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The yacon is the only species domesticate and eatable  of the 
genus Smallanthus . Its natural habitat is the Andean region 
from the south of Colombia to the northwest of Argenti na, and 
the most probable center of origin is a narrow area betw een 
south of Peru and north of Bolivia (Grau and Rea, 1997 ). 

Hermann and Heller, 1997 Hermann and Heller, 1997
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The reservant roots are rich sources of fenolic compounds  and 
fructooligosacarides (3.8% and 60% of dry weight, res pectively) 
(Seminario et al., 2003). 

There are evidences that these compounds generate bene fic 
effects in the health and play important functions i n the 
prevention of several chronic diseases, such as diabet es, 
obesity, dyslipidemia, atherosclerosis and colon canc er 
(Valentová et al., 2004: Genta et al., 2009).

Seminario J., Valderrama M. y Manrique I. 2003

FOS
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International Potato 
Center - CIP

Instituto Nacional de 
Innovacion Agraria -
INIA

Universidad Nacional 
Agraria La Molina -
UNALM

Universidad Nacional San 
Antonio Abad - UNSACC

Universidad Nacional de 
Cajamarca - UNC

Universidad Nacional de 
San Cristobal de 
Huamanga - UNSCH
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These collections have been 
characterized morphologically in 
the past using different 
descriptors, and in different 
environments.

Therefore, there is no reliable 
information to estimate the 
genetic diversity and it is difficult 
to identify redundant material. 
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Milella et al. (2005) after testing five 
yacon clones by RAPD markers 
suggested that the technique could be 
useful for identification and 
differentiation of varieties. 

Mansilla et al. (2006) using RAPD 
markers in the collection of CIP 
(30 accessions) reported more 
diversity in Central Peru compared to 
the north and south. 
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The aim of this study was to assess the genetic div ersity of the
six more representative ex situ collections of yacon of Peru, 
using AFLP markers.

• Identify duplicate material.

• Identify the genetic differences between the geneban ks .
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Plant material

DNA isolation

DNA extraction
DNA extraction was made from young leaves using 
CTAB technique (Doyle and Doyle, 1990) medium 
scale protocol standarized and reported by CIP 
(2000).

Genebanks Number of 
accessions

International Potato Center CIP 36

Instituto Nacional de Innovacion Agraria INIA 122

Universidad Nacional de Cajamarca UNC 104

Universidad Nacional San Cristóbal de HuamangaUNSCH 13

Universidad Nacional San Antonio Abad Cuzco UNSAAC 62

Universidad Nacional Agraria La Molina UNALM 10

Total 359
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0 1 0 1 0 0 1 1 1 0
0 0 0 1 0 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1

0 0 0 1 0 1 1 1 1 0
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 1 1 1 0

1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 0 0 1 0 1 1 1 0PAGE 6%  

Silver staining

AFLP protocols are based on Vos et al. (1995), adap ted for use with 
silver staining of 6% polyacrylamide gels. The prot ocols of DNA 
restriction and ligation, PCR amplifications and el ectrophoresis were 
used as reported in the manual of CIP (2000).

Restriction

Adapter 
ligation

PCR 1 
Preselective

PCR 2 
Selective

1   2   3    4   5   6   7    8   9  10

AFLP analysis
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2. Genetic diversity index

• Nei’s genetic diversity index (Nei,1973)

1. Allelic richness (Number of present and exclusiv e bands)

5. Molecular variance analysis (AMOVA)

3. Cluster analysis

• Jaccard coefficient (Jaccard,1908)

• UPGMA algorythm  (Sokal and Sneath, 1963)

NTSYS pc 2.1 
(Rohlf, 2001)

Arlequin Software ver 3.01 
(Schneider et al., 2000)

4. Factorial Analysis

• Principal Coordinate Analysis

DARwin 5.0 
(Perrier et al., 

2006)
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Selection of AFLP primers combinations (E+3/M+3)

Cod. Lab. Combination Primer Sequence (5'- 3') 
EAGC GACTGCGTACCAATTC-AGC E40-M36 EAGC-MACC 
MACC GATGAGTCCTGAGTAA-ACC 
EACT GACTGCGTACCAATTC-ACT E38-M33 EACT-MAAG 
MAAG GATGAGTCCTGACTAA-AAG 
EAGA GACTGCGTACCAATTC-AGA E39-M36 EAGA-MACC 
MACC GATGAGTCCTGAGTAA-ACC 
EAGT GACTGCGTACCAATTC-AGT E42-M35 EAGT-MACA 
MACA GATGAGTCCTGACTAA-ACA 
EACC GACTGCGTACCAATTC-ACC E36-M55 EACC-MCGA 
MCGA GATGAGTCCTGAGTAA-CGA 
EACG GACTGCGTACCAATTC-ACG E37-M60 EACG-MCTC 
MCTC GATGAGTCCTGAGTAA-CTC 

E37-M60



Duplicate Genotypes
For 309 polymorphic markers generated by six AFLP primer 
combinations, 355 unique genotypes were found.
Three genotypes were represented by more than one acces sion 
(100% of genetic similarity).
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Cluster analysis of yacon, based in AFLP markers 
using Jaccard Index and UPGMA algorithm.

30 accessions



Factorial Analysis

 

North

South

North, 
South

& 
Center

Grau & Rea suggest that 
the geographical distribution 
is a very important marker 
for yacon (differences in 
tuber size and high 
variability of tuber flesh 
color in southern Peru and 
northern Bolivia compared 
to Ecuador and Argentina. 

Although these three 
groups are distinguisable, 
they present a slight 
overlapping indicating that 
the genetic differences are 
low.



Diversity indexes, presents, exclusive and share 
bands of AFLP markers per genebank
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Analysis of Molecular Variance - AMOVA

Source of Variation d.f. Sum of squares Percentage 
of variation 

Fixation 
Index 

Among regions 2 525.279 7.28 (+) 0.0728 

Among departments 
within regions 

12 589.951 11.57 (+) 0.1248 

Within populations 341 5697.916 81.15 0.1885 

Total 355 61813.146   
Significance Level = 0.05 Significance (+) Non significance (-) 

 

Moderate 
differentiation

There are significant differences in the genetic heterogeneity of the three 
regions but with a low value of variation (7.28%), also the fixation index 
shows a moderate differentiation (Fst = 0.0728).
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• The genetic diversity of yacon maintained in Peru is RATHER 
LOW.

• Almost 99% of the accessions studied were unique genotypes
(355), but they have a close genetic relationship (6 2% of shared
bands).

• The southern region (UNSAAC genebank) holds the largest 
genetic diversity of the crop.

• AMOVA analysis shows that these collections have a 
moderate genetic differentiation , but with a low level of 
variation (7.28 %).

• Slight differences between northern and southern region were 
found.
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• Association of molecular markers with biochemical and 
morphological characters to identify the real number of  
cultivars of yacon in  Peru.

• New strategy of collections to enhances the genetic diversity 
maintained in the genebanks.
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