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HOW TO AVOID MISDIAGNOSIS in PGD

SVETLANA RECHITSKY, PhD

Expected problems in PGD for single gene disorders

• Preferential amplification

• Allele drop-out (ADO)

• Contamination

• Recombination

• Aneuploidy

• Uniparental disomy

• Mosaicism

• De novo mutations
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ADO RATE IN DIFFERENT TYPE OF CELLS 
with or without WGA OR MDA

(TG)n(CG)n

Polymorphic markers

(TA)n (CA)n
Hinf I

(TG)n

Bam HIHpa I Hinf I Hinf I
(ATTTT)n

Rsa I

Sfa 

NI Bam HI Ava II Hinf I

(AT)xTy

Cd 8/9

Cd 39

Cd 41/42

IVS I-1

IVS I-5

IVS I-6

IVS I-110

IVSII-1

IVSII-645

IVSII-745

HBE1 HBG2 HBG

1

HBD EXON 1 EXON 2IVS I IVS 2 EXON 3

D11S1241

(CA)n

D11S1338

(CA)n

D11S1997

(GATA)n

D11S1323

(CA)n

Cd 8

R30T

619 bp DEL

CAP
E6V

Mutations

-29

(A-G)

-31

(A-G)

-87

(C-G)

-42

(C-G)

RNA Processing mutations Transcriptional mutations No nfunctional mRNA

IVS I – 1 (G – A) 87  (C–G) Codon 8  (-AA)

IVS I – 1 (G–T) 42  (C–G) Codon 39  (C–T) 

IVS I – 5 (G–C) 31  (A–G) Codon 41/42  (-CTTT)

IVS I  –5 (G–T) 29  (A–G) 

IVS I – 5 (G–A) 28  (A–G)

IVS I – 6 (T–C) E 6V (Sickle cell anemia)

IVS I – 110 (G–A) R30T

IVS 2 – 1 (G–A) Deletion: Cap site:

IVS 2 – 654 (C–T) 619 bp +1 (A – C)

IVS 2 – 745 (C–G) 45 Kb +2 (T – C)

List of mutations

Mutations in beta-globin gene and polymorphic markers

used in multiplex PCR analysis
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ADO detection by linked markers

0

1

2
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1,5

0

7,1
7,9

6,8

Delta F508

Intron 6

Intron 8

intron17

N N N NN N

156 bp

Disomy Monosomy Trisomy

N
N

Disomy Monosomy Trisomy

N

120

130

145

N

128

136

155

N

120

130

145

N

120

130

145

N

132

140

152

N

128

136

155

Detection of copy number of chromosome 
and its impact on accuracy of PGD
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Analysis of linked markers allows for:

• Detection of: 
– Preferential amplification
– Allele drop-out (ADO)
– Recombination
– Contamination
– Aneuploidy
– Uniparental disomy

• Embryo identification

Linkage analysis by Karyomapping
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Test type Total # 

families

Relatives were

Not available for 

haplotype

prediction

Same mutation

(including 

offspring)

De novo

mutations

Recombinant 

baby

SGD 2460 354

12.73%

41

1.7%

179

7.2%

8

0.3%

HLA  

Typing

320 NA NA NA 17

5.3%

TOTAL 2780 354

(12.73)

41

(1.7%)

179

(7.2%)

25

(0.89%)

Total : 22.52%

HAPLOTYPING limitations without mutation analysis 

FLOW CHART FOR COMBINED TESTING

A single cell is placed in lysis buffer 

and spanned

Second Round started as a separate PCR reaction for each locus

Mutation & Linkage (Haplotyping):
PCR Mix with multiple outside primers,

4800

2400

1200

0

Single Gene Analysis:

RFLP
Real Time PCR 

with TaqMan probe
Fluorescent

sequencing Mini-sequencing

N     N/M N    Und

T
C

45,XY(-5)

45,XY(-7)

NGS
CGATTGCCCC

CGATTGCCCC

CGATTGCCCC

CGATTGCCCC

aCGH

NGS

STRs

Kryomapping

Aneuploidy testing

WGA:
aCGH+Mutation –: PEP,DOP

Karyomapping : MDA

NGS: DOP,MDA or MALBAC

Semi-aplicons

NGS

Semi-amplicon

Full-amplicon

Combined testing: SGD+AT-24
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MICROARRAY  or NGS  limitations due to WGA nature:

1. PCR BASED:  PEP-PCR (15 MER DEGENERATE PRIMER)

DOP-PCR (QUASI-RENDOM ANNEALING OF HYBRID OLIGOS)

LA-PCR (ADAPTORS WITH UNIVERSAL SEQUENCE LIGATED TO DNA ENDS)

