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Me atopikr pou suBuvn kail yvwpilovTag Tig Kupwaoelg B, rou TrpoBAETTOVTAI ATT6 TG SIATAEEIG TN TTAP. 6 Tou ApPBpou 22
Tou N. 1599/1986, dnAwvw OTI:

1.

Aev mapabétw kouuatio Pifliov 1 apbpwv i epyaciadv dllwv ovtolelei ywpis va to mepikieio e
EICAYOYIKD, KOI YWPIS VO OVAPEPD TO avYYpopéa, T ypovoloyia, ) celida. H ovtolelel mapdbBeon ywpic
ELOOYWYIKG YWPIS avopopo. atny Ty, givor Loyoxlomn. [lépav e avtolecel mopabeons, Aoyoxlomn Oswpeitar
Kol 1] TOPOAPPOCH E0OPIWV OO EPYO. GAAMV, TOUTEPIAGUBOVOUEVWY Kal EPYWV GOUPOITHTAV 1o, Kabng Kal
wapaleon ororyeimwv mov dlior avvidelav i emelepyaankay, ywpic ovapopd oty anyn. Avopépw maviote ue
TANPOTHTO. TV TNYH KATW OO0 TOV TIVAKA 1] G010, OTWS 0Ta Topaldéuaro.

Aéyouor ot 1 avtoleel mapdabeon ywpic E16ayYIKA, OKOUO KI OV GOVOOEDETOL OTTO AVOPOPO. OTHYV THYH OE
KATOo10 GAAo onueio Tov Kelwévov i ato TéAog Tov, givar avtiypapl. H avopopd oty mnyn oto t€Aog m.x. Hiog
TOPaypopov 1 UG OeAdag, Ogv Jikaioloyel ovppopn edopiwv Epyov drAov ovyypagpéa, Eotw Kol
TOPAPPATUEVDV, KOI TOPOVTLACH TOVS (WG OLKN OV EPYATIO.

Aéyouon ot vEApyEl EMIONS TEPIOPIGUOS OTO UEYEHOS Kai oty oVYVOTHTO TV TOPAOEUATOV TOV UTOP®D VO.
eviaéw oty epyocio pov eviog elooywyikwv. Kdabe ueydlo mopdbeuo (m.y. oe mivakxo 1 mlaicio, kiT),
poimobétel e101kéS poOuicels, kot Otav ONuUOTIEDETOL TPODTOGETEL THY AdELa. TOV OVYYpapéa 1 Tov €kooty. To
1010 KO1 01 TVOKES KO TO TYEOLO

4. Aéyouar O0Aeg TG OVVETELES OE TEPITTWON AOYOKAOTNS 1 AVTLYPOPHG.

Huepounvia:  13/06/2022

H AnAoloa
ZaaoihidyAou lwavva

(YToypagn)
(1) «Onolog v yvwoel Tou dnAwvel Yeudn yeyovoTa A apveital | anokpUNTEL TA aAnBva pe
€yypaen uneuBuvn dfAwon tou dpbpou 8 nap. 4 N. 1599/1986 Twwpeital pe QUAAKION
TOUAGXIOTOV TPV Unvwv. Eav o unaitiog autwy Twv npdEewv oKONEUE va Npocnopiosl aTov
€QUTOV TOU Il o€ GANOV NEPLOUCLOKO O6PeNOG BAANTOVTAG TPITOV | OKONgUE va BAAYeL GAAOV,
TwpEiTaL pe KGBepgn peXpL 10 eTwv.
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NepiAnyn

H BlomAnpodopikn eivat éva OSlemotnuovikd medio to omoio avoAUel Katl
EPUNVEVEL TOV HEYAAO OYKO SESOUEVWV TIOU TTOPEXEL N EMLOTAMN TNG Bloloyiag
ocuvdualovtag TNV UTIOAOYLOTLKA ETLOTAMN, TA MOONUATIKA, TN OTOTIOTIKA KAl TN
unxavikn. Tig tehevtaleg dekaetieg ol aVOAUOELS TWV YEVETIKWY SIKTUWV TOU
T(POKUTITOUV amod TIG ouoxetioelg twv yovidiwv kot Baoilovtal oe debopéva
yovidLakng ékppaong (micro-array, RNA-seq) mpooeAkUouv OAO KL TIEPLOCOTEPO
To evlladpEpov TNG EMIOTNMOVIKAG KOwOotntag o  SladopouC TOUELS
Stadpapatifoviag Evav avovTIKOTAOTOTO CNUAVIKO pOAO OTNV KATAVONGN TWV
BLoAoylkwv Kal PUBULOTIKWY UNXAVIoMWY Twv yovidiwv. Qotdoo, mapatnpeital
OTL OL CUCXETLOELG TWV YOoVISLWV TIOU TIPOKUTITOUV QO UTIOAOYLOTLKEG HEBOSOUG
ennpealovtal ano TI¢ EMOPACELS TTOU UTTOPEL var €xouv AAAa yovidla emavw o€
autég. NapdAAnAa, n avaluon dedopuévwy yovidlakng ékdpaong €0sce OAo Kal
HUEYAAUTEPEC TIPOKANOELG OTOUG EPEVVNTEG YLOL TNV Slaxelplon Kal TNV OTATLOTIKN
eppunvela twv dedopévwy Tou mpogkuPav anod PeAETEG Le aplBUd Selypdtwy n
HLKPOTEPO Ao TOV apLOUO TwV yovidiwv p (p>>n)

O 0TOX0¢ QUTAC TNG TTUXLOKAG €pyociog eival n dnuioupyia evog mAalciou
avaAuong SES0UEVWVY ATIO UEAETEC E UIKPO OPLOUO Selypdtwy Kal n Snuloupyia
€vog Silktuou mou Ba Baociletal KUplwG O TEXVIKEG UTIOAOYLOMOU TNG MEPLKAG
ouox€tlong twv HetaBAntwy, edapudlovtag €vav cuvduoopo SLodopETIKWY
pHoOnuatikwy HeBOSWVY Kal UTTOAOYLOTIKWY TIOKETWY, ME KUPLOPXO OTOXO TNV
Katavonon t¢ BLoAOYLKAG ONUOCLOG TWV CUCTNUATWY KOL TOU EVIOTILOMOU TWV
Kpudwv OuoxeTloEWV METAEL Twv HeTaBAntwv. MapdAAnAa, oToxeVEL OTNV
€EUPEON TWV TPAYUATIKWY OUCXETICEWV KOL TWV OUTIATIKWY OXECEWV TWV
uetapAntwyv edapudlovtag PEPLK cuoxETion oc Sedopéva amMANG CUOXETLONG
KOl OTNV LETA-OVAAUGCN SESOUEVWVY LE TN XPHON TNG LEPLKNG CUCXETLONG.

H vulomoinon Ttwv TMEWPAUATWY TPAYUATOTOLETAL MECW TNG YAwooag
Tipoypappatiopol R kat tou R Studio (pio mAatdoppa avolyxtol Kwdika yla Tov
TIPOYPAUMOTIONO o yAwooa R). Itnv mapouoca epyocia Xpnolpornoionke
ouUVOUOOUOC EVPEWC XPNOLUOTIOLOUUEVWVY SLadOPETIKWY UTTIOAOYLOTIKWVY TIAKETWV
KOL CUVAPTAOEWV TNG R ylal TOV UTTOAOYLOMO TOU TVAKA CUCXETLONG KOl UEPLKNG
OUOXETLONG, KOBWG KoL TOV UTIOAOYLOMO TOU Ttivaka ouvlLaKUMOVONG Kal TOU
avtlotpodou tou (covariance/ inverse covariance matrix). O umoAoylopog TG
HUEPLKAG OUOXETIONG LAoTolnNOnke pe tnv edapuoyn peBddwv umoAoylopol Tou
Moore-Penrose Yeudo-avtiotpodou mivaka kat AAAwv peBodwv ektipnong ot
Omolol amoTeEAOUV TO KEVIPLKO PBrApa Kol pio amoteAeopatiky AUon ywo tnhv
Slaxelplon peyaAng kKAlpakag cuvolwv Sedopgvwy.
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H &1apBpwon g mruxLlakng EEKvaeL pe tn Bewpla TOU CUVTEAEOTH CUOXETLONG
KOl TNG UEPLKNAG OUOXETLONG KOL PE TNV Teplypadn Twv SUVOTOTATWY TOUC OE
HUEAETEC MIKpOU Oelypato¢ Kat otn Ploloyia cuoTnUATwY. 2TV CUVEXELA
avalvovtal ot pEBodoL UTOAOYLOMOU HEPLKAG OUOXETLONG ot Sebopéva peE
apLlOpO SEYUATWY UIKPOTEPO amd tov aplBud Twv PeTtafAntwy, Kabwg Kal ot
pHEBoSoL UTIOAOYLOHOU OTOTLOTIKAG ONHUOVTIKOTNTAC TNG MEPLKAG OCUOXETLONG.
ErumAéoy, yivetol avaAuTikn Tieplypadr] TnG HETA- OVAAUGCNC, TWV HOVTEAWV TNG
KaBw¢ Kal ToOU UTTOAOYLOMOU TNG KE TN XPNon TN MEPLKAG oUoXETLonG. AKoAouBel
n mnepypadn Twv OeSOHEVWV KOL N AVAAUCNH TWV OIOTEAECUATWY TIOU
TPoékuav Kota tnhv epoppoyr) tou aAyopiBuou kat téAog, mapatibevral ta
CUUTEPACHATA KOL LEANOVTIKEG EMEKTATELC.

O alyoplBpog nou €xel oxedlaotel kKaBwg Kol emMAéoV apxeia AOyLOpLKOU TTOU
xpnotpornownkav eival StabEoipa otov mopakdtw cUVOECHO:

https://github.com/sasioanna/DiseaseNeT
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1 Ewcaywyn

1.1 ZuvteAeoTtAC ZUOXETIONG

H ouoxéton (n oA\wg €€dptnon) otn OTOTLOTIKA XPNOLMOTOLETAL yla TNV
HETPNON OTMOLAdNTIOTE OXEONG, OLTIOAOYLKAG N OXL, METAtyL SU0 CuvOAwvV
6ebopévwy 1 Vo tuxaiwv petaBAntwyv. O BaBUOG TNG YPAUMLKAG CUCGXETLONG
€vOG (elyoug TUXOLWV METAPANTWY MUETPLETAL PE TOV OUVTEAECTH) CUGCXETLONG.
YMApXouV aPKETOL CUVTEAEOTEG GUOXETLONG, TIOU CUXVA SnAWVoVTAL PE p N I, TIOU
HETPOUV TO BaBuod cuoyxétiong. O TLO KOWOG OUVTEAEOTHC CUCXETLONG Elval O
OUVTEAEOTNG oUOXETIONG Pearson, o omolog XPNOLUOTOLELTAL YL TN METPNON TNG
YPOUULKNG oX€onG METOEL SUO PeTaPANTWY. QOTO0O, OE UL LN YPOUMLKN OXEON,
0 OUVTEAEOTNAG ouoxEtong Pearson pmopel va pnv amotelel katdAAnAo pETpo
ouoxétione. Etol, €xouv avamtuxBel kat AAAOL CUVTEAECTEG CUOXETIONG OTWG O
OUVTEAEOTNG OUOXETLONG TOU Spearman KoL O OUVTEAEOTHG OUOXETLONG TOU
Kendall, oL omoloL otoxeUouv ot peyaAltepn eualobnola oe PN YPAUMULKES
ox€oelg. OL avaAUoELg CUCXETLIONG SV UmopolV va epunveuBoulv w¢ BepeAiwon
OXE0EWV QUTIOU-ATIOTEAEOUATOG KAl UITOPOUV va uttodeiouv Hovo we i o€ ToLo
BaBuo ot petaBAntég cuvdéovtal petafl TOUG.

Ma Ttov TPOOoSLOPLOHO TNG OUCXETLONG TPETEL VO UTIOAOYLOTEL TPWTA N
ouvblakopavon twv 800 ev AOyw METAPANTWVY KOL N TUTLKA amokAlon Kabe
petapBAntic. O ouvieleotc ouoxEtong mpoodlopiletal  Stapwvtag TN
ouVOLAKUUOVON LE TO YLVOUEVO TWV TUTILKWY ATOKAloEWV Twv dV0 petafAnTwy.

H turkn amokAlon sival éva HETPO TNE SLOOTIOPAG TWV SESOUEVWVY Ao TOV PECO
0po t™¢. H ouvdlaklpavon eival éva PETPO TNG Kowng HetaBAntotntag duo
Tuxoiwv petapfAntwy. Qotoco, To LEYEDBOC TG elval ameplOpLOTOo, EMOUEVWCE Elval
SUokoAo va epunveutel. O cuVTEAEOTAG CUOXETIONG UTtoAoyileTal dlalpwvtag Tn
ouvSLaKUUOVON LE TO YLVOUEVO TWV SU0 TUTILKWV ATOKALOEWV OTIWG aKOAOUBEL:

cov(X,)Y)

Tyy = ———— (1
XY ox Oy (1)

To mBavo eUPOC TILWV YLa TOV CUVTEAECTH CUOXETLONG €lval -1 éwg 1. Me dAAa
AOyLa, oL TLpEG Sev umopoLv va untepBaivouv to 1 va elval pikpotepeg amo -1.
Mua cuoxétion -1 umodnAWVEL TEAELX OPVNTLKI CUCYXETLON KOL Pla cuoxEtion 1
umodnAwvel télela Betiky cuoxEtlon. EAv o ouvteAeoTtAG ouoxETlong elval
HeyaAUTeEpOog amd undév, elval Oetikry oxéon. AvtiBeta, €av n T elval
HULKpOTEPN amd To undeév, elval apvntiky oxéon. H tun undév umodnAwvel otL
bev undpxel oxéon HeTAL Twv SV peTaBANTwWY.
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Mua BTk} cuox€tion elval pLa oxéon Petafl dUo PetafAnTwV oTNV omola Kot ot
SV0 petaPAnTég Kivouvtal mpog tnv dla katevBuvon. Emopévwe, n avénon uiag
HeTaBANTAG oxeTiletal pe avénon NG AAANG Kat n peiwon plag petaBAntnig
oxetiletal pe pelwon tng AAANG. AvtiBeta, pla apvnTik cuoxEtion eival o
oxéon petafy Vo petafAntwyv otnv omoia ot SU0 UETAPANTEC KLvoUVTOL TIPOG
avtiBetn katevBuvon. Zuvenwg, P avénon oe pla petaBAnth oxetiletal pe
Helwon tng aAANnG.

1.2 ZuvteAeoti¢ MepLkng ZuoxETiong

O OUVTEAEDTNC UEPLKNG CUOXETLONG Elval Eva LETPO TIOU XPNOLUOTIOLELTAL YLa TNV
TLOOOTIKOTIOLNCN TNG 0X€oNng HeTafl SUO ouveXwV METAPANTWY LETA TOV EAEYXO
TwWV emdpAoswv AAWV HETABANTWY. ZTOV OUVTEAECTH UEPLKNG CUOXETLONG
avatpeital n enidbpacn mMou PMopel va €XEL pLa Tpitn METAPANTH EMAVW OE €va
{evyog petaBAntwv.

O OUVTEAEOTNAG MEPLKNG CUOXETLONG TALPVEL TTAVTA TIUEG METAEL -1 Kal 1 omou ol
TIMEG KOVTA 0TO -1 1) To 1 utoSnAwWVoUV HLa LOXUPOTEPN OXEON.

