Special Edition
artnewsletter.pl

How is next generation sequencing
changing ART reality?
Does mitochondrial DNA (mtDNA) copy number amount assessed during
next generation sequencing (NGS) preimplantation genetic diagnosis (PGD)
have a potential to become a new biomarker for embryo selection?
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Does mitochondrial DNA (mtDNA) copy number amount
assessed during next generation sequencing (NGS)
preimplantation genetic diagnosis (PGD) have a potential
to become a new biomarker for embryo selection?

Relative mitochondrial DNA copy number assessed during next generation sequencing (NGS) for
cleavage-stage preimplantation genetic diagnosis (PGD) depends on embryo ploidy status but is
independent from patient age, embryo gender, embryo morphology or embryo ability to implant.

Introduction
Introduction of in vitro fertilization was
a breakthrough in infertility treatment.
It was followed by the diagnosis of the
embryos in the preimplantation stage.
Many molecular methods and dedicated protocols allow us to diagnose aneuploidies, translocations, monogenetic
diseases, HLA matching and even
predisposition and couples matching.
The technological improvements allow
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us to go forward and supersede them
all by Next Generation Sequencing
(NGS) [Lukaszuk K. et al 2015; Wang
L. et al. 2014; Wells D. et al. 2014; Yin
X. et al. 2013, Fiorentino F. et al. 2014;
Martin J. et al. 2013]. NGS allows us to
use PGD for multiple purposes at the
same time while testing genomic DNA
(gDNA). Additionally we can check the
amount of mtDNA which could be an
indirect indicator of the mitochondria’s
function, and the quality of the mtDNA.

We decided to observe relative amount
of the mtDNA among investigated
blastomeres in comparison to the
amount of gDNA. We aimed to answer
questions regarding differences in
mtDNA quantity between: aneuploid
and normal blastomeres, embryos
which implanted and did not implant,
embryos of good and poor morphology, embryos with and without Y
chromosome, embryos from older and
younger women.
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Materials and Methods
69 infertile couples (women aged 36.5 SD 4.9) were counselled and gave consent for PGD NGS analysis of their embryos
between 08.2013 and 11.2014.

PGD NGS
Implementation of Next Generation Sequencing method in preimplantation genetic diagnosis was designed at the INVICTA
Fertility Clinic Molecular Laboratory Department. Sequencing was performed using an Ion PGM™ Sequencing 200 Kit v2 (Life
7HFKQRORJLHV&DOLIRUQLD86$ RQDQ,RQFKLS /LIH7HFKQRORJLHV&DOLIRUQLD86$ DVGHVFULEHGE\àXNDV]XNHWDO

Mitochondrial DNA estimation
For each sample, the number of mtDNA reads was divided by the number of reads attributable to the nuclear genome. In the
aneuploid embryos we add or deduct the relative amount of reads according to which chromosomes are missing or surplus in
aneuploidy analysis. This provided an indication of the relative amount of mtDNA per cell. In order to make the results easier
to read we multipled them by 1000.

Results
The NGS PGD gives us not only the reads from genome DNA but also from mtDNA. It gives us, on average, about 0.7% of
reads from mtDNA. Unfortunately WGA changes the investigated mitochondrial DNA. We found that mitochondrial DNA is
manifold mostly in two regions – from 65 to 500 and from 9950 to 10270 (Fig.1).
We analyzed mtDNA/gDNA reads ratio from 314 embryos obtained in 69 cycles of IVF treatment. In some cases results
received from embryos from the same patient showed extreme differences suggesting heteroplasmy to be quite common
phenomenon. 10 results, which were 1000 times higher than others, were excluded from further analysis. We compared
the relative reads amount between samples according to ploidy status, and we found it higher in aneuploid embryos (Fig 2).
0W'1$J'1$UDWLRVIRUDOORWKHUFRPSDULVRQJURXSV ZRPHQ¶VDJHHPEU\RVTXDOLW\DQGVH[ GLGQRWGLIIHUVLJQL¿FDQWO\ 7DEOH
1). Additionally the implantation rate was calculated solely for the transferred embryos. We transferred 62 embryos. In 21
cases we transferred 1 embryo, for the rest of the transfers two embryos were used, 27 embryos were frozen. Comparison of
mtDNA copy number amount from implanted embryos with those that failed to implant did not differ (Fig.3).
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Fig. 1a Reads mapping on motochondrial sequence after next generation sequencing performed on
DNA isolated blood
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Fig. 1b Reads mapping on motochondrial sequence after next generation sequencing
performed on DNA from single cell after WGA
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mt DNA quantity (MR readings/genome readings *1000)

Fig. 2. Relationship between blastomere ploidy status and relative mtDNA quantity.
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Fig. 3. Relationship between embryos’ ability to implant and relative mtDNA amount.
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Table 1. The difference of the relative mtDNA amount of analyzed parameters.
Table 1. Examples of applications of PGD/PGS techniques.

All analyzed embryos
3 day
Ploidy status

Normal

Abnormal

89

204

mtDNA relative amount

4.6 (2.8-7.2)

5.9 (3.7-8.9)

Women age status

< 37 years

>=37 years

151

142

5.1 (3.2-8.0)

5.7 (3.8-8.6)

Good

Poor

261

32

5.7 (3.5-8.6)

4.8 (2.4-6.9)

Embryos with chr. Y

Embryos without chr. Y

131

162

5.5 (3.8-8.5)

5.0 (3.1-7.3)

N

0.004

N

0.14
mtDNA relative amount
Embryo quality N
N

0.09
mtDNA relative amount
Sex
N

0.16
mtDNA relative amount

Transferred embryos
3 day
Implantation status
N

Implanted

Nonimplanted

38

24

5.0 (3.7-7.8)

4.1 (3.3-4.6)

0.18
mtDNA relative amount
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Discussion
Mitochondria are involved in a number of signaling pathways, metabolism and apoptosis. Several studies in mammals have
shown that, at ovulation, metaphase II fertilisable oocytes possess between 1.9×105 to 3×105 copies of mDNA [Chen et al.
1995; Reynier et al. 2001; Steuerwald et al. 2000; May-Panloup et al. 2005a; Spikings et al. 2007] and that each mitochondrion contains one mitochondrial genome [Satoh and Kuroiwa 1991]. Mitochondria offer stable material for analysis as they
GRQRWUHSOLFDWHLQKXPDQRRF\WHVDQGHDUO\VWDJHVRIHPEU\RGHYHORSHPHQW'1$DIWHU:*$LVDPSOL¿HGPRVWO\LQWZR
regions – from 65 to 500 (HRV2) and from 9950 to 10270 (Fig. 1). This allows us to analyze the relative amounts of mitochonGULDO'1$EXWGRHVQRWSURYLGHVXI¿FLHQWUHOLDELOLW\IRUPRUHGHWDLOHGVHTXHQFHDQDO\VLV
We found different reads number of mitochondrial DNA (RN mtDNA) between aneuploid and normal cells of biopsied embryRV2XUUHVXOWVFRQ¿UPVRPHSUHOLPLQDU\DQDO\VLVZKHUHLQFUHDVHGPW'1$DPRXQWZDVIRXQGLQDEQRUPDOHPEU\RV>:HOOVHW
DO@$PRUHFRPSUHKHQVLYHGDWDDQDO\VLVLVVWLOOUHTXLUHGWRVXEVWDQWLDWHWKLVSRLQW,IFRQ¿UPHGZHFRXOGFRQVLGHUPW'NA as additional marker of embryo selection for fresh transfer. Additionally the differences between various embryos obtained
from the same patients should be analyzed in the future.
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