
For  the balance of  the comparisons (i.e., where both 
populations show significant R coefficients and therefore 
non-zero slopes), the slopes do not significantly differ at 
P_<0.05. 

Significant regression correlations between non-suc- 
cessive generations were less common. For  tuber elonga- 
tion ratio, significant regressions were observed in A o 
versus A2 and A o versus A 3 for the treatment population 
only (data not shown). Total tuber number was signifi- 
cantly correlated in A1 versus  A 3 and A2 versus A~, and 
total tuber weight was correlated in A o versus A4. These 
correlations were not significant in the control popula- 
tion (data not shown). 

Correlations between replications of each generation 

Significant correlations were detected between replica- 
tions within a specific generation (Table 7). In the A z 

generation the replications compared were the three loca- 
tions of  California, Idaho and Indiana. In the A 3 and A4 
generations, the replications were blocks A and B that 
were established from A2-IDA-83 and Az-IND-83 tu- 
bers, respectively. This is an important analysis because 
a correlation between replications of  specific lines sepa- 
rated spatially (i.e., different localities in A 2 and different 
areas of  the same field in A 3 and A4) is a strong indicator 
of  stability. The means for most traits greatly differed 
among the A 2 locations and between the A 3 and A~ 
blocks. In those instances where both populations 
showed significant R coefficients, the slopes were found 
to not significantly differ except in the A3-IDA genera- 
tion for tuber elongation ratio. For  this occurrence, the 
treatment and control slopes of  1.09 and 0.49, respective- 
ly, differed significantly at P_<0.05 (Table 7). 

Individual line stability 

The stability of  individual lines was studied by compar- 
ing lines that continued to rank in the top 20% for each 
trait across successive generations (Table 8). Across two, 
three, and four successive generations, each ending with 
A4, the proport ion of  treatment lines observed in the top 
20% of each generation for each trait statistically exceed- 
ed the expected proportions based upon random chance 
(Table 8). In the A2 to A~ generation span, at least one 
treatment line maintained stability in the top 20% of the 
distributions for each of  the 13 traits examined (data not 
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Table 7. Regressions between replications of each generation. In the A 3 and A 4 generations replication (block) A originated from 
A2-IDA-83 and B originated from Az-IND-83. In those generations having significant control population correlation coefficients, 
the slopes between the two populations do not signficantly differ at P < 0.05, except in the A3-84 generation for tuber elongation ratio 

Trait Generation Replications Treatment population Control population 
compared 

R coeffi- Signifi- Slope R coeffi- Signifi- Slope 
cient cance" cient cance 

Tuber elongation ratio A2-83 CAL vs IDA 0.01 NS +0.01 0.11 NS +0.11 
CAL vs IND 0.05 NS -0.04 0.03 NS -0.02 
IDA vs IND 0.15 * +0.13 0.03 NS -0.03 

A3-84 A vs B 0.73 *** + 1.09 0.59 * +0.49 
A4-85 A vs B 0.45 *** +0.48 0.26 ? +0.25 

Total tuber number A2-83 CAL vs IDA 0.13 ** +0.06 0.25 * +0.11 
CAL vs IND 0.24 *** +0.07 0.33 ** +0.06 
IDA vs IND 0.29 *** +0.16 0.18 ? +0.07 

A3-84 A vs B 0.43 ** +0.48 0.10 NS -0.08 
A4-85 A vs B 0.29 * +0.39 0.13 NS +0.12 

Total tuber weight A2-83 CAL vs IDA 0.19 *** +0.06 0.34 ** +0.09 
CAL vs IND 0.25 *** +0.11 0.29 ** +0.09 
IDA vs IND 0.19 *** +0.25 0.15 ? +0.19 

A3-84 A vs B 0.04 NS +0.07 0.31 ? +0.28 
A4-85 A vs B 0.19 ? +0.21 0.14 NS +0.20 

" See Table 3 for levels of significance 

Table 8. Stability of individual lines in the top 20% of the distribution for each trait across asexual generations. There were 48 
treatment and 10 control lines included in this analysis. The values in the expected column were calculated from probabilities due 
to random chance (i.e., (0.2)" where n = number of generations spanned) 

Generations Total possible Population 
spanned traits 

Number of lines for each trait 
in the top 20% of each generation 
(% of total possible) 

Observed Expected 

Significance of difference 
between observed and 
expected proportions a 

A1-A 4 3 Treatment 3 (2.1%) 0.23 (0.16%) * 
Control 0 (0.0%) 0.05 (0.16%) NS 

Az-A 4 13 Treatment 24 (3.9%) 5.0 (0.80%) *** 
Control 1 (0.77%) 1.0 (0.80%) NS 

A3-A 4 21 Treatment 131 (13%) 40 (4.0%) *** 
Control 15 (7.1%) 8.4 (4.0%) ? 

a See Table 3 for levels of significance 

shown). Across these same three generations, only one 
control line for just one trait, tuber elongation ratio, 
maintained stability. No treatment or control lines main- 
tained stability in the top 20 % of the populat ion distribu- 
tions across the five generations A 0 through A 4 for any 
trait (data not  shown). 