O ouvteAeotng cuoxEtiong Pearson dev AapBavel umoYLy Tou TG TBAVEG OXECELG
€VOG Lelyoug peTaPBANTWY WG TtPoG pia AAAN tpitn petaBAntn. Katd cuvenela, o
ouVTeEAEOTNG ouoxEtiong Pearson 6ev umoloyilel tTnv aAnbuwvr cuoxétion Hetaty
600 petafAntwy Tou TMOAAATTAOU YPAUULKOU UTtoSEelypatog tng maAvépounaong,
OTNV TEPIMTWON TOoU UTApXEL Kamola GAAn petoPAnt mou mibavov va
ouoyetiletal pe TG dVO AUTEC MeTtaPfAntéC. MNa autd to Adyo koabiotatal
arapaitntn n XpHon Tou GUVTEAEDTH LEPLKAG CUOXETLONG.

MNa tov TPOoodLoPLoHO TNG MEPLKAG OCUOXETLONG UTIOAOYI{OVTOL OUVTEAEOTEG
HUEPLKAG OUOYXETLONG TIOU TEPLYPAPOUV TN YPAUUIK oxéon Metall &vo
HeTABANTWY eV €AEyxovTaL yla TNV eMidpacn ULag f MEPLOCOTEPWY TIPOOHETWV
petaBAnTwy. OL CUCYETIOELG €lvOlLl LETPA YPAUMLKAG CUOXETLONG. AUO UETAPBANTEG
Urmopouv va cuvdéovtal TEAEld, 0AAA €dv n oxéon Oev elval YpOUULKN, €vag
OUVTEAEOTAG OUOXETIONG Oev elval To KATAAANAO OTATLOTIKO OTOLXELO Yyl TN
UETPNON TNG CUOXETIONG TOUG. MepLK GUOXETLON €lval N CUOYXETION METAEL SUO
HETAPBANTWY HETA TNV adaipeon TNG eEMidpaong HLOG ) TTIEPLOCOTEPWV TIPOCBETWV
HETABANTWV.

Ag unoBéooupe OtL BEAoUUE va BpoUpe TN cUoXETIoN METAEL Tou X Kot Tou Y
eAéyxovtag to W. AutO ovOMAZETOlL OUVIEAEOTNAG HMEPLKAG OUOXETLONG KAl TO
oUUBOAO TOU ElVALT xy . ZE QAUTA TNV MEPLTTWON, N HEPLKN) CUCXETLON WMOpEL
va uTtoAoylotel BAcn TwV OMAWV CUCXETIOEWV HETALY TWV TPLWV METAPANTWY
OTWC aKOAOUBEL:
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Tpyxw__rxy-rxwryw  (2)
J(l_rXWZ)(l_TYWZ)

Omnou 1yy, sy, Tyw Ol OUVTEAEOTEG OUOCYETLONG TOU TIPOEKUYPAV QO TOV
OUVTEAEOTH oUOXETLONG Pearson.

Onwg Kol PE TOV TUTILKO OUVTEAEOTH) CUCXETIONG, ML TLWA +1 umodnAwvel pla
TEAELO BETIKA YPOUMULKY) OXEON, Ha TN -1 umoSdnAWVEL pla TEAELO OPVNTLKN
YPOULULKN ox€on Kot pia Tipn 0 kapia ypapkn oxéon.

Exel amodelyOel OTL 0 TIVAKAC TWV UEPLKWV CUCXETIOEWV Rp =1pij oxetileTal
hue tov avrtiotpodo tou mivaka cuvdlakupavong X (inverse of the covariance
matrix). H mapandavw oxéon avanapiotatol wg €ENG:

Tpij = — U enou st = (wi) (3)
Wii Wjj

H nmapandavw oxéon eivat epapudoun pévo otn nepintwon mov o apldpog Twy
Selypatwy n gival peyaAluTtepog amo tov aplbuod twv petapAntwy p (n>p). Ztnv
avtiBetn mepimtwon, Omou 0 ApLOUOG TWV SELYUATWY £lval ULKPOTEPOG ATIO TOV
aplOuo twv petaBAntwy, o mivakag cuvdlakupavong tou delypatog eival dlalov
(singular) kot oxtL Betka kaboplopévog. Emopévwg, o mivakag avtiotpodng
ouUVSLAKUUOVONG KOL KATA CUVETIELA N HEPLKA CUOXETLON &gV Umopolv MAEoV va
UTtoAoyLoToUV dpeoa. EmutAéov, to pKpO péyeBog delypatog kablotd emiong
AKUPEG TIG TIEPLOCOTEPEC TUTILKEG OTATLOTIKEG SOKIMEC yLa TN UEPLKI) CUOXETLON,
kKaBwg autég ouvnBwg Paocilovtalr oe peydlo peyebog delypatog n yua
QOUUTITWTN EYKUPOTNTA.

1.3 ZuvteAeotig¢ Mepkng ZuoxEtiong o dedopéva e
oPLONO SelypdTWY HKPOTEPO QMO TOV OPLONO Twv
HETABANTWV

H yevika pikpn StaBeoipotnta o€ BLOAOYIKA TIELPAUATA OTIWG ULKPOCUOTOLXLES
kol RNA-seq KATEOTNOE QMAPALTNTO TOV UTTOAOYLOMO TNG UEPLKIG CUCXETLONG OE
6ebopéva pe aplBUd SElYHATWY HKPOTEPO Ao ToV 0plOuo Twv peTaBAnTwy
(6nwg yovibiwy, mpwteivwy, aoBevelwv). H aduvapuia umoAoylopol tou Tivoka
avtiotpodng ocuvSLaKUHAVONG KOl KOTA OUVEMELX TNG MEPLKAG OUOXETLONG YLa
puéyebog Selypatog mou elval UIKPOTEPO amd tov aplBpd twv HeToPAnTWV
TPONyoye TNV ovamtuén HeBOdwV Kal EKTIUNTWV ToU 0drynoav otnv
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QVTLUETWTTILON auTtoU Ttou TpoPAnuatog. Ou péBodol mou avamtuxbnkav Kat
avaAvovTtal MapaKATw eival:

e YTOAOYLOHOG HEPLKNG OUOYXETIONG MEOW €vog Peudoavtiotpodou
niivaka (Pseudoinverse)

e YTOAOYLOUOG MEPLKAG OUCYXETWIONG HEOW TNG Opalomolnpévng
MNaAwdpounong (Regularized Regression)

e YTOAOYLOUOG MEPLKAG OUCXETLONG OMO TNV EKTIUNON €vOg apatov
mivaka  avtiotpodpng ocuvdlakupavong xpnoldomowwvtag mown L1
(Estimation of sparse precision matrix using £1 penalty)

e EkTiHnON TG MEPLKAG CUOXETIONG HEOW ouppikvwong (Shrinkage):

1. Zuppikwon tng ouvSlakupavong (Shrinkage covariance)
2. MpocopuooTiky ocuppikvwon TG ouvdlakupavong (Adaptive
shrinkage covariance)

®  YTOAOYLOMOG UEPLKNG CUOXETIONG XOUNAARG taéng (Low order partial
correlation)

1.4 Mepwkn Zuox€tion Kat BloAoywka Zuctipata

Ol ouoxeTioelg Twv BLodoylkwv Sedopévwy eivat duvatov va Tekpnplwbolv Kat
va amelkoviotolv pe biktua ouoxetiong. Qotoco, bev elvat duvatov va
npokUPeL kamola TAnpodoplal OXETIKA ME TNV altiotnta amd Tt Siktua
ocuoxetiong. Eniong, elvat Wdlaitepa SUOKOAO va TPOCSLOPLOTOUV OL TIPWTAPXLKEG
e€aptnoelg Katl ol aAnBwveg aAAnAerdpaoelg petall twv dedopevwy. Evag Adyog
yla tov omoio autég ot aAAnAemidpaoelg eivat SUCKOAO va eVIOMLOTOUV £lval TO
TMPOPBANUA UTIEPTIPOCAPOYNAG TIOU TIPOKUTITEL Amd T oUVoAa Sebopévwv e
HEYAAO OYKO HETAPANTWV Kal kpo aplBud deypdtwy. Qotoco, ival duvato va
e€eTaoTOUV TILO OTEVA Kol oL AAANAEMIOPACELG 08 GUVOA SESOUEVWY UE ULKPO
aplOpo deypdtwy. Evag tpomog eaywyns mMANPodopLwV OXETIKA HE QUTECG TLG
AAANAETOPACELG €lvalL N XPRON TNG MEPLKAG CUCXETIONG. Ta SiKTUA CUOXETLONG
QVTUTPOCWIEVUOUV OUVTIEAECTEG OUCXETLONG ToUu uTmoAoyilovtat yia leuyn
puetapAntwy, avefaptnta and OAeg T AMeG petaBAntéc. AvtiBeta, ta Siktua
HUEPLKAG OUCXETLONG OVTUTPOCWTTEVOVTOL OO CUVTEAEOTEG HEPLKAG OUOXETLONG
mou umoAoyilovtat yla evyn HetafAntwv otav AapBdvovtatl unopn OAeg ol
AAAEC peTaPANTEG. KaTtd OUVEMELX, OL PEPLKEG CUOXETIOELS QVTUTPOOWIEUOUV
AUECEC CUOXETIOELS, VW OL OMAEG OUOXETIOELS Oev KAvouv SLakplon HeTa
EUUECWV KOL APECWY OUOXETIOEWV. H pepLk cuoxEtion elval duvatov va eEdyel
mAnpodoplol OYETIKA HE TNV ALTIOTNTA TWV HETAPANTWY. H avaluon HEPLKAG
ouoxEtong eival pa KatdAAnAn péBodog yLa tnv avixveuon tng oxéong Hetaly
puetaBAntwyv o cuvoAa Sedopévwy Otav 0 aplOpog Twv HeTaBAntwy eival oAl
HEYOAUTEPOG amd TO UéEyeBog¢ Tou  SelypaToG.  ZUMTMEPACHATIKA, Ol
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aAAnAemibpaoelg twv PBloloylkwyv OeSopévwyv TIOU TIPOKUTITOUV QMO  TOV
UTIOAOYLOMO TNG MEPLKNC OUOXETIONG MMOPOUV Vol TEKUNPLWOOUV Kol va
QTELKOVLOTOUV o€ Siktua Omou ol kopBol avtikatontpilouv TG HeETABANTEG KaL oL
QKUEG TNV HETOEL TOUG oXEon (CUoXETLON).
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2 Oewpntko unofabpo peBGdwWvV

2.1 YnoAoywopo¢ MeplkA¢ 2ZUOXETIONG MEOW TOU
Wevdoavtiotpodou Mivaka

2.1.1 Weuboavrtiotodog (Pseudoinverse)

tnv Fpapptkn AAyeBpa, n nEBodog amoouvBeonc evog mivaka A (Singular Value
Decomposition, avaAuon mivaka og 161alouoeg TIHEG), Elval n Tapayoviomnoinon
QUTOU TOU Tiivaka o€ TPELG TtivaKeG. Elval ouolaotikd n aAhayrn CUVTETAYUEVWY
TLOU KAVEL TOV Ttivaka 1o arAod, n yevikeuon tng dlaywviomnoinong.

Edv évag TeTpaywvikog Tivakag A # 0 €lval SLoywVLOTIOLNOLUOG, TOTE UTIAPXEL
Tilvakag P, TETOLOG WOTE:

A=PDP1=PDP" P1=pP" (4)

Omnou o mivakag D sivat évag Staywviog mivakag pe ta otolxela tng dlaywviou
TOU vo €ival oL LOLOTIHEG Tou Tivaka A Kol oL OTHAEg Tou P va gival ta
dlodlavuopata Tou mivaka A.

Qotooo, bev elval oAoL oL mivakeg Staywviomotolpol. MAALOTO, O TUTIKOG
OPLOMOG YLla TO AVTIOTPOdO €VOC TIVOKO OMOTUYXAVEL €AV O Tilvakag Oev elval
TeETpAywvoG A WLalov (singular: évag mivag pe pndevikn opilovoa). H avaluon
evog mivako oe blalovoeg TIHEG (SVD) elval pia péBodog Staywviomoinong
omoloudnmote mxn mivaka, oakKOUn KL €Av o Tivakag A Sev €lvol TETPAYWVIKOG
Omou:

A=UZV (5

O nivakag 2 otnv péBodo (SVD) sival Staywviog Kal povadikad oplopevog (kabwg
OAEG Ol TETPAYWVLIKEG pileg Twv WOLoTIHWY ovopalovtal WBLA{oUoEC TIUEC TOU
Tiivaka A), aAAQ popel va unv eival TETpaywvikos. Ta otowxela tng dtaywviou
Tou Tivaka X2 8ev eival amapaitnta WOLOTIHEG Tou mivaka A, aAAd 8Lalouoeg
TIUEG TIOU QTTOTEAOUV YEVIKEUON TWV LOLOTIHWY (SNAadr oL TETPAYWVIKEG PLlEC
TWV SLOTIHWY Tou). O mivakeg U kat V' otnv péBodo (SVD) eival tetpaywvikoi
aAAQ pmopetl va punv eival tng dlag dtaotaong Kot OxL amapaltnta aviiotpodol o
évog otov dAAo. Emiong, ot otiAeg twv Twdkwv U kot V' umopel v pnv
aroteAolv Ta Slodlavuopata tou Tmivaka A, oAAd ta 6efld kal oplotepd
SLdlovta SLavUopaTa aVTioToLXa, UE TOV aoTEPLoKO otov Tivaka V' va SnAwvel
mivaka petaBeong (transpose matrix), €dv o Tmivakag amoteAeital amno
TIPAYUATIKEG TIHEC. KABe mivakag pmopel va punv €xel avtiotpodo, alAa kabe
Tiivakag €xel Pevdoavtiotpodo, akoUn KL AV Elval N TETPOYWVLKOG.
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Edv woxVeL n E€lowon 5, A = U X V', téte 0 Peudoavtiotpodoc (Moore-Penrose)
Tou A Ba elvat:

A*=V3U" (6)

ormou o 2* Ba oxnuatiletalt amd tov avtiotpodo OAWV TWV HNn HNOEVIKWV
otolxeiwv. AnAadn, €dv o mivakag 2 eival €vag mxn Tivoakac, Tote o 2* Ba eival
nxm Ttivakag. Mo tov umoloylopo tou Peudoavtiotpodpou xpnolpornolsital n
ouvaptnon pseudoinverse n omnoia Mapéxetal amno to corpcor package tng R.

2.1.2 YnoAoylopog MEPLKNG cuoxétiong amod tov Peuvdoavtiotpodo
Tiivoka TnG cUVSLOKULOVONG.

ZTnv nepimtwon mou n opilovoa tou Tivaka StakUupavong-cuvdlaklavong ivat
aplOuNTIKA pNdév Kal ouveMwG o Tivakag sival Wlalwyv, o avtiotpodog
QTTOTUYXAVEL Va UTtoAoYLoTEL BAoN TOU TUTILKOU opLopou. Qotooo, eival duvatov
va untoAoylotel o Peudoavtiotpodog mivakag xpnoLlonowwvtag To avtiotpodo
YEVLKEUPEVOU Ttivaka Moore-Penrose. O mivakog LEPLKNG CUOXETLONG TIPOKUTITEL
ano v Eflowon 3, omou w;; elvaw to (i,j) otoxeio tou mivaka avtiotpodng
StakUpavong-ocuvdlakpavong 1mou mpoékue amd Ttov Peuvdoavtiotpodo
TivaKa KaL 7y, ;; TO (1,j) OTOLXELO TOU TLiVOKOL LEPLKIG CUCXETLONG.

