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I. Introduction to the EmsB microsatellite 

The EmsB marker is a microsatellite present in about 40 copies in the Echinococcus multilocularis genome, located 

on chromosome 5 [1]. The flanking regions of EmsB are highly conservative, but the microsatellite pattern 

(CA)n(GA)n present a size polymorphism, with independent mutations occurring in  the (CA) and the (GA) 

repetitions (Figure 1). In order to study the microsatellite polymorphism in E. multilocularis specimens, a PCR was 

performed on these targets and primers were designed in the microsatellite flanking regions [2]. The EmsB marker 

was used for genotyping E. multilocularis on different geographical scales, from a micro-local scale to a regional 

scale [3–8]. These guidelines will allow researchers to use and analyze EmsB data from their own samples, from 

DNA extraction to genotyping studies. 

 

 
 

Figure 1. Structure of EmsB microsatellites in E. multilocularis. (A) Represents schematic structure on chromosome 5. Arrows indicate one 

repetition of the microsatellite. Dot points between arrows refer to inter-simple sequence repeats; (B) represents alignment of variable 

regions of the microsatellite. Sequence number corresponds to the order of repetitions in chromosome 5. 

II. DNA extraction 

Total genomic DNA is isolated and purified from a tissue sample (unique worm, isolated egg or approx. 50 mg of 

metacestode), using a DNA extraction kit for tissue. The procedure is carried out according to the manufacturer’s 

protocol. Purified DNA is eluted with 200 µl of elution buffer (provided by the manufacturer) for metacestode 

samples and unique worm, or 100 µl for eggs, in order to obtain optimal DNA concentrations. The DNA 

concentration is checked with a spectrophotometer apparatus. The limit of sensitivity was 1 fg of DNA used for 

EmsB-PCR [2]. Theoretically, DNA purified from one egg can be used as a matrix for PCR. The DNA samples have 

to be stored at -20°C until use in PCR.  
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III. EmsB Primers 

Primers were designed in the highly conservative flanking region of the microsatellite (Figure 1). The EmsB A 

primer is 5’-labeled with a fluorochrome (ex. FAM), and is 20-bp long. The EmsB A primer can be ordered as a 

“modified” oligonucleotide. The EmsB C, 20-bp long primer can be ordered as an “unmodified” primer. 

 

Table 1. EmsB primers: description and reference. 

Primer name Primer sequence Size of amplicons Microsatellite 

repetition 

Annealing 

temp (°C) 

Genbank 

Reference 

EmsB A 5'(FAM)-GTGTGGATGAGTGTGCCATC-3' 

209-241 bp (CA)n(GA)n 60 AY680860 

EmsB C 5'-CCACCTTCCCTACTGCAATC-3' 

IV. Amplification by PCR 

The EmsB-PCR is performed in a 30 µl reaction mixture containing 50 to 100 ng of DNA, 200 µM of each 

deoxynucleoside triphosphate, 0.4 µM of fluorescent forward primer, 5-labeled specific fluorescence dye, 0.7 µM 

of classical reverse primers, and 0.5 U of enzyme, e.g. Taq DNA polymerase enzyme associated with the 

corresponding PCR buffer. The PCR amplification is achieved in a thermocycler under the following conditions: an 

initial denaturation step at 94°C for 5 min and 30 cycles with denaturation at 94°C for 30 s, annealing 60°C for 30 

s, extension at 72°C for 1 min and a final extension step at 72°C for 10 min (minimum). One PCR is enough to 

obtain an EmsB profile. It is possible (but not essential) to control the size of the PCR products by electrophoresis 

on 1% agarose gel. 

V. Size polymorphism analysis 

PCR products are studied in fragment size analysis. To assess the polymorphism of size, an automatic sequencer 

can be used, such as ABI Prism 3100 or 3500 automatic sequencer (Life Technologies, Foster City, CA) or Beckman 

CEQ 8000 (Beckman Coulter, Fullerton, CA). A molecular-weight size marker is used to specify the size of the PCR 

fragments. The fluorescence signal generated by the labeled primer is detected by colorimetric reading. 

Correspondences are established to assess the size of the amplified fragments using dedicated software (e.g. 

Genotyper 3.7 for the ABI apparatus or Genetic Analysis System 8.0.52 for the Beckman apparatus). 