2.    ISOTERMAL:  MDA (RANDOM PRIMING AND STRAND DISPLACEMENT)

1. COMBINATION OF BOTH:  MALBAC (DISPLACEMETNT PRE-AMPLIFICATION and LOOP CREATION)

BREDTH OF GENOMIC COVERAGE;

AMPLIFICATION BIAS DUE TO %GC CONTENT;

ALLELE DROP OUT (ADO)

PREFERENTIAL  ALLILIC AMPLIFICATION (PA)

CHIMERIC DNA MOLECULES;

NUCLEOTIDE COPY ERRORS

CAN  VARY SIGNIFICANTLY  FOR DIFFERENT WGA APPROACHES

AND CAN AFFECT INTERPRETATION

A ONE-FIT- ALL  WGA  METHOD  REMAINS TO BE ESTABLISHED

WGA  APPROACHES :

MARKERS for FABRY:
DXS8034
DXS8020

GLA 
DXS1191
DXS8089

126
180

N
121
142
108

137
180

D92Y
147
111

128
168
N

140
102

137
180

D92Y
147
108

128
168
N

140
102

GLA gene

GLA gene

106/121
116/116
163/167

83/83
126/124
329/340
107/11

204’200
128/136
142/132

DUPLICATION
113/122
102/111

123
109
163
85
124
327
107
204
128
128
N

111
107

SINGLE SPERM HAPLOTYPINGMARKERS FOR CMT1A:
D17S2216
D17S2217
D17S2219
D17S291

D17S2220
D17S2221
D17S839

D17S2224
D17S2226
D17S2229

PMP22
D17S1357
D17S793

TOTAL TESTED- 50.
NORMAL-17;

AFFECTED- 38;
RECOMBINANT- 5.

1                         3                        4                     5                      6                       8    9

OOCYTES

GLA
gene

EMBRYOS

125
109
167
91
117
332
113
196
145
132
N

111
105

106/121
116/116
163/167

83/83
126/124
329/340
107/11

204’200
128/136
142/132

DUPLICATION
113/122
102/111

123
109
163
85
124
327
107
204
128
128
N

111
107

123
109
163
85
124
327
107
204
128
128
N

111
107

123
109
163
85
124
327
107
204
128
128
N

111
107

123
109
163
85
124
327
107
204
128
128
N

111
107

1                         3                        4                     5                      6                       8    9

106/121
116/116
163/167

83/83
126/124
329/340
107/11

204’200
128/136
142/132

DUPLICATION
113/122
102/111

106/121
116/116
163/167

83/83
126/124
329/340
107/11

204’200
128/136
142/132

DUPLICATION
113/122
102/111

107
105
163
81
122
341
111
196
128
134
N

122
115

125
109
167
91
117
332
113
196
145
132
N

111
105

107
105
163
81
122
341
111
196
128
134
N

122
115

125
109
167
91
117
332
113
196
145
132
N

111
105

125
109
167
91
117
332
113
196
145
132
N

111
105

107
105
163
81
122
341
111
196
128
134
N

122
115

CMT1A

Y Y
Y

137
180

D92Y
147
108

137
180

D92Y
147
108

137
180

D92Y
147
108

128
168
N

140
102

128
168
N

140
102

128
168
N

140
102

128
168
N

140
102

137
180

D92Y
147
108

137
180

D92Y
147
108

137
180

D92Y
147
108

128
168
N

140
102

128
168
N

140
102

128
168
N

140
102

128
168
N

140
102

128
168
N

147
110

128
168
N

147
110

128
168
N

147
110

128
168
N

147
110

128
168
N

147
110

GLA gene

Y

FABRY
DISEASE

PGD
NORMAL

PGD
NORMAL

PGD
NORMAL

SEQUENTIAL POPAR BODY ANALYSIS
FOR FABRY DISEASE

BLASTOMERE ANALYSIS 
FOR  DE NOVO

CMT1A AND & FABRY DISEASE

AFFECTED     NORMAL*                      NORMAL*                   NORMAL*                    NORMAL*             AFFECTED*                AFFECTED                       

NORMAL CMT1A
AFFECTED FABRY

NORMAL CMT1A
NORMAL FABRY

AFFECTED CMT1A
NORMAL FABRY

NORMAL CMT1A
NORMAL FABRY

NORMAL CMT1A
NORMAL FABRY

AFFECTED CMT1A
AFFECTED FABRY

AFFECTED CMT1A
AFFECTED FABRY

ET

COMBINED PGD FOR PATERNAL DE NOVO
DUPLICATION IN PMP22 GENE (CMT1A) AND  FABRY DISEAS E
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92
118
114
204
138
N

129
124

102
112
107
212
142
M

127
128

102
112
107
212
142
N

127
128

PGD PGD PGD

NORMAL

104
120
114
200
134
N

129
122

102
126
114
216
153
N

127
122

CYCLE #1

Predicted
Genotype:

Embryo #

ET

4           5              6            7             8

ET

92
118
107
212
142
N*

127
128

92
118
114
204
138
N

129
124

92
118
114
204
138
N

129
124

102
126
114
216
153
N

127
122

104
120
114
200
134
N

129
122

92
118
114
204
138
N

129
124

102
126
114
216
153
N

127
122

102
112
107
212
142
N*

127
128

102
126
114
216
153
N

127
122

102
126
114
216
153
N

127
122

N          N         N*        N           N*

TB-N*

TB-N*

ET         ET       

CYCLE #2
2           3           4            5             6           7             9            11          12       13

102
126
114
216
153
N

127
122

102
112
107
212
142
N*

127
128

102
112
107
212
142
N*

127
128

102
112
107
212
142
N*

127
128

102
112
107
212
142
N*

127
128

92
118
114
204
138
N

129
124

92
118
114
204
138
N

129
124

104
120
114
200
134
N

129
122

104
120
114
200
134
N

129
122

92
118
114
204
138
N

129
124

92
118
114
204
138
N

129
124

104
120
114
200
134
N

129
122

104
120
114
200
134
N

129
122

92
118
114
204
138
N

129
124

102
112
107
212
142
M

127
128

102
126
114
216
153
N

127
122

102
126
114
216
153
N

127
122

102
126
114
216
153
N

127
122

102
126
114
216
153
N

127
122

N* N        N        N*  22 0 N* N          N* N        M 

PGD  STRATEGY FOR THE FAMILIES WITH GONADAL MOSAICI SM
FOR DOMINANT DISEASES

36% 29%  34%
148
118
106
153
118
212
168
144

152
118
106
157
120
212
168
144

152
118
DEL
DEL
DEL
DEL
168
144

146
118
106
157
120
212
168
144

148
118
106
159
120
212
172
149

1            2            3           4           5            6           7           8          

ET          ET

0
N* N             N           N           N           N           N

CASE1.
c.114+2 T- C SPLICING MUTATION IN NF2 GENE

CASE 2. 
DELETION MUTATION IN NF1 GENE

TB-N*TB-N*TB-N*

ET         ET

PGD

146
118
106
157
120
212
168
144

148
118
106
159
120
212
172
149

152
118
106
157
120
212
168
144

148
118
106
153
118
212
168
144

146
118
106
157
120
212
168
144

148
118
106
153
118
212
168
144

146
118
106
157
120
212
168
144

148
118
106
153
118
212
168
144

146
118
106
157
120
212
168
144

148
118
106
153
118
212
168
144

148
118
106
153
118
212
168
144

148
118
106
159
120
212
172
149

148
118
106
153
118
212
168
144

148
118
106
159
120
212
172
149

152
118
106
157
120
212
168
144

BLASTOMERE ANALYSIS FOR DELETION IN NF1 GENE

EMBRYO #

PGD  STRATEGY FOR THE FAMILIES WITH GONADAL MOSAICI SM
FOR DOMINANT DISEASES

AFFECTED          NORMAL            NORMAL                             NORMAL

PGD CYCLE 1                                      PGD CYCLE 2

FAMILY A.

MARKERS ORDER:
D4S2299
D4S2921
D4S2688
D4S426

D4S2390
D4S1652
D4S2930
D4S2283
D4S1523

FRG1 GENE

187
155
195
76

120
145
118
210
149
DEL

172
155
191
80

118
145
118
210
145
N

175
144
199
76

114
154
118
210
145
N

175
144
199
76

114
154
118
210
145
N

168
155
191
80

118
159
118
214
149
N

172
155
191
80

118
145
118
210
145
N

168
155
191
80

118
159
118
214
149
N

175
144
199
76

114
154
118
210
145
N

168
155
191
80

118
159
118
214
149
N

172
155
191
80

118
145
118
210
145
N

187
155
195
76

120
145
118
210
149
DEL

175
144
199
76

114
154
118
210
145
N

FAMILY D.

FAMILY  B.