2.1.3 Makéta ywo UTOAOYLOMO HEPLKNAG OUCXETIONG MECOW TOU
Yevdoavrtiotpodou nivaka tng cuvslakLupavong

2.1.3.1 Corpcor package

To Corpcor package [1] TnG R MOpEXEL L0l ATTOTEAECHATLKA EKTLUNON TOU TtivaKa
ouvdlaklpavong (covariance) kot tng LEPLKAG cuoxETong (partial correlation). Ou
HUEPLKEG CUOYETIOELG €lval OpVNTIKEG TUTIOTIOLNUEVEG CUYKEVTPWOELG OL OTIOLEG LIE
TN o€lpd TouG elval Ta pn Slaywvia oTolxela Tou Ttivaka avtiotpodng CUOXETLONG
N ouvdloklpavong. 2ta ypadlkd Hovtéha Gauss, Ol UEPLKEC OUOXETIOELG
QVTLUTPOOWIEVOUV TI( Aueceg oAAnAeridpaocelg petafl SUo peTafAntwy, TOU
e€aptwvtal anod OAEG TIG UTIOAOLTTEG LETOPANTEG.

210 mapandvw otnpiletal n cuvaptnon cor2pcor(m, tol) Tou makétou n onoia
Oéxetal w¢ eloodo évav Tmivaka ouoxétiong Pearson 1 éva  Tivako
ouvdlakupavong (correlation 3 covariance matrix) kat umoAoyileL tov Tivoka
HUEPLKAG OUOXETIONG. H pEPLK ouoXETion umoAoyiletal péow tou avtiotpodou
Tmvaka TG ouvllakupavong otnv  TePIMTwon Tou 0  TvoKAG  TNG
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ocuvdlakopavong sival BeTikd oplopéVog Kal pEow evog YPevdoavtiotpodou
mvaka  t™N¢ ouvllakupovong otnv  TePIMTwon Tou 0  TIVOKOG NG
ouvdlakUpavong eival pn BeTIKA OpLOPEVOCG.

Code Corpcor — cor2pcor

. library("GeneNet")
. library("corpcor")

. data(ecoli)
. cov_matrix<-cov(ecoli)
. correlation<- cor(ecoli)

partial corl<-cor2pcor(correlation) #input: correlation matrix
partial cor2<-cor2pcor(cov_matrix) #input: covariance matrix

VLCoOoONOUVIE, WNER

=
® -

Kwébikac 1: Corpcor- cor2pcor

2.1.3.2 Ppcor package

To Ppcor package [2], [3] tng R meplapPavel tn cuvaptnon pcor() n omoia
UTOpel va UTOAOYIOEL TIG UEPLKEG OUOXETLOELG yla KABe Telyog MeTOPANTWV.
ErumAéov, pog Sivel tnv TR p-value koBwg Kol otatloTikA yla KaBe {evyog
HETABANTWY €AV O ApPLOUOC TwV HeTABANTWY €lval LeYaAUTEPOG N L00C ME TO
uéEyebog tou Selypartog.

H ocuvaptnon pcor(x, method = c("pearson”, "kendall", "spearman")) &éxetal
WG €loodo €vav mivaka Sebopévwy Kal pla cUUPBOAOCELPA XOPAKTHPWY TIOU
Oelyvel MOLOG OUVTEAEDTNG MEPLKAG CUOXETLONG TIPOKELTAL VOl UTtOAOYLOTEL. Eva
ano ta "pearson” (mpoemihoyn), "kendall" ; "spearman" pmnopet va emihexBel. H
ouVAPTNON EMLOTPEPEL EVa TTIVAKA LEPLKAG CUCXETLONG.

H Stadikacia umtoAoylopoU Tou TtivaKka LEPLKNAG CUOXETIONG Elval OpoLa E aUTH
NG ouvaptnong cor2pcor() mMou avAKeL oto corpcor package. Tuykekpluéva, n
ouvaptnon pcor urtoAoyilel Tov Tivako cuvSLAKUMOVONG TOU Tiivako SeSopévwy
X KOL OTNV CUVEXELD Tov Tiivakag avtiotpodng cuvdlakupoavong tou. Otav n
opilouvoa tou mivaka Stakupavong-cuvdlakupovong eivat apltOunTika undév, to
TMaKETO R ppcor umoloyilet to Yeuvdoavtiotpodo XPNOLULOTOLWVTOG TO
avtiotpodo yevikeupévou Tivaka Moore-Penrose. O mivakoag HEPLKAG
OUOXETLONG TIPOKUTITEL oo tnv E¢lowon 3.

Code ppcor - pcor

‘1. library("GeneNet")
|2. library("ppcor")
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3.
4. data(ecoli)
‘5. part_cor<-pcor(ecoli)$estimate

Kwébikacg 2: Ppcor - pcor

2.2 YrnoAoywopo¢ MepknGg ZUOXETIONG HMEOW NG
Oualomnownpévng NaAvépopnong

H ektipnon t¢ HEPLKAG CUOXETIONG Umopel var uTtoAoyloTtel HECW TOu OpLOpOU
™¢ OpaAomolnuévng MaAwvdpopnong. O oplopdg autog [4] avadépel OTL yla
ornotadnmote HEB0SO TAALVSPOUNONG ﬁ(i)reg nou amnobidel (opaAoTmoLNUEVEC)
EKTIUACELG TOU MOVTEAOU YPAUULKAG TaALVOpoOuUnong, opiletal n avtiotolyn
EKTLUNON TWV UEPLKWV CUCXETIOEWV WG:

fp ij = Slgn( B(i)j'reg) min { 1 '\/:é(i)j,reg B(j)i,reg }

av sign(BP, )= sign(Y, ) (7)
kot 0 SLadpopeTika.

AUTOG 0 0pLOUOG SLaodaAilel OTL OL EKTLLWLEVOL CUVTEAECTEG UEPLKAG CUOXETLONG
elval mavta kaAa kaBoplopévol kat otL Bplokovtal oto dtaotnua [-1, 1].

2.2.1 MéBoboL opadomownpuévng MaAwdpounong  (Regularized
Regression)

OL péBodotl MaAwvdpdunong mou XPNOLLOTOOUVTAL Yl TOV UTIOAOYLOMO TNG
E€lowong 7 eivat ol uébodot:

e  Mepkwv ehaxiotwv Tetpaywvwy (Partial Least Squares)
e [MaAwdpoung Ridge (Ridge Regression)

e Lasso

e [poocapuootikoU Lasso (Adaptive Lasso)

OL péBodol un apawng maAwvdpounong [4], Ridge Regression kat Partial Least
Squares, Topouclalouv CuVINPENTIK ocuunepldopd oOtav ouvdualovtal e
moANarAég Sokipeg Peudolg avakaAupng (False Discovery Rate) mpokelpévou
VOl EKTLUAOOUV €AV UTIAPXEL Lt oK oto Siktuo. MNa Siktua pe peyalltepn
mukvotnTa, n dtadopd otnv anodoon tTwv PeBOdwv pelwvetal. MNa apatd diktua,
TO Lasso €xeL Taon va eMAEYEL TIAPA TIOAAEG QKUEG, EVW TO TPOCAPOOTLKO Lasso
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U0 otadilwv mapéxel o apaleg AUCELS. TOOO oL apPaLEG OO0 KAl OL N QPOLEG
pnéBodol ival og B€on va avoKATAOKEUACOUV SiKTua PE SOUEG CUOTASWV.

Ta Meplkad eAdxlota TETPAYWVA TEVOUV Vo €TIAEYOUV TIOANEG QKUEG KOl va
Kataokevualouv TOAU Tukva Siktua. Qotdéco, oOtnv  MEPLMTWOn  Tou
xpnotlgoroteitat n umnodslypatoAnyia, n mMPOCEyyLon cupPPiKvwoNng elval Lo
otaBepn amo TG npooeyyioelg mou Baacilovral otnv maAlvépounon.

2.2.1.1 Mepka eAaylota tetpaywva (Partial Least Squares)

H maAwdpounon Mepikwv EAdxlotwv Tetpaywvwv (PLS) [4], [5] umopetl va
XPNOLUOTIOLNBEL YL TOV UTTOAOYLOMO TNG HEPLKAG CUOXETLONG MECW TNG E¢lowong
7. To PLS sivat pia péBodog yia emiPAenopevn peiwon Slaoctaoswy.

H kUpla béa tou PLS eival va dnuloupynoet pepitkd opboywvia otolxeia amnod ta
apxkd deSopéva X \D kat va T xpnoLHOTOLOEL WE TIPOYVWOTIKOUC TIOPAYOVTEC
oe éva eldxwoto Ttetpdywvo. Mwa ouviotwoa PLS, t = XO\Dw eivar évag
YPOUULKOG CUVOUOOMOG TWV OPXIKWVY TIPOYVWOTIKWY TIAPOYOVIWVY TIOU €XOUV
HEYLOTN ouvdlokUHavon PE TO SLAVUOUA OTTOKPLONG XD, uno Vv TPocbeTn
unoBeon oOtL ta otowxela sival apolBaia opBoywvia. Tumikd, n k-n cuvictwoa
PLS opiletal wg €€ng¢:

_ 2
w, = argmaxcov ( X (g, x 0 ]

Jw|=1
s.t. w XMW X0y =0 forl<k. (8)

‘Etol, to PLS puBuilel to mpoPAnpa maAvépopunong cuprmielovtag T LeETaBANTEG
p o€ €va MKPO aplBuod m opBoywviwv ocuviotwowv T = (tq,...,t,) Kot
TIAALVOPOUWVTOG TN UETAPANTH AMOKPLONG OE AUTEG TIG OUVIOTWOEG. MeTa tnv
enavakAlpdkwon (rescaling) twv Stavuopdtwyv Bapoug wy(k = 1,...,m) t€tola
WOTE TO £} va €XEL UAKOG 1, oL ouvteAeoTEG MaALVOpOpNonG opilovtal wg eEAG:

- o
ﬁg]i:(w"“"wm]l X“).

(9)
Evw n apxwn Swatimwon tou PLS KAMOKWVETAL ME TOV QplOpo p Twv
uetapAntwy, elval emiong duvatdév va uvlomolnBest povo pe KALLAKWON Tou
aplBuol n twv mapatnpnoswv. Autd odnyel oe Spapatiki pelwon Ttou xpodvou
UTTOAOYLOMOU yla p>>n. AELOONUELWTO elval OTL 0 aplBudg twv otolxeiwv PLS
elval pLo mapAapeTpog LOVTEAOU TIoU TIPETEL va BeATiotomolnBetl yia kabéva amnod
To HOVTEAQ TOAWVEpOUNoNG p. Ol TUTILKEG TEXVIKEG €TUAOYNAG MOVTEAWV Elval
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KpLTApLla. SLOTAUPOUHEVNG ETIKUPpWONG N TAnpodopnong mou Paocilovtal oe
BaBuolg eAeuBepiag. to mMAaiolo Twv PUBULOTIKWY SIKTUWV yovidiwv, oL
Tenenhaus et.al. mpoteivouv tn Xxprion tou (dlou aplBpol cUVLICTWOWV M yLa OAa
To povtéAa maAwvdpounong p. AKOUn, otn MEAETN XPNOLUOTIOLE(TAL N TEXVIKN
Slaotaupoupevng emikupwong e k-fold. KaBwg ol ocuvteheotég PLS dev eival
apatoi, oL AapUPAVOUEVEG HEPLKEC OUOCYKETIOEL €lval YEVIKA HN HNOEVIKEC.
Emopévwg, mpenel va xpnotpomnotnBel pa Stadikacio otatiotikig SOKLUAG yla va
T(POOSLOPLOTEL TIOLEG AKUEG ELVAL ONUAVTLIKEG OTIWE AUTH TWV TIOAAATAWY SOKLUWY
Peudoug avakailupng (fdr).

2.2.1.1.1  Parcor package

H ouvaptnon pls.net(X, scale = TRUE, k = 10, ncomp = 15,verbose=FALSE) tou
TLAKETOU parcor [6] tng R umoAoyilel Tov mivaka TWV LEPLKWY CUCXETIOEWV HECW
HLOG EKTIMNONG TWV aVTIOTOLXWV MOVTEAWV TOALVEpOUNONG ME TN XPNon Twv
Mepikwv EAdxlotwyv Tetpdywvwyv. H mapandavw cuvaptnon Séxetal wg elcodo
évav X mivako dedopévwy kal évav aplBuo k o omoiog kaBopilel tov aplOpo twy
Staxwplopwv os pa k-fold dtaoctauvpolpevn enikVpwon (H mpoemAeyuévn Tun
elval k=10).

Code parcor - pls.net

library("GeneNet")
library("parcor")
. data(ecoli)

uih wNn R

. parcorr<-pls.net(ecoli, k=5)$pcor

Kwéikac 3: Parcor — pls.net

2.2.1.2 NaAwdpounon Ridge (Ridge Regression)

H maAwdpounon Ridge [4] elvat gl amAf  TEXVIK  OMOAOTIOLNUEVNG
naAwdpopunong. H opalomoinon mpoypoTtomnoleital pe tnv mpocBnkn opou
Towng P(B) oto kpltnplo Twv ehaxiotwv tetpaywvwyv. H maAwvdpounon ridge
Baoiletal og évav 6po mowvig [2 tng oxéong:

E:Az,ﬁf,

" (10)

P(B)=4|B

omou A > 0 unmodnAwveL TNV MOPAUETPO ToLvNG. AuTo odnyel otn Helwon TG
StakVvpavong kat otnv amoduyn TG UTeEpPoALkn¢ mpooapuoyns. H Avon mou
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T(POKUTITEL HE TN TaAlvdpounon ridge e€aptatal and TNV MAPAUETPO TNG TIOLVNAG
A. H BEATIOTN mMooOTNTA TOLWVAC TNG TOWVI G AUTAG ETUAEYETOL HUE BAON TNV TUTIKA
Staotaupoupevn emikpwon k-fold. TéEAog, Adyw Ttou OtL N maAwvdpounaon ridge
bev obnyel og apalég AUOELG, XPNOLUOTIOLOUVTOL HEYAANG KALHOKOCG TIOAAOTTAEG
Sokipég Peudoug avakaluPng (fdr) yia va BpeBouv oL ONUAVTIKEG AKUEG.

2.2.1.2.1 Parcor package

H ouvaptnon ridge.net(X, lambda, plot.it = FALSE, scale = TRUE, k =
10,verbose=FALSE) tou makétou parcor tng R [6] umoloyilel tov mivaka Twv
UEPLKWYV OUCXETIOEWV MEOW MLAG EKTIMNONG TWV QAVTIOTOLXWV MOVTEAWV
MaAvépounong Ke tn xpnon tne naivdpopnong Ridge. H mapandavw cuvaptnon
Oéxetal wg eloobo évav X mivaka Sedopévwv kat é€vav aplBud k o omoiog
kaBopilelt tov 0plBuo Twv OSlaxwplopwv oe ua k-fold Slactauvpoupevn
ermukUpwon (H mpoemleypévn TN siva k=10).

