lortpik FEVETKA-
KAwvikn Auopopdoloyia-
2ZUYVEVELC OVWULOALEC

EAENA OPYZIPA
KaOnyntpia KAwwknc latpwkng levetikng, MD, MSc, PhD
latpwkn 2xoAn, EKNA


http://www.cing.ac.cy/easyconsole.cfm/page/pdfViewer/filename/39797AA728931C8473BAAE48F8635BBDBD00D4B6BBC9/foldername/nl_file

Ta teAevtaia xpovia: aApatwdng e€eAen latplkng MreveTikng
» Emoyn véac Mevetikng SLayvwoTIKAC KOl EPEUVOLC
» [EVWULKEC EPEVVEC UE OTOXO TOV AVOpWTO

Human Genome Project (cuviotatat amno nepimou 6 d1¢ Ae€elc):
* Aapyxloe 1o 1984 oAhokAnpwOnke mepimou to 2003
* OUVEPRQAE OTNV avayvwpLon TTOAAWV VEWV yovLOiLwV Kall

e 0oTNV KAAUTEPN OLAYVWOTLKI TIPOOTIEAQCN TIOAAWY OTIOVLWV
VEVETLKWYV VOO UATWV.
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* TLelval KALVLKN YEVETIKN?

MeAETN TNC KANPOVOULKOTNTOC, TNE atloAoyiag, TnC
NMoBOYEVELOC TWV VOOHUATWY HETA TNV OVIXVELON TNC YEVETIKAC
avwpaAiog KoL TNV aVTIMETWTILON TWV Stadpopwv PoBANUATWY
nou OnuLloupyouvTal 0ToUC 0.oBeVEiC

* TiLelval YEVWULKA LOTPLKA? MeAétn yoviSiwy Kat
AELTOoUpYLAC TOUG

» Edappoyn aAAnAouxionc emopevng yeviag (NGS) otn dtayvwon
VEVETIKWV aVWHOALWY KoL 0TNV ACKNON TNE LATPLKAC Kot

» Xpnon Blopnxavomnotnpevwy pHeBodwv amoktnong Ko
avaiuvonc 6edopevwy ( artificial intelligence, Al)

Epstein ] C Am J Hum Genet,2006



[MoLoc o poAoc tou KAwikou levetiotn?

NopExel OAMOKANPWUEVEC UTINPECLEC SLAYVWONC KOl AVTLUETWTILONG
VEVETLKWV SLOTapayWV.

2woTH aéloAoynon KAWVLKWY OUUTTWHATWY artoteAel tn Baon yLa
OWOTO YEVETLKO EpYQOTNPLOKO EAEYYO.

Mo oplopEva clvopopua n dtayvwon yivetol
LOVO Ao ta popdoloyika xapaktnplotka (KAwikrn Avcpopdoioyia).

YKotto¢ KAWLKAC MeveTknc eival va. Bonbrjost Tar Atopa Tou TACY0UV N
1ov €xouv npodlaBeon va avamtuéouV YEVETIKEC avwaALEC, va {oouV

KOLL VOL TEKVOTTOLI)O0OUV E 000 To HuvaTO PUGCLKOTEPO TPOTIO.




O latpoc Mevetiotn ¢ aéloAoyEL OLKOYEVELAKO /OTOULKO LOTOPLKO,
dovotumto aoBevouc, Kol afLoTIOLEL VEEC TEXVOAOVYLEC
npoocdEpPoOvVTAC:

AIATNQ2H

IATPIKH

NMPOIMNQzH
FTENETIKH

NMNPOAHWH

OEPATIEIA




2TNV AVTIMETWTTION TWV [eVETIKWY TTABRoewV 0 laTpoG MEVETIOTAC ACIOAOYEI:

1.Ta OoTOIXEIO TOU IOTOPIKOU,

2.7 KAIVIKA CUUTTTWMNATA, KAl TOV €10IKO QaIVOTUTIO TwV aoBevwy,

3.TIC €CEIDIKEUNEVEG YEVETIKEC ECETAOEIC ,XPNON VEWV TEXVOAOYIWV KAl GUVTAYOYPOPEi
TIC €QEDEIVMEVEC YIA KABE TTEPITITWON YEVETIKEC ECETAOEIC,

4.70 TTOO00TO KIVOUVOU ETTAVENPAVIONS MIag TTaBnong,

5.1V TPOYvVWOor Tne,

6.TNV TTPOANWN €EEAICH TNG, TTapakoAouBnon acBevwy,

7.TNV YEVETIKI) OUUBOUAEUTIKA,

8. TIC €TMIAOYEC O€  €TTITTEDO AVATIAPAYWYNG, TTPOYEVVNTIKOU — TTPOEMPUTEUTIKOU -
TTPOCUUTITWHATIKOU EAEYXOU,

9. latpikég BeBaiwozeig, kal

10.0epatreuTiKAG avTiueETWTTIONG. O aoBeveic TTpoEpxovTal ATTO OAEG TIC NAIKIOKES

OMaOEG.



