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Preimplantation diagnosis of autosomal dominant retinitis
pigmentosum using two simultaneous single cell assays for a point
mutation in the rhodopsin gene
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A couple requested preimplantation genetic analysis for a dominant form of retinitis pigmentosum caused
by a C- A transversion in the rhodopsin gene. Since this point mutation does not alter a restriction
endonuclease site we designed two separate analytical systems, one involving site-specific mutagenesis and
the other involving allele-dependent length polymorphism. After establishing the accuracy and robustness
of these assay systems we utilized both systems simultaneously in a heminested polymerase chain reaction
(PCR) system. This allowed accurate preimplantation diagnosis to be performed. One embryo was transferred
but a pregnancy did not occur.
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Introduction to cause many cases of autosomal dominant RP (Nathans and

Preimplantation genetic diagnosis (PGD) was developed foiogness, 1984; Dryjat al, 1990). A couple presented to our
couples at high genetic risk to avoid affected pregnancies angentre with a family history of the dominant form of RP due
the potential for pregnancy termination following prenatalto this point mutation. The woman was affected and was
diagnosis. The first successful application of PGD involvedsuffering from deteriorating vision. They requested preim-
removal of one cell from 5-8-cell embryos for gender deterPPlantation genetic diagnosis (PGD).

mination for women who were carriers of X-linked diseases. PGD for Mendelian traits requires amplification of the gene
This allowed transfer of female embryos who could not beUSing nested polymerase chain reaction (PCR). Since the

affected with an X-linked disorder (Handysidg al, 1990; ~Mutation does not alter a restriction endonuclease site, we
Verlinsky et al, 1996). developed and tested two separate assays using published

Specific mutation analysis by PGD was successfully Ioer:[echniques_for this p_oint mutation. Qne method{ site-specific
formed to screen oocytes and pre-embryos for cystic fibrosi§utagenesis (SSM), involves synthesis of PCR primers creating
(CF) (Stromet al, 1990: Handysidet al, 1992). Our centre &" artificial restriction site. The second method called allele-
has been involved in developing PGD using analysis of polaf€Pendent length polymorphism (ADLP), employs allele-
bodies (PB) in addition to embryo biopsy (Stranal, 1990 specific primers for the mutant and normal sequence in which
1992, 1994; Rechitskgt al, 1996). The first polar body (PB1) tails of different lengths are added to each primer. Both assays

is extruded following meiosis . There are three geneticCOUId successfully genotype single fibroblasts, but sometimes

possibilities for the first polar body from a heterozygous®N® @SSy would give clearer differentiation between the two

woman. If no crossing over occurs, PB1 will be homozygousa“gleshthan the other. d PCR with identical diti f
(either normal or affected), but in the event of a crossover oth assays use neste with identical conditions for

PB1 will be heterozygous. If crossover does not occur ancﬁhe first rpund of PCR. Thus we were gble 0 pefform both
PB1 is homozygous for the mutant gene, the oocyte mugssays simultaneously on the same single cell in order to
contain two copies of the normal gene and any embrydncrease the accuracy of diagnosis.
developing from this oocyte can be transferred without risk of
an affected child. If the PB1 is homozygous for the normalMaterials and methods
gene, the maternal contribution to any embryo must be the .
.?’atlents
mutant gene. In the event that crossover occurs, the PB1 will )
be heterozygous and analysis of either the second polar bodﬁ/w”p'e requested PGD for a dominant form of RP. The woman

PB2) or a blastomere is required to predict which materna as affected as was her father. Previous analysis had established that
( ) ! qui predict whi he was heterozygous for the-@\ transversion in codon 23 of the

allele will be present in the mature oocyte. rhodopsin gene demonstrated to be associated with RP by &trgla
Retinitis pigmentosum (RP) is a heterogeneous genetigiggo). Family studies performed by another centre had confirmed

disease causing progressive vision loss. A point mutation ifhat the disease segregated with this point mutation.

the rhodopsin gene on chromosome 7 has been demonstratedhll protocols and consent forms were approved by the Institutional
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RPII