Virus incidence 

Since virus infection may have been confounded with the 
various yield related traits, all lines in the A 3 and A 4 
generations were assayed. Lines infected with potato 

viruses X (PVX), Y (PVY), and leaf roll (PLRV) com- 

prised 73% or higher, 10% or lower, and 50% of both 
populations, respectively. For  each of the three viruses, 
the proportions of positive lines were not  significantly 
different between the treatment and control populations. 
The existence of treatment lines with putative virus resis- 
tance therefore cannot  be experimentally supported. Al- 
so, differential virus resistance between the two popula- 
tions is not  presumed to be a component  that caused the 
phenotypic differences observed between the popula- 
tions. A significant negative correlation between total 
tuber weight and PVX was detected in both populations 
in the A 3 generation only (data not  shown). Results of 
analysis of variance (data not  shown) failed to show a 
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significant treatment by PVX interaction, thereby 
providing evidence that PVX affected the treatment and 
control populations uniformly. Correlations were not 
significant between total tuber weight and PVY or PLRV 
in either population or generation (data not shown). 

Discussion 

The utility of somaclonal variation to plant improvement 
will likely result from the ability to isolate, from well-es- 
tablished cultivars, variants with incremental improve- 
ments and without loss of horticultural quality (Evans 
et al. 1984). An adventitious regeneration procedure that 
does not involve a callus intermediary should be efficient 
and produce genetic diversity without gross aberrations. 
Severely aberrant genotypes are not useful because near- 
ly all possess atypical ploidy levels (Sree Ramulu et al. 
1983; Gill et al. 1986) and are not of commercial value 
(Shepard 1979). Direct regeneration from tuber disc ex- 
plants has resulted in a much lower frequency of severely 
aberrant plants, 1 .3%-1.6% (Rietveld etal. 1987). 
While the frequency of aberrant plants has been greatly 
reduced, the results demonstrate that potentially useful 
variation for horticulturally important phenotypes was 
inherent in these somaclones. 

Most intriguing is the significance of mean differ- 
ences (Tables 2 and 4) between the treatment and control 
populations for many traits. Selection that was imposed 
on the A 1 generation included equal numbers of lines 
from the low, mean, and high regions of the A 0 distribu- 
tions of both populations. Therefore, the population 
means would not be expected to differ. The population 
means did differ, however, because the treatment popula- 
tion was enriched with individuals having skewed values 
for the various traits. The treatment population was 
comprised of lines that on average were higher yielding 
(excluding the result in A o due to the influence of regen- 
eration and propagation artifacts (Cole and Wright 
1967)), had greater flower numbers, and produced more 
tubers per plant that were significantly more elongated 
and of smaller size than those of the control population 
(Tables 2 and 4). Following selection that resulted in the 
A 3 generation, based solely on selecting the top 25% of 
A 2 lines for total tuber weight, the treatment population 
maintained those differences previously mentioned (Ta- 
bles 2 and 4). This occurred although closer plant spac- 
ings were part of the A3 and A 4 experimental designs 
(Caligari et al. 1985). 

In this study unidirectional mean shifts, in more de- 
sirable directions, occurred for certain traits. Such shifts 
in the means have been attributed to the enrichment of 
the somaclonal population with plants having the bolter 
phenotype (Hooker 1981; Sanford et al. 1984). While 
varying degrees of the bolter phenotype are known to 

occur naturally at frequencies as high as 1.5 x 10-3, the 
various pleiotropic effects are presumably due to a com- 
mon attribute, which is a mutation that results in late 
maturity (Sanford et al. 1984). In this study maturity 
differences between treatment and control populations 
(Table 2) were significant in either direction (i.e., so- 
maclones were earlier or later in maturity) or lacked 
significance altogether. A few very late maturing, bolter 
type lines were observed, but the frequencies were too 
low to account for the significant differences between 
populations. 