191
143
199
78

117
154
120
186
149
DEL

187
155
191
80

115
145
118
210
149
N

191
143
199
78

117
154
120
186
149
N

169
155
191
80

121
150
122
186
149
N

169
155
191
80

121
150
122
186
149
N

169
155
191
80

121
150
122
186
149
N

187
155
191
80

115
145
118
210
149
N

169
155
191
80

121
150
122
186
149
N

PGD

NORMAL
RECOMBINANT

191
143
199
78

117
154
120
186
149
DEL

187
155
191
80

115
145
118
210
149
N

172
143
203
76

111
154
120
202
136
N

172
155
191
80

123
154
118
186
149
N

Recombination

NORMAL

PGD for FACIOSCAPULOHUMERAL MUSCULAR DYSTROPHY -FSH D 1A
( chromosomal rearrangement within the subtelomeric  region of 4q35)
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Normal
MUTATION CONFIRMATION AND 

POLYMORPHIC  MARKERS  EVALUATION
ON DNA FROM BLOOD OR BUCKLE SWABS

(198   201)
(125   127 )
(167   165)
(N       M)
(115   112)
(132    136)
(176    176)

198
125
167
N

117
132
176

198
129
169
N

117
138
178

POLAR  BODY  ANALYSIS IS HIGHLY RECOMMENDED 
TO ESTABLISH

NORMAL & AFFECTED HAPLOTYPES

PGD

MUTATION TESTING ON
SINGLE  CELLS

Affected

PGD

EMBRYOS

MARKERS ORDER:
D12S811

D12S1341
TBX5

D12S354
D12S359
D12S79

D12S1665

242
126

T223M
153
141
166
132

226
139
N

161
145
155
126

228
143
N

153
141
160
122

254
135
N

159
125
158
122

2                           4                             6                       7                         8                10                           19

242
126

T223M
153
141
166
132

242
126

T223M
153
141
166
132

242
126

T223M
153
141
166
132

242
126

T223M
153
141
166
132

242
126

T223M
153
141
166
132

226
139
N

161
145
155
126

226
139
N

161
145
155
126

226
139
N

161
145
155
126

228
143
N

153
141
160
122

254
135
N

159
125
158
122

254
135
N

159
125
158
122

228
143
N

153
141
160
122

228
143
N

153
141
160
122

228
143
N

153
141
160
122

aCGH

AFFECTED                       UPD 12                 AFFECTED            AFFECTED           NORMAL      AFFECTED                NORMAL               

47,XXY             46,XX                   45,XY -21         46,XY                   46,XX                    46,XY             46,XX

ET FROZEN

TROPHECTODERM ANALYSIS FOR HOLT-ORAM SYNDROM and  AN EUPLOIDY by CGH array
( de novo T223M mtation in TBX5 gene)

PGD Strategies for de novo  MATERNAL mutations

1                2            3                              4-10                                                               10-4                               3                              

1                         2                       4                      5                        6                      8   9                       10                     11                              

MARKERS ORDER:
DXS9929
DXS8103
DXS8061

P39
NEMO

DXS1073
F8-1

F8-13

130
136
116
128
DEL
200
113
102

130
136
116
128
DEL
200
113
102

130
136
116
128
DEL
200
113
102

116
128
DEL
200
113
102

130
136
116
128
DEL
200
113
102

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

139
142
118
124
N

202
111
98

139
142
118
124
N

202
111
98

139
142
118
124
N

202
111
98

139
142
118
124
N

202
111
98

130
136
118
124
N

202
111
98

FA FA

139
142
118
124
N

202
111
98

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

130
136
116
128
DEL
200
113
102

139
142
118
124
N

202
111
98

139
142
118
124
N

202
111
98

PB1

PB 2

PREDICTED OOCYTE
GENOTYPE NORMAL NORMALAFFECTED AFFECTEDAFFECTED AFFECTEDAFFECTED,

recombinantET

NORMAL

PGD

ET

CONFIRMATION 
ON BLASTOMERES

AFFECTED
MALE

AFFECTED
MALE

AFFECTED
FEMALE

AFFECTED
recombinant

FEMALE

AFFECTED
FEMALE

NEMO (IKBKG) GENE – 23 KB PSEUDOGENE - ∆ NEMO

REARRANGED NEMO GENE AND ∆NEMO
(DELETION EXON 4-10)

1145 bp

EXONS

1                 2           3                                                             3             

N N/N

SEQUENTIAL POLAR BODY ANALYSIS

2                                            5                        6                                 9                       10                     11                              EMBRYO #

PGD FOR DE NOVO MATERNAL REARRANGEMENT MUTATION IN NEMO GENE
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IVS 3 – 15 (T-A)
De novo,
mosaic

MARKERS :
D22S1144
D22S1163
D22S689

D22S1150
NF2

Intron1 (GT)n

101
120
204
140
N

129

92
118
212
142

IVS 3-15
127

92
118
212
142
N

127

101
112
200
144
N

131

101
112
204
142
N
127

92
118
212
142
N

127

101
112
204
142
N

127

101
120
204
140
N

129

101
112
204
142
N

127

101
120
204
140
N

129

101
112
200
144
N

131

101
112
204
142
N
127

101
120
204
140
N

129

101
112
200
144
N

131

101
120
204
140
N

129

101
112
204
142
N
127

101
120
204
140
N

129

92
118
212
142

IVS 3-15
127

101
112
200
144
N

131

101
112
204
142
N
127

101
120
204
140
N

129

101
112
200
144
N

131

92
118
212
142
N

127

101
112
204
142
N
127

92
118
212
142
N

127

101
112
204
142
N
127

ET ET
NORMAL NORMAL* NORMAL NORMAL NORMAL NORMAL NORMAL NORMAL* NORMAL*AFFECTED MONOSOMY 22

6  NORMAL
1 AFFECTED

3 NORMAL* - chance of ADO of mutant allele

FET FET FET FET

1               2               3                  4              5               6              7               8           9 10         11