558 bp

RP1=5' - AGCTCAGGCCTTCGCAGCAT - 3'
RPII = 5' - GAGGGCTTTGGATAACATTG - 3'
SAME OUTSIDE PRIMERS USED FOR ALL ASSAYS

Figure 1. Diagram of outside primers for retinitis pigmentosum assays.
RP —» A

NL — GTACGCAGCCCCTTCGAGTACCCACAGTACTACCTGGCTGAG
AGGCTCATGGGTGTCATGATGGA «— PRIMER RP-RS

Mne | Site: CCTCNNNNNNNI

NL
RPI

RP-RS

NORMAL GENE DIGESTED WITH Mne 1 = 139 bp
MUTANT GENE DIGESTED WITH Mne I = 156 bp

Figure 2. Diagram of site-specific mutagenesis retinitis pigmentosum assay. hrmal (unaffected allele).
Review Board of lllinois Masonic Medical Center, IL, USA. Micro- Allele-dependent length polymorphism

manipulation and in-vitro fertilization (IVF) were performed as Following the same first round of amplification, a second {10
described in detail elsewhere (Verlinsley al, 1992, 1996; Strom  galiquot was removed and subjected to ADLP analysis. The primers

et al, 1994). for this analysis are shown in Figure 3. In ADLP, two allele-specific
) ) primers were designed with the mostriucleotide corresponding to
Polymerase chain reaction the transversion site. The RP specific primer has the identical sequence

Three pairs of primer sets were designed to assay codon 23 of thg the RP gene and the normal primer has the exact sequence of the

rhodopsin gene using the published sequence of the rhodopsin gefgrmal allele. A run of non-specific nucleotides is added to the 3

(Nathans and Hogness, 1984). RP-1 and RP-2 are the outside primafgds of both primers. The lengths of the runs differ for each primer.

and amplify a 558 bp region including codon 23 (see Figure 1). Than our design the RP primer (RP—RM) has a 20 bp tail and the normal

sequence of RP-1 is {83) AGCTCAGGCCTTCGCAGCAT and  primer has a 35 bp tail. This is illustrated in Figure 3.

RP-2 is (3-3') GAGGGCTTTGGATAACATTG. Thus priming of the normal gene vyields a 147 bp product whereas
FO”OWing the first round of PCR, two different assays were pnmmg of the RP gene gives a 132 bp product. These could be

developed for the C A transversion, one using SSM and a seconddjstinguished easily on polyacrylamide gels.

using ADLP.

Site-specific mutagenesis

The RP and normal rhodopsin gene sequences surrounding codon %esults

are shown in Figure 2. Unfortunately, no restriction endonuclease sité skin biopsy was taken from the affected woman and cultures
is created or destroyed by the mutation. We designed a primer (RPef skin fibroblasts established. In a blinded fashion, single
RS) with a single alteration from the normal sequence (an@® fibroblasts from this patient or a normal control were harvested
transversion in the penultimaté Bucleotide) that creates a restriction by micro manipulation and analysed by the molecular laborat-
site for the enzymevnel in the normal allele. The RP allele lacks ory |n all, 177 cells were analysed using the heminested
the Mnel site. This primer design is shown in Figure 1. Following simultaneous ADLP and SSM assays. Table | shows a summary
20 rounds of amplification with the outside primers, ll®f a 100pl of these analyses.

reaction mixture were added to fresh buffer and the inside primer There were no diagnostic errors in this series. It is important
RP-RS was added along with RP1 to form a heminested PCR system 9 ) P

An additional 20 rounds of amplification were performed and thel® Note th"’,‘t allele drop out (ADO)] a phenom_enon in single
resulting PCR products were subjected to a 1-3 h restriction digestioR€!l @nalysis where only one allele is amplified in a heterozyg-
with Mnel. The normal allele yielded a 139 bp band and the RPOUS cell was not seen. As others have noted, ADO is less
allele yielded a 156 bp band. These bands could be distinguishegommon in fibroblast analysis than in polar body and blasto-
easily on ethidium bromide-stained polyacrylamide gels. mere analysis. In all cases where amplification failure occurred,
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TGAAGCTCATGGGTGTCATGATGGA(N)_  PRIMER RP-RM
RP — A 20

NL — GTACGCAGCCCCTTCGAGTACCCACAGTACTACCTGGCTGAG
GGAAGCTCATGGGTGTCATGATGGA(N) 35 PRIMER RP-RN

Normal = 147 base pairs
RP = 132 base pairs

Figure 3. Diagram of allele-dependent length polymorphism retinitis pigmentosum assay.

