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Abstract 

Arracacha (Umbelliferae family) is a traditional Andean root crop that has been used as a food for thousands of 
years. It is an important source of calcium and contains a special starch easily digestible. It has become a 
significant crop in Brazil, where 12,000 ha are grown annually. Peru is the country with the largest gene bank 
collections, but the diversity is poorly understood. The aim of this work was to study the genetic diversity of 334 
accessions from five gene banks collections in Peru using 148 polymorphic AFLP markers, obtained from five 
primer combinations. The molecular variance analysis (AMOVA) and the genetic dissimilarity (Nei and Shannon-
Weaver index) indicated that arracacha in Peru is diverse. It was found that all five collections were significantly 
different among them and no duplicates were identified among 334 accessions studied. The UPGMA 
dendogram showed three clusters related to geographical distribution patterns of arracacha diversity: northern, 
central and southern of Peru. The northern cluster contains a much higher diversity than other clusters. 
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Introduction 

Arracacha is a starchy food and an important source of β-carotene, ascorbic acid and calcium. Several studies 
point to Andean South America as the place of domestication of arracacha. Although the genus Arracacia is 
particularly diverse in Mexico, the wild species most closely resembling arracacha are known from Peru and 
especially Ecuador. Arracacha is produced mainly in four countries: Brazil, Colombia, Ecuador and Venezuela 
(Hermann, 1997). Preliminary work using PCR amplified DNA from random sequence decamer primers has 
yielded promising results in terms of molecular polymorphism for application in fingerprinting of arracacha 
cultivars. Thus Blas et al. (1997) and Castillo (1997) report occurrence of DNA polymorphism in 48% and 85% of 
primer assayed, respectively. Castillo, however, concludes from his work that overall molecular diversity in his 
Ecuadorean material is low. Another work is the study of Blas (2005), where compared cultivated with wild 
species of arracacha, but there are lot of publications about morphological characterization. The AFLP analysis is 
considered by now as the most efficient technique to study the DNA in the case of species in which the genome 
is little known. In Peru there are arracacha’s gene banks in different zones, each gene bank collected arracacha 
mostly from their zones; in the last years some accessions have been lost and then they agreed to make one 
gene bank with all the accessions. The purpose of the present study is to develop the AFLP technique on the 
arracacha genome to assess its genetic diversity of this set of gene bank and give information of what is the 
genetic diversity of arracacha in Peru. 

Materials 

A total of 334 accessions of arracacha of five institutions of Peru were tested (Table 1). 
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Table 1. Number of accessions per arracacha gene banks 

Name of Institutions that maintain arracacha accessions 
Number of 
accessions 

Centro Internacional de la papa (CIP) 48 

Instituto Nacional de Innovación Agraria (INIA) 144 

Universidad Nacional de Cajamarca (UNC) 121 

Universidad Nacional San Cristóbal de Huamanga (UNSCH) 20 

Universidad Nacional Agraria La Molina (UNALM) 1 

Total 334 

 

Methods 

DNA extraction 

DNA extraction was made from young leaves using CTAB technique (Doyle and Doyle, 1990) medium scale 
protocol standardized and reported by CIP (2000). The DNA concentration was calculated in comparison with 
known concentrations of Phage Lambda DNA digested with Pst I restriction enzyme and visualized in agarose 
gel 1%. 

AFLP analysis  

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

Data analysis 

The AFLP bands pattern for each accessions were registered in a binary matrix in an excel sheet, where the 
present bands registered by 1 and the absent bands by 0. The unique genotype recognizing and the 
identification of unique genotypes and genetic redundancy is achieved through a cluster analysis based in the 
Jaccard index and UPGMA algorithm. The genetic heterozygosity was estimated using the diversity index of Nei 
and Shannon, and the genetic structure was estimated with the factorial analysis. 

Results 

AFLP primers combinations 

A screening with 120 primers 
combination was made for pick up 
the AFLP primers combination used; 
these primers were selected due to 
its high polymorphisms index and 
good resolution of the bands 
(Table 2). 

 
 
 
 

Table 2.  Primers used for AFLP markers 

Laboratory 
Code 

Primer Total 
Bands

Polymorphic 
Bands 

Percentage of 
Polymorphism

E-GA EGA-M36 
M-ACC

36 27 75 

E-AAC E32-M52 
M-CCC

50 30 60 

E-ACA E35-M48 
M-CAC

45 38 85 

E-ACG E37-M55 
M-CGA

40 28 70 

E-ACT E38-M60 
M-CTC

35 25 72 

Total 206  148  71  
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AFLP ,arkers evaluation 

AFLP pattern bands were different in all 334 
accessions tested. From a total of 148 
polymorphic markers obtained by 5 
combinations of AFLP primers, 77 are share 
bands for all collections and only 11 exclusive 
markers were identified (Table 3). 

 
 
Cluster analysis 

The cluster analysis identified three main molecular groups of diversity. The largest group is formed only for 
accessions collected from the north of Peru; the other two groups are formed by arracachas from the center and 
the south, respectively (Figure 1) but some accessions grouped with arracachas from other collections (Figure 2). 
Also there are 33 accessions that not grouped in any cluster. The factorial analysis showed that these three 
groups are not very separated between them because there are relations between accessions from north south 
and center of Peru (Figure 3).  

