
Developmental Pathology 

 
Michelle Dolan, M.D. 
dolan009@umn.edu 



But first… 

! …a word from Hermann Ebbinghaus 



The Curve of Forgetting 



Cytogenetics 

!  Examination of chromosomes under 
the microscope 

!  Necessary to induce cells to undergo 
mitosis in order to see individual 
chromosomes 

!  Molecular cytogenetic techniques 
(e.g., FISH) can be performed on 
interphase cells (cells that are not 
actively dividing) 



Reasons to do a cytogenetic study 

!  Diagnose constitutional disorders 
!  I.e., disorders present at birth -- classic 

example is trisomy 21 (Down syndrome) 
!  Typically involve more than one cell line 

!  Add further diagnostic or prognostic 
information to a diagnosis of an acquired 
disorder 
!  I.e., diseases that are NOT constitutional -- 

these are most commonly malignancies 
!  Typically involve only the cell line or tissue 

involved by the malignancy 



Tissue culture 

!  Unlike many other lab tests, cytogenetics 
requires cells to be cultured so that they 
can undergo mitosis 
!  Lymphocytes are differentiated cells that 

normally do not undergo spontaneous cell 
division 

!  In culture process, a mitogen is added (e.g., 
phytohemagglutinin / PHA) to stimulate cells 
to replicate DNA and enter mitosis 

!  Lymphocytes remain in culture (in tissue 
culture medium) for 48 – 72 hours 





Tissue culture 

!  Cultures can be synchronized by addition 
of methotrexate  

!  Colcemid -> prevents synthesis of spindle 
fibers – thus, mitosis is stopped in 
metaphase 

!  Hypotonic solution is added to cells to 
get them to swell and lyse – thus releasing 
the chromosomes 

!  Fixed specimen is “dropped” onto glass 
slides and stained with Wrights-Giemsa  



Take-home 

!  Know the specimen requirements of 
the test you are ordering (esp. esoteric 
tests) BEFORE you order it 

!  Know the TAT for the tests you are 
ordering (esp. esoteric ones)  
!  Calling the lab for prelim results likely won’t 

get you the results any sooner 



Basic Terminology 

!  Constitutional Chromosomal 
Abnormalities 

!  Acquired Chromosomal Abnormalities 
 
!  Numerical abnormalities 
!  Structural abnormalities 

!  Balanced  
!  Unbalanced 



Nomenclature 

!  ISCN (2016) 
!  International System for Human 

Cytogenetic Nomenclature; most recent 
edition pub. 2016 

!  Provides standardized “grammatical” 
rules for the designation of 
cytogenetic findings 



Telomeres: 6 bp sequence  
(ATTGGG) repeated 1000s 
of times 

Centromere: highly 
repetitive α satellite 
DNA 

Short arm: “p” (petit) 

Long arm: “q” 

p 

q 

Each arm consists of 2 sister chromatids, each of which  
represents one molecule of DNA 



!  Constitutional Chromosomal 
Abnormalities 

!  Acquired Chromosomal Abnormalities 
 
!  Numerical abnormalities 
!  Structural abnormalities 

!  Balanced  
!  Unbalanced 



!  ISCN (2016) 
!  International System for Human 

Cytogenomic Nomenclature 
!  Provides standardized “grammatical” 

rules for the designation of 
cytogenetic findings 











Non-invasive prenatal 
screening (NIPS) 



Fetal	cells	in	maternal	circulation	

!  First	detected	in	the	1960’s	
!  Extremely	rare	and	difficult	to	isolate	(~1	fetal	
cell	per	ml	of	plasma	volume)	

!  Questions	about	how	long	fetal	cells	may	
persist	in	maternal	circulation		
!  Cells	from	one	pregnancy	may	be	present	during	
future	pregnancies	

Courtesy Matt Bower, M.S., CGC 



Cell-Free	Fetal	DNA	in	maternal	
plasma	

!  Fetal	DNA	is	present	in	maternal	plasma	
!  Usually	comprises	<10%	of	the	total	free	DNA	
in	plasma,	the	remainder	is	maternal	DNA.	

!  Generally	small	fragments	(?derived	from	
apoptotic	cells	at	maternal/fetal	interface)	

!  Very	short	half-life	(16	minutes).		Rapidly	
cleared	from	maternal	circulation	after	
delivery.	