2 NUAVTIKNA N XPOVIKA OWAOTH YEVETIKN dlAayvwaon:
ATTOQUYN AOKOTTWYV OIAYVWOTIKWY NEBOOWYV

E@appoyn KataAnAwyv BepaTTeEUTIKWY PHEBODWV

[Tapoxr CWOTHC YEVETIKINC OUUBOUAEUTIKAC

2YMIMEPAZMATIKA BonBdsr:

2TNV KAIVIKA 01ayvwaon

2TNV KAaravonon TnG acBEvelag

2TNV €CENICN TNG A0BEvEIQC

2TNV TTapakoAoubnon Twv acBevwy

2TNV QVTIMETWTTION TWV acOevwyv Kal Bepartreia(yovidlakn)



Nivakac pe@odwv KUTTOPO-YEVWILKAG AVAAUGNC

AvVOAUTIKN LKavaThTo Neploplopol

Agv aVIXVEVEL: LULKPEC AVOKATUTAEELC
, HULKPOTEPNG avAAUONC, AAAQYEC
Kapuotumog 5-10 Mb VOUKA£0TIS LWV, pwoalklopolc <10%,
UPD

Meploplopog avaAoyog TOU aVLXVEUTNA
(otoxeupevn avaiuon). Aev aviyveveL:
FISH ~100 kb aAAOYEG VOUKAEOTLOIWY, LWOALKLOMOUC
<10%, UPD

Aev aviyxveUEL: LGOJUYLOUEVEC

a-CGH LETOOEOELG, ETEPOYXPWUATLKEC TIEPLOXEC,
XPWHOOWULKEC ~20-200 kb HwoalKlopoLg <10%
HULKPOCUOTOLXLEG
100 bp (meployEc Aev avixveUEL: LGO(UYLOUEVEC
NGS- aAAnAovyLon e€oviwv) METOOECELG, HWOALKIOMOUG <18%
ETIOUEVNC VEVLAC ~150 kb (oAOKANnpoO 1O

yovidiwpa)



EPFTAZTHPIAKOZ EAEMXOZ AZOENQN ME NY H/KAI MOAAANAEZ
2YITENEIZ ANQMAAIE2Z

KAPYOTYNOZ __,
H/KAI FISH

/ N\

ANIXNEYZIMEZ  OYZIOAOTIKO
ANQMAAIE2

(~ 7%) YNOTEAOMEPIKH
ANAAYZH ME MLPA
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ANQMAAIEZ  DYZIOAOTIKO
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Array-CGH 5 @
DA Koolen et al ) Med Gen ANAAYEH I N A RRAAND V
2004 ‘( \A MAPAAAHAOZ ENEFXOX :
ANQMAAIEZ DYZIOAOT I<\O FRA-X, RTT, PWS/AS

(~10-15%) (“75%) NGS: WES,WGS



Avixveuon pe amAo KopUOTUTIO

Tplowpia 13

Tplowpia 18

=[ToAuudpauvio
=Nontlki votépnon
=[TepLdeplkn UTIEPTOVIQ

" LOPPOAOYLKEC AVWHOALEC

| | N
iuz:;; ZXOUOEC AVWHONEG: *NonTLk VOTEPNOH, OTtaCOL
" MopdOAOYLKEC AVWUAALEC
=EAAELppOTO TPLXWTOU
KePAANC
="Atadpopou BabBuou tumou
oAompooeykepaAiog

» OUPOTIOLOYEVVNTLKO
» OKEAETO



Figure 5.
Arrow pointing to small isolated right preauricular skin tag (from Adam and Hudgins.
NeoReviews 4:¢99-e104, 2003).

Figure 1.

TliT)ial hemimelia with proximally placed preaxial polydactyly of the right foot in an infant
born to a women with poorly-controlled insulin dependent diabetes. Note the short and
bowed lower extremity with a dimple around the knee (from Adam MP et al. Birth Defects
Res A Clin Mol Teratol 85:14, 2009).

Figure 2.
Arrows point to two small areas of cutis aplasia congenita on the scalp that have healed.
demonstrating that no hair grows in the healed areas.



Muwkpoouotorxiec DNA (DNA array-CGH)-
Moprlakoc Kapuotumnoc

E¢€taon 0Aou Tou yovidLwpotog

MuwkpoeAAeippato-
MuwkpodimAaolaopol

Mn 100lUYLOUEVEC LETAOEDELG
nueia Bpavong (akppn opla
eAM\eippatoc-yovidla mou
nepthappBavovtat — n Spaon Twv
yoviSilwv autwv).

AuvototTnTa CWOTHC VEV.
OUMBOUAEUTIKAC KOIL CWOTOU
T(POYEV.EAEYYOU.

Tunpata DNA>1kb og prikog

-

prenare CONAPIone prepareMicroarray

TRy
'V \

Cooper G. 2015, Genome Research



Muwkpocuatotyiec DNA (DNA array CGH)-

Moplakoc Kapuotumnog
< . roper® o

MNeploplopol

Edappoyeg

*[d1omadng NY
*AvaTtrTu¢iakr KaBuoTtépnon
*AUCHOPPIKA XAPAKTNPIOTIKA
*2 UyYyeveic AvwpaAieg
*AUTIONOG
*2 TTACOI

looluyiouEveG NETABOAEC YEVETIKOU
UAIKOU

Mwaoaikiopoi
Mpoooxr oTnv epunveia Twv SNP’s
Trio Data




Next Generation Sequencing (NGS)

/ i

Oh, my God!
What should I do now?

o

z
a4 &
» ,_:' A \
- um!' O
~J© Massive amount

NGS machnies of sequence data

Ekatovtadec Mb ko Gb -
TEPAOTLOC OYKOC SedoUEVWY,
aAAnAouUxLon OAwV TwV TUTTIWV
ONUELOKWY HETAAAAEEWV
TIOAAWV yovibiwv o€ gva
nelpopa ( sequence reads in a
single run)

MeyaAn e€olkovounon xpovou
KOlL KOOTOUC

2TOXOG N LELWON TOU KOOTOUG

TeAevTala:

Long Read Sequence



Whole Exome Sequencing (WES)

* AvdaAuon ~200.000 exons (KwOLKOTIOLOUOEC TTEPLOXEC TOU YOVISLWMOTOC) OF
~20.000 Siadpopetika yovidla otov avBpwro

 KaAuvdn ~90-95% twv exons
* Aldyvwon YEVETIKOU VOOAMATOG = T0000To 45%
e Trio avaAuon

e Texvikol meploplopol avixvevonc (emektaoeslc- CGG oto o. Fr-X, deletions,
duplications, pwoaikiopot)

*  YTEPEXEL OTN LEAETN LOVOYOVIOLAKWY VOO UATWY LE VEVETIKA ETEPOYEVEL OTIWG:

TudAwon/ Bapnkoia / KivnTikES avwpaAiec/ emAnyio/ prtoxovdplokd voonuato

V|
bal> paxq
( Rabbani B et al, ] Hum Genet 2014)

(Neveling K et al, Hum Mut 2013)



>TOXeLUUEVOC+NGS Panels vs WES/WGS

<

L

[Mw¢ Ba Trapayyeilel o KAIVIKOG TeVETIOTAC pia YEVETIKNA €€Taon ?