 

 
 

Table 3.  Markers present in each collection 

Genebank No. of  
present bands

No. of  
exclusive band 

No. of  
share band

CIP 129 1 

INIA 139 2 

UNC 140 5 

UNSCH 127 3 

UNALM 78 0 

77 

Figure 1. Clusters of the arracacha gene banks, based in 148 AFLP markers using Jaccard index and 
UPGMA algorithm  
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Figure 3.  Factorial Analysis of principal coordinates per region of 
origin 

Figure 2.  Clusters of the arracacha gene banks per region of origin, based in 148 AFLP markers 
using Jaccard index and UPGMA algorithm  
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Genetic diversity index 

The Shannon-Weaver index (5.59) and the Nei index (0.28) indicate that the genetic diversity is high for all 
collections (Table 4). The highest values of Nei index were found in INIA and UNC (0.29), which are the largest 
collections. Although CIP collection is small its genetic diversity resulted high (0.28). 

Table 4.  Nei and Shannon-Weaver Index for genebank 

Genebank No. of accessions Nei index Shannon-Weaver 
index 

CIP 46 0.28 0.849 
INIA 145 0.29 2.305 
UNC 122 0.29 2.060 

UNSCH 20 0.26 0.382 
UNALM 1 - - 

Total 334 0.28 5.596 

 
 
Analysis of Molecular Variance (AMOVA) 

The AMOVA shows a significant difference (Table 5) and the genetic distance between collections (Table 6) 
which shows a significant genetic distance between collections. 

Table 5. Percentage of variation per collections 

Source of variation g.l Percentage of variation 

Among collections 4 12.68 

Within collections 329 84.32 

Fst.  0.12684 

 
 

Table 6. Genetic distances per collection 

 UNSCH CIP INIA UNC 

UNSCH -    

CIP 0.178 (+) -   

INIA 0.230 (+) 0.154 (+) -  

UNC 0.239 (+) 0.133 (+) 0.070  (+) - 

Distance average 0.215 0.155 0.151 0.147 

 
 
Also the Table 7 shows a significant difference between regions from Peru and Table 8 shows that there is 
significant genetic distance between regions. 

Table 7.  Percentage of variation per regions 

Source of 
variation 

g.l Percentage of 
variation 

Among regions 4 14.93 

Within regions 329 85.07 

Fst.  0.14928 

Table 8.  Genetic distances per region 

 Centre North South 

Centre -   

North 0.139 (+) -  

South 0.165 (+) 0.159 (+) - 

Distance average 0.152 0.149 0.162 
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Discussion 

Blas (2005) obtained 76 markers with 3 AFLP primer combinations in cultivated arracacha. These primers were 
not use in the present work because their lack of resolution and high percentage of monomorphic bands. We 
obtained 148 markers with 5 AFLP primer combinations, which have high resolution and high polymorphism. 
Although the arracacha has few AFLP markers in comparison with others crops (Kim et al., 1998). 

Diversity of arracacha is specially organized by a geographical distribution, which is higher in the north of Peru 
(Nei index=0.29), where most accessions are from INIA and UNC collection. Besides CIP collection (Nei 
index=0.28) was more representative from center of Peru because with a low number of accessions has a high 
index of diversity, probably because the accessions were strategically better collected.  

The Analysis of Molecular Variance shows differences among collections, this is possibly because there are 
genetic differences between the areas of collections, and also, each collection represents nearly one region. Also 
the analysis shows a high significant genetic distance between collection, being the largest distance between 
UNSCH (south accession) with INIA and UNC (north accessions) but is closer genetically with CIP collection 
(principally accessions from center). The INIA and UNC collections are genetically close; this agrees with the 
shown in the cluster analysis. According with the Fst. Analysis the differences between collections (0.12684) and 
between regions (0.14928) are moderate.  