Courtesy Matt Bower, M.S., CGC 



How	do	you	specifically	analyze	
the	fetal	portion	of	cell	free	DNA	
when	it	usually	constitutes	<10%	
of	the	total	cell	free	DNA?	

Courtesy Matt Bower, M.S., CGC 



Massively	parallel	sequencing	of	
cell-free	fetal	DNA	

!  “Shotgun	sequencing”	of	all	cell	free	DNA	in	
maternal	plasma	

!  No	effort	is	made	to	distinguish	fetal	from	
maternal	DNA	

!  Identify	trisomies	by	detecting	increased	
numbers	of	reads	that	map	to	chromosomes	
13,18,or	21.	

Courtesy Matt Bower, M.S., CGC 



Next	genera*on	sequencing:	
1.  		Whole	genome	is	sheared	into	random	
	fragments.	
		

Workflow	

Courtesy Matt Bower, M.S., CGC 



Next	genera*on	sequencing:	
3.		Adaptors	are	ligated	to	both	ends	of	
	fragments-	molecular	“toolkit”	

• Adaptors	contain	PCR	primer	
sequence,	sequence	that	hybridizes	to	
flow	cell,	and	molecular	“bar-codes”	

ACAGTA 

Bar code 

Genomic DNA 

Courtesy Matt Bower, M.S., CGC 



The surface of the flow cell is coated in DNA 
polymers that are complementary to the adaptors. 

Courtesy Matt Bower, M.S., CGC 



nn	

This is a single paired end 
read mapped onto the 
reference human genome Reference genome 

sequence 

Courtesy Matt Bower, M.S., CGC 



What	if	we	don’t	care	about	the	actual	
sequence?	



All	things	being	equal,	the	
number	of	reads	mapping	to	
each	chromosome	should	be	
a	direct	func>on	of	how	large	

the	chromosome	is.	

Courtesy Matt Bower, M.S., CGC 



If	chromosome	21	contains	
~1%	of	the	genome,	then	
1%	of	your	reads	should	
map	to	chromosome	21.	

Courtesy Matt Bower, M.S., CGC 



A	closer	look	at	reads	for	21	

Maternally derived 

Fetal derived 

Courtesy Matt Bower, M.S., CGC 



A	closer	look	at	reads	for	21	
Fetal trisomy 21 Fetal Euploid 21 

Courtesy Matt Bower, M.S., CGC 



trisomy 21 Euploid 21 

Two important points: 
1. We can’t distinguish 
maternal from fetal 
reads 
2. The absolute number 
of reads mapping to 21 
will vary from run to 
run, so we care more 
about what proportion 
of the total reads map 
to 21. 

Courtesy Matt Bower, M.S., CGC 
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Analysis using Z-score or NCV makes difference 
obvious 

Courtesy Matt Bower, M.S., CGC 



46,XY,!21,der(14;21)q10;q10)[17] and 46,XY,!21,
der(21;21)q10;q10). Sensitivity and specificity to
detect T18 in the analysis population (n"496) were
97.2% (95% CI 85.5–99.9) and 100% (95% CI
99.2–100.0) (Table 4 and Fig. 3B). Although cen-
sored (as per protocol) from the primary analysis,
four samples with mosaic karyotypes for T21 and
T18 were all correctly classified by massively par-
allel sequencing as “affected” for aneuploidy (Table
2). Because they were correctly detected they are
indicated on the left side of Figure 3A and B. All
remaining censored samples were correctly classi-
fied as unaffected for trisomies 21, 18, and 13
(Table 2). Sensitivity and specificity to detect T13 in

the analysis population were 78.6% (95% CI 49.2–
99.9) and 100% (95% CI 99.2–100.0) (Fig. 3C). One
T13 case detected arose from a Robertsonian trans-
location (46,XY,!13,der(13;13)q10;q10).

There were seven unclassified samples in the
chromosome 21 analysis (1.4%), five in the chromo-
some 18 analysis (1.0%), and two in the chromosome
13 analysis (0.4%) (Fig. 3A–C). In all categories there
was an overlap of three samples that had both a
censored karyotype (69,XXX) and no fetal DNA
detected. One unclassified sample in the chromosome
21 analysis was correctly identified as T13 in the
chromosome 13 analysis and one unclassified sample
in the chromosome 18 analysis was correctly identi-
fied as T21 in the chromosome 21 analysis.