Genetic Heterogeneity

low high

specific Cystic Fibrosis

Long-QT
syndrome

) Retinitis
RASopathies Pigmentosa

Phenotype

Hearing loss

Seizures

Neurodev

MNon-specific Delay

- Single gene or Panel

- Exome/Augmented Exome

Other factors:

- Diagnostic yield?

- Is panel up-to-date?

- Will repeat testing be covered
by insurance?

- Overall cost ($5S, time, etc)

- Discovery potential



O dawvotumocg tou acBevouc odnyet tov KAWVIKO eEveTLotn
otnv erttdoyn KataAAnAng Texvikng AAAnAouxnong

(Lelwon XpOVou Kol KOOTOUG). Phenotype Based Variant Analysis

e TEeVETIKO voonpa nou odeiletal oe petaldatelc o €va yovidlo =
2TOXEUEVOC HopLaKog eAeyxoc (aAAnAouxnon) oe éva yovidio—~> Single
Gene Sequencing

* Tlevetiko Noonpa rmou odeiletal oe peTaAAAelc o€ apamAavw oo 1

yoviblo =2 Gene Panel / WES (yevetikn etepoyEvela)

e Tevetko Noonpa pe dovotumo oxL cadn Yo CUYKEKPLUEVO YEVETIKO
voonua =2 WES ( n tkavotnta kat n eykupotnta tou NGS avéavetal HeTA

aro TNV LEAETN TOU PALVOTUTIOU)



Kopitol 13 ypovwv mpoonABe yLa
VEVETLKN €KTiNoN Aoyw:

P oAU xapnAol cwpatkoL Bapouc (BE:
23kg )

P EUKOANC KOTIWONC KoL LLULKAC aSUVOLLLOG
» SoBaprc Kupookoriwong

Awadopikn dtayvwon:
sAutobuotpodia?

= Neupopuiko Noonpua?

=y keAeTIKA AvomAaoia?

Whole Exome Sequencing (WES)

Mia véa mapaAAayn (novel variant)
0TO WVTPOVLO 12 tou yovidiou

TRIP4: c.1678+1_1678+2 insC
(splice site)

Juyyevnc Muikn Auoctpoia

Tumou Davignon-Chauveau (OMIM 617066)



[[evETIKO vOOoNnua HPE aoca@n gaivoTuTIo

WES (Whole Exome Sequencing)

YUYYEVELC aVWHOALEC pe N xwplc NY
> KEAETLIKEC SUOTIAQLOLEC
OdBaApoAoyika mpoBAnpata
2ravia NeupopULKA voorpato

> UUTTAOKEC CUYYEVELC KapdloTtaBeLeC
Nontwn YotEpnon

AUTLOHOG

ErtiAnyiec

WuyLatpkad ntpoBAnpota



Mati ot acBeveic kat oL olkoyEvelec Intolv SLtayvwon HECW
poplaknc avaiuvonc DNA?

TepuaTIonoC aTeAEiwTwy, danavnpwyv EETAcEwV Kal dlayvwoTIkNG «Oduooeiac»!!!
EEnynon kal Tautonoinon KAIVIKWV EUpNUATWV
[MAnpo@opiec yia To voonua — KaAUTepn KaTavonon UNOKEILEVWY HINXAVIOHWV

MpoAnwn N €ykaipn avixveuon naboloyikwv cupnTwpatwy (Onwc n naxuoapkia
o€ 0. Prader Willi k.An.)

BeATiwon |qu|Kr']g @povTidag (n.x. napakoAoudnon pe U\S kapdiag o€ ouvopopa
ME OUYYEVEIC KapOIONaBEIEC)

MiBavr) BEpANEUTIKN avTIHETWMION HEOW £EATOUIKEUUEVNG 1ATPIKAG 1) IaTpikn
akpifeiac

AuvatoTnTa eVaAAAKTIKWV HEBOdWV avanapaywyng Kai npoypaupaTiopog
MEAOVTIKWV KUNOEWV (MpoyevvnNTIKOC EAEYXOC N NPOEUPUTEUTIKOC EAEYXOC)

[eVETIKN OUMBOUAEUTIKN Yia KivOUVO ENAVERpAVIONG



» H taxeio avamntuén tnc yevwukne Oa cupBAaAAeL otnv KOAUTEPN
KOtavonon moBoyeVETIKWY NXOVLIOLWY LOVOYOVLIOLAKWVY
voonuatwy (pathways)

» Ba napexel Suvatotnteg BepamevTKNC EHOPUOYNC OTN
VEVLKOTEPN LYELX TWV OVOPpWTTWV HEOW TNC EEATOULKEV LEVNC
latpkn¢ : “Right drug at right dose to the right patient at the
right time”

» H petafoon amno tn Mevetikn otn Nevwptkn 6gv eivoil eVKOAN
uTtoBeon. AMaLTOUVTOL TIEPALTEPW UEAETEC yLa eTLBEBalwpEVL
KOlL EYKUPA EMLOTNHOVIKA SedopEval.

» Evowpdatwon Kot avaAuon YEVWULKWY SE60UEVWY HEOW
BlomAnpodopLkn ¢ Katl TeExXVNTAS vonuoouvng(Al).