Conclusion 

According to these results, the genetic diversity from Peru seems to be high and the higher genetic diversity is 
from Northern region. All the 334 accessions analyzed are unique and there are no duplicates in the gene banks. 
Besides, the genetic differentiation among Northern, Centre and South region was moderate, and accessions 
from south are more different in relation with the other regions. 
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	Morphological and Molecular markers.  The result showed that the 360 accessions studied can be reduced to 119 unique genotypes and the remaining 241 accessions consist of 197 duplicates and 44 require further evaluation.).
	Pachyrhizus
	UNC
	Table 1.  Variability of some qualitative parameters within taro accessions
	Parameter
	Mean+S.E
	Standard deviation
	Variance
	Interior sheath color
	2.05 +0.023
	0.305
	0.093
	Petiole attachment
	1.37+0.041
	0.531
	0.283
	Lamina orientation
	2.11+0.036
	0.467
	0.218
	Leaf shape
	2.82+0.045
	.593
	0.351
	Leaf margin color
	2.25+0.091
	1.187
	1.409
	Leaf sinus denuding
	1.850+0.28
	0.371
	0.138
	Leaf surface glossy
	0.94+0.065
	0.844
	0.712
	Leaf margin type
	1.46+0.038
	0.500
	0.250
	Leaf vein color
	3.75+0.051
	0.669
	0.447
	Upper leaf color
	1.81+0.059
	0.769
	0.592
	Lower leaf color
	2.68+0.100
	1.304
	1.669
	Petiole color
	2.54+0.071
	0.924
	0.854
	Vein pattern
	2.72+0.054
	0.698
	0.488
	Corm interior color
	1.11+0.02
	0.309
	0.095
	N=170
	Table 2.  Pearson-Correlation between taro corm characters and qualitative parameters
	Parameters
	Corm weight
	Corm length
	Corm diameter
	Interior sheath color
	-0.068
	-0.189*
	0.015
	Petiole attachment*
	-0.190*
	-0.130
	-0.180*
	Lamina orientation
	-0.188*
	-0.380**
	0.018
	Leaf shape*
	0.098
	0.377**
	-0.165*
	Leaf margin color*
	0.220**
	0.111
	0.152*
	Leaf sinus denuding
	0.004
	-0.299**
	0.009
	Leaf surface glossy
	-0.172*
	0.048
	-0.110
	Leaf margin type
	0.358**
	0.123
	-0.001
	Leaf vein color
	0.161*
	0.149
	-0.046
	Upper leaf color
	0.054
	0.085
	0.344**
	Lower leaf color
	-0.054
	0.101
	-0.198**
	Petiole color
	0.221**
	0.297*
	0.048
	Vein pattern
	0.124
	0.343**
	0.030
	Corm interior color
	0.049
	0.223**
	0.168*
	Computed at P=0.1 except for * where P=0.05
	Table 3.  Variability of some qualitative parameters of taro cocoyam accessions
	Parameter
	Mean+S.E
	Standard deviation
	Min.
	Max.
	Variance
	Range
	Plant span (cm)
	61.28 +1.40
	18.23
	14.00
	130.00
	332.23
	116
	Plant height (cm)
	42.95 +0.99
	13.04
	14.00
	83.00
	169.95
	69
	No. of sprouting cormel suckers*1
	1.50 + 0.50
	0.70
	1
	2
	0.50
	1
	Cormel sucker length*2(cm)
	22.10+3.90
	5.51
	18.2
	26.00
	30.42
	7.80
	Leaf lamina length (cm)
	29.45+0.65
	8.50
	7.50
	50.00
	72.39
	42.50
	Leaf lamina width (cm)
	20.65 + 0.58
	7.55
	6.20
	78.00
	57.03
	71.80
	Petiole length (cm)
	34.15 +0.93
	12.07
	12.80
	72.00
	145.81
	59.20
	Leaf sheath length (cm)
	17.17 +0.64
	8.32
	2
	49.00
	69.37
	47
	Midrib length (cm)
	17.93 +0.38
	4.98
	5.50
	30.20
	24.79
	24.70
	Denuding angle (o)
	57.33+1.26
	16.47
	10
	110.00
	271.21
	100
	Collecting vein number
	9.8 +0.55
	7.15
	5
	99.00
	51.12
	94
	Number of leaves
	5.72 +0.09
	1.16
	2
	9.00
	1.35
	7
	Corm weight (g)
	198.25+10.78
	140.50
	19.39
	927.00
	19741.05
	908.35
	Corm length (cm)
	12.43+0.43
	5.56
	1
	25.50
	3.96
	24.50
	Corm diameter (cm)
	3.76+0.09
	1.13
	1
	6.70
	1.28
	5.70
	No. of cormels/corm
	3.44+0.22
	2.91
	0
	16.00
	8.46
	16
	*1 Mean computed with reference to only accessions with cormel suckers present (N=2)
	*2 Computed as the horizontal ground distance between a main corm plant (stem) and its relative sucker sprout (N=2)
	Table 4.  Pearson-Correlation between taro corm and quantitative characters
	Plant characteristics
	Corm weight
	Corm length
	Corm diameter
	Plant span
	0.444**
	0.039
	0.398**
	Plant height 
	0.570**
	0.149
	0.490**
	No. of sprouting cormel suckers
	1.000**
	1.000**
	1.000**
	Cormel sucker length
	-1.000**
	-1.000**
	1.000**
	Leaf lamina length
	0.478**
	-0.035
	0.418**
	Leaf lamina width
	0.444**
	0.135
	0.342**
	Petiole length
	0.559**
	-0.294**
	0400**
	Leaf sheath length
	0.560**
	0.102
	0.541**
	Midrib length
	0.545**
	-0.055
	0.475**
	Denuding angle
	-0.034
	-0.381**
	0.163*
	Collecting vein number
	-0.038
	-0.197*
	0.010
	Number of leaves
	0.243**
	0.189*
	0.212**
	Corm weight
	-
	0.199**
	0.732**
	Corm length
	0.199**
	-
	-
	Corm diameter
	0.732**
	0.030
	-
	No. of cormels/corm
	0.447**
	0.152**
	0.465**
	Computed at P=0.05