12345 6 78 9

Table I. Analysis of normal and retinitis pigmentosum (RP) single — — -
fibroblasts by polymerase chain reaction (PCR). Figures in parentheses are -
percentages e
Cell type No. analysed No. amplified GenotyR&N GenotypeN/N ]56 — - —t - 156
RP/N 92 73 (79) 73 (100) 0 3
N/N 85 68 (80) 0 68 (100)
1 23456 78910
—— — - = = =

— _-]56 Figure 5. Preimplantation genetic diagnosis for retinitis

P : ) pigmentosum (RP) using site-specific mutagenesis assay of first

. polar bodies (continued) Ethidium bromide-stained polyacrylamide
"ios M : gels. 156 bp band followingyinel digestion= RP allele; 139 bp
i i 3 band followingMnel digestion= unaffected allele. Lane 1: normal
| s L control, undigested; lane 2: size standard; lane 3: normal control,
. : . digested K/N); lane 4: negative control; lane 5: negative control;

" lane 6: negative control; lane 7: polar body # 8, undigested; lane 8:
polar body # 8, digestedRP/RB; lane 9: overnight digestion of
lane 8.

e . — . ——

Figure 4. Preimplantation genetic diagnosis for retinitis

pigmentosum (RP) using site-specific mutagenesis assay of first . . .
polar bodies. Ethidium bromide stained polyacrylamide gels. 156 the predigestion PCR products showing the expected 156 bp

bp band followingMnel digestion= RP allele; 139 bp band band. FollowingMnel digestion (lane 3) all the material was
following Mnel digestion= unaffected allele. Lane 1: normal digested to the smaller 139 bp products confirming that the
c_ontrol, undigested; lane 2: size standard;_ lane 3: normal control, gl is homozygous\/N. There is a very faint band at a lower
digested R/N); lane 4: polar body # 3, undigested; lane 5: polar 100155 weight representing the 17 bp cleavage fragment.

body # 3, digestedN/N); lane 6: polar body # 1, undigested; lane . .
7: polar body # 1, digestedRP/N); lane 8: heterozygous control, ~ 1HiS can be seen because all the primers have been used up

undigested; lane 9: heterozygous control, digesi/)); lane 10: in the single cell PCR reaction leaving no primer or primer—
overnight digestion of lane RP/N. dimer artefact visible on the gel. The absence of this band in
the undigested lanes (1, 4, 6, 8) confirms this observation.
both the ADLP and SSM assays failed to yield amplified Lanes 8 and 9 are the undigested and digested PCR products
product. This observation is not unexpected as the same firséspectively of a known heterozygous cell. The presence of
round of PCR is used for both reactions prior to aliquottingtwo clear bands, an undigested one at 156 bp and the digested
the samples prior to the second round of amplification. one at 139 bp, confirms thi/RP genotype. Lanes 4 and 5

Another interesting observation was made during this serieshow the analysis of polar body number 3. The complete
For some experiments the ADLP analysis gave clearer resultigestion of the PCR products to the 139 bp bands establishes
than the SSM analyses and for other experiments the converiee genotype abdl/N. Lanes 6 and 7 represent the analysis of
was true, although there were no instances when the twpolar body number 1 and reveals a heterozydgRANgenotype
methods gave conflicting results. for this polar body.

Confident that our system was sufficiently robust and accur- Figure 5 contains negative ‘false biopsy’ controls in lanes
ate, we proceeded to perform a PGD analysis for this couplel, 5, and 6 showing the lack of contamination. These tubes
Following stimulation, 11 oocytes were aspirated and nine firstontain 1-2ul of fluid used to bathe the oocyte during the
polar bodies were successfully removed for amplification. Thédiopsy process. Lanes 7 and 8 are the analyses of polar body
remaining two oocytes were fragmented and not suitable fonumber 8 demonstrating no digestion and therefore a genotype
insemination or analysis. of RP/RP Lane 9 is an overnight digestion confirming the

Figures 4 and 5 show the results of the SSM assay for thikack of digestion shown in the shorter incubation in lane 8.
case. Figure 4, lanes 1 and 3, represents a single fibroblalstnes 1 and 3 are undigested and digested PCR products of
control known to be homozygous unaffect@d)). Lane 1 is normal control DNA showing complete restriction digestion.

353



C.M.Strom et al.

