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Health & Welfare

Pooled DNA genotyping with 2b-RAD
method for Pacific white shrimp
Monday, 16 November 2020

By Juan Sui, Ph.D.

Results show a cost-effective technique to evaluate shrimp
breeding programs
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The Paci�c white shrimp (Litopenaeus vannamei) is the most important farmed shrimp worldwide, accounting for
more than 80 percent of total cultured penaeid shrimp production. The development of selective breeding programs
for penaeid shrimp over the last several years has signi�cantly enhanced the supply and quality of improved shrimp
lines, but the complexity and large size of the L. vannamei genome [complete genetic material of an organism]
increases the di�culty of its DNA sequencing [process of determining the complete DNA sequence of an organism’s
genome at a single time] with traditional methods.

The conventional selection breeding system of aquatic animals is family-based, in that it utilizes multiple traits
(“multitrait”) selection based on communal rearing of physically tagged families and pedigree records. Thousands of
individuals per generation would be tagged to carry out multitrait and multienvironment testing at the same time.
However, the process is costly and laborious. And more importantly, families need to be reared separately until
individual tagging is done, which not only occupies signi�cant space and affects the growth rate of shrimp but also
leads to common environmental effects in genetic evaluation, and also affects the accuracy of estimates for breeding
value [the value of an animal in a breeding program for a particular trait].

The 2b-RAD is a genotyping method to determining differences in the genetic make-up (genotype) of an organism by
examining the individual’s DNA sequence using biological assays and comparing it to another individual’s sequence or
a reference sequence. The simplicity of the 2b-RAD protocol makes it particularly suitable for high-throughput
genotyping as required for genetic mapping and pro�ling genetic variation in natural populations.

Estimating heritability of ammonia
tolerance in Pacific white shrimp

This study estimated the heritability of ammonia tolerance in Pacific
white juveniles. Results suggest that rapid genetic gains could be
obtained.
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Results of this study show that pooled DNA genotyping could be a
cost-effective technique to evaluate shrimp breeding programs. Photo
by Darryl Jory.
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Several recent studies have illustrated the potential of pool- versus individual-based experimental designs for
identifying and quantifying genetic markers and have demonstrated in several species that pooled DNA sequencing
could generate satisfactory accuracy and repeatability at a quite lower cost than that of individual sequencing.

This article – adapted and summarized from the original publication (https://journals.plos.org/plosone/article?
id=10.1371/journal.pone.0236343) – reports on a study to apply 2b-RAD sequencing to compare four different, small,
pooled libraries of up to 53 individual L. vannamei shrimp, with separate sequencing of each animal, to assess 1) the
effect of population structure (different numbers of individuals and families) on pooled DNA sequencing; 2) the
accuracy of parent sequencing of the DNA pools; and 3) the effect of SNP numbers on pooled DNA sequencing.

Study setup
Animals used in this study were from the fourth generation of a breeding population of L. vannamei shrimp that was
cultured in Xinhai Aquatic Biological Technology Co., Ltd. (Hebei Province, China). Fifty-three individuals were
randomly selected from 10 families for DNA pool construction. Two of the 10 families were paternal half-sib [half-
brothers or half-sisters] families, and there were a total of 19 parents of the 10 families, including nine males and 10
females. Muscle tissues of the 72 samples (53 individuals and 19 parents) were dissected and processed for various
analyzes leading to their eventual genotyping.

For detailed information on the experimental design; DNA isolation and DNA pooling strategy; DNA isolation, library
construction and sequencing; genotyping and quality control; data analyses and veri�cation of pool sequencing
repeatability, refer to the original publication.

Results and discussion
In our study, we used the 2b-RAD sequencing method to assess the accuracy of allele (gene) frequency estimates
[relative frequency of a variant of a gene at a particular location on a chromosome in a population] obtained from four
different pooled-DNA shrimp samples. Allele frequencies estimated from the pool were highly correlated with the “true”
allele frequencies obtained from the individual samples, which showed that using the 2b-RAD method for pooled-DNA
sequencing produces highly accuracy results.

Various studies have reported that the number of individuals and families in the pool has a direct impact on the
accuracy of allele frequency estimation, and our results support this. These studies reported that with increased
individual and family numbers in the pool, the accuracy of allele frequency – also known as gene frequency estimation
– increased. And that when the number of individuals or families was small, the accuracy was reduced, but still quite
high. In our study, a mixed pool of 15 individuals also reached high concordance between allele frequency estimates
derived from individual genotyping and DNA pools. Therefore, pooled DNA sequencing can achieve high accuracy, and
the accuracy would increase with the number of individuals and families.

In our research, we used a total of 28,882 of the genetic markers called single-nucleotide polymorphisms, or SNPs [a
genetic marker; a substitution of a single nucleotide (the basic building block of nucleic acids, RNA and DNA, where
genetic information is stored) at a speci�c position in the genome, that is present in a su�ciently large fraction of the
population]. We found that using different numbers of SNPs (varying from 500 to 28,800) did not have a signi�cant
impact on the accuracy of our pooled-DNA sequences. No positive correlation was found between the SNP number
and the accuracy of pooled-DNA sequences. Therefore, fewer SNPs can also achieve good results but optimally
chosen markers may increase performance.

At the end of our study, we tested the reproducibility of pooled DNA genotyping by 2b-RAD. Three repetitions were
carried out on two pools composed of 30 individuals. The results of different repetitions were very consistent, which
showed the reliability of pooled DNA genotyping by 2b-RAD was very high, at least when the individual number in the
pool was relatively small.

Pooled DNA genotyping can be used to estimate the proportional contributions from multiple families in a pooled
breeding population – which is quite attractive to aquaculture selective breeding programs of commercially important
farmed species like shrimp – where the value of a single individual is relatively low while family numbers are very large.
However, there are still many factors that need to be addressed in the application of pool-DNA sequencing, such as
sequencing method, pool sizes and others.

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236343
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Perspectives
Results of our study showed that pooled DNA genotyping using the 2b-RAD sequencing method achieved high
accuracy in Paci�c white shrimp, and that the accuracy increased with the number of individuals and families in the
pool tested.

The allele frequencies of the parents from each pool were highly correlated with those of the pools or the
corresponding individuals in the pool. The SNP number (500 to 28,800 SNPs) from the study had no signi�cant effect
on the estimation of allele frequency in pooled DNA.

Overall, our data and results indicate that pooled-DNA genotyping could be a cost-effective technique to help evaluate
the performance of shrimp breeding programs.
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