Within the treatment population not all lines showed 
the mean shift response. While the total population mean 
shifted for the traits discussed above, a wide range of 
values was observed in the distributions of the early gen- 
erations. This result is reflected in the frequency his- 
tograms (Fig. 2) and in the significant variance differ- 
ences between the two populations (Tables 2 and 3). 
Upon selection for the top yielding lines establishing the 
A 3 generation, the variance differences for nearly all 
traits ceased to be significant. At this point the mean 
differences between the populations were enhanced for 
many traits, but the range of values in the treatment 
population was diminished. Presumably, selection 
against unaltered somaclonal lines, which would be in- 
distinguishable from control lines, resulted in the selected 
treatment population having a significantly shifted mean 
but a variance statistically equal to that of the control 
population. These variances would principally reflect en- 
vironmental effects. 

In this study phenotypic stability has been demon- 
strated across generations and diverse locations (Tables 
5 -  8). Evidence of stability in the control population also 
occurred (Tables 6 and 7), but this stability was clearly 
different from and of lower significance than that ob- 
served in the treatment population. Excluding the lower 
20% of each population eliminated significant regression 
coefficients in the control, but not in the treatment pop- 
ulation for the regression analyses between asexual gen- 
erations (Table 6). Apparently, the low performing con- 
trol lines as well as some treatment lines were more likely 
to establish similar low performing plants. In contrast to 
the treatment population, however, high performing con- 
trol lines did not appear to result in high performing 
progeny. Therefore, the major difference between the 
treatment and control populations occurred at the high 
end of the distribution and not uniformly across the 
entire distribution (Table 5). 

The influence of viruses might have been one explana- 
tion of the stability of low performing control and treat- 
ment lines. This was likely due to the establishment of 
both populations from potentially virus infected tuber 
progeny of a commercial production. At least for viruses 
PVX, PVY, and PLRV, this was not the explanation. Not 
only were differences lacking between the treatment and 
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control populations for infection frequency, but there 
was no greater incidence of  these viruses in the low distri- 
bution region in the A 2 generation (data not shown). A 
second explanation of  stability in the control population 
is clonal variation, which has been known to occur natu- 
rally within potato cultivars (McIntosh 1945; Bald and 
Oldaker 1950). 

A provenance effect is a third and most likely expla- 
nation for successive generations of  low yielding con- 
trols. This study provides strong evidence in support of  
a seed piece origin effect. Highly significant differences 
were observed between the two blocks in the A 3 genera- 
tion for all traits except total tuber number. Blocks A and 
B were established from seed pieces grown the previous 
year in Idaho and Indiana, respectively (Fig. 1) - two 
locations that differed in productive capacity. Since iden- 
tical lines were established in both locations from seed 
pieces originating from the Al - IND-82  generation and 
since all seed pieces were uniformly sized, a provenance 
effect was clearly responsible. Initiation of  the tuberiza- 
tion response, which affects overall yield potential, is 
strongly influenced by the physiological condition of  the 
seed piece (Ewing 1985). Therefore, a provenance effect 
could explain how seed pieces from a control line that 
was subjected to a random stress in one generation could 
be expected to establish similar, low performing plants in 
a subsequent tuber generation. Provenance effects pre- 
sumably occur only across two successive generations. 
Such non-genetic phenomena also must occur in the 
treatment population. But since the populations have 
been shown to statistically differ, additional variation 
showing stability of  a genetic nature occurred only in the 
treatment population. 

To summarize, evidence has been presented that 
demonstrates genetic variability results from the regen- 
eration of  potato plants from tuber disc explants. Direct 
adventitious regeneration bypassing callus was efficient, 
applicable to many cultivars (Jarret et al. 1980a), and 
produced a low frequency of  aberrant plants (Rietveld 
et al. 1987) but a high frequency of  potentially useful 
variability. Of the 22 traits examined in this study, certain 
traits were more variable than others. Of these more 
variable traits, potentially valuable unidirectional mean 
shifts often were observed. For  the first time, a systematic 
study of  stability has been conducted on a potato so- 
maclonal population. Stability of  a genetic nature across 
tuber generations and across diverse locations has been 
observed in the treatment population. A much lower 
stability of  a non-random but presumably non-genetic 
nature occurred in the control population. The perfor- 
mance and stability of  the proport ion of  treatment lines 
at the high end of  the various distribution regions have 
been demonstrated. Future selections from these lines 
may well result in an improved cultivar of  'Superior'  
having greater commercial utility. 
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