VI. Example of EmsB electrophoregram and interpretation 

After the fragment size analysis is performed, an EmsB electrophoregram is obtained (Figure 2). We can observe 

size standard (1) and a series of peaks (2) with different sizes (from 209 to 241 bp observed in E. multilocularis 

samples from endemic regions worldwide). The height of peaks is different from one peak to another and refer 

to the number of EmsB fragment copies for a given size. The size and fluorescence intensity for each peak are 

recorded in a spreadsheet (Table 2). 
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1. Recording EmsB data on a spreadsheet: 

a) EmsB fragment size 

On the electrophoregram, the size of the fragments has to be adjusted (see the “raw peak size” and “adjusted 

peak size” lines in Table 2 - Step 1). Because the EmsB variations are due to the addition or suppression of 2 

nucleotides (CA) and (GA), the minimum distance between two peaks is 2 bp.  

b) Fluorescence intensity 

For each peak, the fluorescence intensity (FI) is recorded (Table 2 – Step 2). This intensity depends on the initial 

quantity of DNA used for the PCR. First the lowest peak values (under 10% of the highest peak) have to be 

removed. Second the FI values are thus normalized: for each peak the FI is divided by the sum of the entire FI for 

a given sample (e.g. for the peak at 215 bp � 6185/21797 = 0.28). The sum of the normalized values is equal to 

1. The distance between samples will be calculated according to these normalized values. NB. substitute coma by 

point. Fragment sizes and normalized FI (Table 2 – Step 3) are saved in a text file in tab format (*.txt) (Figure 3). 

Table 2. Information on an EmsB fragment size analysis to be recorded for genotyping studies 

Step 1: Adjust the peak size 

Raw peak size (size 

standard) 
214.99 216.92 218.75 220.78 222.72 224.56 226.51 228.45 230.41 232.46 234.42 236.39 238.35 240.38 242.32 

Adjusted peak size 215 217 219 221 223 225 227 229 231 233 235 237 239 241 243 

 

Step 2: Normalize the fluorescence intensity 

Adjusted 

peak size 
215 217 219 221 223 225 227 229 231 233 235 237 239 241 243  

Original 

Fluorescence 

intensity (FI)  

6185 0 0 300 831 1985 2210 2368 2252 1741 1716 1642 867 455 450 

 

 

Sum 

FI without 

peak 10% 
6185 0 0 0 831 1985 2210 2368 2252 1741 1716 1642 867 0 0 21797 

Normalized 

FI values 
0.28 0 0 0 0.038 0.091 0.101 0.108 0.103 0.079 0.078 0.075 0.039 0 0 1 

 

Step 3: Values retained for calculation 

Adjusted  

peak size 
215 217 219 221 223 225 227 229 231 233 235 237 239 

Normalized  

FI values 
0.28 0 0 0 0.038 0.091 0.101 0.108 0.103 0.079 0.078 0.075 0.039 

Figure 2. Electrophoregram of EmsB-PCR 

products performed on a 3100 automatic 

sequencer (Life Technologies, Foster City, CA). 

(1): size standard in orange (GS 5000 Gene Scan 

500 LYZ), (2): the EmsB fragments classified by 

size in blue (in base pair) and (3) peaks under 

10% of the highest peak to be removed from 

the analysis. 
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Figure 3. Example of text file containing EmsB peak and normalized fluorescent intensity values. 

VII. Euclidean distance calculation, dendrogram and examples for training 

Similarities or differences between isolates is tested by the Euclidean distance calculation. Thanks to Knapp and 

co-workers (2007), two samples are considered similar if the distance between the two samples is under 0.08. 

The relationships between samples are represented by generating dendrograms of distance, using the 

Unweighted Pair Group Method with Arithmetic mean (UPGMA), which is a simple agglomerative hierarchical 

clustering method, based on pairwise similarity between units. The algorithm allows us to build a phylogenetic 

tree reflecting the structure present in a pairwise similarity matrix. Here the tree is considered as a dendrogram, 

not as a phylogenetic tree, because the homozygosis or heterozygosis origins of the EmsB loci are unknown. For 

each successive iteration the nearest two clusters are combined into a higher-level cluster. The arithmetic average 

distance between two isolates is calculated for each cluster constituted. 

Because of the UPGMA method, the representation of the relationships between samples could change according 

to the isolates included in the model. 

Three analyses are described here with R scripts:  

1. Generate a distance matrix,  

2. Generate a dendrogram  

3. Compare one isolate to the data collection 

 

 For training, download the file “EmsB_text_file_example.txt” and copy the script on Tinn-R or R-studio (in a new 

script file) and use R software for analysis. 