PGD
NORMAL

PGD
NORMAL

TB-N* TB-N*
TB-N*

PGD for Maternal de novo splicing IVS 3 -15 T-A  mutation 
in NF2 gene

157
N

112
199
141

160
N*

114
189
141

160
N*

114
189
141 Y

164
N

110
199
143Y

157
N

112
199
141

160
N*

114
189
141

164
N

110
199
143

157
N

112
199
141

2            3            4           7           8           9           10          11         12

164
N

110
199
143Y

164
N

110
199
143

157
N

112
199
141

157
N

112
199
141

160
N*

114
189
141

164
N

110
199
143

157
N

112
199
141

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X Y

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

Normal,
Non-match

Normal*
Match
female

ET

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X Y

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X Y

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

6, 6;
13,13;
16,16;
18,18;
21,21;
22,22;
X X

Normal* ,
Non-match

male

Normal,
Match

male

Normal,
Non-match

male

Normal
Match
female

Normal,
Non-match

female

Normal*
Non-match

female

PGD FOR DE NOVO MUTATION C750G IN FANC I GENE 
(FANCONI ANEMIA I) AND HLA GENOTYPING 

ET Normal*
Match
female

142
117
145
172
N

130
167
106

133
130
147
162
N

123
165
130

133
130
150
162
N

128
154
107

142
128
150
172

E837X
132
162
127

1           2            3           4            5           6

133
130
147
162
N

123
165
130

133
130
150
162
N

128
154
107

142
128
150
172

E837X
132
162
127

142
128
150
172

E837X
132
162
127

142
117
145
172
N

130
167
106

133
130
150
162
N

128
154
107

142
117
145
172
N

130
167
106

133
130
150
162
N

128
154
107

142
117
145
172
N

130
167
106

133
130
150
162
N

128
154
107

142
117
145
172
N

130
167
106

142
117
145
172
N

130
167
106

142
128
150
172

E837X
132
162
127

142
117
145
172

C750G
130
167
106

PGD FOR DE NOVO MUTATION IVS9+5 G-A IN CYBB GENE 
(CHRONIC GRANULEMATOUSE DISEASE), HLA GENOTYPING

AND ANEUPLOIDY TESTING 

HLA      FANCI FANCI HLA 

FANCI  HLA 

FANCI  

HLA 

ET ETHLA 

CYBB

160
N*

114
189
141

164
N

110
199
143

157
N

112
199
141Y

Y
160

IVS9+5G-A
114
189
141

HLA   CYBB CYBB    HLA

CYBB       HLA

Normal*,
Non-match

Normal,
Non-match

Normal*,
Non-match

Normal*,
Non-match

Carrier*
Match

Carrier*
Match

DNA FROM
TOTAL SPERM

2            3            4           7           8           9            10           11          12OOCYTES

EMBRYOS

N*  N* N          N*  N            N          N             N* NCYBB

PGD  STRATEGY FOR THE FAMILIES WITH GONADAL MOSAICI SM
(DE NOVO X-LINKED AND RECESSIVE MUTATIONS)
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PGD for Long-Chain  3-Hydroxyacyl-CoA  Dehydrogenase Deficiency

C

102 b.p.
3’5’

NORMAL

MUTANT

3’5’

60 42
2nd Round hemi-nested

G

Pst I

intron 14 intron 15exon 15

LC-2

1528 (G⇒C)

LC-1

LC-4

Pseudogene

exon 16

RESULTS OF SEQUENTIAL ANALYSIS OF POLAR BODIES

ADADO

S

2      3       4        5         7         8       9        10      11     13      
14      15ET     ET      ET ET

NORMAL

MUTANT

OOCYTE #

Exon 1 Exon 2

Exon1 Exon 2

Exon 3

Exon 3

CYP 21A2
(gene)

CYP 21A1P
(pseudogene)

Exon 8

Exon 8

8 bp

8bp deletion

P1 P5

P48

P55

P19

PC

Q318X

CAG--TAG

268              56            94

260      8      56            94

NORMAL

AFFECTED

Mutation Intron 2 nt 656 A/C--G :
RESTRICTION  MAPS: 

Mutation Q318X :

NORMAL
AFFECTED

30                   135

165

Mwo I Mwo I Pst I

Intron 2
nt 656

A/C--G

Intron 2

Mwo I Mwo I

Intron 2

Oocyte #       3       4         6         8        M   C  Und
Genotype     N      A N         N      N/A N 

ET                          ET  

S
td

 

P
B

1
P

B
2

P
B

1
P

B
2

P
B

1
P

B
2

P
B

1
P

B
2

D
N

A
D

N
A

D
N

A

ADO

*

Sequential Polar Body analysis for the
Intron 2 nt 656 mutation

A.