Fig. 4. Massively parallel sequencing normalized chromo-
some values compared with karyotype classifications for
chromosomes 21, 18, and 13. Circles display classifications
for chromosome 21, squares display classifications for
chromosome 18, and triangles display classifications for
chromosome 13. Unclassified samples with trisomy karyo-
types have been circled.
Bianchi. Genome-Wide Fetal Aneuploidy Detection. Obstet
Gynecol 2012.

Fig. 5. Massively parallel sequencing normalized chromo-
some values (chromosome X normalized chromosome
value) compared with karyotype classifications for sex
classifications. Empty circles are samples with female
karyotypes, filled circles are samples with male karyotypes,
and empty squares are samples with 45,X karyotypes. Other
samples in the last column are labeled with the appropriate
karyotype classification.
Bianchi. Genome-Wide Fetal Aneuploidy Detection. Obstet
Gynecol 2012.

Table 4. Massively Parallel Sequencing Performance

Massively Parallel
Sequencing Performance Sensitivity (%) 95% CI Specificity (%) 95% CI

Trisomy 21 (n"493) 100.0 (89/89) 95.9–100.0 100.0 (404/404) 99.1–100.0
Trisomy 18 (n"496) 97.2 (35/36) 85.5–99.9 100 (460/460) 99.2–100.0
Trisomy 13 (n"499) 78.6 (11/14) 49.2–99.9 100.0 (485/485) 99.2–100.0
Female (n"433) 99.6 (232/233) 97.6 to more than 99.9 99.5 (199/200) 97.2 to more than 99.9
Male (n"433) 100.0 (184/184) 98.0–100.0 100.0 (249/249) 98.5–100.0
Monosomy X (n"433) 93.8 (15/16) 69.8–99.8 99.8 (416/417) 98.7 to more than 99.9

CI, confidence interval.

VOL. 119, NO. 5, MAY 2012 Bianchi et al Genome-Wide Fetal Aneuploidy Detection 9

Unclassified 
NCV 2.5-4.0 

Courtesy Matt Bower, M.S., CGC 



Take-home	

!  This	stuff	is	complex.	
! Make	friends	with	a	genetic	counselor.	
!  Remember	–	NIPS	is	a	SCREEN!	



Take-home 

!  Particularly for high-complexity testing, 
you don’t necessarily need to know 
the behind-the-scenes details 
(although it helps) 
!  Details will be described in report 
!  Always feel free to call lab director if you 

have questions about methodology, 
interpretation, recommendations for 
further workup, etc 



FISH diagram (scanned) 



Types of FISH probes 

!  Centromere enumeration probes 
!  To monitor number of a specific 

chromosome in a cell 







CEP 8 
CEP6 (hybridization control) 



Types of FISH probes 

!  Centromere enumeration probes 
!  To monitor number of a specific 

chromosome in a cell 
!  Locus specific probes 

!  To rule out deletions, gains or 
rearrangements of specific loci 



Dual fusion probes 

!  Used to confirm presence of a translocation 
!  Fusion signal on each partner (derivative) 

chromosome 
!  Highly specific (very low false positive rate) 













Types of FISH probes 

!  Centromere enumeration probes 
!  To monitor number of a specific 

chromosome in a cell 
!  Locus specific probes 

!  To rule out deletions or gains of specific 
loci 

!  Whole chromosome paint probes 
!  To rule out complex rearrangements 

within chromosomes 





Types of FISH probes 

!  Centromere enumeration probes 
!  To monitor number of a specific chromosome 

in a cell 
!  Locus specific probes 

!  To rule out deletions or gains of specific loci 
!  Whole chromosome paint probes 

!  To rule out complex rearrangements within 
chromosomes 

!  Multicolor FISH 
!  A combination of WCPs resulting in 

each chromosome being 
“pseudocolored” 





Array-based comparative 
genomic hybridization (aCGH) 

!  Bridges cytogenetic and molecular analysis 
!  FISH along the entire genome using 

thousands of probes (our current chip is 
180K probes spaced at avg interval of 
~13Kb) 