Code parcor- ridge.net

. library("GeneNet")
. library("parcor™)
. data(ecoli)

uuhwNnPR

parcorr<-ridge.net(ecoli, k=5)%$pcor

Kwéikac 4: Parcor- ridge.net

2.2.1.3 LASSO

OL Meinshausen kat Bihlmann mpotewvav tnv €KTIUNON TWV OCUVIEAECTWV
naAwdpounong tng E€lowong 9 pe tn péEBodo Lasso. Mapodpola pe TNV
naAwvdépopnon Ridge, oL ekTIHWHEVOL CUVTEAECTEG TTAALVOPOUNONG EMIAEyOVTOL
yla va EAOXLOTOTIOL)COUV TO KPLTAPLO TwV EAAXIOTWV TETPAYWVWY E TIOWVEG. H
naAwvdpounon lasso Baoiletal og pia mowvn 11 tng popdng:

¥

P(B)= 2B, =2 ) |B;
: (11)

ormou A > 0 silvat n mapdpetpo¢ opoAomoinong. Me tnv mouwn [1 moAlol
EKTLLWHEVOL CUVTEAEOTEG MaALVOpOUNoNnG Ba eivat tool pe 0. Q¢ amotéAeopa, UE
™ MEBO0SO Lasso MPOKUTITEL €vag apaldg EKTLUNTAC TOU TVAKA TWV HEPLKWY
ouoxetioewv. KaBe TA 7 ijiasso # 0 €lval pLo cuoxetion pHetadu tou i ka j kat
UMOpPEL VO QTTELKOVLOTEL 0TO SIKTUO WC aKun. H emtAoyn tn¢ mowvn g A kaBopiletal
yla kaBepia and tig p vPnAwv Slactdcewv maAlvdpounoelg Stadoxikd. Auto
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UTopEL va paypatonolnOel XpnoLLOTOLWVTAG KATIOW0 oXAa SLooTOUPOUEVNG
eTKUpwonNG (cross-validation) i kputiplo mAnpodopnong (information criteria).
Itn MeAETN Xpnoldomoleital n mowvn oracle ywa tn BéAtiotn mpoPAsdn mou
npoodilopiletal xpnotpomnowwvtag dtactaupouevn entkupwon k-fold.

2.2.1.4 Two-stage adaptive LASSO

Ol Zhou kot AAAOL TTPOTELVAV TNV EKTLUNON TWV CUVTEAECTWV MAALVEPOUNCNG TNG
E€lowong 9 pe tn péBodo Lasso dUo otadiwv. To Lasso eival HOVO AOUUMTWTLKA
CUVETIEG Yyl TNV €TAOYN oUVSLAKUMOVONG OTOV QTALTEL OPLOPEVEG QMOPALTNTEG
ouvOnkeg Hetal Twv petaBAntwy oto diktuo GGM. H npooappootikr (adaptive)
Stadikaoia Lasso dUo otadiwv elval CUVETAG yla TNV €AoY LOVTEAWV UYPNAWV
Slaotdoewv o€ ypadlkd HoviéAa Gauss UTO MAAAOV YEVIKEG Kol ALyOTeEPO
TLEPLOPLOTLKEG OUVONKEG. TO MPOCAPHOOTIKO Lasso MPoKUTTEL and to Lasso He

Bapn mowng wg:

r

P(B)=2) il B;
i (12)

omou ta Bdapn @; emAéyovtal pe TPOMO Tou efaptatal and Ta SeSopéva.
JUYKEKPLUEVA, TO TIPOCAPHOOTIKO Lasso opiletal wg €NG:

«Eotw éTlB elval évac vn ouvenng apyikdg ekTunTAg tou B (yia mapddetypa,
Umopel va xpnolpomnotnBel o eKTUNTAG EAAXIOTWY TETPOYWVWV ﬁols ). T éva
emAeypévo y > 0 (n o ouvnBlopévn emloyn eivat y = 1) ta Bdapn opilovtal wg

w; =1/ |Bi,ols|y -

ZTn OUYKEKPLUEVN UAOTIOLNGCN XPNOLUOTIOLELTAL O EKTLUNTA Lasso wg opxLKOG
EKTLUNTAC KoL To BApocg opiletal wg e€Nc:

w; = 1/l.éi,lassol- (13)

To mood ¢ MoWNAG TO0o 0TO apPXLKO otddlo Lasso 6c0o kal oto SeUtepo otadlo
Lasso pe PBapn mowng kabBopiletat péow k-fold cross-validation. To
TIPOCAPUOOTIKO Lasso elval touAdyxlotov tOco apald 6co 1o Lasso. Mo tov
UTTOAOYLOMO TNG MEPLKAG CUOXETIONG Xpnolpormoleitat n E¢lowon 9 omou pla
OUOXETION  UTAPXEL MOVO  OTAV  WOXVEL %y adaptive lasso = 0 - AKOUN,
napatnpeital OtL ylwa tnv €mloyn HovtéAou, ta PBEAtota PBdapn MpEMEL va
kaBoplotouv oe kaBepia amnd tic dtatpeoelg k Tng Stactaupwpévng EMKUPWONC.
ANoyw tou OtL ta BéAtota Papn kobopilovtal HEOow  SLAOTOUPOUUEVNG
emkUpwong k-fold, pia mpoooppoyn lasso mpémel va umoloylotel k? popég,
yeyovog ou odnyet og uPnAd UTTOAOYLOTIKO KOOTOG.
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2.2.1.4.1 Parcor package

H ouvaptnon adalasso.net(X, k=10, use.Gram=FALSE, both=TRUE,
verbose=FALSE, intercept=TRUE) tou mak£tou parcor [6] tTng R umoAoyilet Tov
TIVOKO. TWV UEPIKWV OUOCXETIOEWV HE PAon ML EKTIMNON TWV avtioTtol wv
HOVTEAWV TaAlvdpounong HEow lasso kal mpooappooTikoU lasso avtiotowya. H
Tapamavw ouvaptnon Séxetal wg loodo évav X mivaka deSopévwy Kol €vav
aplOpuo k o omoiog kaBopilet tov apBud twv Soxwplopwv oe pa k-fold
Slaotaupoupevn emikUpwon. To 8o k xpnolpomoleltal yla TV eKTIUNON TWV
Bapwv Kal TNV €KTipnon tou Opou TOLWNG ToU TMpocappooTikou lasso. (H
TpoeTAeyEVN TN elval k=10).

Code parcor- adalasso.net

. library("GeneNet")
. library("parcor™)
. data(ecoli)

parcorrl<-adalasso.net(ecoli, k=5)$pcor.lasso #lasso
parcorr2<-adalasso.net(ecoli, k=5)$pcor.adalasso #adaptive
lasso

auvh wNnPR

Kwébikac 5: Parcor- adalasso.net

2.3 YnoAoylwopdag Mepikig ZUOXETLONG QIO TNV EKTLNGN
€VOG apoaol mivaka avtiotpodng cuvaLlaKUpavong
Xpnotponowwvtog rowvn L1.

2.3.1 Graphical Lasso

To Graphical Lasso [7] elval évag ypriyopog Kol amoTeAECUATIKOG AAyOpLOOG yIa
NV &KTiMNON Twv TIWvakwyv avtiotpodng cuvdlakupavong. To Graphical Lasso
elval éva mAaiolo opaAomnoinong yla TNV KTiUNON Tou TvaKko cuvdLaKUavong
S, umd tnv undBeon OtL o avtiotpodog tTou @ = X! gival apatdg. To O
ovopaletol mivakag akplBeiag n mivakag avtiotpodng cuvdlakupovong. Xtnv
nepintwon movu 6;; = 0, ot avtiotoleg petaPAntég X; kal X; elvat umo 6poug
avefaptntec. To Graphical Lasso eAayiotomolel pia €1-puBuiopévn apvntikn
AoyaplBuikn-riBavodavela (log-likelihood):

mim’g‘fg f®) .= _1ogdet(®) + tr(z0) + AllOll, (14)
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Onou to o0 X eivat o mivakag ouvdlakUpavong tou &eiypatog, to ||O]|; to
AaBpolopa Twv AMOAUTWY TLHWV Tou O Kot To A lval pla mapApeTpog puBULONG
TIOU €AEYXEL TO TOCOOTO TNG cuppikvwong €1.

Y€ QUTO TO HOVTEAO, O Tiivakag akplBeiag umopel va ektiunOet anod tn cuvaptnon
log-likelihood amo tnv akoAoudn etiowon [8]:

O* = arg m@in — logdet(©) + tr(Z0) + A[|©]|; (15)

H peplkr) cuoyxétion pmopet va urtoAoylotel and tnv E€lowon 3 pe tnv xprion Tou
EKTILWHEVOU Tilvaka avtiotpodo¢ cuvdlakUpavong Tou TPOoEKUPE amod tnv
vAormoinon tou GLASSO.

2.3.1.1 Glasso package

O mivakag avtiotpodng ouvduakLUavong UMOPel v UTIOAOYLOTEL ME TN
ouvaptnon glasso() tou makétou glasso [9] tng R. Q¢ elcodo n ocuvaptnon
glasso(s, rho) 6€xetal Evav mivakag cuvdlakupoavong-dLakavong s, Tou Uopet
va umoAoylotel ameuBesiag pe tn PBoaowk cuvaptnon “"cov()" tng R, kai pla
TAPAUETPO pUBULONG Adpda (lamda) n omola pmopel va ekxwpnBel amd tnv
ermiiloyn "rho" otn ouvdptnon "glasso". Otav n tun Aapda avédavetatl, o Babuodg
¢ apaldtnTag oto Siktuo aufavetal €miong. O TVOKOC UEPLKAG CUOXETLONG
nipokUTtTeL ano tnv E€lowon 3. H omola uAomoteital pe tn xprion tng cuvaptnon
cov2cor() tou maketou Copcor tng R.

Code glasso

library("glasso")
. library("corpcor™)
. library("GeneNet")

. data(ecoli)
. cov_matrix<-cov(ecoli)
. gr_lasso<-glasso(cov_matrix, rho = .01)

part_cor<- -cov2cor(gr_lasso$wi)
0. diag(part_cor)<- 1

R OVoONOUVIEA WNR

Kwébikac 6: Glasso

2.3.2 SPACE (Sparse PARtial Correlation Estimation) pe joint sparse
regression model

H puéBodog apatig pepikng cuoxétiong (SPACE) [10] mpotdBnke amod tov Penget
WG OMOTEAECUATIK €VAAAQKTIKA AUON OTIG uTtdpxouoeg pHeBGdoug yla apatn
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eKTiunon tng  avtiotpopng ouvbuakvpoavong. H - Swadwkaocioe  SPACE
enavalappavetol  petafy (o) evnuEPWONG MEPLKWY  OUOXETIOEWV  ME
naAwvdépopnon lasso amd kowou kat (B) EexwploTng EVNUEPWONG TWV HEPLKWY
Stakupavoswv. Aappavel emiong umoyn TN OCUMMETPla oTnv avtiotpodn
ouvdlakopavon Kol €lval UTTOAOYLOTIKA OTMOTEAEOHATIKA. YTO  KATAAANAEG
ouvOnKeg Kavovikotntag, to SPACE amodidel CUVEMELG EKTIUNTEG O puBULOELG
vPnAwv Slaotaocewv. OAe¢ oL mopamdavw WBLotNTeg Kablotouv to SPACE pia
€AKUOTIKN T(POOEYYLoN Baolopévn o MOAWVOpOUNCN yla TNV EKTIUNON OpaLWY
YPADNUATWVY LEPLKNAG CUOXETLONG.

OL Peng, Wang kat Zhu mapouciacav pia Kovotopa péBodo yla tnv avixveuon
{euywv PETOPANTWY TIOU €XOUV N UNOEVIKEG LEPLKEG OUOXETIOELG O dedopéva
vPnAng didotaong-xapnAol peyéBoug Seiypatog. To povtéAo SPACE ekTiud TLG
HUEPLKEG CUOXETLOELG XPNOLUOTIOLWVTAG KOWVA HOVTEAQ apatng maAvdpounong. To
SPACE umoB€teL TN GUVOALKN apaLOTNTAG TOU TIVOKA HEPLKAG CUCXETLONG KOl
XPNOLLOTIOLEL TEXVIKEC apal)g TOAWSPOUNONG Yl TNV TPOCOPUOYH TOU
HoVTEAOU. OL pn UN&eVIKEG eyypadEG OTOV Tivaka CUYKEVTPWONG UTIodNAwvouv
e€aptnong uno Opoug HeTatl Twv SUo avtiotolywv petaBAntwv. EmumAov, pe
™V polnoBeon KavoviKOTNTAG UNOEVIKEG eyypadEG OTOV TVaKA CUCXETLONG
unodnAwvouv aveéaptnoio Twv dVo petafAnTwy.

To SPACE (Sparse PARtial Correlation Estimation) xpnotpomnolel TeXVIKEG apatng
naAwdpounong emBarioviag tn mown [1 oe pa KatdAAnAn ocuvaptnon
QTWAELAG YLOL TNV QVTLETWIILON TOU TIPOBAAUATOC HLKPOU peyEBoug delypatog-
uPnAng Sdotaong. AKOUN, TIAPEXEL TNV EKTIUNON TNG MEPLKAC OUCXETLONG
Xpnolponolwvtag joint sparse regression models yia tn dnuoupyia evog mivaka
avtiotpodng cuvdlaklpavong amd TG Tuxaieg mapatnpnoelg mou ANndOnkav
TIPONYOUHEVWE AapBdavovtag to Adpda wg TNV TLUA TN TTOWNAC. IXeTileTal UE TNV
TPOCEYYLON €TAOYNG YELTOVLAG Tou Tpotddnke amd tou¢ Meinshausen kot
Buhlmann omou i moaAwvdpoéunon lasso ekteAeital fexwplotd ywo KABe
HeTaBANTA OTLG UTTOAOLTEG LETOPANTEG.

Me tov €AeyXO TNG GUVOALKNAG OopaldTNTAC TOU TIVOKOL UEPLKNAG CUOXETLONG, O
Xwpog elval oe Béon va mpooappoletal auvtopata yla SladopeTikd HeyEONn
VELTOVLAC KoL €TOL va Xpnolpormolel ta Sedopéva TO QmOTeAEopATIKA. H
npotewvopevn UEBodOG xpnoluomolel emiong pntad T CUMMETPLO HETAEL TwV
UEPLKWV ouoxetioewv, n omola Ponba emiong otn PeAtiwon NG
anoteAeopaTikotnTag. Me to SPACE emiBAAAETAL OPALOTNTA OTOV TIVOKO UEPLKNG
ouoxETLoNG avti otov mivaka akplBeiag.

To MOVTEAO yla TNV OpaLll €KTIMNON TNG UEPLKAG CUOXETLONG UTOAOYIlETAL WG
29[
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T
YroBétovtag ott YK = (ylk, ...,ypk) eival iid napatnpnoetg and (0,X) yua k =
1,..,n.
n)T

SupBoAiloupe to Selypa tng i ™ petafAnTAc weY; = (vil, ..., vi™)T. Nporteivete n

akOAouBn ocuvaptnon anwAeLog joint:

Ln(8,0,Y) = % Cr wi||Yi- 2B Y ||?)

_ 1/, . ij o
=5 Qi wi H Y- Yjzir,” Joi ¥

.. T ..
Onou 1Y = Sign(ﬂij) BiiBii » 0 = (rplz, ...,rp(p_l)p) , 0= {a”}p Omou
rl= (0;j) o mivakag avtiotpodng ouvdlakvpavong, Y = (YK ke w =
{w;}? ta pn apvntkd Bapn.