1. Generate a distance matrix 

### Distance matrix on normalized EmsB profiles 

 

#read the table with EmsB data 

bdd2<-read.table("EmsB_text_file_example.txt", header=T, row.names=1)  

 

#to see the first line of the table 

head(bdd2)  

 

#calculation of Euclidean distance amongst samples 

dist2<-dist(bdd2, method="euclidian")  

head(dist2) 

 

#to obtain the distance matrix 

as.matrix(dist2)  

 

#save as a text file 

write.table(as.matrix(dist2),file="distances_samples.txt", sep="\t", dec=",") 
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Figure 4. Print screen of the “head (bdd2)” control on R. 

 

Figure 5. Print screen of the “as.matrix (distance2)” control on R, the distance matrix 

2. Generate a dendrogram 

### Dendrogram building on normalized profiles 

 

#read the table with EmsB data 

bdd2<-read.table("EmsB_text_file_example.txt", header=T, row.names=1) 

 

#hierarchical clustering analysis with average method 

clust2<-hclust(dist2, method="average") 

 

#obtain the dendrogram with Euclidean distance 

plot(clust2,cex=0.5, main="ratio somme", hang=-1) 

 

## Test the robustness of the clusters 

 

#load the ‘pvclust’ package and perform 1000 bootstrap resampling 

pv2<-pvclust(t(bdd2), method.hclust="average", method.dist="euclidian", nboot=1000)  

 

#obtain the dendrogram with Euclidean distance 

plot(pv2,cex=0.7, main="ratio somme", hang=-1) 

 

 

3. Compare one isolate to the data collection 

Figure 6. Print screen of the dendrogram 

generated associated with the bootstrap 

analysis (pvclust) (au for approx. unbiased 

value, bp for bootstrap). 
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For training download the files “R05149_2.txt” and “EmsB_text_file_example.txt”. 

## Comparison between a single isolate and a data collection 

                                   

#read the table with EmsB data containing the data collection  

bdd2<-read.table("EmsB_text_file_example.txt", header=T) 
 

#read the table with EmsB data containing the single isolate to test 

ind.supp<-read.table("R05149_2.txt", header=T) 
 

#to see the first line of the table 

head(bdd2) 
 

head(ind.supp) 

 

## Euclidean distance calculation between the tested sample "R05149_2" and the collection samples 

"EmsB_text_file_example" 

 

bdd3=bdd2[,-1] #colomn with sample names removed 

 

#same for " R05149_2" 

ind.supp2 <- ind.supp[,-1]  

fac <- function(x) {sqrt(sum((ind.supp2[1,]-bdd3[x,])^2))} 

dist.eucl <- sapply(1:length(bdd3[,1]),fac) 

bdd2$dist.eucl <- dist.eucl 

head(bdd2) 

 

#classification of samples according to the distance with the tested samples 

tab.order <- bdd2[order(dist.eucl),] 

 

#extraction of table lines where the "dist.eucl" < 0.08 

ind.proches <- tab.order[tab.order$dist.eucl<0.08,] 

ind.proches[1,1] 

 

#sample names and Euclidean distance for which " dist.eucl " with the tested sample is <0.08 

ind.proches[,which(colnames(ind.proches) %in% c("a", "dist.eucl"))]  

 

#to get the top 5 of the samples the most similar to the tested sample 

ind.proches[1:5,which(colnames(ind.proches) %in% c("a", "dist.eucl"))]  

 

#find a sample and its dist.eucl with the tested sample for ex. " R05149_11 " 

ind.proches[ind.proches$a=="R05149_11",which(colnames(ind.proches) %in% c("a", "dist.eucl"))] 

 

------------------------------------------------------------------------------------------------------------------------------------------------- 

#to get the top 5 of the samples the most similar to the tested sample 

 

� Result: 

> ind.proches[1:5,which(colnames(ind.proches) %in% c("a", "dist.eucl"))]  

             a  dist.eucl 

9    R05149_2  0.00000000 

10  R05149_11  0.04946101 

7   R05147_9  0.05735188 

4    R04138_7  0.05841155 

5   R04138_11  0.06360112 

 

� Interpretation: the list of the 5 closest samples to R05149_2 isolate. All are under 0.08 in distance and are 

thus considered similar to the tested sample. 

------------------------------------------------------------------------------------------------------------------------------------------------- 

#find a sample and its dist.eucl with the tested sample for ex. " R05149_11 " 

 

� Result: 

> ind.proches[ind.proches$a=="R05149_11",which(colnames(ind.proches) %in% c("a", "dist.eucl"))] 

           a  dist.eucl 

10 R05149_11 0.04946101 

� Interpretation: sample R04149_11 is distant from R04149_2 with a distance of 0.049. They are considered 

similar to each other. 
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