!  Oligonucleotide, SNP and oligo-SNP combo 
arrays most frequently used 

!  Different assays might be used for different 
purposes (e.g., examination of constitutional 
cases vs. cancer cases) 



Array CGH 

!  Used to detect abnormalities too 
small to be seen under the 
microscope (each G-band can 
contain hundreds of genes) 

!  Can detect only unbalanced 
rearrangements (e.g., deletions, 
duplications) 

!  Balanced rearrangements (e.g., 
inversions, insertions) will NOT be 
detected by array-CGH 



Case example: Amniocentesis 

!  Multiple congenital anomalies incl. 
enlarged posterior fossa, R dysplastic 
kidney, hypoplastic cerebellar vermis, 
absent nasal bone, spinal anomalies 







Delivery 

!  Baby delivered after amnio showed 
mature lung development 

!  Apgars of 6 (1 minute) and 8 (5 
minutes) 

!  SGA (<<3%), length 44 cm (3%) and 
head circumference 29.5 cm (<3%) 







Array	CGH	

Patient	DNA	 Control	DNA	







44K	Array	

		Aberra>on	Algorithm:	ADM-1	and	ADM-2,	Threshold:	7.0,	Moving	Average	Window:	1Mb,		

Filter	Applied:	Minimum	probes	in	region:	3,	Minimum	absolute	average	log	ra>o	for	region:	0.3	

Start:		62447	
Stop:		29064610	
Size:		29002163	bp	=	29	Mb	



44K	Array	Gene	List	for	del(4)(p15.1)	MGC26356	
ZNF141	
ZNF721	
PIGG	
PDE6B	
ATP5I	
MYL5	
MFSD7	
PCGF3	
CPLX1	
GAK	
MGC4618	
DGKQ	
SLC26A1	
IDUA	
SLC26A1	
FGFRL1	
LOC285498	
FLJ35816	
SPON2	
CTBP1	
MGC21675	
MAEA	
KIAA1530	
FLJ34443	
FAM53A	
SLBP	
TMEM129	
TACC3	
FGFR3	
LETM1	
WHSC1	
WHSC2	
FLJ37478	
POLN	
	

C4orf15	
MXD4	
ZFYVE28	
RNF4	
C4orf8	
TNIP2	
SH3BP2	
ADD1	
TETRAN	
C4orf9	
GRK4	
HD	
LOC345222	
RGS12	
HGFAC	
C4orf25	
LRPAP1	
FLJ35424	
ADRA2C	
FLJ39257	
OTOP1	
TMEM128	
LYAR	
ZNF509	
D4S234E	
STX18	
MSX1	
CYTL1	
STK32B	
C4orf6	
EVC2	
EVC	
CRMP1	
FLJ46481	
JAKMIP1	
	

WFS1	
PPP2R2C	
MAN2B2	
MRFAP1	
LOC93622	
S100P	
MRFAP1L1	
CNO	
KIAA0232	
TBC1D14	
CCDC96	
GRPEL1	
SORCS2	
AFAP	
LOC389199	
ABLIM2	
SH3TC1	
HTRA3	
ACOX3	
C4orf23	
FLJ45966	
GPR78	
CPZ	
DUB3	
DEFB131	
LOC650293	
DRD5	
SLC2A9	
WDR1	
KIAA1729	
MIST	
HS3ST1	
HSP90AB2P	
RAB28	
BAPX1	
	

FAM44A	
CPEB2	
C1QTNF7	
FBXL5	
BST1	
CD38	
FGFBP1	
KSP37	
PROM1	
FLJ90013	
FLJ39653	
LDB2	
QDPR	
LAP3	
MED28	
FLJ20280	
HCAP-G	
MLR1	
SLIT2	
MGC29898	
KCNIP4	
GPR125	
GBA3	
PPARGC1A	
DHX15	
SOD3	
DKFZp761B107	
LGI2	
SLA/LP	
PI4K2B	
ANAPC4	
SLC34A2	
KIAA0746	
RBPSUH	
CCKAR	
	

TBC1D19	
STIM2	
FLJ45721	
	



Other physical findings 

!  Abnl facies c/w Wolf-Hirschhorn 
syndrome, overriding sutures, high-
arched palate, preauricular pits, 
torticollis, neonatal teeth, 
micrognathia, possible tethered cord 