%) (16)

21O space TPOTELVETAL N EKTIKNON TNG UEPLKAG OUOXETIONG & EAQXLOTOTIOLWVTOG
HLOL CUVAPTNON TIOLWVNG ATWAELAG:

Ln(0,0,Y)=Ln(0,0,Y) =J(0) (17)

OToU 0 OpOoC TOLWVNG J() €AEYXEL TN OCUVOALKN apALOTNTA TNG TEALKAG EKTIMNONG
Tou B kat eotialetal otnv 1 mown (Tibshirani 1996):

J(8) = AlOll1=2 Tisicjsp | TV] (18)

2.3.2.1 Space package

H ouvaptnon space.joint(Y.m, lam1, lam2=0, sig=NULL, weight=NULL,iter=2)
Tou Takétou Space [11] TG R XpnolUOTMOLELTAL yla TNV €KTIUNGCN TNG UEPLKNG
OUOYXETLONG UeE joint sparse regression models. H cuvaptnon &éxetal wg elcodo
éva mivaka 6edopévwv Y.m, pla apBuntikn tui laml n omoia eivat n
TAPAUETPOG TovAG €1 voppa kot pla aplBuntiky Tl lam2 n omola otnv
nepintwon mou 6ev kaBopiletal n maAwvdpounon lasso xpnolpomoleital oto
HOVTEAO Kowvng apal)g maAwvdpounong (Joint Sparse Regression Model).
Alwadopetikd, n elaoctikn kabapr maAlvdpopnon xpnoldomnoleital oto Joint
Sparse Regression Model kat to lam2 xpnoluelel WG MAPAUETPOG TOWVAG €2
vopua. H ocuvdaptnon &éxetal wg elcodo akoun pla aplduntikn Twun f dtavuoua
weight n onola kaBopilel ta Bdpn A Tov TUTIO TWV BapWV TTOU XPNOLULOTIOLOUVTAL
yla Kabe maAwvépounon oto HOVTEAO, €va aplOunTiko Sldvuopa sig To omoio
glvat t0 Sldvuopa tou o (n  Slaywviog Tou Tivaka  avtiotpodnc
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cuvdlakOpavong) Kat €vav aképolo aplbuo iter o omoiog eival o cuUVOALKOG
apLOOC AAANAETLSPACEWY TOU HOVTEND YLa TNV EKTIUNGN TOu o' Kot TNG HEPLKAC
ouox£tong. Otav sig= NULL kai/f weight= NULL i 2, to iter mpémel va eivat
Touldyxlotov 2. H ouvaptnon emiotpédel pla AloTa PE TOV EKTLLWHEVO TivaKa
HEPLKIAC CUOXETLONG KOLL TO apLONTIKO SLAVUOHA TNE EKTLUWHEVNS SLaywviou o .

Code space- space.joint

1. library("space")
2. library(Biobase)
3. library("RCy3")

4. library(dplyr)

5. library("GeneNet")
6. library(MASS)

7. library(reshape2)
8. library(reshape)
9.

10. data(ecoli)
11. n= nrow(ecoli)
12. p= ncol(ecoli)

13.

14. alpha=1

15. 1l1=1/sqrt(n)*gnorm(1l-alpha/(2*p~2))

16. iter=3

17.

18. space<-space.joint(ecoli, laml=11*n*1.56, lam2=0,

iter=3)$ParCor
19. rownames(space)<-colnames(space)<- colnames(ecoli)

21. adjacenty<-melt(space)
22. adjacenty<-adjacenty[which(adjacenty$value!= 1 &
adjacenty$value!= 0), ]

Kwéikac 7: Space- space.joint

2.3.3 SPACE (Sparse PARtial Correlation Estimation) ektipnon pepikwv
OUCXETICEWV XPNOLUOTOLWVTIAG TNV TPOCEYYLon EMAOYNG
YELTOVLAG

H nébodog twv N. Meinshausen kat P. Biihimann [12], [13] ekpeTaAAgvETOL TN
ouvdeon HETAEU UEPLKWV OCUOXETIOEWV KOl OUVTEAEOTWV TMOALVOPOUNONG Kol
eKTEAEL opal) eKT(Unon TwV WJEPIKWV ouoxetioewv. H apaty ektipnon
umoAoyiletal pe TNV TOAWVSPOUNON KABEULAG oo TIG MUETAPANTEC p OTLG
umoAoureg, Bplokovtag £T0L TOUG APEOOUC Yeitoveg KABe KOpUPBou AUvovtag Eva
npoPAnua lasso (Tibshirani, 1996). Aedopévou €vOC KALLAKOUUEVOU Tiivaka
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SeSopévwy pe Kevtpaplopéves othhec X € R™P pe otiheg x/, n mpooéyyion
€TUAOYNAG YELTOVLAG eMIAVEL Yo KAOe petaBAnth j opiletal wg e€nc:

p' = argmin {n b Xﬁl% t ;‘~|ﬁ|ll-
BEeRP Bi=0
(19)

Onou to ||B]]; umtodnAwvel To dBpolopa TwWV AMOAUTWY TLWV Tou S KAl givat N
€1 vopua tou Slaviopatog ocuvtedeotr. To A elval pla MOpPAPETPOg pUBULONG
TIOU €AEYXEL TO OO0 TNG cuppikvwong €1.

2.3.3.1 Space package

H ocuvaptnon space.neighbor(Y.m, lam1, lam2=0) tou nakétouv Space [11] tng R
XPNOLLOTIOLELTAL YL TNV EKTLUNON TNG LEPLKAG OUCXETLONG XPNOLLOTIOLWVTOG TNV
pooéyylon emhoyng yettovidg (neighborhood selection approach). H cuvaptnon
6éxetal w¢ eloodo éva mivaka dedopévwv Y.m, pla apBuntikn Tl laml n
omota eival n mapdauetpog mowng €1 vopua, po apduntikn TR lam2 n onola
otnv mepintwon mou dev kabopiletal n maAwvdpounon lasso xpnoidomnoleitot
OTNV TIPOOEYYLON E€TAOYNG VELTOVLAG. ALodOopeTIKA, n  €AooTk Kobapn
TAALVOpOUNCN XPNOLUOTIOLELTAL KAl TO lam2 xpnoLUEVEL WG TTAPAUETPOS TIOLVAG
£2 voppua. H cuvaptnon emotpEdeL pLo AlOTA UE TOV EKTILWMEVO TIVAKA UEPLKAG
OUGYETLONG KOLL TO OPLOUNTIKG SLAVUCHA TNG EKTLLWHEVNS Staywviou o .

Code space- space.neighbor

1. library("space")
2. library(Biobase)
3. library("RCy3")

4. library(dplyr)

5. library("GeneNet")
6. library(MASS)

7. library(reshape2)
8. library(reshape)
9.

10. data(ecoli)
11. n= nrow(ecoli)
12. p= ncol(ecoli)

13.

14. alpha=1

15. 1l1=1/sqrt(n)*gnorm(1l-alpha/(2*p~2))
16.

17. space<- space.neighbor(ecoli, laml=11*n*1.56, lam2=0)$ParCor
18. rownames(space)<-colnames(space)<- colnames(ecoli)

20. adjacenty<-melt(space)
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|21. adjacenty<-adjacenty[which(adjacenty$value!= 1 &|
adjacenty$value!= 0), ] ‘

Kwébikac 8: Space- space.neighbor

2.4 Extipnon uppikvwong (Shrinkage Estimates) tng
HEPLKNG CUCXETLONG

Ma tv eKTipnon TG MEPLKAG cuoxetiong ol Schafer & Strimmer [1] mpotewvav
€Vav aVaAUTIKO EKTIUNTA CUpPLlKVWONG TOU Tivaka CUOYXETLONG KOl TOU TIVOKOL
ouvllaKOUaVoNG yLloL TNV €KTiHNon TNG MEPLKNG ouoxEtong. O  eKTIUNTAG
ouvluAlel YPOUULKA TNV QTEPLOPLOTN CUOYXETION Selypatog e évav KatdAAnAo
OTOXO CUCXETLONG O €va OTAOULOUEVO LECO Opo. H emAoyr] autol Tou OTOXOU
armaltel KAmMoLo ETIMEAELQ: OUYKEKPLUEVA, ETUAEYETOL N Ouppikvwon Twv
EUTEPIKWY ouoxetioewv R = (r;) mpog tov mivaka ToutotNTag, VW Ol
EUMELPIKEG QTOKAlOEL Topapévouv aveEMades. TNV TEPUTTWON OUTH N
QVAAUTLKA TTPOCaSLOPLOPEVN EVTACT CUPPLKVWONG Elval:

5+ _ Zizvar(ry) (21)

Zixj T ij°
H ektipnon ouppikvwong epdavilel €vav aplBpuod euvvoikwv dlotntwy. lMa
napadelypa, eilvat TOAU TUO QTOTEAECUATIKN, TAvIa BTk, Kal KaAd
puBuLopévn. O umoAoylopog tng sival $pONvVOg kal dev amaltel MOPAUETPOUG
CUVTOVLOMOU, KaBw¢ n avaAuTikd BEATLOTN €vtaon cupplkvwong EKTLUATAL OO
ta 6ebopéva. EMUTAEov, oL EKTIUAOCELG TIOU TIPOKUTITOUV Eival o€ pLol popdr mou
ETUTPETEL TOV YPHYOPO UTTOAOYLOMO TOU aVTLOTPOPOU TOUG XPNOLLOTIOLWVTOG TNV
TautotnTa tou mivaka Woodbury.

O Schéafer & Strimmer mpoteivouv TIC MAPAKATW OXECELG YLA TNV EKTIHNON TNG
ouvdlaklpavong X* koL TNG ouoxetwong r* Paocl{opevol OtV AVOAUTIKA
npoodLloplopévn évtaon ouppikvwonc A*:

o 0=
v T*ij1/2ii2jj ,li]
KOlL

1, L=J
i = { rijmin(l,max((),l—i*))' i;tj (22)

O EKTIHWUEVOG CUPPLKVWLEVOG TtivaKag ouvblakupavong 2*;; unopel mhéov va
avtiotpadel wote va UTOAOYLOTEL N €KTIUNON TNG UEPLKNG CUCXETLONG HE TN
Xprion tTou Bactkou TUMoU TNG aviiotpodng cuvdlakupavong tne E€lowong 3.
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2.4.1 NokEta ylo UTTOAOYLOMO MEPLKAG CUOXETIONG MEOW EKTIHNONG
cuppikvwong

2.4.1.1 Corpcor package

H ouvaptnon pcor.shrink(x, lambda, w, verbose=TRUE) tou nakétou Corpcor [1]
¢ R umoloyilel Pl CUPPLKVWHEVN EKTIMNON TNG MEPLKAC ouoxEtwong. H
ouvaptnon 6éxetal wg elcodo €vav mivaka dedopévwy X kat Evav aplBuod lamda
mou ekdpalel TNV €vtaon ocuppikvwong tng cuoxétiong (evpog 0-1). Eqv bev
npoodlopiletal to lamda (n mpoemihoyr)) uTtoAoyileTol XPNOLUOTIOLWVTOG EVaV
QVOAUTIKO TUmo amd tou¢ Schafer and Strimmer (2005). MNa lamda=0 ot
EUMELPLIKEG ouoxeTioelg avaktwvtat. H xprion tou pcor.shrink(x) elvat moAv mo
ypryopn amno to cor2pcor(cor.shrink(x)).

Code corpcor- pcor.shrink

. library("corpcor")
. library("GeneNet")

data(ecoli)
. partial_cor<-pcor.shrink(ecoli)

uih WN R

Kwébikag 9: Corpcor- pcor.shrink

2.4.1.2 GeneNet package

To GeneNet [14] sival éva makeéto ¢ R ywa tnv avaluvon dedopévwyv vPnAwv
Slaotaocswv ou AapBavovtal amno SoKIUES AELTOUPYLKAG YOVISLWUATIKAG UPNAAG
anodoong, OmMwe MKpoouotolxie¢ [ HeTtaBoAika TpodiA. ZuyKeEKPLUEVA, TO
GeneNet enutpénel va e€ayoupe dikTua cUOXETIONG YOVISLwY HEYAANG KALLOKOG.
Auta eivat ypadikd povtéda Gauss (GGMs) Tou  aviutpoowreVOUY
moAupeTaBAntég e€aptrioelg o Blopoplakd SikTua TTOU MPOKUNMTOUV ATod ToV
OUVTEAEOTH HEPLKAG OUOXETIONG. EMOUEVWC, TO QMOTEAECHQ HLOG AVAAUCNG TIOU
Sle€ayetal ano to GeneNet eival éva ypadnua omou kabe yovidlo avilotolyel oe
€vav KOUPO Kal oL OKUEC ATTELKOVIIOUV TIG APEDCEG £€APTHOELC TOUG.

To GeneNet edapuolel Evav CUYKEKPLUEVO puBUO ekpadnong alyoplBuou mou
ETUTPEMEL TNV ekTipnon twv GGM amd pikpd Selypata dedopévwv uvPniwy
SL00TACEWVY TIOU ELVAL TOCO UTIOAOYLOTIKA OCO KOl OTOTLOTIKA amodoTikog. Auth
n nmpoogyylon Baciletal otV AVAAUTIKY EKTILNON TG CUPPIKVWONG TWV TILVOKWV
ouvllakOpavVoNG Kol HEPLKAG OUOXETIONG KOl OE €va MOVTEAO ETUAOYNAG
6ebopévwv pe tn xpnon tou Peudol mocootou avakaAuyng (False Discovery
Rate-FDR). Q¢ ek TtouUtou, to GeneNet mepllapBdavel €vav UTTOAOYLOTIKO
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aAyoplBuo nou anodacilel moleg akpég Ba cupmneptAndBolv oto teAkd Siktuo,
YEYOVOC TIOU €£apTATAL QMO TIG OXETIKEC TIMEC TWV OUVTIEAEOTWV MEPLKAG
CUOXETLONG TwV {ELYWV.

Ma To okomod auto, n cuvaptnon ggm.estimate.pcor() mpoodEpel pla diemadn
O£ €VaV EKTIUNTA CUPPIKVWONG LEPLKNC CUCXETLONG TOU £PapPUOTETAL OTO TTAKETO
corpcor, n omola elval OTATIOTIKA ATTOTEAECUATLKI KOl UTTOPEL va xpnotpomnolnel
yla TNV avaAuon pkpwv Selypdtwy dedopévwy. Amd mpoerdoyn, ETUAEYETAL N
néBodog="static", n omola xpnotpomnolel tn cuvaptnon pcor.shrink() Tou corpcor
package.

Code GeneNet- ggm.estimate.pcor

. library("GeneNet")

1

2.

3. data(ecoli)

4. inferred.pcor <- ggm.estimate.pcor(ecoli)

Kwébikac 10: GeneNet- ggm.estimate.pcor

2.5 Mpooappootikny Zuppikvwon (Adaptive Shrinkage)
TNG HEPLKNG CUOXETLONG

H eumelpikn mpoogyylon cuppikvwong Bayes n omoila pabaivel mpooapooTikd
OO0 VA CUPPLKVWVEL TIG ouoxeTioelg ocuvdualovtag mAnpodopieg o OAa ta
{evyn PeTAPANTWY XPNOLUOTIOLELTAL Yl TNV €MIAUCN TIOU TIPOKOAEL O HIKPOG
aplOpog  dewypdtwyv. Eva  Baolkd  XOPAKINPELOTIKO TNG TPOCAPMOOCTLKAG
oupplkvwong, mou to SLakpivel amod TIC TEPLOCOTEPEC UTIAPXoUoeG peBodoug,
elval n eveli€ia tou otnv avtipetwriion dedopévwy ou Aeimouv.