T1 gival KAIviknn Auauop@oAoyia?

[Moiol opol Xpnoluotrolouvtal otn Auopop@oAoyia
KaBnuepiva

[ToIEC Kal TI ETITITWOEIC £XOUV 01 CUYYEVEIC AVWUAAIES
AI0@OPEC METACU MEICOVWY KAl EAATOOVWYV AVWUOAIWY

[Mw¢ TTpooeyyiloupdE Kal TTWGS TTaPEURAiVOUE



KAINIKH AY2MOP®OAQOT' 1A

« Xpnoiyotroindnke atro tov Dr. David Smith,USA, 1960

FE 1

e Dysmorphic {"Dys” “Morph™} : atoua ye pyn ouvnon
PAIVOTUTTIKA XOPAKTNPIOTIKA



KAIVIKI) Aucpop@oAoyia

KAGdOC NG laTpIKAG IMEVETIKAGC TTOU QOXOAEITAI UE TN MEAETN KAl
EKTIUNON TWV JOPPOAOYIKWV AVWHOAAIWY, TWV CUYYEVWYV AVWHOAIWY,
TN OUCXETION TOUG KaI TNV QvayvwpIlon CUYKEKPIMEVWV

OuUVvOPOHWV

“* EuBpuoloyia
s KAIvIkr) [eveTIKn

s MNaidiarpikn



2YTTENEIZ ANQOMAAIEZ

0 AvwpuaAieg TTou aviXveuovTal KAta Tn yEvvnon
N apyOoTEPA KAl €ival YEVETIKNG N KN aITioAoyiag (€KkBeon o€ TepaToyova N
TTOAUTTOPAYOVTIKQ)

O O1 [NeveTikoi TTAPAYOVTEC OUVIONG AITIO CUYYEVWY AVWHAAIWV

0 >8.000 J10@QOPETIKEC YVWOTEC AVWHAAIEC ATTO EAAPPEC-COLBAPEC PE YEVETIKN
Baon

O Eival atrotéAeopa kATTOI0G diauapTiac otn
dIATTAOCN TOU EUPBPUOU TTOU UTTOPEI va OUMBET aTTd
TNV 6" NUEPQ PEXPI TEAOC TOU 7°Y uRva Kunong

0 2oBapéc avwpaAiec odnyouv o€ vonTiKr ) QUOIKA avartrnpia

0 Kupia aitia Bvnoipdtnrag, voonpotntag kai avatrnpiwy (20%-
30% TwvVv BavAaTtwyv oTNV TTEPIYEVNTIKNA TTEPIODO)



ETTITWoEIC

3-5% TWV TEAEIOUNVWY VEOYVWYV TTapouciAlouv KATa Tn yEvvnor)
TOUC OOPBOPEC OUYYEVEIC AVWUAAIEC

35% TWwvV BavaTtwy TNES TTAIdIKAC NAIKIOC OPEIAOVTAI OE YEVETIKEC
OIATAPAXEC KAl CUYYEVEIC AVWHPAAIES

MpwTn aitia Bavartou oTn BpePIkA NAIKIa
AeuTepn PETACU 1-5 Xpovwy (META Ta TTAIOIKA ATUXHMOATA)

Eival utreuBuveg trepitrou 40% Twv eicaywywyv o€ MNaidiatpika
Noookopueia ouppwva pe tov WHO



[MAPATONTEZ KINAYNQOY I''A THN EM®ANIZH
2YITTENQN ANQMAAIQN

[TOAUOUEC KUNOEIC

XapnAo6 Bapoc yEvvnong f aucnuEVa CWHETPIKA
AlaTapaxeC TNG KUNONG

MeyaAn nAikia TNG NTEPAG

MeyaAn nAikia Tou TTaTEPQ

2 UYYEVEIQ HETAEU TWV YOVEWV

AVWUOAAIEG UN AQVIXVEUCIUEC O€ veEOyVA
EAEYXOC VIO GUVUTTAPXOUCEC AVWMAAIEC



Table 1

Overgrowth in the neonatal peniod and associated conditions

Diifferential diagnosis

Aszociated features

Potential evaluatons

Potential genetic studies

Beckwith-Wiedemann syndrome

MMacroglossia

Abdominal wall defects
Hemuhvperplasia

Meocnatal hypoglycema
Visceromegaly

Postenor helical ear pats
Anterior inear ear lobe creases

Blood glucose level monitorimg
Abdominal ultrasound
Alpha-fetoprotemn lawel

Methvlation analysis of

11pl3

Chromosomal abnormalities

Congenital heart defects
Ophthalmelogic abnomalities

Genitounnary abnormalihes

Echocardiogram
Ophthalmologic evaluation
Fenal nltrasound

Chromosomal microaray

Infant of a diabetic mother

Holoprosencephaly

Spina bafida

Congenital heart defects
HNeonatal small left colon
ertebral defects

Tibial hemimeliz with preasial
pelydactyly

Caudal regression syndrome

Cramal ultrasound or head MEI
Echocardiogram

Renal ultrasound

Sacral ultrasound

AP and lateral radiographs of the
entire spine

Mone

MEI = magnetic resonance imaging; AP = anterior-posterior

Table 2

Fetal growth restriction and associated genetic conditions

Differential diagnosis

Azzociated featnres

Potential evaluations

Potential genetic situndies

Horseshoe kidnew
Overdappmeg fingers

Chromosemal abnormalities  (See Table 1} (Seae Tabkle 17 (See Table 1)
Holoproszencephaly Head ultrasound

Trisomy 13 Microphthalmia! colobomasz  Ophthalmologic evaluahon K arvotv

' Conzenital heart defects Echocardiozram yetyps
Cuatis aplasia Fenal ultrasound
Promanent cociput
Micrognathia .
. i Echocardiogram ]
Trizomy 158 Congenital heart defects Renal ultrasound Earyvotype




