
�����������	�
���
���	���	�����������	�����������	�
���
���	���	�����������	�����������	�
���
���	���	�����������	�����������	�
���
���	���	�����������	����

�����������	���������	���������������	���������	���������������	���������	���������������	���������	����� ���

V. Mosquera, H. A. Mendoza , V. Villagomez, D. Tay

Perú



Introduction

Despite of inheritance studies of potato plant and t uber traits 
trace back to 1910, some research results were not c lear.  

The reasons of this could have been: 

a).  High heterozygosis of the parental materials util ized,

b).  Insufficient contrast in the progenitor’s traits,  

c). Environmental effects obscuring segregation propor tions in  
some traits involving pigmentation.

d). Complicated tetrasomic inheritance and as a con sequence,

e).  Need of larger number of observed individuals per p rogeny.



Objectives
Studying inheritance of:

1. Stem pigmentation on seedlings, 

2. Stem pigmentation in adult plants,

3. Stem wing type,

4. Primary tuber flesh color,

5. Tuber eye depth, and

6. Tuber Knobbiness.



Contrasting Traits of Progenitors Utilized



Methods

Seedling stem pigmentation was evaluated at the 
greenhouse two weeks after germination.

Stem pigmentation on adult plants was evaluated at 
flowering using CIP’s pigmentation scale.  

Primary and secondary flesh colors, eye depth and tub er 
shape were evaluated at harvest.

Goodness of fit of observed and expected segregation 
ratios for individual progenies were assessed using th e � 2

Test followed by a � 2 Homogeneity Test for groups of 
progenies showing similar ratios. 
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Hypothesis 

Two allele single locus
control with complete 
dominance

P- - - = Pigmented 

pppp = Green



0.00ns35 : 1470174532PPppPPpp

2.87ns11 : 1462414212PPppPppp

0.03ns5 : 1479963832PPpppppp

0.61ns3 : 1220501701PpppPppp

2.65ns1 : 1 7023373653Pppppppp

TotalGreenPurpleMaleFemale

Homogenei
ty 

� 2 test

Expected 
ratio

No plants observed
No of 

crosses

Suggested genotypes

Note that seedling stem color segregation in crosse s with progenitors 2n = 4x = 48 ( nulliplex * 
simplex ), (simplex * simplex ), (nulliplex * duplex ), (simplex * duplex ) and (duplex * duplex )

Observed segregation ratios of 10 progenies agreed with the hypothesis 
with individual  � 2 values < critical X 2 = 3.84 with one df and � = 0.05. 

� 2 Homogeneity test for each group of similar segregat ion ratios were not significant.
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The inheritance of this trait 
considers three aspects: 

(a). Pigment presence vs absence,

(b). Rate of pigment distribution 
along the stem, and  

(c).  Stem pigment intensity. 

Solid          Partial     Absence



Progenitors showed three genotypes:  Nulliplex (pppp), Simplex (Pppp), and Duplex (PPpp)

Hypothesis:  Two allele single locus control with complete dominance

P--- = Pigmented stems
pppp = Green stems

(a).  Pigment presence versus absence.

Observed segregation ratios of 28 progenies agreed with the hypothesis 
with individual  � 2 values < critical X 2 = 3.84 with one df and � = 0.05. 

3.18ns35 : 1746197277PPppPPpp

6.12ns11 : 1878568228PPppPppp

3.84ns5 : 1642785646PPpppppp

1.79ns3 : 14741253494PpppPppp

0.88ns1 : 14642292353Pppppppp

TotalGreenPurpleMaleFemale
Homogeneity 

� 2 test
Expected 

ratio
No plants observedNo of 

crosses
Proposed genotypes

� 2 Homogeneity test for each group of similar segregat ion ratios were not significant.



(b). Proportion of Pigment Distribution along the S tem

HYPOTHESIS  

Control by a single locus with two alleles with dominance

P--- = Pigmented stems
pppp = Green (Absence of anthocyanin)

However, the results suggested that this locus shows a DOSAGE 
EFFECT of the dominant P allele in such a way that:

Quadruplex (PPPP)  = Solid total pigmentation
Triplex (PPPp)
Duplex (PPpp)          = Variable proportion of pigment distri bution
Simplex (Pppp)
Nulliplex (pppp) = Totally green



Nulliplex x Simplex (Genotypic array 1/2 Pppp : 1/2 pppp)

0.5771.571.51436776PpppppppKullisonko(2)Yungay(1)

0.1176761527478PpppppppKullisonko(2)Amarilis(1)

ppppPpppTotal12MFMaleFemale
X2

N° genotypes
expected

N° plants
observed per DP 

Suggested
genotypes

Progenitors and DP *

Critical cccc2(df = 4, aaaa = 0.05) = 9.49

Duplex  x Duplex

(Genotypic array 1/36 PPPP : 8/36 PPPp :18/36 PPpp : 8 /36 Pppp : 1/36 pppp)

9.12.620.746.520.72.69332733255PPppPPppAyllu papa(3)Ccompis(2)

1.9219431928522237222PPppPPppKullipapa(4)Ayllu papa(3)

p4Pp3P2p2P3pP4Total12345MFMaleFemale

X2

N° genotypes expected/ 
Degree of Pigmentation

N° plants observed /
Degree of Pigmentation

Suggested
genotypesProgenitors and DP *

*DP = Degree of pigmentation
Critical cccc2 (df = 1, aaaa = 0.05)  = 3.84



(c).  Stem pigment intensity

Potatoes grown under high light intensity and cool 
temperature in the Peruvian highlands (Huancayo - 33 00 
m.a.s.l) show a deeper pigmentation than the same 
genotypes grown under less than half light intensit y 
during the winter season in the coast of the countr y. 