H mpooaprooTikr) cuppikvwaon tng cuoxETong opiletal wg €€ng [15]:

Eotw (X, )NxP umodnhwvel évav mivaka bedopevwv pe N Selypata kot P
HETAPBANTEG, OTIOU UEPLKECG TLUEG UTopEl va Asimouv (kataypddovtatl wg NA). MNa
kaBe Tevyog petaPAntwv i, j € {1, 2, - - -, P} €0tw TO R;; umodnAwvel tnv
(ayvwotn) aAnBwr) toug cuoxEtion Kal TO ﬁi}' Tn ouoxéton Oelypatog mou
uTtoAoyileTal XpNOLLOTIOLWVTACG HOVO Ta Selypata n Tou €XouV TLUEG Selypatog
KaL yla TG V0 petaPAnteg i Kot j. EmutAéov, ta Z;; KaLZij unodnAwvouv tov
avtiotowyo Fisher Z-transforms:

o1 1+ R;
Zij = Z(Rij) = 5 log (1 _HJ)
2 i

Z; = Z(R;;).
a ¥ (23)
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MpoocapUOloUUE TO MOPATIAVW HOVTEAD yla va AdfBoupe tov omicBlo péco 6po
twv Z;j, Z;;" Sedopévou tou R;;:
Z} = E [zu H‘-_,-]

(24)

A

Zij* glval  T(POCOPUOCTIKA ~ CUPPLKVWUEVEG  EKTIMACELG  TOU  Z;; TOU
QVTUTPOOWITEVOLV TO 7;j, TOV APLOUO TWV AVTILOTOLXLOUEVWY SELYMATWY HETOED
Twv petaBAntwy i kat j. Ooo pkpoTePo eival To 1,5, T600 LPnAdTepo Ba rTav To
eninedo ocuppikvwong oto Zij.

ZTN OUVEXELD, AVTLOTPEPOUNE TOV PETOCXNUATIOMO Z; j* OE EKTLUNON CUCYETLONG
R;;":

(25)

H peplkn ouoxetion umoAoyiletatl pe tnv xpnong tng E¢lowong 3 pe t xpnon tg
TIPOCAPUOCTIKAG CUPPLKVWONG TG avtiotpodng cuvSLAKUAVONG TTOU TIPOKUTITEL
amo tnv vAomoinon tou aAyoptBuo ISEE(Fan kat Lv, 2016).

2.5.1 CorShrink package

H ouvaptnon pCorShrinkData() tou makétou CorShrink tng R ektelel
TIPOCAPUOOCTLKN CUPPLKVWON TWV avtioTtpodwv CUVELAKUMAVOEWY TOU SElyHaTOq
KOL N Omoila XPNOLUOTIOLE(TOL YLOL TOV UTIOAOYLOMO TNG MEPLKAG OCUOXETLONG
gekvwvtag ano evayv mivaka dedopévwy (dev emttpénetal NA o avtiBeon pe 1o
CorShrinkData). H dtadwaoia tng cuppikvwong cuvdudlel Tov UTTOAOYLOMO TNG
avtiotpodng cuvdlakupavong ano tov aAyoptBuo ISEE tou (Fan kat Lv, 2016) pe
™ Statunwon CorShrink. Q¢ elcodo n cuvaptnon pCorShrinkData() 6€xetal évav
Tiivoka Sebopévwy xwpig TiéEG NA.

Code CorShrink- pCorShrinkData

library("CorShrink™)
. library("GeneNet")

. data(ecoli)
. part_Shrink<-pCorShrinkData(ecoli)

uih WN R

Kwéikac 11: CorShrink- pCorShrinkData
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2.6 Mepikn ouoxétion xoapunAng taéng (Low order partial
correlation)

H pepkn ouoxétion xapnAng taéncg [16] xpnolpomoleital ywa TV eniAucn Tou
TPOPBAAUATOG TIOU TIPOKUTITEL OTNV TEPIMTWON ToU To UEyeBoC¢ Tou Selypatog
elval pKpOTEPO Ao TOoV APLOUO TwV PETABANTWY. € CUYKPLON UE TNV KOPECKEVN
(mAnpoug Ta€Ng) MEPLKN CUOXETILON, N MEPLK CUOXETION XAMNANG TAENG METAED
600 petafAntwyv AapBavetal Hovo uTtd ToV OPO EVOC UTTOGUVOAOU Kal OXL O€ OAEG
TG petaPAntéc. Eav AndBolv umoyn pévo n pndevikn taén (ouoxEtion) Kat n
HUEPLKA OUOXETLON TPWTNG TAENG, TO SLKTUO TTOU MPOKUTITEL ovopaleTal ypadnua
«0-1». H pepikn ouoxEtion XOUNAAG TAENG €XEL TO TIAEOVEKTNUA OTL UMOPEL va
eKTLUNOEl pe akpifela katl anoteAeopatikotnto oo dedopéva pkpoU pLeyEBoug
Selypatog kat kataypadel amAd potifa avefaptnoiag umo o6poug. OL de la
Fuente et al. mpotewvav va UTTOAOYLOTEL N UEPLKN CUOXETLON €wG Kal SeVTEPNG
TaéNng yla va AndBouv unoyn o nepimloka mpotuna aveéoptnoiag umd 6poug,
Statnpwvtag moapdAAnAa anodekth tnv MOAUTIAOKOTNTA UTTOAOYLOMOU. Mapd tnv
QIAOTNTA TOU, N MEPLKA CUCXETLON XOMNANG TAENG UIMOPEL VO XpNOLUEVOEL WG HLaL
KOAN TIPOOEYYLON YlA VO QVTLKATOTTPLlEL TIC OXEOELG avefapTnolaG UG OPOUG
HeTafL TwV petaBAntwy oto diktuo.

H pepwkn ocuoxétion xapnAng taéng (low order partial correlation) umoAoyilet t
HUEPLKN CUOXETION amo Tn pUNdevikn taén (pearson correlation) péxpt t deltepn
taén. Na éva 6edopévo oUvolo debopévwy Pe HeTABANTES p, uToAOYLlEL MpwTa
TN MEPLKN ouoxetion pndevikng taéng (dnAadn tn ocuoxEton pearson) Kot
TPWTNG TAENG yLa kKaBe {evyog petaBAntwy. H peEPLK CUOXETION TPWTNG TAENGS A
OUOXETLON pearson uroAoyiletal onwe otnv E€¢lowon 1.

H UepLkn ouoxETLon MPWTNG TAENG TTPOKUTITEL OO TN CUOXETION UNOEVLKAG TAENG
onwg otnv E€lowon 2:
Tpxy.w___rxy—rxwTyw
VA-rxw?)(A-ryw?)

Omnou 1yy, 'xw, Tyw Ol OUVIEAEOTEG OUOXETLONG Tou Tpoékuav amd Tov

ouvteAeoTh cuoxEtiong Pearson.

TN OUVEXELD, N HEPLKR ouoxétion Oeltepng TtAng umoAoyiletal poOvo ot
TIEPUTTWOELG OTILG OMoieg 1000 n UNdevikn TAEN 60O KAl N UEPLK CUCYXETLON
PWTNG TA&NC dLapEpouv onUavVTIKA aro to undév. H pepikn cuoxétion de0Tepng
TAENG IPOKUTITEL ATO TN CUOXETLON PWTNG TAENG WG €ENG:

TpXy. WZ _ TpXy. W -TpXZW "pYZW (26)

J(l_rp XZ .WZ)(l_Tp YZ .Wz)
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Onou 1, xy.w» Tp xz.w» Tp yz.w Ol OUVIEAECTEG OUOXETLONG TOU TIPOEKUYIAV ATLO
TN MEPLKN CUOXETLON TPWTNG TAENG.

2.6.1 RLowPC package

H ouvaptnon LowPC() tou RLowPC [17] package tng R mpoteivel €vav
QTOTEAECUATIKO Kal Habnuoatikd opBo alyoplBuo ywa e€aywyn Blroloykwv
Siktuwv amo dedopéva umoloyilovtag Tn KUEPLKN CUOXETLON XAUNANG Tagng (Low
order partial correlation). O aAyoplBuog sivatl KatdAAnAog yia éva ocUvolo
Se6OUEVWV UE ULKPO UEYEBOC Selypatog aAAG HeYAAO aplOuo peTafAnTwy.

H ouvdaptnon umoAoyilel tn MEPLK CUOXETLON QMO TN MNOEVIKA TAEN HEXPL TN
Oeutepn TtaAfn. Ymoloyilel mpwta TN MEPLKN ouoxEton Mndevikng tagng. O
ONUAVTLKEG AKUEG TNG LEPLKN CUOXETIONG MNOEVLKAG TAENE XPNOLLOTIOLOUVTAL YLa
TOV UTIOAOYLOUO TNG UEPLKN CUOXETIONG MPWTING TAENG. YOTEPA, Ol ONUOVTIKEG
OKHEG TNG MEPLKAG OUOXETIONG TPWTING TAENG XPNOLUOTOLOUVTOL YLoL TOV
UTTOAOYLOMO TNG MEPLKA ouoxETlong SeUtepng Ta&ng. Autd auavel Tnv anodoon
NG ouvaptnong o€ HeyaAo PBabuod, kabwg amokAeiel Ta mePLOCOTEPA ATO TA
mBava fevyn kal Baoiletal HOVO OTO UTIOCUVOAO TWV AKHWV Ttou cuvdéovtal
ONUAVTLKA HE TO yovidla, TPV amd TOV UTIOAOYLOHO TNG HEPLKAG CUCXETLONG
npwtng Ko deVTeEPNC TAENG. EMUITAEOV, XPNOLLOTIOLEL TOV HETACKNUATIOUO Z TOU
Fisher yia va SnULoupyroeL oTaTIOTIKA oTolXela SOKLUAG yLa val oploel €va AoyLko
oplo (threshold). Ma va AdBet urtoPn tig MOAAATAEG SOKLUEC, EAEyXEL TO Peubo
noocootd avakaAuyng (False Discovery Rate - FDR) xpnoluomowwvtog Tn
Stadkaoia Benjamini-Hochberg to onolo unoAoyiletal pe to fdrtool package tng
R. Ta amoteAéopata tng mpoocopoiwong bdeixvouv otL to low order partial
correlation Asttoupyel koAd kdatw amd Suddopeg ouvbnkeg mou ouvnBwg
TAPATNPOUVTAL OE TPAYHUATIKEG £dapUoyEC Kal ol Peudeig akueg (dnAadn,
Peudwg BETIKEC) yLa TO CUMITAYOUEVO SIKTUO HELWVOVTOL ONUOVTLKA.

H ouvaptnon LowPC(data.exp, cutoff = 0.05, cutat = "pval", method =
"pearson"”, progressbar = T) &éxetal w¢ eicodo £€vav mivaka OSedopévwv
data.exp, évav apOud amokomng cutoff tTuwv p-value f probability, pwa
oupBoAlooelpd mou UTTOSELKVUEL pE oLl HEBOSO TTpayUATOMOLHONKE N ATTOKOTN
Twv amoteleopdtwy, p-value "pval" 1 probability"prob" kat Ttélog é€vacg
Xopaktnpog cupPorooelpdg mou opilel tn uEBodo mou Ba xpnoiuomolnBel yla
NV ektipnon ¢ ouoxetwonc. Ol emAoyeg eival "pearson”, «Spearman» Kot
«kendall». H ouvaptnon RLowPC() tou RLowPC package tng R umolAoyilel tov
OUVTEAEOTH OUOYXETIONG adoalpwvtag TNV EMidpacn OPLOUEVWV TEPLOCOTEPO
enidoPBwv yovidlwv.
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Y€ VYEVIKEC TEPUTTWOELG, N MEPLKA OUOXETION Yyl €va {elyog Yovidiwv
urmoloyiletal adalpwvtag tnv enidpacn Twv UTOAOMWY yovidiwv Tou
ennpealouv to Uno Slepeuvnon levyog yovidiwv. Qotdoo, UMopel va UTtApXEL
€vag aplOpog yovibiwv mou dev ennpedlouv 1o {elyog yovidiwv. e autod
otnpixBnke n néBodoc RLowPC [18] n omola xpnolpomoleital yla va BeATIWOEL
NV Sdoun Tou SLKTUOU HELWVOVTOG TIG EMUECEG AKUEG TTOU £xouv TtPoPAedBel wg
Adpeoes. H péBodog RLowPC akoAhouBel ta mapakdtw 2 Bripata:

Biua 1: Ewoaywyn &vog katdAnlou oe péyebog Oilktuou, To omolo £xel
neplbwpla BeAtiwong, ywo avalntnon €UMECWV AKpwv. Mo moapddelypa, ot
KopudaleG OTAOUIOUEVEG QKUEG €VOG OLKTUOU HEPLKAG CUOXETIONG WUIMOpPEL va
xpnotpornowtnBouv wg xwpog avalntnonc. Kabe (elyocg yovidiwv Bewpeital otL
OUVOEETAL JLE TAL TILO OXETLKA YELTOVLKA yovidLa.

Bua 2: YMOAOYLOMOC TNG UEPLKNG CUOXETIONG XAUNANG Taéng. MNa kabe levyog
YOVLSLWwV TIOU CUVOEETOL PE LA QKL OTOV XWPOo avalntnong, To BApog TNG AKUNG
enavanpoodlopiletal wg (a) HEPLK CUOXETION UNOEVIKAG TAENG €dv To (VYOG
yoviSiwv &ev ocuvdéetal pe TO (8L0 oUVOAO yeltovikwy yovidiwy, (B) pepkn
ouoxeton adoalpwvtag OAoUG Toug KowoUG Yeltoveg tautoxpova Kot (y)
oupplkvwon TNG MEPLKAG OCUOXETIONG €AV O Tivakag ouvdlakUUavVong Tou
XPNOLLOTIOLE(TAL Yla TNV €KTIHNON TG HEPLKAG ocuoxétong oto (B) bev eival
BeTIkOC oplopévog N avtotpePlpos. Edv o xwpog avalAtnong eival ToAU
HEYAAOC, EVOEXETAL VA UTIAPXEL €VaC apLOUOC AOXETWVY OTOLXElwV €AEYXOU TTOU
eumAékovtal otn Swadlkacia ouppikvwong tou umoAoylot oto (y). M
evalhaktiky elval (6) n Swaypadry Twv AlYyOTEPO CUVOESEUEVWV YELTOVIKWV
yovidiwv €wg oOtou o mivakag cuvdlakupavong oto (B) va eival Betikog
OPLOMEVOG KOL QVOLOTPEYLUOG.

H ouvaptnon RLowPC(data.exp, edgelist, method = "pearson", pc.estimator =
"shrink", progressbar = T) 6éxetal wg elcodo €vav mivaka dedopévwy data.exp,
pLo Alota akpwv edgelist n omola MEPLEXEL TG TILO ONUAVTIKEG AKUESG TOU SLKTUOU,
évav xopaktnpa¢ oupPorooelpd¢ method mou opilet ™ pEBodo mou Ba
xpnotpornonBel yla tnv ektipnon tg ocuoxétiong (oL emloyég eival "pearson”,
«Spearman» kat «kendall») kat pia cupBoAocelpd xapaKkTPwWV MoU UTIOSELKVUEL
TOV EKTLUNTH TIOU XPNOLUOTIOLELTAL VLA TOV UTTOAOYLOUO TNG UEPLKNC CUOXETLONG
yla kaBe {evyog Twv KOUBWV oTn AloTa aKUWV.