!  Dandy Walker variant seen on MRI 
!  Multicystic dysplastic kidney 



http://medgen.genetics.utah.edu/photographs/pages/wolfhirschhorn.htm 





Oral/dental findings in WHS 

!  Cleft lip and/or palate 
!  Downturned “fishlike” mouth 
!  Short upper lip and philtrum 
!  Micrognathia 
!  Taurodontism (occasional) 
!  Hypodontia of permanent teeth 

(occasional) 



Take-home 

!  Cytogenomic microarray is orders of 
magnitude more sensitive than G-banding 

!  First-line test for evaluation of developmental 
and cognitive delay and indicated as part 
of the evaluation of pts with wide range of 
clinical conditions (e.g., epilepsy, 
dysmorphic features, congenital heart 
defects, etc) 



Trisomy (one extra chromosome) 

!  Typically arises from a nondisjunction error in 
either meiosis I, meiosis II or mitosis (if due to 
a mitotic error, the trisomy is mosaic) 

!  Most autosomal trisomies arise from 
maternal nondisjunction errors 
!  Strong correlation between increasing maternal 

age and risk for nondisjunction 
!  Advanced Maternal Age (AMA) is the most 

common reason for referral for a prenatal 
chromosome study 

!  95% of trisomy 21 is due to maternal 
nondisjunction errors 



Major “viable” trisomies 

!  Chromosome 13 (obsolete name, Patau 
synd) 

!  Chromosome 18 (obsolete name, Edward 
synd) 

!  Chromosome 21 (Down synd) 
!  All other chromosomes have been 

reported in trisomic state; unless mosaic, 
virtually uniformly fatal in utero or shortly 
after birth 



Trisomy 21 (1 in 800 live births; incidence 
greater if mat. age >35) 

!  Hypotonia 
!  Short neck with loose skin at nape 
!  Flat nasal bridge 
!  Brushfield spots around edge of iris 
!  Epicanthal folds 
!  Short, broad hands with single transverse 

palmar crease 
!  Congenital heart disease 
!  Mental retardation 
!  Increased risk for leukemia 









Oral/dental findings in DS 

!  Short hard palate 
!  Macroglossia 
!  Dental hypoplasia; missing or malformed teeth 
!  Delay in eruption of permanent teeth 
!  Irregular placement of teeth; malocclusion 
!  Hypodontia 
!  Taurodontism 
!  Fewer caries than usual 
!  Periodontal disease (early onset, can be severe) 
!  Angular cheilitis 
!  Bruxism 
!  Hypoplastic maxillary sinuses 
!  Large lingual papillae 
!  Protruding, fissured tongue 



Trisomy 13 (1 in 15-25000 live births) 

!  Growth retardation 
!  Severe central CNS malformations 

(e.g., holoprosencephaly) 
!  Microcephaly 
!  Cleft lip, cleft palate 
!  Polydactyly 
!  Congenital heart, renal and 

genitourinary malfomations 



Oral/dental findings in +13 

!  Cleft lip (60-80%), cleft palate or both 
!  Less commonly:    

!  Absent philtrum 
!  Narrow palate 
!  Cleft tongue 
!  Micrognathia; retrognathia 
!  Premaxillary agenesis 



Trisomy 18 (1 in 7500 live births) 

!  Severe cardiac malformations 
!  Low-set, malformed ears 
!  Characteristic clenched fist (2nd 

and 5th digits overlap) 
!  Rocker-bottom feet 
!  Mental retardation 
!  Increased maternal age is a risk 

factor 







Oral/dental findings in +18 

!  Small oral opening 
!  Narrow palatal arch 
!  Micrognathia, retrognathia 



Sex chromosome numerical 
abnormalities 

!  Male 
!  Klinefelter (47,XXY): 1/1000 males 
!  47,XYY: 1/1000 males 
!  46,XX males: 1/20,000 males 

