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Health &
Welfare

Candidate gene markers for selective
breeding of CyHV-3-resistant carp, koi

1 March 2011
By Pawapol Kongchum, Ph.D. , Eric M. Hallerman, Ph.D. , Yniv Palti, Ph.D. , Lior David, Ph.D.  and
Gideon Hulata, Ph.D.

Cyprinid herpesvirus-3, or koi herpesvirus, speci�c to
species

(https://www.globalseafood.org)
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A lethal viral disease resulting in mass mortality of farmed common carp and koi occurred in Europe
and Israel in the late 1990s, and later outbreaks were reported in many countries around the world. The
causative agent of this disease was cyprinid herpesvirus-3 (CyHV-3), also known as koi herpesvirus
(KHV). CyHV-3 is speci�c to common carp and koi (both are Cyprinus carpio), but does not cause
disease in other species.

Fish infected with the virus die within one to three weeks, leading to 60 to 100 percent mortality. Since
its initial outbreak, this disease has resulted in substantial �nancial losses to the common carp industry
and is currently considered a major risk in common carp and koi aquaculture and trade.

Collaborative research
Working toward sustainable aquaculture production of common carp, the authors’ collaborative
research group in Israel and the United States is currently investigating the genetic basis of CyHV-3
resistance in common carp through immunology, genomics, breeding and disease challenge studies.
The research is supported by the U.S.-Israel Binational Agricultural Research and Development Fund. Its
ultimate goal is to develop molecular tools for marker-assisted breeding of CyHV-3-resistant broodstock
that will allow sustainable and pro�table production.

Genetics, susceptibility

Carp infected with cyprinid herpesvirus-3 have pale patches on the
skin and increased mucus secretion. Efforts to identify genetic
resistance to the virus and develop disease-resistant �sh are ongoing.
Photo courtesy of Nir Froyman, Department of Fisheries, Israeli
Ministry of Agriculture and Rural Development.
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Although CyHV-3 infection is highly contagious, resistance to the infection differed among commercial
strains and a wild strain of common carp. This �nding suggested that genetic components in�uence
susceptibility to the disease, and therefore disease resistance can be improved by selective breeding.

(https://bspcerti�cation.org/)

One objective in the research is to identify genetic variations due to a single-base mutation (single
nucleotide polymorphism, SNP) in candidate antiviral genes and use these variations as genetic
markers for marker-assisted breeding. Studies in mammals showed that SNPs in immune response
genes were associated with susceptibility to infectious diseases. Although such studies in �sh are
limited, genome sequences of model �sh species such as zebra�sh and puffer�sh showed that �sh
immune systems have many components that are similar to components of mammalian immune
systems.

Results
Results from cloning three candidate genes for antiviral immune response revealed that the structural
characteristics of these genes in common carp resemble those of other vertebrates. Therefore,
variations in common carp antiviral immune response genes may be responsible for CyHV-3

The 1998 CyHV-3 disease outbreak resulted in massive mortality of
koi at Israeli �sh farms. Soon afterward, cases were reported
worldwide. Photo courtesy of Dr. Ofer Ashulin, Health and Veterinary
Laboratory, Ma’agan-Michael Fish farm, Israel).

https://bspcertification.org/
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susceptibility and can be used as genetic markers to differentiate between susceptible and resistant
individuals.

Polymorphisms in genes putatively associated with antiviral immune responses in common carp were
identi�ed. Immune response genes encoding toll-like receptors (TLRs) and TLR-associated molecules
were cloned and sequenced. TLRs are cellular receptors of the innate immune system that bind to
conserved pathogenic antigens and subsequently initiate host immune responses.

DNA sequences of common carp genes from different strains of carp were compared, and SNPs were
identi�ed. Genetic markers for immune response genes were developed based on SNPs for use in
identifying individual genotypes. Among the genes sequenced, TLR3, TLR7, MyD88 and TRAF6 genes
were found to be duplicated. A high number of duplicate genes are observed in common carp, which
are known to be tetraploid �sh due to a genome duplication event that was estimated to have occurred
between 11 million and 21 million years ago.

For the duplicate loci, SNP markers were developed to be speci�c for each copy. Approximately 80
SNPs from 14 genes were genotyped in a panel consisting of different common carp and koi strains.
Sixty were polymorphic.

Polymorphic SNP markers were genotyped in 50 progeny of a full-sib family produced by crossing a koi
female to a hybrid male from a cross between a domesticated commercial strain and a wild common
carp strain. Twenty-three markers from 12 genes were informative in this family. The authors are
working to relate this genetic variation to CyHV-3 resistance.

Perspectives
Data obtained from SNP markers of these immune response genes is being analyzed with a data set of
approximately 300 random DNA markers to generate a genetic linkage map. A genetic linkage map is
an essential tool that will enable localization of the genes controlling important traits such as growth
rate, meat quality and disease resistance. SNP markers for antiviral candidate genes linked to CyHV-3
resistance will be used for selecting resistant individuals as parents of the next generation. Integrating
marker-assisted selection with classical selective breeding will increase the rate of genetic gain for
resistance to CyHV-3 in common carp.

(Editor’s Note: This article was originally published in the March/April 2011 print edition of the Global
Aquaculture Advocate.)
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