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Preimplantation genetic diagnosis

Jin Young Kim, MD' - Hyoung-Song Lee, MS? - Inn Soo Kang, MD'
'Department of Obstetrics and Gynecology of Fertility Center, *Genetics Laboratory of Fertility Center, CHA Gangnam Medical Center,
CHA University, Seoul, Korea

Preimplantation genetic diagnosis (PGD) is a technique to examine genetic disease or chromosome abnormalities in
single cell biopsied from embryos before implantation to uterus. It allows achieving normal pregnancy by transfer of
unaffected embryos. The main indications are single gene disorders and recurrent miscarriage related to chromosome
aberration and it has advantages to avoid termination of pregnancy or miscarriages in couples with high risk. PGD is
also widely applied for aneuploidy screening in assisted reproduction to improve the outcome in infertile patients such
as advanced maternal age, although its efficacy still needs to be established. Furthermore, the application of PGD has
expanded to other indications, such as late onset-diseases with genetic predisposition and human leukocyte antigen
typing for stem cell transplantation. With the advances of molecular diagnostic technologies using single cells, such
as fluorescent in situ hybridization, multiplex polymerase chain reaction, fluorescent polymerase chain reaction,
linkage analysis, whole genome amplification, array comparative genomic hybridization (array comparative genomic
hybridization), and next generation sequencing, PGD can provide more comprehensive and reliable diagnosis.
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Figure 1. Blastomere biopsy with acid Tyrode’s solution or laser in cleavage stage embryo. (A) Position cleavage stage embryo on holding pipette. (B) Zona opening for
cleavage stage embryo has been performed by acid Tyrodes or laser. (C,D) Removal of blastomeres by aspiration.
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Figure 4. Example of array comparative genomic hybridization based preimplantation genetic diagnosis result
from aneuploidy embryos with trisomy 21. Arrow indicates chromosomal imbalance of a shift of the clones
towards the green line (gain).
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Table 1. Indications of preimplantation genetic diagnosis 1. ':'n_l'oal %EQQOHMQJ ’-il'é," = 1c_>|_|x_-|lx_||:l;|-
P Indication according to the causes of genetic - _
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abnormality translocation, inversion, deletion, insertion) ’ o ’ bl b =
Aneuploidy (advanced maternal age, recurrent A A FRAAGS AAAA FA 421 eystic fibrosisol Al
miscarriage, repeated implantation failure ) - } o
Single gene Autosomal dominant, autosomal recessive, X-linked AF503 %ﬁtﬂol‘ﬁ ﬁ‘ﬂ'd’o:] /\]635] ‘:}[31] 3k ‘r‘all/}‘
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A ‘Ao g] 1l oz o] dsF HE” o
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Appendix 1. Genetic disorders that can be diagnosed for genetic test on embryo or fetus

1. Numerical chromosome abnormaliies
2. Structural chromosome rearrangements
3. Achondroplasia

4. Cysilic fibrosis

5. Haemophilia

6. Spinal muscular atrophy

7. Di George's syndrome

8. Epidermolysis bullos

9. Gaucher's disease

10. Lesch Nyhan syndrome

11. Marfan’s syndrome

12. Myotonic dystrophy

13. Ornithine transcarbamylase deficiency
14. Polycystic kidney disease

15. Sickle cell anemia

16. Tay—Sachs disease

17. Wilson's disease

18. Fanconi’'s anemia

19. Bloom syndorme

20. Adrenoleukodystrophy

21. Agammaglobulinemia

22. Alport syndrome

23, Fabury’s—Anderson disease
24. Barth syndrome

25. Charcot—Marie—Tooth disease
26. Coffin—Lowry syndrome

27. Congenital adrenal hyperplasia
28. Crouzon syndrome

29, Familial adenomatous polyposis coli
30. Goltz's syndrome

31. Granulomatous disease

32. Hunter's syndrome

33, Huntington’s disease

34. Hypohydrotic ectodermal dysplasia
35. Incontinentia pigmenti

36. Kennedy's disease

37. Krabbe'’s disease

38. Lowe syndrome

39. Neurofibromatosis

40. Orofacial—digital syndrome

4. Osteogenesis imperfecta

42. Pelizaecus—Merzbacher disease

43, Pyruvate dehydrogenase deficiency
44. Retinitis pigmentosum

45, Retinoblastoma

46. Retinoschisis

47. Sanfilippo disease

48, Spinocerebellar ataxia

49, Stickler syndrome

50. Tuberous sclerosis

51, Vitamin D resistant rickets
52. Von Hippel-Lindau disease
53, Wiskott—Aldrich syndrome
54, Niemann—Pick Disease

