
 

Mutation detection in human in vitro
fertilized embryos using whole-genome
sequencing
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From left to right, the structures of A-, B- and Z-DNA. Credit: Wikipedia

Pre-implantation genetic diagnosis (PGD) is used in fertility clinics to
detect large chromosomal abnormalities or genetic mutations passed on
by parents to their in vitro fertilized (IVF) embryos. However, it is not
possible to comprehensively scan the embryo's genome to detect
spontaneous mutations. In a study published online today in Genome
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Research, scientists developed a whole-genome sequencing approach
using 5- to 10-cell biopsies from human embryos to detect potential
disease-causing mutations.

Researchers from Complete Genomics, Reprogenetics, and the NYU
Fertility Center sequenced three biopsies from two IVF embryos in
attempt to detect de novo mutations, those that arise spontaneously in the
egg or sperm and are not inherited from either parent. These types of
mutations are thought to account for a large fraction of severe
intellectual disability, autism, epileptic encephalopathies, and other
congenital disorders.

Since only 5 to 10 cells can be biopsied from a blastocyst embryo, the
DNA is amplified before sequencing. This amplification process
introduces thousands of errors that appear to be de novo mutations. Until
now, it has been difficult to disentangle the sequencing errors from true
de novo mutations. Using their previously published method Long
Fragment Read (LFR) technology, the researchers assigned DNA
fragments to the maternal or paternal genome using DNA barcodes and
were able to remove over 100,000 sequencing errors, reducing the error
rate approximately 100-fold over previous studies.

"Because each individual carries on average less than 100 de novo
mutations, being able to detect and assign parent of origin for these
mutations, which are the cause of many diseases, required this extremely
low error rate," said co-corresponding authors Brock Peters and Radoje
Drmanac from Complete Genomics. Overall, the researchers detected
82% of all de novo changes in the IVF embryos; this is the first
demonstration that a large majority of single base de novo mutations
could be detected in a PGD test.

In one embryo, the researchers did not find any de novo mutations in
protein-coding regions of the genome. However, in another other
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embryo from the same couple, the researchers found two coding
mutations in the ZNF266 and SLC26A10 genes that may be potentially
damaging. The authors point out, however, that it is currently unknown
if there would be any health consequences for a child born with these
mutations.

"The biggest hurdle now is one of how to analyze the medical impact of
detected mutations and make decisions based on those results," said
Peters and Drmanac.

In addition to PGD, this new methodology could be useful for other
applications in which cells are limited, such as sequencing circulating
tumor cells (CTCs) or circulating fetal cells (CFCs), each of which are
present in rare subpopulations in the blood.
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