12345678910

g ’ e Table Il. Summary of genotype analysis in preimplantation genetic
—

diagnosis for retinitis pigmentosum (RP)

y L - — e L= _}g; Oocyte no. PB genotype  Embryo genotype (#) Oocyte genotype

| T 1 RP/N N/N(1)

,[ : No Amp (1)

[ : 2 No Amp

: 3 N/N RP/N(7)
No Amp (1)
: 5 R/R No Amp
B b . ___‘.1 6 N/N No Amp.
< P % 7 No Amp
e 8 R/IR Transferred

Figure 6. Preimplantation genetic diagnosis for retinitis 9 N/N RP/N(4) >
pigmentosum (RP) using allele-dependent length polymorphism 11 N/N NR(IJD;?\IT3[J)( )
assay of first polar bodies. Ethidium bromide-stained No Amp (4)
polyacrylamide gels. 147 bp band unaffected allele; 132 bp Neg. Controls= 8 No Amp = 8
band= RP allele. Lane 1: polar bgd# 8 (RP/RB; lane 2: polar
body # 3 (\/N); lane 3: size standard; lane 4: polar body #1
(RP/N); lane 5: control heterozygot®P/N); lane 6: polar body # 6
(N/N); lane 7: polar bogd # 9 (N/N); lane 8: polar body # 11 embryos were dissociated into individual blastomeres and
(N/N?); lane 9: polar bog # 5 (RP/RR); lane 10: heterozygous analysed to confirm the diagnosis. In all, 14 blastomeres from
control RP/N. three embryos were successfully analysed and the affected

. N Status was confirmed in all cases.
Figure 6 represents the ADLP analysis in this case. On this

gel the polar body number 8 is in lane 1 and shows a single__ .
band at 132 bp indicating BP/RPgenotype. Lane 2 is polar Discussion
body number 3 showing a single 147 bp band indicating @oint mutations that do not alter a restriction site provide
genotype ofN/N. Lane 4 is polar body number 1 and lane 5 challenges to accurate genotyping, especially in the context of
is a heterozygous control. Both lanes show two bands indicatingingle cell analysis. Several techniques such as allele-specific
anRP/Ngenotype. Lanes 6 and 7 display unambiguous resultsligonucleotide hybridization, ADLP (initially called ARMS),
with a single band at 147 bp establishing a genotyp®l  SSM, and ligation PCR can be used in such situations. These
for polar bodies 6 and 9. However, lanes 8-10 show ambiguouassays, when used alone, can yield ambiguous results because
results using ADLP. In lane 8 (polar body # 11) there is anof the sensitivity of each system to minor changes in reaction
intense band at 147 bp and a faint band at 132 bp. Weonditions. We specifically chose ADLP and SSP because
interpreted this as probably indicative NfN genotype with a  they involved different mechanisms of specificity with ADLP
potential to beRP/N The SSM analysis demonstrated that thisrelying on allele specific priming and SSP using the same
cell was clearly homozygous/N and the faint extra band was priming sequences but with a primer mismatch. We felt that
most likely due to non-specific priming (data not shown).for any given reaction, if one assay failed, the other would
Since all false biopsies and reagent controls were negativeucceed. Additional independent assays, such as SnuPE or
these faint bands are unlikely to be due to contamination. DUSSCP could also have been used. We chose SSP and ADLP
to the unambiguous results from the same polar bodies frorbecause we had the most experience with such assays, but
the SSP analysis we were confident in our determinations dhere is no reason why all four assays could not be used
the genotypes of these polar bodies. simultaneously. Another potential method for increasing accu-
Similarly, polar body number 5 shown in lane 9 has a darkracy would be to perform replicate amplifications in the second
band at 132 bp and a faint band at 147 bp while the SSMound. This could potentially further reduce any ambiguity of
assay revealed the cell to be homozygous affected. Lane 10igsults. However, we felt that the two assays, as currently
a known heterozygous control but the 147 bp band is clearlperformed, yielded accurate genotyping of single cells without
darker than the 132 bp band. Thus, in this particular analysithe additional labour and time that these amendments would
the SSM was more easily interpreted than the ADLP. Howeverentail.
this is not always the case. This report demonstrates the successful application of a new
Table Il is a summary of the PGD analysis in this casetechnique for PGD of Mendelian disorders caused by point
Two oocytes had a first polar body homozygous for the RRAnutations that do not alter restriction sites. The simultaneous
mutation meaning that the oocyte contained the normal allelaise of two assays using the same outside primer pair allows
Only one of these oocytes fertilized and was transferred. Ajenotyping to be made with confidence, especially when
pregnancy did not develop. The unfertilized oocyte was anadsing assays that rely on allele-specific priming or SSM. This
lysed but did not reveal any amplification product. technique, however, does not prevent or detect allele drop out.
Four oocytes had homozygous normal first polar bodiefAnother multiplexed outside primer pair looking at a linked
predicting that the oocyte would contain the affected genepolymorphismwould have the ability to detect this phenomenon.
Since RP is a dominant disease in this family, any embryos The ADLP assay sometimes gave ambiguous results appar-
resulting from these eggs would be affected. The four resultingntly due to non-specific priming. The SSM assay sometimes
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yielded insufficient PCR product for unambiguous genotyping
presumably due to inefficient priming by the mismatched
primer. Since the two assays fail for different reasons, in any
single analysis, at least one assay should succeed.