Code LowPC
1. library("RLowPC")
2. library("data.table")"
3. library("GeneNet")
4.
5. ecoli<- data.table(data(ecoli))
6. loworder<-LowPC(ecoli, cutoff = 0.05)
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Kwéikac 12: LowPC

Code RLowPC

1. ##load library

2. library("RLowPC")

3. library("corpcor")

4. library("GeneNet")

5.

6. ##load data

7. data(ecoli)

8. data.exp<-ecoli

9. genes<-colnames(ecoli)
10.

11. ##filter low expressed genes

12. data2anovac<-
data.frame(time=factor(pasted(data.exp$experiment, ' ',data.exp
$time)),data.exp[,-c(1:3)])

13. data.new<-anova2de(data.exp = data2anova,ncol.idx =1,model =
"expression~time',pval.cut = 0.01)

14. data.exp<-data.new$de.ts

15. genes<-data.new$de.gene

16. ref.adj<-ref.adj[genes,genes]

17.

18.

19. ##infer PC network

20. inf.pcor<-
abs(pcor.shrink(data.exp)[1:1length(genes),1:1length(genes)])

21. diag(inf.pcor)<-0

22.

23. ##inf RLowPC

24.

25. reduction.sapce<-na.omit(adjmatrix2edgelist(adjmatrix =
inf.pcor,directed = F,order = T))

26. inf.RLowPC.edge<-RLowPC(data.exp = data.exp,edgelist =
reduction.sapce, method = 'pearson',pc.estimator = 'shrink')

Kwéikac 13: RLowPC

2.7 ITOTLOTIKA ZNMOVILKOTNTO

ITnv mepimtwon &vog tuxaiou Oelypatog peYEBoOUC N €vOG TTOAUTIOLKIALAKOU
KQVOVLKOU TTANBUOUOU UMOPOUHE Vo €EETACOUME TN UNOEVLIKN UTtOBeon (OTL pLa
LEPLKN CUOYXETION £lval lon pe UNdEv) évavtl TG eVvaANAKTIKAG (OTL Sev elval ion
pe un6ev). Auto ekppaleTal MAPAKATW:

HO: rp ij = 0 €vavTLH1: I'p ij 0
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‘ETOL UMOPOUKE VA EPOPUOCOUE LA OTATLOTLKA SOKLUA Yyl TN MEPLKH CUCXETLON
TLOPOUOLO. LUE ALUTH TIOU XPNOLUOTIOLELTAL YLa pLlat ouvnBLopévn cuoxETion. AuTo To
OTATLOTIKO TEOT PALVETAL TTAPAKATW:
n-k-1
t= rp ij —1_ o 3 (27)

omov k=n—p—1 ot BoBuol eAeubeplag TNG MEPLKAG OUOXETLONG TIOU
npoodlopilovtal and to HEyeBo¢ tou Selypatog n kal amd Tov oplOpd Twv
HETABANTWY p OO TLC OMoOoleg e€apTwVTaL.

Ma tov mpoodloplopd Tou p-value, €ival amapaltnTto va UTTAPXEL YVWON TNG
KOTAVOMNG TNG OTATLOTIKNAG SOKIUNG He TNV Ttapadoxn OTL N Undevikn umobeon
elval aAnBnc. To p-value pmopel va urtoAoyloTel anmo To t-score pe T XpPrRon tng
ouvaptnong abpoloTIKAG KATAVOMNG TNG Katavoung t-Student pe k Babuoulg
ehevBepiag (cdft,k). H ouvaptnon autn opiletal wg €ENG:

r %) 1 1

cdftk=F(x k)= [" 5(5) = o
2

t2\ 2
(1+7)
omou k elvat ot PaBuol elevBepiag kat I(-) n ouvvaptnon Gamma. To
amotéAeopa  eivat n mbavotnta Ml HEUOVWHEVN TAPATAPNON aAmd TNV
koatavoun t pe k Babuouc eAeubepiag va méoet oto Staotnua [—o=, x].

dt (28)

‘Etol Ye T Xprion tou two-tailed t-test ta p-value umoAoyilovtat wg €€AG:
p —value = 2 - cdft, k(—|tscore|) (29)

AkOun, o umoAoylopodg tou FDR pmopel va yivel péow tou aAyoplBuou tou
Benjamini Hochberg. Ta Brpota tou aAyoplBuou sivol ta €€AG:

1. YmoAoylopog Twvy p-values ylo 0Aa ta tests

2. Tawounon twv p-values amno 1o PLKPOTEPO OTO UEYAAUTEPO

3. Ymoloylopdg twv g-values wg g= cUVOALIKOG aplOUdC Twy tests * p-value/
Taén tou p-value

4. Htun tou FDR yla kaBe test eival to eAdxLoto Twv g-values OAwv twv test
He peyalutepn tagn and auto.

2.7.1 Ynoloylopog p-value kot FDR TG HEPLKAG CUOXETLONG HECW TWV
BaBOpwv eAevBepiog

Ma tov UTtoAoYyLopOG Twv p-value kal FDR Twv CUVTEAECTWV UEPLKNG CUCXETLONG
umoloyiletal apyxkd to t-test oOupwva pe tnv Eflowon 27. Ta p-value
umoAoyilovtal pe tn pEBodo two tailed pe tnv E€lowon 29 péow TNG cUVAPTNONG
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pt(q, df, lower.tail = FALSE) tou makétou stats n onoia otnv elcodo tng Aappavel
To t-test otn petaPAntn g, touc Pabuoug eleuBepiag otn petaBAntr df kat to
lower.tail=FALSE ywa tov kaBoplopod tou two tail. Itn ouvéxewa, to FDR
umoAoyiletal péow tou aAyopiBuou tou Benjamini Hochberg pe t xprion tng
ouvaptnong p.fdr(pvalues) touv nakétouv FDRestimation.

2.7.2 Fdrtool package

H oTatlotikg onUavIKOTNTA TNG HUEPLKAC CUOXETLONG MMOPEL va UTOAOYLOTEL
Héow tng ouvaptnong fdrtool() Tou makétou Fdrtool [19] tng R. H ouvaptnon
fdrtool(x, statistic=c("normal”, "correlation”, "pvalue"), plot=TRUE,
color.figure=TRUE, verbose=TRUE, cutoff.method=c("fndr", "pct0", "locfdr"),
pct0=0.75) 6éxetal w¢ eicodo €vav mivaka Sedopévwy x (oTNV TEPUTTWON HOG
€va mivaka PEPLKAG CUOYXETLONG) Kal Eva Oplopa statistic, mou §€xetal Eva ano ta
"normal", "correlation", "pvalue", To omnolo mpocodilopilel Tov TUMO deSOUEVWY X
(otnv nepintwon pag "correlation"). Akopn n cuvaptnon déxetal wg elcodo Eva
cutoff.method to omoio kaBopilel €va katdAAnAo onueio amokomng. Edv n
uéBodog cutoff elval "fndr", tote mpwta tomobeteital €va KATA TPOCEYYLON
UNGEVIKO HLOVTEAO KOl 0T CUVEXELO avalnTeltal €va onpelo amokomng Ue 000 To
duvatov pkpotepo Tooootd Peudoug un avakaivyng. Edv to cutoff.method
elval "pct0", TOTE WG ONUELO ATMOKOTIAG XPNOLLOTOLE(TAL £va KOBOPLOUEVO TTOCO
(mpoerAeypuévn tuni: 0,75) twv debopévwy. Eav to cutoff.method wooutal pe
"locfdr", téte xpnoluomoteital n eupeTikn Tou makeTou "locfdr” yia va Bpebel n
arokort (LOVOo yla z-score Kol CUCXETLOELG).
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2.8 ZUYKEVTPWTLKOG MivaKoG LEBOSWV Kal TTAKETWV

Corpcor Yrohoyiel tov pevdoavtiotpodo mivaka Mivakag cuoyxétiong r;  10.000 7  Wpseg
yla va umoloyloel Tov Tivaka HEPLKNG GUVSLAKUUOVGNG Kall
OUOYXETLONG 56 Aemta
Corpcor Yroloyilel plo ektipnon ouppikvwong Mivakag Sedopgvwy 24.000 49.14
(shrinkage  estimates) TG  HEPLKNAC SeutepoA
GUOYETLONG gmnta
CorShrink Yroloyilel tnv pepikr) cuxétion amo tn  Mivakag Sedopevwy 3.500 41.48
TIPOCAPUOCTLKI) CUPPIKVWON TOU Ttivaka Aemtd
avtiotpodnc cuvdlakl pavong
GeNet Yroloyilel plo ektipnon ouppikvwong Mivakag Sedopgvwy 22.000 52.09
(shrinkage  estimates) TG  HEPLKNAC SeutepOoA
OUOYXETIONG HMEOW  TNG  OUVAPTNONG EMTa
pcor.shrink
Glasso YroAoyilel TNV PEPIKN) CUXETION amo thv  [Mivakog 1.000 6  wpseg
eKTipnon £VOG apatov mivako ocuvdlakluovong KoL 28.4
avtiotpodng ouvSLoKUpaVONG Aemtd
Xpnolpomnolwvtag motvn L1
- RLowPC YroAoyilel Tn PEPLKr) ouoxEtion XounAng Mivakag Sedopgvwy 1.000 1 wpa Kot
TAaENg 12 Aemta
Parcor Yroloyilet  Tov  TtivoKa pePkAG  Mivakag Sedopévwv 15.000 3  wpseg
OUOXETIONG PBaocn Hlag eKTiPnon Twv Kol
OVTIOTOLXWV HOVTIEAWV TOALVSPOUNONG 13.7
péow  lasso KAl  TPOCOPUOOCTIKOU Aemta
(adaptive) lasso avtictoya
Parcor Yroloyilet  tov Tivako pepkng  Mivakog dedopévwv 15.000 5 wpseg
OUOXETIONG  MEOW  EKTIMNONG  TWV Kol 15
QVTIOTOLXWV MOVTEAWYV TAALVEPOUNGNG Aemta
péow Mepikwv EAdxlotwy TeTpdywvwy
(Partial Least Squares)
Parcor umoloyilet  TOov  Tivaka uepkng  Mivakog dedopévwv 20.000 27 wpseg
OUOXETIONG  MEOW  EKTIMNONG  TWV Kol 12
OVTIOTOLXWV HOVTEAWV TOALVSPOUNONG Aemta
péow TNG TMoAwdpounong Ridge (Ridge
Regression)
SPACE EKTiMNON MEPIKNG OUOXETIONG ME joint  MMivakoag dedopévwy 16.000 5 wpseg
sparse regression model Ko 38
Aemta
SPACE Ektipnon UEPLKWV ocuoxetioswv Mivakog dsdopévwy 24.000 39.93
XPNOLLOTIOLWVTAG ™mv TPOGEYYLoN SeuTepPOA
£MAOYNG VELTOVLAG (neighborhood EMTa
selection approach)

Mivakoc 1: SUYKEVTPWTLKOC Trivakag UEFOSWV KAl TAKETWVY
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3 Meta- avalvon (Meta- analysis)

H peta- avaluon elval gl OTATIOTIK OVAAUGCH Yyl TNV CUYXWVEUGCNH TwV
QTOTEAECUATWY TTOAAQTIAWY ETLOTNUOVIKWY PEAETWY. To MPwTo Brpa TNG HETA-
avaluong adopa tn cuAoyr Twv PEAETWY KoL TV e€aywyr Twv Se60UEVWY TTOU
Ba xpnowpomnolnBouv otn PeTa- avaAuon. Yotepa, akoAouBel o kaBoplopog tou
pueyeboug emidpaong to omoio umopel va eivat n dwadopd MECWV TIUWV, O
ouvteAeoTnG cuoxEtong 1 to Odds Ratio. TéAog, mpaypatomoleltal n emioyn
€VOG €K Twv 800 HOVTEAWV TOU XPNOLUOTIOOUVTAL Yld TO CUVOUOOUO TwV
EKTIUNOEWV TOU HeYEBoUC emidpaong Twv apXlkwy HEAETWY. Ta MOVTEAQ auTtd
elval to povtélo twv otabepwv ermdpaccwy (fixed effect model) kat To povtédo
TWV Tuxaiwv emdpacswv (random effect model).

ZTn mopoloo TITUXLAKN €pyaciot TIPOTELVETAL N XPNON TOU HEPLKOU HEYEBOUG
enidpaong (partial effect sizes). To uepkd péyebog enidpaong eival évag Seiktng
Tou TepLypadel 1o pEyebog pag enibpaong HeTA Tov €Aeyxo emidpaong dAAwv
HETAPBANTWY OTO MOVTEAO Kal UTtoAoyiletal HEOW TNG MEPLKAG cuoxEtong. H
XpNon tou eivalt wWPEAUN OTn HETA- aVAAUCN TIOAWV HETABANTWY KaBwC TO
HEPLKO MEYEBOC emidpaong Umopel va uTOAOYLOTEL yla €val TIOAU HEYOAUTEPO
OUVOAO EKTLUNOEWV.

3.1 To povtélo otaBepwv embpaoccswv (fixed effect model)

To povtélo Twv otaBepwv eTOPACEWY HETATPEMEL OPXIKA TOUG OUVTEAEOTEG
MEPLKAG OUCXETLONG 7y, ;j KABE HETOPANTAG KAOE PEAETNG OE LLOL TUTTLKT) KAVOVLKN
METPNON xpnoworowwvtag Fisher’s R, -to-Z PETAOXNUOTIONO TPV QIO TOV
UTTOAOYLOMO €VOG OTAOULOUEVOU HECOU OPOU QUTWV TWV HUETACKNUATLOUEVWV
HEPLKWV CUOXETIoEWV.[20]

O petaoxnuatiopog Fisher’s Ry,-to-Z divetou mapakdtw:
1
Lp . ==

Rpi — 3 log

Onou R, ; €ival 0 CUVTEAECTHG HEPLKIG CUOXETLONG TNG MEAETNG i.

