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Population differentiation based on genetic diversity 

was subject of many previous scientific studies.  

Consequently, various methods were suggested. The 

most widely used method was fixation index FST, as 

a part of FIS, FIT and FST parameters which were 

proposed by Wright (1943, 1951, 1965). The main 

objective is to hierarchically estimate genetic 

variation in populations. Nei (1973, 1987) suggested 

GST as more appropriate methods, with θ 

(Cockerham 1969, 1973; Weir et Cockerham 1984), 

and ΦST (Excoffier et al. 1992) introduced later on 

as more adequate methods for molecular markers. 

Wright’s FST has range between 0 and 1 where 0 

indicates absence of differentiation, while 1 shows 

absolute divergence with no shared alleles. This 

method helps to quantify and compare level of 

genetic differentiation among populations. Since, in 

practice, when multialleles loci are applied, Fst value 

of 1 is almost never observed for fixation indices 

(Wright 1978; Hedrick 1999; Jost 2008). This fact 

reduces application of fixation indices when highly 

polymorphic markers (e.g microsatellites) are used 

(Hedrick 1999). However, certain literature suggests 

that Nei's GST and Wier and Cockerham's θ are 

flawed in the sense that 1 does not represent 

maximal differentiation. Arguing about practical 

applicability of standard genetic differentiation 

methods, Jost (2008) suggested allelic diversity (∆) 

to be base for measuring the genetic differentiation 

Dest as indicator of divergence (D). Jost considers 

that this approach corrects sampling bias, does not 

suffer the flaws of F-statistics and, being related to 

diversity, is more adequate. Nilsryman and 

Olofleimar (2009) concluded in their study that Dest 

suffers the same problems as other measures, and 

that GST is still more appropriate method. 

In order to achieve improved scale, standardization 

of fixation indices was proposed (Hedrick, 2005). 

The approach is to estimate G’ST as scaling of the 

observed GST to its maximum attainable value. 

Similar to that, standardization of AMOVA 

(Excoffier et al. 1992) was suggested by Meirmans 

(2006). If we apply standardization of fixation 

indices, in case of absence of shared alleles, value of 

genetic differentiation will reach 1 regardless of 

genetic variation within population. In case of 

pairwiseFST, there is a matrix of genetic 

differentiation between each pair of populations not 

showing values across loci. 

We suggest simple measure based on the analyses of 

genetic differentiation. The purpose of this 

measurement is to estimate deviation of each locus 

FST (GST, θ) from overall value. This index of 

genetic differentiation (I) is represented as (FSTk-

FST)/FST, where FSTk is value for individual locus and 

FST for all loci. Index for each locus shows intensity 

and direction of deviation from overall value. 

Statistical probability is estimated by permutation 

(recommended 1000-10000). Thus, it is possible to 

make assessment of the relevance of  impact of 
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Figure 1. Presentation of INDIF R script code 

genetic differentiation at individual loci to the 

overall genetic differentiation. Additionally, relative 

genetic differentiation (R) is proportion of FST 

deviation of every locus within total deviation (all 

observed loci from overall FST value).  

Table 1. An example of results of analysis of the index of 

genetic differentiation within INGDIF 

Loc G I p-value R% 

WGA69 0.111 0.682 0.031 11.63 

WGA4 0.043 -0.348 0.2711 5.93 

WGA1 0.091 0.379 0.2307 6.46 

WGA89 0.089 0.348 0.2711 5.93 

WGA9 0.156 1.364 0.0000 23.26 

WGA118 0.002 -0.97 0.0022 16.54 

WGA202 0.077 0.167 0.5974 2.85 

WGA276 0.034 -0.485 0.1251 8.27 

WGA376 0.051 -0.227 0.4729 3.87 

WGA349 0.007 -0.894 0.0047 15.25 
 

Loc - locus annotation; G - value of the FST; I - the value of index with 

p-value; R% - relative deviation of individual loci against overall FST 

It is expressed as R=(|I/ΣIn|)*100 where I is absolute 

value of individual locus while ΣIn is the sum of 

deviation of all observed loci from overall FST value. 

Results have percentage type of values. The 

abovementioned calculations can be made using 

INGDIF R script (Figure 1.) at 

http://lbb.ingeb.unsa.ba/INGDIF.html. 

 

Figure 2. View of index of genetic differentitation 

http://lbb.ingeb.unsa.ba/INGDIF.html
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Figure 3. View of relative genetic differentiation 

The result of the estimation of the genetic 

differentiation index contains the locus annotation, 

the value of the observed genetic differentiation, the 

value of index with p value, as well as relative 

deviation of individual loci against overall genetic 

differentiation (Table 1.)  

The evaluation of the genetic differentiation index 

enables more clearly view of contribution of 

individual loci to overall genetic differentiation 

among populations in terms of the intensity and the 

level of reduction or increase (Figure 2,3). 
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