In the case of an autosomal dominant disease when the
female has the affected gene, polar body diagnosis is far
preferable to blastomere biopsy. We have observed a 3-fold
higher rate of ADO in blastomeres than in polar bodies
(unpublished data). Ragt al. (1996) and Ray and Handyside
(1996) have also observed high rates of ADO in blastomere
analysis for cystic fibrosis even after conditions have been
optimized. If ADO occurs following a blastomere biopsy in a
dominant disease, an affected embryo could be misdiagnosed
as unaffected. This situation is analogous to performing blasto-
mere biopsy for a recessive disease when the parents have
different mutations. In such cases, ADO has led to misdiagnoses
in three cases of cystic fibrosis (Handyside and Delhanty,
1996; Lissens and Sermon, 1997). An excellent review of this
issue can be found in Lissens and Sermon (1997). Therefore
we do not offer PGD by blastomere analysis for dominant
diseases or for recessive diseases (both autosomal and X-
linked) when the parents have different mutations.

We feel that the use of two assays increases the accuracy
of single cell genetic diagnosis, but could also be used in
standard genotyping applications such as prenatal diagnosis,
diagnostic testing and carrier detection.

References

Dryja, T.P., McGee, T.L., Reichel, Eet al. (1990) A point mutation of the
rhodopsin gene in one form of retinitis pigmentobiature 393, 354-366.

Handyside, A.H. and Delhanty, J.D. (1996) Preimplantation genetic diagnosis:
strategies and surpriseiends Genet.13, 270-275.

Handyside, A.H., Kontogianni, E.H., Hardy, K. and Winston, R.M.L. (1990)
Pregnancies from biopsied human preimplantation embryos sexed by Y-
specific DNA amplificationNature 344,768-770.

Handyside, A.H., Lesko, J.G., Tar'n, Jek al. (1992) Birth of a normal girl
afterin vitro fertilization and preimplantation diagnostic testing for cystic
fibrosis.N. Engl. J. Med 327,905-909.

Lissens, W. and Sermon, K. (1997) Preimplantation genetic diagnosis: current
status and new developmenktum. Rep12, 1756-1761.

Nathans, J. and Hogness, D. (1984) Isolation and nucleotide sequence of the
gene encoding human rhodopdtnoc. Natl. Acad. Sci. USR&1,4851-4855.

Ray, P.F. and Handyside, A.H. (1996) Increasing denaturation temperature
during the first cycles of amplification reduces allele dropout from single
cells for preimplantation genetic diagnosiks.Assist. Reprod. Gengil3,
213-218.

Ray, P.F., Winston, R.M. and Handyside, A.H. (1996) Reduced allele dropout
in single-cell analysis for preimplantation genetic diagnosis of cystic
fibrosis.J. Assist. Reprod. Gengll2, 104-106.

Rechitsky, S., Freidine, M., Verlinsky, Y. and Strom, C.M. (1996) Allele
dropout in sequential PCR and FISH analysis of single cdllsAssist.
Reprod. Genetl13, 115-125.

Strom, C.M., Verlinsky, VY., Milayeva, Set al. (1990) Preconception genetic
diagnosis of cystic fibrosid.ancet 336, 306—307.

Strom, C.M., Rechitsky, S., Wolf, G. and Verlinsky, Y. (1994) Reliability of
polymerase chain reaction (PCR) analysis of single cells for preimplantation
genetic diagnosis]. Assist. Reprod. Genglll, 55-62.

Verlinsky, Y., Rechitsky, S., Evsikov, St al. (1992) Preconception and
preimplantation diagnosis for cystic fibrosrenatal Diagn, 12,103-110.

Verlinsky, Y., Rechitsky, S., Freidine, Met al. (1996) Birth of a healthy
girl after preimplantation gender determination using a combination of
polymerase chain reaction and fluorescensitu hybridization analysis.
Fertil. Steril., 65, 358-360.

Received on October 24, 1997; accepted on January 23, 1998

Preimplantation diagnosis of retinitis pigmentosum

355