!  Female 
!  Turner (45,X): 1/5000 females 
!  Trisomy X (47,XXX): 1/1000 females 
!  46,XY females: 1/20,000 females 
!  Androgen insensitivity (testicular 

feminization): 1/20,000 females 



Klinefelter syndrome 

!  Tall, thin body habitus; long legs 
!  Signs of hypogonadism at puberty 

!  Small testes, underdeveloped 
secondary sex characteristics 

!  May have gynecomastia 
!  Almost always infertile 
!  May be mosaic for a normal (or 

other abnormal) cell line 





Oral/dental findings in Klinefelter 

!  Maxillary and mandibular prognathism 
!  Permanent tooth crowns larger than usual 
!  Taurodontism 



Turner syndrome 

!  Approx. 99% of 45,X conceptions die in 
utero; livebirth approx 1/4000 females 

!  Approx. 50% cases 45,X; remainder are 
mosaic for another cell line, either 
46,XX or with a structurally abnormal X 
(e.g., isochromosome Xq) 



Turner syndrome 

!  Short stature 
!  Broad chest with widely spaced nipples 
!  Gonadal dysgenesis (e.g., streak gonads) 
!  Webbed neck (from lymphedema during 

fetal life) 
!  Lymphedema of dorsum of feet 
!  Low posterior hairline 
!  Renal and cardiovascular abnls, incl. 

coarctation of aorta 





Oral/dental findings in Turner 

!  Narrow maxilla/palate (80+%) 
!  Relatively small mandible (70+%) 
!  High arched palate 
!  Micrognathia 
!  Premature eruption of permanent 

molars 
!  Malocclusion 



Microdeletion/microduplication 
syndromes 

!  Very small (sometimes visible by G-
banding, sometimes not) deletions  
!  Therefore, typically confirmed by FISH 

!  Result from unequal crossing over 
between homologous regions on 
chromosomes during meiosis 

!  Usually associated with a specific 
clinical syndrome 



Deletion syndromes 

!  Wolf-Hirschhorn syndrome (deletion of 
4p) 

!  Cri-du-chat (deletion of 5p) 
!  Williams syndrome (del within 7q11.2) 
!  Prader-Willi / Angelman (del of 

15q11.2) 
!  DiGeorge/Velocardiofacial (del of 

22q11.2) 



Microdeletion syndromes 

Thompson & Thompson, Genetics in Medicine, 7th ed, p. 96 



Prader-Willi/Angelman 
syndromes 

!  Both due to a deletion within the 
proximal long arm of a chromosome 15 

!  Manifestations depend on which 
chromosome 15 is deleted: the 15 that 
came from the patient’s mother or the 
15 that came from the patient’s father: 
!  IMPRINTING  
!  Need specialized molecular studies to 

determine which homolog is deleted 



Prader-Willi / Angelman 
syndromes 

!  Examples of genomic imprinting 
!  In 70% of cases of PWS and AS, 

apparently identical deletions of 
15q11.2 are detected 
!  Deletion encompasses ~3.5 megabases 

of DNA 
!  ~10 genes have been identified within 

this deleted region 



Prader-Willi syndrome 

!  Severe hypotonia in infancy 
!  Hypogonadism 
!  Feeding difficulties in infancy 
!  Over time, feeding difficulties resolve and 

hyperphagia ensues --> extreme food-
seeking behavior 

!  Obesity 
!  Mild mental retardation, learning 

difficulties, behavioral issues 





Prader-Willi syndrome 

!  Deletions are always of PATERNAL 
origin 

!  Putative PWS genes are expressed 
exclusively on the paternally 
derived homolog 

!  As more than one gene within the 
deleted region shows such a 
paternal expression pattern, PWS 
may be a contiguous gene disorder 





Uniparental disomy in PWS 

!  In 28% of PWS cases, the syndrome is 
caused not by a deletion, but by 
maternal uniparental disomy for 
chromosome 15 



Oral/dental findings in PWS 

!  Thin, triangular shaped upper lip 
!  Early dental caries (occasional) 
!  Enamel hypoplasia 
!  Microdontia 
!  Malocclusion 
!  Heavy calculus 
!  Decreased salivation 



Angelman syndrome 

!  Deletions are always of MATERNAL 
origin 

!  A single putative AS gene, UBE3A, has 
been identified, which is expressed in 
brain tissue exclusively from the 
maternally derived homolog 
(biparental expression of UBE3A has 
been shown in other tissues) 