B.

C. D. Analysis of the  paternal mutation 
Q318X in blastomere # 4ADO detected by sequential PB

analysis and confirmed by MIB marker

Genotype  N  N/A N  

274

S
td

B
L

P
 D

N
A

D
N

A

U
nd

278

E.

D6S273

132134

MIC A

PB 6-1

PB 6-2

PGD for Congenital Adrenal Hyperplasia0
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Embryo #

PGD

1                         2                           3                       4   

HLA
(Chr.6)

ET

N M N N

D6S306
MOG
MIB
9N2
LH1
TAP
RING
D6S1618
D6S439
D6S1583

104
182
119
135
167
207
161
143
123
142

100
167
123
133
151
205
155
128
128
149

114
172
106
131
164
207
161
145
123
153

104
182
123
135
173
216
159
128
126
149

104
182
119
135
167
207
161
143
123
142

114
172
106
131
173
216
159
128
126
149

HLA
(Chr.6)

HLA
(Chr.6)

Telomere

C
la

ss
 I

C
la

ss
 II

I
C

la
ss

 II

HLA-F

HLA-A

HLA-E

HLA-C

HLA-B

HLA-DR

HLA-DQ

X

N/N N/M M/N N/N

Oocyte #

IVSI-1 / N N / IVSI-110

ET

114
172
106
131
173
216
159
128
126
149

PGD

IVSI-1 / IVSI-110

Maternal Recombination Detected in Thalassemia
major baby in PGD cycle

1.1                               1.2

A*02
B*4002/05 

Cw*15
DRB1* 15
DQB1* 06

Centromere

Telomere

C
la

ss
 I

C
la

ss
 II

I
C

la
ss

 II

HLA-F

HLA-A

HLA-E

HLA-C

HLA-B

HLA-DR

HLA-DQ

D6S461

D6S276*

D6S299

D6S464*

D6S105

D6S306*

D6S1624*

D6S1615

D6S258

D6S248*

MOG a,b,c,d

RF

D6S265

D6S510

MIB

MICA

TNF a,b,c,d
62

82-1

9 N2

D6S273*

D6S1666

D6S1629

DN

LH 1
DQ-CAR II

DQ-CAR

G51152

D6S2447

D6S2443

D6S2444

TAP 1

Ring 3CA

D6S1568

D6S1560

D6S1618

X

D6S276
D6S248

A*02
D6S258

MOG
D6S510
D6S265

Cw*15
B*4002/05

D6S62
TNF b,d
D6s273

DN
DQ-CAR

DRB1*15
DQB1*06

D6S2443
TAP1

D6S1618

A*11
B*07

Cw*0702
DRB1* 0101

DQB1* 05

A*74
B*1503 
Cw*02

DRB1* 11
DQB1* 03

A*68
B*08

Cw*0702
DRB1*0301
DQB1*02

2.1                                         2.2                                    2.3

CARRIER,
DONOR

AFFECTED,
RECEPIENT

AFFECTED,
RECOMBINANT

Chr.6 Chr.6

D6S276
D6S248

A*68
D6S258

MOG
D6S510
D6S265

Cw*0702
B*08
D6S62

TNF b,d
D6s273

DN
DQ-CAR

DRB1*11
DQB1*03

D6S2443
TAP1

D6S1618

Maternal Recombination Detected in HLA area
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Centromere