2YITTENEIZ ANQMAAIE2

e e e

o Movnpeig OOMIKEG  « Meiloveg o AUCHOPOYIEG
AVWHUOAIEG « EAdoooOVEC o MNapapopPpwoelg

« 2UVOpOuQ o AIOOTTIAOEIC
TTOAAQTTAWY

) « AuoTTAQOiEC
AVWUAAIWV



2YTTENEIZ ANQMAAIEZ
(avdaAoya pe apiBuod)

~

« MovrpeIC DOMIKEC
AVWHOAIEC

« 2UVOpOuQ
TTOAAQTTAWYV
AVWHOAIWYV



MONHPEIZ AOMIKEZ ANQMAAIEX

O 2YITENEZ EZAPOPHMA |12XIOY
® PAIBOINMOMNOAIA

© 2XIZTIEZ (AAFQXEIAOZ - AYKOZTOMA)

O EAAEIMMATA MEZOKOAMIKOY -
MEZOKOIAIAKQY AIAOPAIMATO2

O MNMYAQPIKH 2TENQ2H

® ANQMAAIEZ ZYTKAEIZHZ NQTIAIOY
2QAHNA




MovoluywTika didupa Tou @Epouv To 010 YEVETIKO UTTOPaBpo aiveTal
va gnv ekdnAwvouv Ta idia cuumTWwUATd

."
—— o A

Fraga et al. Epigenetic differences arise during the lifetime of monozygotic twins. PNAS 2005;
102(30):10604-10609




eveTikd YnoPaBpo- EmiyeveTikn

MTtopei To TtepiPdAAov va £xel KATTOIA CUPHETOXNA ?

Emidpaocn TepiDOAAOVTIKWY TTOQAaYOVTWY OTn TTpodIiaSeson via sekdnAwon
VEVETIKWY VoonuaTwY

Drugs Diet Toxins Stress
ENVIRONMENT

Birth weigsht Medication

TPOTIOTIOINCEIS

DN A 1ioTovVwY : ——; Me
. Me Me

AAMayn PpUSHIONS YOVISIaKAS
AsiToupviac/



AITIOAOTIA
“2YNAPOMQN MNMOAAANAQN ANQMAAION”
0 XPQMOZQMIKES ANOMAAIES
® BAAMTIKOI MTAPATONTES KATA THN KYHsH
©® MONOIONIAIAKES ANQMAAIES




XPWUOOWMULKEC VW UAALEC
ATTOTEAOUV TO 6-7% TOU OUVOAOU TWV CUYYEVWYV AVWUOAIWV

1% TOU TTANBUCOU PEPEI «OIWTTNEN» XPWHOCWHUIKN
avwuaAia

1/200 veoyva: ol ouyyeveic avwualiec opeilovtal o€
XPWHOOWHMIKN avwuaAia

[ToocooTo >50% TWV AUTOUATWY ATTOPBOAWYV OPEIAOVTAI OE
XPWMUOCWHMIKEC AVWHAAIEC



2YNAPOMO

O ouvOUQONOC TTOAAWY AVWHOAIWY
TTou eTTavaAauBavovTtal Katd Eva
OTO0EPO TPOTTO KAl £XOUV KOIVO
TTABOYEVETIKO pNXaAVIOUO



AkoAouBia (sequence)

Y1rodelAwvel ot Metd atrd pia apxIikp avwuaAia AapBavouv Xwpa oeipd oupBaviwv
(KATAPAKTNG YEYOVOTWYV) KAl QUTO OUVETTAYETAI TNV  E€MOAVION OUOHOPPIWY,

TTAPAPOPPWOEWYV 1 DIACTIACEWV.

(Potter sequence)

2.UvOUaO oG (association)
YTTO0EIAWVElI OTI UTTAPXEL: 2TaBEPOG OUVOUAOMNOG OuAdAC AVWHOAIWY HE OouxvoTnTa

MEYOAUTEPN O€ OXEOn ME TNV TuXaia OUVEUPECDH] TOUG Kal ME KOIVO TTaBOYEeVETIKO

MNXQVIOUO.

(VATER association)



Potter sequence




Urethral obstruction
(e.g. urethral valve)

Renal agenesis

Reduced
Urinary output

Chronic leakage
of amniotic fluid

Oligohydramnios

Squashed Dislocation of
facial features hips and tallipes
Pulmonary hypoplesia




Vater association (Vacterl)




2YITENEIX mm) MeiCoveg
ANQMAAIEZ 3-5%

(avd)\oya uE BapuTnTa)
mm) EAQOGOVEG
<4%

o QuaololoyLkn
rniopaAioyn 4-50%

o Quololoyika
otiypota >50%



MEIZONEZ MOP®OAOTIIKEZ
ANQMAAIEZ

e KaOuoTEPNON CWHATIKAG AVATITUCNG

e NoNTIKN uaoTEPNON

o ApBpoypuUTTON - OKEAETIKEC OUCTTAACIEC
o Au@iBoAa eCWTEPIKA YEVVNTIKA Opyava



KAOYZTEPHXH 2QMATIKHX
ANAITY=HX

e QuoiloAoyikeG TTOPAAAAYEG
e EVOOKpIVOAOYIKG voonuaTa
o 2KEAETIKEG OUOTTAQOIEG

e AUCOCWHIOKA VOOAATO

e 2UVOpPOUA

e XpOvIia VOO)HOTO

e YITOOITIOHOG



[INEYMATIKH KAOYZTEPHZH

AITIA MNOXOXTO
XPpOROOCOUIKES VO RLAALES 4-28%
LOvopopo 3-7%
MovoyovIOLOK(A VOGO T 3-9%
AvomthooTIKEG avopaiieg KNX T-17%
[lpowpotnta 2-10%
BLomTikn emiopaon ota@opomyv
TaPAYOVTOV 6T0 EpfPpuo 5-13%
O1KoyeveloKO - eVpUTEPO