This effect is highly repeatable throughout the yea rs 
showing the important environmental effect on this trait.
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HYPOTHESIS: 

Two loci with double dominant epistasis similar to that in dip loids 

C--- D---

C--- dddd =  Wavy wings 

cccc D---

cccc dddd =  Straight wings

3.28ns15 : 1656416155CcccDdddCcccDddd

0.06ns7 : 1167261412CcccddddCcccDddd

5.77ns3 : 16681415276CcccDdddccccdddd

0.58ns1 : 16228341Ccccddddccccdddd

TotalStraightWavyMaleFemale
Homogeneity 

� 2 test
Expected 

ratio
No plants observedNo of 

crosses

Suggested genotypes

Observed segregation ratios of 14 progenies agreed with hypothesis with X2 values < X2 
(1 df; � =0.05) = 3.84

� 2 Homogeneity test for each group of similar segregat ion ratios were not significant.
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HYPOTHESIS: Two loci double incomplete recessive epistasis

A--- B--- =  Yellow
A--- bbbb   = Cream
aaaa B--- =  Cream
aaaa bbbb =  White

0.23ns1295 : 129402942AAaaBBbb(Y)AAaaBBbb(Y)

15.12ns71 : 1162427159710Aaaabbbb (C)AAaaBBbb(Y)

3.43ns15 : 1840467945AaaaBbbb (C)AaaaBbbb (C)

1.36ns11 : 1566435234Aaaabbbb (C)AAaabbbb (C)

1.66ns7 : 1474664083Aaaabbbb (C)AaaaBbbb (C)

1.00ns5 : 16451135324aaaabbbb (W)AAaabbbb (C)

2.37ns3 : 15051153903AaaaBbbb (C)aaaabbbb (W)

2.67ns1 : 116572931Aaaabbbb (C)aaaabbbb (W)

0.000 : All24124102aaaabbbb (W)aaaabbbb (W)

TotalWhiteY + CMaleFemale

Homogeneity 
� 2 test

Expected 
ratio

No plants observedNo of 
crosses

Suggested genotypes

Observed  segregation ratio of 29 progenies agreed with  hypothesis with X2 < critical X2 
(1 df; � =0.05) = 3.84

� 2 Homogeneity test for each group of similar segregat ion ratios were not significant.
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HYPOTHESIS: 

Two allele single locus control 
with complete dominance    

S- - - = Deep (D) and Semi deep 
(SD) eyes

ssss = shallow eyes (S)

Shallow

Semi deep

Deep



Observed segregation of 19 progenies agreed with hy pothesis with � 2 values < the critical � 2

(1 df; � =0.05) = 3.84

0.15nsAll : 064866424SSSs (D)SSss (D)

1.99ns35 : 117781691SSss (D)SSss (D)

0.89ns11 : 1289192702Ssss (SD)SSss (D)

11.44ns3 : 112433139308Ssss (SD)Ssss (SD)

1.75ns1 : 14472182293ssss (S)Ssss (SD)

0.000 : All14714701ssss (S)ssss (S)

TotalSSD + DMaleFemale

Homogeneity 
� 2 test

Expected 
ratio

No plants observedNo of 
crosses

Suggested genotypes

� 2 Homogeneity test for each group of similar segregat ion ratios were not significant.
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HYPOTHESIS

Controlled by a two allele single locus
with complete dominance

K - - - = Normal tuber shape (N)

kkkk   = Knobby tuber shape (K)

0.081  : 11115754kkkkKkkkAllkachokllo (K)Ccompis (N)4

cccc2 
(gl = 1. aaaa = 0.05) = 3.84

2.861 : 118581104kkkkKkkkAllkachokllo (K)Yungay (N)3

1.521 : 11687692kkkkKkkkAllkachokllo (K)Canchan (N)2

0.585 : 118134147kkkkKKkkAllkachokllo (K)Amarilis (N)1

Ratio
TotalKnobbyNormalMaleFemale

MaleFemaleNº � 2
Nº plants observedPossible genotype

Normal

Knobby
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1. Seedling and adult plant stem pigmentation appear controlled by 
one locus with alleles P = pigmented, and recessive pppp = green. 

2. In adult plants, stem pigment distribution would i nvolve DOSAGE 
EFFECTS of the P allele with solid pigmentation in quadruplex
genotypes (PPPP) with gradual decrease on triplex (PPPp), duplex
(PPpp) and simplex (Pppp) . 

3. Adult plant stem pigmentation intensity appears in fluenced by 
environment factors mainly light intensity and tempera ture.

4. Stem wing type controlled by two loci with double dominant 
epistasis. C + D together and C and D individually = wavy wings 
and the double recessive genotype ccccdddd = straight wings.  

5. Primary tuber flesh color controlled by a two loci double recessive 
epistasis .  Dominant alleles A + B together = Yellow, A and B
individually = Cream and aaaabbbb = white flesh.



6. Eye depth might depend on one locus with two alleles.  Dominant  
S = semi deep and deep eyes and recessive ssss = shallow eyes.

7. Tuber knobbiness might be controlled by one locus with two 
alleles.  Dominant K = normal tuber shape and the recessive 
nulliplex genotype, kkkk , would produce knobby tubers.

8. Environmental effects, particularly light intensity  are important in 
the expression of traits involving pigmentation.

9. No maternal effects were apparent in reciprocal cros ses results.



Thank you !
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Purple

Reddish

Pigmented with many green spots

Pigmented with a few green spots

Green with many spots

Green with a few spots

Green

Character

6

7

5 Predominance of 
Pigmented

4

3

2
Predominance of 

green

1

Predominance
Degree of 

Pigmentation

According to Rene Gomez (2000) – CIP’s Pigmentation scale