Telomere

D6S1583

D6S1610

1.1                               1.2

C
la

ss
 I

C
la

ss
 II

I
C

la
ss

 II

HLA-F

HLA-A

HLA-E

HLA-C

HLA-B

HLA-DR

HLA-DQ

D6S461

D6S276*

D6S299

D6S464*

D6S105

D6S306*

D6S1624*

D6S1615

D6S258

D6S248*

MOG a,b,c,d

RF

D6S265

D6S510

MIB

MICA

TNF a,b,c,d
62

82-1

9 N2

D6S273*

D6S1666

D6S1629

DN

LH 1
DQ-CAR II

DQ-CAR

G51152

D6S2447

D6S2443

D6S2444

TAP 1

Ring 3CA

D6S1568

D6S1560

D6S1618

X

D6S248
RF

D6S510
MIB

D6S62
D6S273

9N2
D6s1615

DQ-car
D6S2443
D6S2444

TAP1
Ring

D6S1560
D6S1583
D6S1629
D6S1618
D6S1542
D6S1645
FANCE
D6S291

2.1                                                    2.2                                    

CARRIER
NON-MATCH

AFFECTED
R371W / M473 fs ,
RECOMBINANT

D6S439

D6S291

FANC E

32.65 Mb

32.73 Mb

35.52 Mb

29.9 Mb

31.34 Mb

31.42Mb

30.56Mb

29.79 Mb

D6S248
RF

D6S510
MIB

D6S62
D6S273

9N2
D6s1615

DQ-car
D6S2443
D6S2444

TAP1
Ring

D6S1560
D6S1583
D6S1629
D6S1618
D6S1542
D6S1645
FANCE
D6S291

FANC E

R371W/ N

FANC E

M473 fs/ N
Chr.6 Chr.6

Paternal Recombination in HLA area and 
Fanconi E genelocation

2            3             4               5               6              7          

2            3             4               5               6              7          

Carrier ,

Match
Carrier ,

Non-match
Normal,

Non-match
Affected,

Match
Affected,

Non-match

ET

Embryo #

Oocyte #

1.1                                       1.2Del / N

Del / N

Del 

Normal
46 XY

Normal
47 XX +13

PGD PGD

XXY XXY Normal 
XX

Affected
XY

Normal
XX

Embryo #

Normal
XY

Carrier
XX

1              2               3                 4                 5                 6                 7

PGD for DMD

ETET

1.1                                       1.2HLA         HBB

HLA             
HBB  

HLA         HBB

HLA         HBB

N / IVSI-6IVSI-6 / N

PGD

Carrier
Match  XXY

PGD for Thalassemia & HLA Tasting

40 y.o.

28 y.o.

INCIDENTAL FINDINGS AFTER PGD FOR SINGLE GENE DISORDERS



13

NORMAL NORMAL CARRIER
(∆F508 / N)

DE NOVO 
TREACHER COLLINS

SYNDROME

NORMAL
FOR CF

CYCLE 1                                           CYCLE 2

∆F508 / N A349V / N

FAMILY A.

5T / 7T ∆F508 / N;
7T / 9T

NORMAL NORMAL
FOR CF

DE NOVO 
WOLF-HIRSCHHORN

SYNDROME 
(4p DELETION)

FAMILY B.

PGD STRATEGY: 
1. SEQUENTIAL POLAR BODY ANALYSIS FOR 

MATERNALMUTATION;
2. BLASTOMERE ANALYSIS FOR PATERNAL MUTATION

INCIDENTAL FINDING of DE NOVO MUTATIONS DETECTED
AFTER PGD  FOR CYSTIC FIBROSIS

1                  2              3             4               5             6              8               9               10      

127

167

126

ADO

276

126

127

167

126

R2624S

276

126

127

167

126

R2624S

276

126

NORMAL

108

173

120

N

268

117

110

173

124

N

276

126

NORMAL

108

173

120

N

268

117

110

173

124

N

276

126

NORMAL

108

173

120

N

268

117

110

173

124

N

276

126

NORMAL

108

173

120

N

268

117

110

173

124

N

276

126

127

167

126

R2624S

276

126

122

171

130

N

276

124

110

173

124

N

276

126

TRISOMY 15

122

171

130

N

276

124

108

173

120

N

268

117

NORMAL

110

173

124

N

276

126

122

171

130

N

276

124

110

173

124

N

276

126

AFFECTED AFFECTED AFFECTED

2008

ET ET 

Blastomere analysis

Markers order:

D15S978

D15S1028

D15S992

FBN1

D15S197

D15S1024

110

173

124

N

276

126

122

171

130

N

276

124

108

173

120

N

268

117

127

167

126

R2624S

276

126 DOB 1/1975

PGD 1                                     PGD2

NORMAL NORMAL

Family pedigree

# 2    45,XY,-16 # 5    47,XX+15 # 6    47,XX+16 # 7   46,XY# 5    47,XY+13

Microarray  results (aCGH)

PGD FOR  DE NOVO PATERNAL MUTATION IN FBN1 GENE
CAUSING MARFAN SYNDROME

NORMALAFFECTED

ET 

127

167

126

R2624S

276

126

122

171

130

N

276

124

127

167

126

R2624S

276

126

122

171

130

N

276

124

127

167

126

R2624S

276

126

122

171

130

N

276

124

110

173

124

N

276

126

110

173

124

N

276

126

108

173

120

N

268

117

108

173

120

N

268

117

110

173

124

N

276

126

AFFECTED TRISOMY 15 NORMAL

2                4                     5                   6             7    

45,XY,-16 47,XY, +13 47,XX, +15 47,XX, +16 46,XYaCGH

results

2012
Blastocyst analysis
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Testing Patient/

Cycle

# ET # Embryos Pregnancy SAB Delivery # 

Babies

SGD

(INCLUDING 

HLA)