Angelman syndrome 

!  Severe mental retardation and 
developmental delay 

!  Jerky, ataxic gait (“puppet”-like) 
together with characteristic arm 
position 

!  Paroxysms of inappropriate laughter 
!  Virtually absent speech 





Oral/dental findings in AS 

!  Large mouth with protruding tongue 
!  Widely spaced teeth 
!  Prognathia 
!  Maxillary hypoplasia 
!  Protruding tongue 



Uniparental Disomy 

!  Both chromosomes of a given 
chromosome pair are inherited from 
ONE parent 

!  Most likely generated by an initial 
non-disjunction event leading to 
trisomy, followed by trisomic rescue 



Uniparental Disomy 
	

" Even	if	documented	to	be	limited	to	placenta,	may	still	
have	clinical	effects	
" IUGR	
" Uniparental	disomy	if	normal	cell	line	due	to	trisomic	
rescue	(esp.	if	imprinted	regions	such	as	chr.	15	or	if	
known	recessive	genes)	

M M D M M 

D 



Uniparental disomy is best 
evaluated by molecular genetic 

techniques 

!  Classic G-banding or FISH analysis 
are typically non-informative for 
determining biparental vs. 
uniparental origin of the #15 
chromosomes 



UPD can be deleterious when: 

!  Chromosome involved harbors an 
imprinted region (e.g. PWS/AS – chr.15) 

!  Chromosome involved harbors a 
recessive disease allele (e.g. CF- chr.7) 



DiGeorge / Velocardiofacial 
syndrome 

!  Interstitial deletion within proximal long 
arm of chromosome 22 (22q11.2) 

!  Marked variability of expression, even 
within kindred 
!  Therefore, both parents of an affected 

child should be tested for the presence of 
the deletion 

 



Clinical findings in DiGeorge 

!  Conotruncal heart defects 
!  VSD, TOF, truncus arteriosus, int. aortic arch 

!  Thymic insufficiency -> T-cell immune 
deficiency   



Clinical findings in DiGeorge 

!  Palatal abnls 
!  Velopharyngeal incompetence (VPI), 

submucosal cleft palate, and cleft palate 
!  Characteristic facial features (variable) 

!  E.g., nasal abnormalities, "hooded eyelids," 
ocular hypertelorism, long face due to vertical 
maxillary excess, malar flatness, retruded 
mandible with chin deficiency 

!  Pharyngoesophageal dysmotility -> 
dysphagia  



Dyce O et al, 2002, Arch Otolaryngol Head Neck Surg 128:1408 



Cri du Chat Syndrome 

!  Occurs in 1/50000 births 
!  Characteristic cry 
!  Microcephaly 
!  “Moon-like face” in infancy 
!  Hypertelorism 
!  Hypotonia  
!  Gross motor delays 
!  Severe cognitive impairment: IQ <20 



Oral/dental findings in Cri du chat 
(occasional) 

!  Cleft lip and cleft palate  
!  Bifid uvula 
!  Dental malocclusion 
!  Micrognathia 



Contiguous Gene Syndrome 

!  Syndrome caused by multiple genes 
situated contiguous to each other 
within a chromosomal region 

!  Each gene contributes to the 
phenotype associated with the 
syndrome 



Clinical History 

!  Abnormal MN newborn screen for 
galactosemia 

!  Severe vitamin D deficiency rickets 
!  IUGR with FTT 
!  Possible hearing loss 
!  Failed OAEs 
!  History of jaundice with cholestatic 

liver disease 
!  Multiple subacute rib fxs 



Age 5 months 

!  Heart murmur detected – echo 
confirmed mild supravalvular 
pulmonic stenosis 

!  Emerging concerns with gross motor 
development 

!  Of note, baby’s twin sister still 
hospitalized with even more severe 
course 



Oral/dental findings in Williams 
syndrome 

!  Prominent lips with open mouth 
!  Long philtrum 
!  Partial anodontia or hypodontia 
!  Microdontia 
!  Enamel hypoplasia 
!  Malocclusion; increased space between 

teeth 
!  Invagination of maxillary incisors 
!  Small and slender roots 
!  Pulp stones 
!  High prevalence of dental caries 





Single central incisor 

!  Single central incisor in familial 
holoprosencephaly. Berry SA, Pierpont 
ME, Gorlin RJ. J Pediatr. 1984, 104(6):
877-80 

!  Solitary median maxillary central 
incisor (SMMCI) syndrome. Hall RK. 
Orphanet J Rare Dis. 2006; 1: 12.   