neplpairoy 3-12%
Metaforka voonpata -

EVOOKPLVOAOYIKES OLATUPUYES 1-5%
AolEvKpivioTo aitio 30-50%




e NEYPOMY | KEZ AIATAPAXEZ

o JKEAETIKEZ AIATAPAXEZ KAl
AIATAPAXEZ TOY ZYNAETIKOY IZTOY

e IOAYAYMEZ KYHZEIZ
e OAIFTOYAPAMNIO

MEPIOPIZMOZX THEZ KINHZHEZ TQN
APOPQEEQN KATA THN EMBPYIKH
NMEPIOAO

APOPOIPYNQzH



AMOIBOAA E=Q N'ENNHTIKA
OPI'ANA

e EVOOKPIVOAOYIKEC DIOTAPAXES
o XPWHOCWHIKEG AVWHOAIEG

o 2UVOpOUA TTOAAATTAWYV
avWHaAIWV



EAAZZIONEZ

KPANIOY

HOKPOKEPAAiIQ, MIKPOKEPAAIa

nPOzQNoY

unonAacia péong yPappng, oTpoyyuAd Nnpoowno

OPOAAMON

€Nikaveoc, UNEPTNAOPIOUOG,
MIKPEC BAEPAPIKEC OXIOUEG, NPOG Ta Gvw 1 NPOG Ta KATW Popa
TwV BAEPAPIKWV CXICHWV

ZTOMATOZ

pakpu QiATpo, BoAwTr unepwa,
pEYAAN YAWooQ, YAWOOQa PE QUAGKES

QTQN

XapnAr npoo@uon, avwpaAn eAikwon,
anouoia AoBiou wTog, NnpowTiaia deppaTika enapuara

TPIXQTOY KEDAAHZ

AenTd, eUBpaucTa SUOKOAG OTO XTEVIOUA HAAAIG, GAwWNEKIQ

AEPMATOIAY®IKQN

HOVIIPNG XEIPOHAVTIKI} Ypappr

ANQ AKPQN

kAivodakTuAia 5% dakTuAou,
OEikTNG HEYAAUTEPOG TOU HEGOU BakTUAOU

KATQ AKPQN

ouvdakTuAia dU0 PECWV BaKTUAWY,
3% SakTulog peyaAuTepOG Tou 2%,
peyaAn anooraon pera&u 1% kai 2° SakTuAou

knAiBeG, Aakkdakia, eEavenuara, apayyewypara

AEPMATOZ




EAGoooveg
AVWHAAIES

>3

Kivouvog eppaviong
peiCovog avwpaAiag

9.6%




OpoAoyia Aucuop@oAoyiac

* AlgeBvwcg €IdIKN KoIV) YAwooa
« O0nyei og :

-BeATiwon katavonong uNXaviouwyY JOPPOYEVEDNC

-BeAtiwon didyvwong Kal KAIVIKAG ¢POVTIOAC TwV agBevwy



Mop@oAoyika onueia opoonua TTPOCWTTOU









Figure 3.

(A) Brain MRI image of an infant with alobar holoprosencephaly. the most severe form of
holoprosencephaly. demonstrating a single large ventricle. (B) Brain MRI image of an infant
with a milder form of holoprosencephaly in which there 1s subtle fusion of the thalami

(arrows).

Figure 4.

This infant with holoprosencephaly has microcephaly. hypotelorism. a hypoplastic nose, and
a midline cleft of the lip and palate. The white arrow points to hypoplastic nares and the
black arrow points to the large midline cleft lip and palate.















XPHZIMOTHTA EAAAZONQN ANQMAAIQN

EVOEIKTIKEC DIATAPAXNG OTN HOPPOYEVEDN
2 UMBAGAANOUV OTn diayvwan MIag €101KOU TUTTOU avwuaAiag

14% TWV veoyvwy duvaTov va gp@avifouv pia eAdooova
avwuaAia



2YITENEIZ ANQMAAIEZ
(ava@loya pe aiTio+aTddIo)

~

« AUCHOPPIEC

o« [lapapopPwaoeIg
« AlOOTTACEIC

« AuoTTAQCIEC



AY2MOPO®IEZ (malformation)

* [NMpwToTTaONC KATAOKEUAOTIKN BAGPBN EVOC OpyaAvou I
TMAMOTOC OpYAVOU WG aTToTEAEOUa Baoikng BAGRNC Kata
TNV ENPBpuoyeveon (11.X. o.Down,oxioTia XeiAoug-uTtrepwac,
QAYEVEDIQ AKPWV K.A.TT. )

e 2uvnNBwc oupPBaivel Trpiv TRV 10" eBdouada Kunong



Proteus s.




[MTAPAMOP®Q2EI2 (deformation)

« EvOountplia 0pacn pNXavikwy OUVANEWY
TTOU TTAPONOP@PWYVOUV Uid pUCIOAOYIKN QVATTITUEN.

OgeihovTal oe avwualiec unTpac, diduuo Kunon N
oAlyoudpapvio (11.X. 0. Potter, paiBoITrroTrodia, OUYYEVH)
VEUPOMUIKA TTpoAAuaTa K.A.TT.)



Potter sequence




Urethral obstruction
(e.g. urethral valve)

Renal agenesis

Reduced
Urinary output

Chronic leakage
of amniotic fluid

Oligohydramnios

Squashed Dislocation of
facial features hips and tallipes
Pulmonary hypoplesia




C D

FIGURE 1-3. The overall pattern of intrinsic deformation due to neuromuscular
insufficiency is quite similar for both congenital myotonic dystrophy (A), an autoso-
mal dominant disorder with a 50% recurrence risk, and Pena-Shokeir syndrome (B),
an autosomal recessive disorder with a 25% recurrence risk. In C, note the facial
effects of intrinsic deformation due to Mébius sequence (deficient cranial nerve VI
and VIl function). which differ from the extrinsic facial deformations seen in D, in
which prolonged oligohydramnios and a persistent transverse lie resulted in marked
facial compression.