2241 /3739 2851 5091
1.79

1424
49.9%

211
14.8%

1213
85.2%

1507

SGD+24
For  122 

conditions 

(INCLUDING 

HLA)

485 /762 533* 616

1.15

376

70.5%

29

7.7%

347

92.3%
382

TOTAL 2726/4501 3384 5707 1800 240 1560 1889

Overall Results and outcome of PGD for Single Gene 

Disorders, HLA  & Aneuploidy Testing

– Trophectoderm Biopsy (Day 5&6) has improved 
amplification efficiency (fewer inconclusive samples) 
and provide more embryos suitable for transfer

– WGA allowed multiple conditions  testing on the 
same sample and embryo identification

• Adding aneuploidy testing by aCGH or NGS
- Increased pregnancy rates
- Reduced chance of miscarriage
- Predicted accuracy is 98%

CONCLUSIONS:
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Behind every diagnosis there is a Life

4800

2400

1200

0

RFLP
Real Time PCR 

with TaqMan probe
Fluorescent

sequencing Mini-sequencing

N     N/M N    Und

T
C

45,XY(-5)



16

RGI TEAM

PREIMPLANTATION 
CYTOGENETICS

Anver Kuliev ,MD, PhD
Yuri Ilkevitch, PhD.

Zev Zlatopolsky M.S.
.

PREIMPLANTATION
MOLECULAR GENETICS
Svetlana Rechitsky, Ph.D.
Oleg Verlinsky, M.A.
Tatiana Pakhalchuk B.S
Adam Goodman, B.S
Geraldine San Ramon ,M.S
Maria Prokhorovich, PhD
Rita Gershman, B.S
Michael Ducor, M.S
Lukas Machaj, B.S.

CLINICAL   GENETICS
JL Simpson, M.D., FACMG
Lee Shulman, MD., FACMG
Dyvia Shah, M.S.
Agness Machaj, B.S., M.S.
Savanie Maithripala, B.S.,M.S.

ASSISTED REPRODUCTION TECHNOLOGY AND 
MICROMANIPULATION 

Svetlana Lerner M.S., Natalie Ilkevitch M.S. 
Yury Ilkevich, PhD; Nathan Katz, PhD 
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HLA

FET

Normal

HLA

PGD

N / N HBB

TESTING HLA 

MATCH

NORMAL/

CARRIE

EUPOLID

MATCH 2.2

4 

(26.6%)

3

(75%)

2

(50%)

MATCH 2.3

4 

(26.6%)

3

(75%)

2

(50%)

FET

MATCH

2.3  

HLA Markers order:
D6S1618
D6S1560
D6S2447

LH
TNF A
TNF D

63
MIB

D6S265
D6S510

RF
MOG  B

HLA

Affected AffectedCarrier

N/HbEN/K17X

HLA

N / K17X K17X / HbE K17X / HbEHBB

2.1                               2.2                            2.3                         2.4

1.1                                 1.2

DOB 08/1974

HBB Markers order:
D11S4146
D11S998

D11S1871
HBG
HBB

D11S1760
D11S1338
D11S1241

Embryo #

47, XY,+16 46, XX       46, XX            46, XY                46, XY                   46, XX        

MATCH

2.2                                                          

Carrier

K17X / HbE N / N K17X / HbE K17X / HbE K17X / HbE N / HbE

Affected Affected Affected AffectedNormal

MATCH

2.2                                                          

2                  3                    4                  5                      6                       7 

Cycle 1

#2    47,XY,+16 #3    46,XX

Normal NormalCarrier

1                 8                 9                  10                 11                12                 13            14                15

K17X / N K17X / NN / HbE N / HbE N / N N / N K17X / HbE N / HbE N / HbE

AffectedCarrier Carrier Carrier Carrier Carrier

MATCH

2.2                                                          

MATCH

2.2                                                          
MATCH

2.3  

MATCH

2.3  

MATCH

2.3  

MATCH

2.3  

46, XY      47, XX,+22      47, XY, +7 46, XX           46, XX             46, XY         45, XX, -14          46, XX           46, XY       

Cycle 2

Embryo #

# 8   47,XX+22 # 9     47,XY+7 # 10     46,XX # 13    47,XY-14FET FET

PGD FOR TALASSEMIS MUTATIONS K17X & HBE COMBINED WITH

HLA GENOTYPING AND ANEUPLOIDY TESTING by aCGH