55. Metachromatic Leukodystrophy
56. Hurler syndrome

57. Propionic acidemia

58. Methylmalonic acidemia

59. Phenylketonuria

60. Tyrosinemia

61. Woli~Hirschhorn syndrome
62. B—thalassemia

63. Muscular dystrophy

Appendix 2. Genetic disorders that can be diagnosed for genetic test on embryo or fetus (extended in 2009)

1. Citrullinemia

2. Crigler—Najjar syndrome

3. Galactosemia

4. Glutaric acidemia

5. Glycogen storage disease

6. Hypophosphatasia

7. Long chain 3—hydroxy acyl-CoA
dehydrogenase deficiency

8. Maple syrup urine disease

9. Menkes syndrome

10.Nonketotic hyperglycinemia

1. Persistent hyperinsulinemic hypoglycemia of
infancy

12. Severe combined immunodeficiency disorder

13. Wolman disease

14. Zellweger peroxisome syndrome

15, Ataxia telangiectasia

16. Mucopolysaccharidosis

17. Osteopetrosis

18, Rett syndrome

19. Osteochondroma

20. Rhizomelic chondrodysplasia punctata

21. Albinism

22. Alagille syndrome

23, Hereditary fructose intolerance or Aldolase A
deficiency

24. a—thalassemia

25, Canavan disease

26. Ceroid lipofuscinosis or Batten disease

27. Congenital disorder of glycosylation

28, Cosman—cyclic neutropenia

29, Cystinosis

30. Denys—Drash syndrome

31. GM1 gangliosidosis

32. Hallervorden—Spatz disease

33. Hydrocephalus: X—linked LICAM

34. Hyper IgM syndrome

35. Mucolipidosis IV

36. NEMO immunodeficiency

37. Pumonary hypertension

38. Actin—Nemaline myopathy

39. Alpha—1 antitrypsin deficiency

40. Chidhood ataxia with central nervous system
hypomyelination

41, Congenital Finnish nephrosis

42, Apert syndrome

43, Choroideremia

44, Cleidocranial dysplasia

45, Cockayne syndrome

46. Congenital erythropoietic porphyria

47. Desmin storage myopathy

48, Epidermolytic hyperkeratosis

49, Friedreich’s ataxia

50. Glycine encephalopathy

51, Hereditary hemorrhagic telangiectasia

52. Hemophagocytic lymphohistiocytosis

53, Leber retinal congenital amaurosis

54, Best disease or Vitelliform macular dystrophy

55, Noonan syndrome

56. Norrie disease

57. Oculodentodigital dysplasia

58. Optic atrophy 1

59. Periventricular heterotopia

60. Pteiffer syndrome

61, Sacral agenesis syndrome or Currarino
syndrome

62. Smith—Lemli—Opitz syndrome

63. Spindylo—epiphyseal dysplasia congenita

64. Treacher Colins syndrome

65, Waardenburg syndrome

66. Hereditary angioedema

67. Hereditary deafness

68, Blackian—Diamond syndrome

69. Hypokalemic periodic paralysis

70. X-linked ichthyosis: steroid sulfatase deficiency

71. Congenital harlequin ichthyosis

72. Hereditary lymphedema

73. Pachyonychia congenita

74. Pseudohypoparathyroidism

75. Baller—Gerold syndrome or Saethre—Chotzen
syndrome

76. West syndrome

Appendix 3. Genetic disorders that can be diagnosed for genetic test on embryo or fetus (extended in 2011)

77. Diastrophic dysplasia

78. Von Wilebrand disease

79. Multiple epiphyseal dysplasia

80. Progressive familial intrahepatic cholestasis 1
81. Ornithine aminotransferase deficiency

82. Autoimmune polyendocrine syndrome type 1
83, Branchio—oto—renal spectrum disorders

84. Polycystic kidney disease

85. Congenital central hypoventilation syndrome
86. Mucolipidosis I

87. Fragile X syndrome

88, Loeye—Dietz syndrome
89. Meckel Gruber syndrome
90. Hypochondroplasia

9. Pseudoachondroplasia
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