AIASTIAZEIS (disruption)

e 2UVETTEIO OPACNC ECWYEVWYV BAATTTIKWYV
TTAPAYOVTWYV TTOU OIATAPACCOUV TO APXIKA
(PUOIOAOYIKA QVETTTUYMEVO EUBPUO

(TT.X. TTPWIKN PNCN AUVIOKWY MERPAVWYV)












AYSMAAZIES (dysplesias)

* AVWHOAN opyavwaon TwWV KUTTAPWV
OTOUC IOTOUC TTOU KATAANYOUV O€ QOMIKEC OAAAYEC

[EVIKEUNEVEG AVWHAAIEC OTTWCG:
ECWOEPUIKEC OUOTTAAOTIEC,
OlATAPAXEC OUVOETIKOU I0TOU,
OKEAETIKEC QUOTTAQCIEC



AxovdpomAaoia-roviéio FGFR3




Spondylo-costal dysostosis:
Fovidiwa : DLL3, MESP2, LFNG, HES7, RIPPLY2, TBX6




Spondylo-costal dysostosis




Types of problems in

morphogenesis

) Abnormal
Poor formation of | Unusual forces on Breakdown of R
: ) ) organization of
tissue normal tissue normal tissue .
| cells in tissue
Malformation or Deformation or Disruption or Dysplasia or
malformation deformation ) Disruption dysplasia
seguence sequence sequence sequence

Four types of structural defects that can result in a chain of
defects (sequence) by the time of birth



FENETIKH AIAFNQETIKH
MPOSEIZH

e 2WOTA AWn loTopikou
o AetrTopePNC KAIVIKN €CETOON

e EpyaoTnplakog EAEYXOC



1I2TOPIKO

o [ evEQAOYIKO OEVOPO

e OIKOYEVEIOKO IOTOPIKO

e [IpoyevvnNTIKO 10TOPIKO
e [1epIyevVVNTIKO I0TOPIKO
e AVOTITUCIOKO IOTOPIKO



KAINIKH EZETAZH

e 'EK(ppaon Tou TTPOCWTTOU

e O£on / oTAON TOU CWHATOC / MUTKOC TOVOC

e KIVINOEIC KOI CUUTTEPIPOPA TOU ATOMOU

e Avixveuaon peICOVWYV Kal EAAOOOVWY JOPPOAOYIKWV

AVWHAAIWV



EPFTA2ZTHPIAKOZ
EAEIXOX

® BLoxnuikoc

e OpoAOYLKOC

e Ev{uukoc

e AKTLVOAOYLKOC
e XpPWUOOWMULKOC
e MopLakoc



[ EVETIKN ETEPOYEVEIQ

* AIEICOUTIKOTNTA: Zuxvotnta epdavionc n pUn
KALVLKWV OUUTMTWHATWY ITopa Tnv tapouoio
LETAAAOYLEVOU YOVLOLOU

* EK@PaOTIKOTNTA: AladopeTikn Baputnta
EUPAVLONC KALVIKWY CUUTTTWHATWY OE ATOMO
e TNV oLa N mapopolo petarAaén (kat otnv
LOLo olkoyEveLa)




L e O O
v O @D O O Ol [HO
IV12¢4 52‘9 7@@1011?

Eikéva 1.14 - FeveahoyIke 5Evopo nadnong auTooWHATIKOU EMKPATATIKOY TUMOU KANPOVOPIKGTNTAG PE
peIwuEVN OIEICOUTIKATNTA.



B.O.R- brachio-oto-renal anomalies

Oikoyévela:

MnTEpa: TTPOWTIAIO ETTAPPATA KAl OTTEC,EAQPPA Bapnkoia
[Maudi : UTTOTTAQCTIKOUG VEQPOUG-VEPPIKI AVETTAPKEIQ
ADEAPOC UNTEPAC: TTPOWTIAIA ETTAPUATA +BPAyXIOKI) KUOTN.

H ouluyocg £ykuocg. EAeyxoc yovidiako¢ = aAAayr) oTo yovidlo
EYAl



AoOeveic pe NF1

AIQQOPETIKN EKPPATTIKOTNG



2 WUOATOUETPIKEC METPNOEIC

H KAIVIKI) EKTINNON KPAVIOTTPOCOWTTIKWY avVWHaAIwY BacileTal o€
UTTOKEIUEVIKA KPITAPIA, OAAA KOl QVTIKEIUEVIKEG JETPNOEIG




FACIAL MEASUREMENTS
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e QwTOYPOPIEC

e ETTavVECETAON (nAIKia, BapuTnTa, AyX0S YoVEWY)

o HAEKTPOVIKN BAON OEOOUEVWV



XpNolueg Baoeic 0EOOPEVWV

OMIM: Online Mendelian Inheritance in Man, Centre for Medical
Genetics, Johns-Hopkins University (Baltimore, M.D.)

National Center for Biotechnology Information, National Library of
Medicine (Bethesda, M.D.). http://www//ncbi-nlm.nih.gov./OMIM/.

Face2gene

LMD: London Medical Databases by Winter R & Baraitser M.
info@Imdatabases.com

POSSUM: Murdoch Childrens Research Institute.
http://www.possum.net.au/



http://www/ncbi-nlm.nih.gov./OMIM/
mailto:info@lmdatabases.com
http://www.possum.net.au/

Smith- Lemli- Opitz s.




