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Sarotherodon  
(mouthbrooding, biparental + 

paternal care) 

S. melanotheron S. galilaeus 

Oreochromis  
(mouthbrooding, maternal) 

O. aureus O. niloticus O. mossambicus 

Tilapia  
(substrate spawners, 

biparental) 

T. zillii T. rendalli 

Cichlidae 

Haplochromine Tilapiine 

Tilapia Lineage  
• a subdivision of the family Cichlidae, consisting of three genera with at least 70     

species 
• found throughout Africa and into the Middle East 

Introduction 

http://www.hippocampus-bildarchiv.de/


Introgression  in Africa: 
• T. zillii and T. guineensis in the Ivory 

Coast 
• Introduced O. niloticus and native O. 

esculentus in L. Victoria, leading to 
loss of native species 

Hybrid 
Occurrence 

 Species-diagnostic DNA markers 
 Management applications 

Meristic and morphometric 
characteristics show 
variation and broad 

interspecific overlaps 

• In  China, about 1/3 of the 
production is an F1 hybrid : 

      O. niloticus x O. aureus 

 

 

 

• Red hybrids (multispecies, 
multigeneration) 

Introgression elsewhere: 
• High degree of mixing between O. 

mossambicus and O. niloticus in 
Southern Sri Lanka.  

Genomic differences between species 

WILD FARM 



 

 

 

To look for species-specific markers, that distinguish between 
tilapia species. 

 A species-diagnostic SNP marker is one that has one allele 
 unique for a given species (e.g. allele “A” for O. niloticus, “T” 
 in all other species) 

 

To construct phylogenetic tree(s) among tilapia based on common 
SNP markers 

 

To verify tilapia species status  of our samples using mtDNA COI 
gene (“Barcode of Life”) 

 

To analyse the distribution of diagnostic SNP markers in the 
reference genome 

Objectives 



 
Materials 

Fin sample collections of six 
species in tilapiine 

DNA extraction 

RAD-Seq Protocol :  

Marker Assays   

Sequence  analysis 

Population case  study 

 
a. Genomic DNA digestion and  

and P1 adapter ligation to the 
fragments 

b. Pool barcoded samples and 
shear 

c. P2 adapter ligation to sheared 
fragments 

d. Selectively amplify RAD tags.  
 

a. SNP calling and 
error correction 

b. SNP validation 
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Double Digest RAD Sequencing (ddRADseq) 

• Green arrow: a rare-cutting enzyme  

• SbfI 
 

• Orange arrow: a frequent-cutting 
enzyme 

• SphI 

Quantified DNAs 

SNP Diagnostic Marker & Physical Map 

Phylogenetic Tree Construction 

Recknagel H et al. G3 2013;3:65-74 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results – de novo Analysis 

109,287,766 
raw reads 

Retaine
d read 

(%) 
94% 

Low 
read 
(%) 
6% 

8,364 unique RAD-tags 

882 SNPs in 549 RAD loci  

ddRADseq 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results – Reference Genome-Based Analysis 

109,287,766 
raw reads 

Retaine
d read 

(%) 
94% 

Low 
read 
(%) 
6% 

8,364 unique RAD-tags 

635 SNPs in 372 RAD loci  

ddRADseq 

Screen RAD loci against O. 
niloticus genome assembly  



mtDNA COI 
Gene Tree 



mtDNA COI 
Gene Tree 

Largely agrees with 
previous publications based 
on allozymes and other 
mtDNA sequence, but:  
 
- W. African O. niloticus 

group with O. aureus 
 

- Sarotherodon clustered 
with Oreochromis 
 

- Could not separate O. 
macrochir and O. 
andersoni 
 

- only one marker 



Genomic Distribution of (RBA) Species-Diagnostic Markers 

LG = Linkage Group, equivalent to a chromosome, here based on 
the current  O. niloticus genome assembly 

 

• The markers were 
found across all 
linkage groups, 
apart from LG3 
 

• LG3 is physically the 
largest 
chromosome, but is 
the smallest in the 
current genome 
assembly – contains 
lots of repetitive 
DNA 



Species-Diagnostic  
SNP Markers (1) 

 

Species n Diagnostic SNP markers 

T. zillii 10  32 

   a. Stirling 5   

   b. Ghana 5   

S. melanotheron  4  40 

S. galilaeus  5  25 

O. niloticus 63  12 

   a. O. n. niloticus 30   

   b. O. n. cancellatus 33   

O. mossambicus 16  4 

   a. Stirling 6   

   b. Nathal, SA 10   

O. aureus 15  18 

   a. Stirling 5   

   b. Ain Feskha, Israel 10   

O. karongae  4  10 

O. u. hornorum  5  5 

O. macrochir  4  6 

O. andersonii  6  3 

Total 132 155 

• A species-diagnostic SNP 
marker is one that has one 
allele unique for a given 
species  
 

• This analysis is based on 
all ten species and RBA 
 

• 3-40 diagnostic markers 
per species 



Species-Diagnostic  
SNP Markers (2) 

 

Species n Diagnostic SNP markers 

O. niloticus 63   42 

   a. O. n. niloticus 30   

   b. O. n. cancellatus 33   

O. mossambicus 16  104 

   a. Stirling 6   

   b. Nathal, SA 10   

O. aureus 15   89 

   a. Stirling 5   

   b. Ain Feskha, Israel 10   

O. u. hornorum  5   90 

Total 99 325 

• This analysis is based on 
just the four species most 
commonly involved in 
hybridization in 
aquaculture 
 

• 42-104 diagnostic markers 
per species 



Conclusions 

 
 

• Analysis of ddRADseq data from tilapia species detected large 
numbers of species-diagnostic SNP markers among the species 
studied, distributed across the genome 
 

• Species-diagnostic markers from this analysis should be robust 
across the species and thus of utility in analysing 
hybrids/introgressed populations 
 

• Genotyping by sequencing is likely to be the most cost-effective 
and robust way of analysing species and potential hybrids (<£10 
per individual) 



Thank you for 
your attention!!! 