Single central incisor 

!  May reflect underlying mild form of 
holoprosencephaly 
!  Severe forms of holoprosencephaly 

include cyclopia, single tube-like 
proboscis, midline bony structures 
missing, incomplete cleavage and 
morphogenesis of forebrain 

!  Mild forms may manifest as single 
central incisor, absence of philtrum 
or nasal septum, hypotelorism 







Aberrations using ADM1 with 5/0.3 Filter 
15BL1464     180K Custom 

chr1:230557140-249212668  
18,655,529 bp 
q42.13 - q44  GAIN 
0.552780 
GENES: 

PGBD5	(PROXIMAL) 
COG2 
AGT 
CAPN9 
C1orf198 …..	

…..SH3BP5L 
MIR3124 
ZNF672 
ZNF692 
PGBD2	(DISTAL) 

MAXIMUM BREAKPOINTS 
chr1:230557140-249,250,621(END OF 
CHR1) 
 18,693,482 bp 
q42.13 - q44  GAIN 
NO ADDITIONAL GENES 
 
FATHER HAS A KNOWN t(1;7) 



Aberrations using ADM1 with 5/0.3 Filter 
15BL1464     180K Custom 

chr7:140485436-159118566  
18,633,131 bp 
q34 - q36.3  LOSS 
-0.956508 
 
GENES: 
BRAF (Prox) 
MRPS33  
TMEM178B  
AGK  
KIAA1147….. 

MAXIMUM BREAKPOINTS 
CHR7:140485436-159,138,663 
18,653,228 bp 
q34 – q36.3   LOSS 
NO ADDITIONAL GENES  
 
FATHER HAS A KNOWN t(1;7) 
 

……. NCAPG2  
ESYT2  
WDR60  
LINC00689  
VIPR2   (Distal) 

Also included: SHH 



Fragile X syndrome 

!  X-linked mental retardation 
syndrome due to unstable CGG 
repeats in promoter region of FMR1 
gene on very distal long arm of X 
chromosome 

!  Prevalence 16-25/100,000 in general 
population; most common cause of 
inherited mental retardation 





Fragile X 

!  Due to expansion of repetitive sequences 
(similar disorders: Huntington, myotonic 
dystrophy, various ataxias) 

!  CGG repeat in 3’ untranslated region of FMR1 
gene: 
!  5-40 repeats: normal 
!  41-58 repeats: gray zone 
!  59-200 repeats: premutation 
!  >200 repeats: full mutation 

!  This expansion occurs during maternal meiosis 
(so mothers of Fragile X pts have 
premutations); risk of expansion to full 
mutation increases with size of premutation 



Fragile X clinical features 

!  Both males and females can manifest 
features (usually more pronounced in 
males as no other copy of normal X) 

!  Moderate mental retardation (usu. milder 
in females) 

!  Hyperactivity, hand flapping or biting, 
temper tantrums 

!  Post-pubertal males: long face, 
prominent jaw and forehead, large ears, 
large testes (FMR1 is normally expressed 
in testes) 



Oral/dental findings in FX 

!  Prognathism (after puberty) 
!  High narrow palate 
!  Dental crowding 
!  Cross bite, open bite 





References 

!  Nussbaum RL, McInnes RR, Willard HF. Thompson & 
Thompson Genetics in Medicine (8th ed). Elsevier 
Saunders, 2016. 
!  Excellent in-depth introduction to clinical genetics. 

!  Jones KL. Smith’s Recognizable Patterns of Human 
Malformation. Elsevier Saunders, 2006. 
!  Outstanding guide, with many pictures and differential 

diagnoses, of many genetic syndromes and 
abnormalities. Lists of syndromes associated with various 
clinical findings (e.g., dental and maxillofacial 
abnormalities). 

!  www.genetests.org 
!  Very well-written and updated reviews under the section, 

GeneReviews.  





Courtesy Dr. Andy Nelson and the Molecular Diagnostics Laboratory 


