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I.Background: Importance of Clonal Lines to research

Clonal Lines = Genetically Identical Individuals

• Homogenity (powerful for the investigation of complex 
genetic traits, decreases the variation in experiments)

• Standardisation to the research –refined experimental 
design (Aquaculture related research point of view)

• Speed of generation (2 subsequent production cycles via 
Gynogenesis-G1 or Androgenesis-A1) 

• Eliminates deleterious recessive alleles, reveals genetic 
variation for many traits

• QTL (Quantitative Trait Loci) identification and whole 
genome sequencing projects



I.Background: Production of Clonal Lines

Spontaneous meiotic 
gynogenetics can be a 
problem when producing 
isogenic clonal lines via 
mitotic gynogenesis.

Gynogenesis (G): All maternal inheritance
Androgenesis (A): All paternal inheritance

FAO, Inbreeding and Broodstock Management
Chapter 6, Chromosome Set Manipulations. 



I.Background: Meiotic Gynogenetics



Reliable markers are needed to distinguish meiotic and mitotic gynogenetics

These can distinguish 
between meiotic and 
mitotic gynogenetics

Aim of the study
was to define telomeric markers by constructing a SNP based 

genetic linkage map in D. labrax by facilitating the power of high-
throughput sequencing to differentiate between meiotic to mitotic 

gynogenetics.



Next Generation Sequencing (NGS)

www.biocomicals.com, Alper Uzun, PhD



II.Material & Methods:Production of Meiogynogenetics

Ifremer Experimental Aquaculture 
Station (Palavas-les-Flots, France).
UV irradiation device: 

Four lamps above
Four lamps below (12 W, 254 nm, 
Vilber-Lourmat, Marne-la-Vallée, 
France)

Sperm irradiation (1:20, v/v in 
SGSS) for 8 minutes was applied 
for total dose of 326mJ/cm² which 
corresponds to the dose of 
32000erg/mm² described by 
(Peruzzi & Chatain, 2000). 



II.Material & Methods

• Peterson et al., 2012

DNA extraction

• One Meiotic Gynogenetic
D. labrax family:
– Sire (♂) and dam (♀):Fin Clips
– 80 offspring: Whole larvae

• REALpure kit (REAL 
Laboratories Spain)

• Nanodrop Spectrophotometry 
• Agarose Gel Electrophoresis
• Final DNA concentration 

assessment: Quantica qPCR
thermal cycler by using 
dsDNA fluorescent dye.

Double digest-ddRAD library 
preparation and sequencing



II.Material Methods: Double Digest RAD seq (ddRAD)



EBI Sequence Read 
Archive (SRA) with the 
accession number of: 
ERP006697.

Raw Reads: All reads have been 
produced by sequencer.
Filtered reads: Reads with right 
barcodes & adapters combination.
Stacks package (Catchen et al., 2011).

III.Results: Sequencing & RAD tag summary

From purified gDNA to the 
genotypes takes 1 week.



• 340 male specific markers (no 
paternal inheritance detected)

• R/OneMap v2.0-4 (Margarido et 
al.,2007) & TMAP v1.1 
(Cartwright et al., 2007).

• 804 female heterogametic Input 
file: Outcross (Kosambi function)

• rf.2pts
• LOD=4, max.rf=0.5 (draft 

seabass genome assembly)
• order.seq (ser,rcd,rec,ug)
• safe & force
• rf.graph.table

• Final genetic map: Genetic-
Mapper v0.7 (Bekaert, 2012).

II.Material Method: Genetic Linkage Map

Refer to: Wu et al. (2002) Simultaneous maximum 
likelihood estimation of linkage and linkage phases 
in outcrossing species.



Physical Map

• 804 female heterogametic 
SNP markers as well as 
11 microsatellites have 
been assigned in to 
European sea bass draft 
genome contigs across 24 
LGs.

• Has been used to define 
recombination points.

MB_microsatellites position on physical map
Marker_ID,Phsical_Map_(Genome_Location),Phsi
cal_Map_Position_(bp) 

Dla0003,LG19,8127283
Dla0006,LG6,25269003
Dla0104,LG2,24689183
Dla0105,LG8,10127559
Dla0106,LG2,25784997
Dla0112,LG5,12681454
Dla0119,LG14,8349079
Labrax17,LGX,16504896
Labrax29,LG18-21,9732294
Labrax3,LG13,6001586
Labrax8 ,LG16,2733963

(Chistiakov et al., 2005)
(García De León et al., 1995) 



III.Results: Meiogynogenetic Linkage Map (R/OneMap)

LGs Number of 
Markers

Length
(cM)

LG1A 45 78.04
LG1B 29 51.30
LG2 30 61.83
LG3 24 22.79
LG4 34 44.10
LG5 38 68.19
LG6 26 55.59
LG7 26 72.31
LG8 31 47.92
LG9 23 46.00
LG10 30 34.68
LG11 42 54.26
LG12 29 47.25
LG13 27 54.03
LG14 31 66.67
LG15 37 61.31
LG16 37 49.89
LG17 45 55.03

LG18‐21 15 30.23
LG19 30 56.96
LG20 46 45.82

LG22‐25 39 62.70
LG24 19 39.07
LGX 31 45.05

Total 764 1252.02
Basic karyotype, 2n=48



III.Results: Final D.labrax Meiotic Genetic Map Empty circles: Homozygote
Black dots: Heterozygote



LG11

Heterozygosity
Max:87.17%

Min:3.84%

Empty circles: Homozygote
Black dots: Heterozygote

Overall Individual progeny

Average 0.90±0.08 crossover 
per chromosome arm.

LG11

LG11
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IV. Conclusion

• 764 SNP markers have been identified and mapped from the single 
meiogynogenetic D. labrax family with 79 offspring+parents.

• Crossover points per chromosome arm have been identified per linkage group 
with an average of 0.90±0.08 crossover per chromosome arm.

• Particularly those markers closer to telomere are of interest to differentiate 
between meiotic and mitotic gynogenesis for the reliable production of isogenic 

clonal lines (meiotic gynogenetics need to be detected and eliminated).

• Cost effective and quick (<£10 per individual, up to 100 individuals and 
>500 SNPs in one sequencing lane)

• Genotyping by (RAD) sequencing rather than isolating and assaying 
these individually or in multiplexes.



V. Future work

• Application to development of Isogenic clonal lines in:
• Seabass (Dicentrarchus labrax), 
• Common carp (Cyprinus carpio), 
• the Atlantic salmon (Salmo salar) 
• (Nile Tilapia (Oreochromis niloticus))  

• Gametic inactivation in each species using UV irradiation and perhaps X-rays 
(androgenesis – chromosome fragments?).

• Distinguishing between meiotic and mitotic gynogenetics
• Genetic Linkage map.
• Verification of isogenic lines through RADseq (starting from outbred founders 

(parents of G1/A1 fish) to G1/A1 clone founders (with biparental control) and to 
isogenic lines.



Experimental Approaches by using Genotyping by Synthesis

Baird et al., 2008 (RAD seq) & Peterson et al., 2012 (ddRAD seq)
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