0. Smith - Lemli - Opitz

= [ EVETIKI) AVWMAALQ:
yovidlo 7-DHCR
= BEon: xpwuoowua 11q13




—

7-Dehydrocholesterol

AY-9944
BM 15,766

Cholesterol







Yuvdpopuo-TpLxo-pivo-daiayyLko




(Kpavio-ektodepuikni dSuomAaocia)
Fovidwa: IFT122, WDR35, WDR19,
CED IFT43, NPHP1

* akpopecoueAlkn ducooctwon,
KPOVLOOUVOGTEWON,
Suotpodia, Sucpopdika
XQPOAKTNPLOTIKA TIPOCWTIOU,
Slatapaxeg amod to e€wdepua

* IFT 0d6g

Pedigree

111 I:

o 6o




KPANIO-EKTOAEPMIKH AYZTMAAZIA




KpoooonaBelec (Ciliopathies)

Ouada Slatapaxwv TOU €xouv wC Pacn Tov avwWHOAO
OXNUOTLOMO 1] Kol TN AELToupyla TwV KPOOOWV TWV KUTTAPWV

KAwvikn tplada
EvkepaAikeég avwpaAieg

EkdUAon apdBAnctpoeitdoiiq

Nedpikéc avwpaAieg

Entiong: -okeAetikeC SuomAaciec-toAuSakTuAia
-OUYVYEVIG LVOKUOTLKA VOO OC NTaToq
-2
-NMayvoopkia
Ciliary proteome: >1000 rtoAumtentidla
89 yovidLa

23 cuvbpopua (Waters AM, Pediatr Nephrol 2011)



A. Mockel et al. / Progress in Retinal and Eye
Research 30 (2011) 258e274



Cofss. typel,2,3,4,5




Cofss. typel,2,3,4,5

Cerebro-Oculo-Facio-Skeletal




E.E.C tumocl,3 syndr: yovidlo TP63




Goldenhars.




Leopard s.




Noonan- like syndrome with
Loose- Anagen-Hair (LAH)

HOKPOKEQPUALU-UEYRA0 PETOTO

apun, eV0poveTo poiid

KaBilnon pvog

BrepupintTmon

cofiopn kebuetépnon avarTuins (Slhewyn
QUENTLKNS 0pudviS)

OLIY VT UVEPY POOT OEPUATOS

B ol ok oTéEvoon aveEupovikng

I'vosiaka+esvpreprpopika Tpofiqpota

Kpuyopyio

Mlaxzamti ot al 2003
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centromeric breakpoint Deletion region telomeric breakpoint
region region

Zuvépopo Williams

(XpwHoowuIKO EAAeIypa 7g11.23)
['ovidlo EAaoTivng



MayvnTikl Topoypa@ia eyke@aAou o€ Traidi 5
Xp. HE o. Williams




Del 22 s.

Cardiac neural crest

Aorta

Pulmonary
artery

Mesoderm



KPANIOZYNOZTEQZEIZ
2YNAPOMIKEZ

Grouzon
Apert
Pfeiffer

Jackson-Weiss

Saethre-Chotzen

Beare Stevenson

fovidlakr) BAGBN: FGFR4 23, TWIST










Apert s.




Pfeiffer s. (acrocephalosyndactyly)



2T0 MEAAOV Oa eivatl duvaty avaAuon UE VEEG TEXVOAOYLEC
oTNV PoyevvnTkn dtayvwon?

e Tetolou eldouc avaluon €xeL apxloeL va XpnoLUOTIOLE(TAL OTOV
un enepPoatiko Eleyyo (NIPT).

e Auéavetal n mAnpodopia TOoOo TNE YVWOTHNG OGO KoL TNG
Ayvwotng KAWIKAC onuoaoiag (VUS).

e Screening veoyvwv L0KA o€ Bapeld veoyva



[TpOYyEVVNTIKOC €AeyX0OG ZUYYEVWV AVWHUAALWY
(AAAnAovxlon emopevnc yeviacg (NGS)

< Znuavtkol meploplopol (xpovoBopa texvikn)
< YPnAd nocootd Peudwe BeTIKWV/aApVNTIKWY OMTOTEAECATWV

< Avixvevon aAlaywv ayvwotou KAWVIKAC onpaotiac (VUS) otnv
TIPOYEVVNTLKA SLAYVWON (o€ peyaAUTEPO TTOCOOTO GUYKPLTLKA LLE TO
LLOPLOKO KOPUOTUTIO)

Nwc prmopel va dlaxelploBel o KALVIKOC YEVETLOTNG TNV MAnpodopia
armo pio avaiuvon NGS nipoyevvnTika?



[TpoyevvnTIKOGC - Rapid NGS
(trio analysis)

e Kunoelc pe eupl GACUO CUYYEVWV AVWHOALWY — BETLKA
UTTEPNXOYPAPLKA EUPNALLATO OTIWC:

* JKEAETIKEC AVWMOALEC

e YoBapec SLadopeC ouyyeVELC aVWUAALEC

e Kataokevaotikec avwpaAiec KNZ

ALOyVWOTIKA amtoTteAEopATA = TIEPLTTOV 0TO 33%
AnNYn anopacewv ya ekBaon KUNoNG

Deden C., Prenatal Diagnosis,2020 - Chandler N.,Genet. Med.,2018



2UdTTEPAOUATA

H didyvwaon aTnv KAIVIKI YEVETIKN Kal QUOPOop@OoAoyia gival
OUOKOAN:

— MeyaAog apiBud¢ ouvopOu WY

— AAJOTWONC €CENICN TNG VEAC YEVETIKNAG

— 2TTAVIOTNTA TWV TTEPICOOTEPWY CUVOPOUWYV
— MeydaAn eTepoyevela

2WATH agloAoynon = cwaTr diayvwan + KAataAAnAo
(OTOXEUMUEVO) MOPIOKO EAEYXO



Euyxaplotw moAu!
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