To LETAOYXNUOTIOUEVO LEVEDN EMIOPACEWV XPNOLLOTIOLOUVTOL 0T CUVEXELO YLOL
TOV UTIOAOYLOMO €VOG OpXlkoU HECOU OPOU OTOV Omoilo KABe ocuoyxETLon
otaBuiletal pe to avtiotpodo NG SLaKUAVONG EVTOG TNG LEAETNG ATTO TNV OTola
nponABe. O péocog 6pog opiletal we €ENG:
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k

k i
ZR _ pi Yi=1(ni=3) ZRpi
p

Yk owi XK mi-3)

,(31)

omou ni Tto péyebocg Tou Selypatog Tng kABe pueAétng kot k o aplOUog Twv peAeTwy
TIOU TIOLLPVOUV HEPOG OTN HETA-AVAAUON

JTN OUVEXELD, O HECOG OPOC MEPLKAG CUOCYKETLONG TIOU TIPOKUTITEL QMO TOUG
TIOPOTIAVW UTIOAOYLOMOUG HETATPETETOL KAl EMLOTPEDEL TIOW OTN HETPNON TWV
R, uéow tou avtiotpodou tou petaoxnuatiopov Fisher’'s (etaoynuatiopog Z
oe R ) oUpdpwva pe TNV mapakatw eglowon:

o e(z ZRp) 1 2
b e(2 ZRP)+1

AUTOG 0 HECOG OPOC XPNOLUOTIOLE(TAL OTN CUVEXELOL YLOL TOV UTTOAOYLOUO MLOG
OOKIUNG TNG OMOLOYEVELOG TWV MEPIKWY OCUCKETIOEWV: XPNOLUOTIOLETAL N
TETPAYWVLKN Stadopd HETALLU TOU MOPATNPOUUEVOU UETAOXNMATIOUEVOU Rp ™me
KABe HEAETNG KAl TOU HECOU HETACXNUATIOMEVOU Rp, OTAOULOMEVN HE TN
SlakUpavon evtog NG HEAETNG. AuTo pag Sivel tn otatiotiky Q, n omoia €xeL
katavoun chi-tetpaywvo pe k — 1 Babuoug eAeubepilog KATW oMo tn UNOEVLIKN
umoBeon Twv opoloyevwy peyebwv enidpaong. H otatiotikn Q unoAoyiletal ano
TV napakatw eéiocwon:

_\2
Q= Zi'{=1(ni —3) (ZRpi - ZRP) (33)
3.2 To povtélo tuxaiwv emdpaocswv (random effect model)

To HOVTEAO TWV TuXalwv EMIOPACEWV UETATPEMEL OPXIKA TOUG OUVTEAECTEC
MEPLKNAG OUOXETLONG Ty ;; KABE HETABANTAG KAOE HEAETNG OE L TUTILKY KOVOVLKT
METPNON xpnoworowwvtag Fisher’s R, -to-Z WETAOXNUATIONO TPV QIO TOV
UTTIOAOYLOMO €VOG OTAOULOUEVOU HECOU OPOU OUTWV TWV UETAOXNUATIOUEVWV
MEPLKWVY OUOXETioEWV. O peTaoxnuatiopog Fisher’s R, -to-Z unoloyietal pe tnv
xpnon tng E¢lowong 30.

Mo Tov UTIOAOYLOMO EVOG OTAOULOUEVOU HECOU TWV UETOOXNUATIOMEVWY LEPLKWV
ouoxetioewyv, ta BAapn XPNOLUOMOLOUV WL OUVIOTWOA SLAKUMAVONG TIoU
EVOWHOTWVEL TOCO TN Slakupavon PETAED Twv HEAETWY 000 Kal Tn Sdlakuuaveon
EVTOC TwV HEAETWV. H Stakvpavon PeTafy Twv PeAETWY cupPoAiletal pe T2 kot
Hwa ektipnon g (£2) mpootiBetal otn StakUpavon evtog TG MEAETNG yLo TOV
uTtoAoyLopo Tou Bapoug.
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H SlakUpavon HeTall TwV HUEAETWV MTOPEL va ekTUNOel pe ™ Xxpron g
otatlotikn¢ Q mou unoloyiletal péow tng E€lowong 33, tou k (aptBudcg pehetwv)
Kall TNG otabepd ¢ wg €€NG:

, Q- (k-1

72 = ,
¢ (34)

omou n otabepad c opileTal wg:

2 (Wf)z

k
i=1

D —
i=1
EW;'
i=1 (35)
MEW; = n; — 3.

ITnv mepintwon mou n ektipnon tng Stakupavong HETAEY Twv HEAETWV EXEL
apPVNTLKA TLUA TtalpveL TNV TR Undév.

21N OUVEXELX O OTOOULOUEVOG LECOG OPOG TWV HEPLKWY CUCXETIOEWV OAWV TWV
HeAeTwv umtoAoyiletal pEow TNG akoAouBbng EElowonc:
k *
i W i ZR .
2 . 21_1 14R pi
R. =
p Z]{'(zl W*l

(36)

omou to Bapog (w;™) opiletat wg:

s 7)
W= + 2) .
n— 3 (37)

i )

TEAOG, O LEOCOG OPOC MEPLKAG CUOXETLONG TIOU TIPOKUTTEL Amd TOUG TTAPOTIAVW
UTCOAOYLOHOUG LETATPETETAL KAL ETUOTPEDEL THOW OTN KETPNON TWV R, PECW TOU
avtiotpodou tou petaoxnuatiopov Fisher’'s (petaoxnuatiopog Z oe R,) péow
¢ E€lowong 32.
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3.3 YMonoinon tng¢ MHeto-avaAuong ME T XPRON TNG MEPLKAC
CUOXETIONG WG HEyeBOG enidpaong

OL p€Bodot mou Bpednkav va eival KATAANAEC yLa TOV UTTOAOYLOUO TOU HEPLKOU
ueyEBoug emidpaong sivat n pEBOSOC UMOAOYLOMOU TNG MUEPLKAG CUOXETLONG
Héow ouppikvwong tng ouvdlakvpavong (shrinkage estimates), n péBodog
UTTOAOYLOMOU TNG UEPLKAG OUOXETLONG MECW TNG TPOCAPUOCTIKAG CUPPIKVWONG
Tou mivaka avtiotpodng cuvdlakupavong kat n HEBodog apatng eKTiNONG Twv
HUEPLKWY OUCYXETIOEWV XPNOLUOTIOLWVTAG TNV TIPOCEYYLON ETAOYNG YELTOVLAG
(neighborhood selection approach). Ta odp€An avtwv Twv HeBOSdwv gival To pUkpo
UTTOAOYLOTLKO TOUG KOOTOG KOl TO YEYOVOG OTL S€xovTal wg elcodo peydho mAnBog
TIAPOTNPOEWV.

To mpwto Brpa yLwa TNV UAoMoinon tNg HETA-AVAAUONG KE TN XPNoN TNG UEPLKNG
ouoxétong oadopd TN OUAAOY TwV HEAETWV TOU TEPLEXOUV Bebopéva
yovidlokng €kdppaong (Expression Array) kat mponABav amd RNA-seq n
MikpoouoTtolyiec. Yotepa, akoAouBel n epappoyrn tNG HEPLKAG CUCXETIONG OTA
bebopéva yovidlakng ekdpaong KABe HeAETNG KoL n Ulomoinon tng HeTa-
OVAAUGCNG LE TN XPNON TNG HEPLKAG CUOXETLONG WG MEYEDBOG emidpaonc. TEAoOG, Ta
OUYXWVEUHEVOL OQTOTEAEOMATA TWV MEAETWV XPNOLUOTIOLOUVTOL Yyl TNV
kataokeul Owktvwv yovidiwv. H moapamdvw pebBodoloyla amewoviletal
TP AKATW:

Study 1 Study2  Study3 % Study k

BT BT e -
BT BT e -

T
f SR ED
e

Geneg

Studies

Expression Array

Gene g

Partial Correlation

Geneg

) o I

Ewkova 1: MeSoboAoyia Meta- avaAuonc UE UEPLKI TUOXETLON

48



Code Meta-analysis - corpcor

VoOoNOUVTE, WNER

13.
14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.

library(GEOquery)
library(corpcor)
library(space)

. library(data.table)
. library(GeneNet)

. library(meta)

. library(metafor)

. library(dplyr)

#you can put any GEO GSE

gse <- getGEO("GSE14764", GSEMatrix = TRUE)

gse<-
data.table(t(gse[["GSE14764 series_matrix.txt.gz"]]@assayDatal
["exprs”]1))

gse2 <- getGEO("GSE26712", GSEMatrix = TRUE)
gse2<-
data.table(t(gse2[["GSE26712_series_matrix.txt.gz"]]@assayData

[["exprs”]]))

#corpcor -> partial correlation
pcorl<-pcor.shrink(gse)
pcorl<-pcorl[l:nrow(pcorl),l:nrow(pcorl)]
pcorl<-melt(pcorl)
pcorl<-pcorl[which(pcori$value!=1), ]

names(pcorl)<-c("from","to", "ri"
pcorl$ni<-nrow(gse)

pcor2<-pcor.shrink(gse2)
pcor2<-pcor2[1l:nrow(pcor2),l:nrow(pcor2)]
pcor2<-melt(pcor2)
pcor2<-pcor2[which(pcor2$value!=1), ]

names (pcor2)<-c("from","to", "ri"
pcor2$ni<-nrow(gse2)

#meta analysis
correlations<-full join(pcorl, pcor2, by=c("from", "to"))
meta_cor<-correlations[,1:2]

for(i in 1l:nrow(correlations)){

ml <- metacor(as.numeric(correlations[ i, grepl( "ri" ,
names( correlations) ) ]), as.numeric(correlations|[ i, grepl(
"ni" , names( correlations) ) ]),sm="ZCOR",method.tau = "HE")

meta_cor$cor.fe[i]=transf.ztor(ml[["TE.fixed"]])

meta_cor$cor.re[i]=transf.ztor(ml[["TE.random"]])

}

Kwébikac 14: Meta-analysis - corpcor
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Code

Meta-analysis - space

VoOoNOUVTE, WNER

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.
42.

library(GEOquery)
library(corpcor)
library(space)

. library(data.table)
. library(GeneNet)

. library(meta)

. library(metafor)

. library(dplyr)

#you can put any GEO GSE

gse <- getGEO("GSE14764", GSEMatrix = TRUE)

gse<-
data.table(t(gse[["GSE14764 series_matrix.txt.gz"]]@assayDatal
["exprs”]1))

gse2 <- getGEO("GSE26712", GSEMatrix = TRUE)

gse2<-
data.table(t(gse2[["GSE26712 series _matrix.txt.gz"]]@assayData

[["exprs"]1]))

#space -> partial correlation

n= nrow(gse)

p= ncol(gse)

alpha=1
11=1/sqgrt(n)*gnorm(1-alpha/(2*p~2))

pcorl<-space.neighbor(gse, laml=11*n*1.56, lam2=0)$ParCor
pcorl<-melt(pcorl)

pcorl<-pcorl[which(pcori$value!=1), ]
names(pcorl)<-c("from","to", "ri"

pcorl$ni<-nrow(gse)

pcor2<-space.neighbor(gse2, laml=11*n*1.56, lam2=0)$ParCor
pcor2<-melt(pcor2)

pcor2<-pcor2[which(pcor2$value!=1), ]
names(pcor2)<-c("from","to", "ri"

pcor2$ni<-nrow(gse2)

#meta analysis
correlations<-full_join(pcorl, pcor2, by=c("from", "to"))
meta_cor<-correlations[,1:2]

for(i in 1l:nrow(correlations)){

ml <- metacor(as.numeric(correlations[ i, grepl( "ri" ,
names( correlations) ) ]), as.numeric(correlations|[ i, grepl(
"ni" , names( correlations) ) ]),sm="ZCOR",method.tau = "HE")

meta_cor$cor.fe[i]=transf.ztor(ml[["TE.fixed"]])

meta_cor$cor.re[i]=transf.ztor(ml[["TE.random"]])

}

Kwébikac 15: Meta-analysis - space
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4 Aedbopéva

H SlaBeopotnta NAEKTPOVIKWY apXeiwv aoBevwyv OLEUKOAUVEL TIG MEAETEG
OXETLKA HUE TN OUVVOONPOTNTA HLOC VOOOU. TO TAPATAVW YEYOVOC UTTOSELKVUEL
Vv mBavotnta cuvepdaviong dvo dedopévwy aobevelwv oto idlo datopo. H
ouvvoonpotnta pnopet va BewpnBel wg €vag TUTOG CUCGKETLONG OLODEVELWV TTOU
TIPOKUTITEL amd TOV NAEKTPOVIKO LaTplkO ¢akelo. H ouvvoonpotnta Kat n
OUOXETION TNG ME AAAOUG TUTIOUG CUOCXETIOEWV ACOEVELWV, OMWG YEVETLKEG
OUOXETIOELG Kal €EEALKTIKEC OUCXETIOELG €XxouV UeAeTnBel oto mapeABov. Itnv
mapovoa MUEAETN xpnolpomowBnkav dedopéva  cuvvoonpdtnTAg Yyl TNV
afloAdynon Twv cuoxeTioewv acBevelwv mou TponABav anod nmpoPAEPELG He TN
Xpnon Hetpnoswv opolotntag. OL cUoXETIOELS cuvvoonpotntag AndOnkav amnod
1o Alktuo AvBpwriivwv Noonuatwv (Human Disease Network, HuDiNe )[21], ot
omoleg eAndOnoav amd to LoToplkd aocbévelag 32 eKATOUMUPLWY APEPLKAVWV
aoBevwv. Zto HuDiNe ol acBéveleg oxoAldlovtal pe t xprion Kwdikwv ICD-9 (n
avtiotolylon twv Kwdilkwv ICD-9 pe T aoBéveleg nmapatiBetal oto kedpdalatlo
Mapdptnua tNG TMIUXLOKAG). 2TV Tapouoa UEAETN XpnoldomolnOnkav Ta
6ebopéva ouvvoonpOTNTOG TOU OXOALAOTNKOV HE TN Xprnon Kwdikwv ICD-9
owndpov  emumédou 13039018 atdépwv. H  oxUG  TNG  OUOXETLONG
ouvvoonpotntag MeTall evog (elyoug aocBevelwv pmopel va PetpnBel pe tov
OXETLKO Kivbuvo (Relative Risk) kat tn cuoxétion ¢ (phi-correlation). H cuoyétion
¢ emAéxBnke wg TO METPO TNG oOuvvoonpotntag kabwg oL CuoxeTlopol
ouUVVOONPOTNTAC TIOU TIOCOTLKOTIOLRONKOV HE @-OUCXETION avadEpBnke OTL
TIEPLEXOUV TIEPLOOOTEPEG OUVOEDELS o SladopeTikéG katnyopieg ICD-9. H -
cuoxetion HetagV Di kal Dj oplotnke wg n cuoxetion tou Pearson yla Suadikeg
HETAPBANTEG LEOW TNG akOAoLONC e€lowg:

| C;N— PP,
@i; = — —
N P; _rt._f"-' — P; )(N — PJ)

(38)

ormou Cij 0 aplBuog twv atopwv-acbevwy mou ennpedlovial tOco amnd tnv
acBévela Di 600 kal amd tnv acBévela Dj, N 0 oUVOALKOG aplOUOC ATOUWV-
acBevwv otov mMANBuouod kat Pi, Pj oL emumoAacpol twv Di kot Dj acBevelwv
avtiotoxa. M @-cuoxétion udnAotepn amd 0 umodnAwvel OTL n cuvumapén
Twv Di kat Dj gival mo ocuxva amd TNV QVOUEVOUEVN Tuxoia. H otatiotikn
onuacia tng p-cuoXETLONG POOdLOPLOTNKE XPNOLLOTIOLWVTAG €val t-test:

51



(39)

ornou  n=max(Pi,Pj)<<N elvat 0o aplOUO¢ TWV TAPATNPNOEWV  TIOU
XpNollomolenkav ylo Tov UTMOAOYLOMO Tou . To n QVTUTPOCWIEVEL TOV TILO
QUOTNPO TPOTO HE TOV OTOLO UIMOPEL va UTOAOYLOTEL TO t BAoel Twv dedopévwy
uog, kobwg n xpnon n=N Ba mapdysel HeyaAUTtepo aplOUO ONUOVTIKWY
OUCXETIOEWV, OL TEPLOCOTEPEG Ao TIG omoleg Sev Ba eival amapaitnta oyxupol
TIPOYVWOTIKOL TIAPAYOVTEG. XPNOLUOTONONKAV ONUAVILKEG OCUOCYETIOEL o€
emninedo 5% (t21,96) yLa TIG avaAUoELG.

Ta apyeia ouv mapéxovral anod to HuDiNe (Data from HuDiNe (Hidalgo et al.) for
the analysis of comorbidities (upf.edu)) eival ta €€nc:

All patients, ICD9 5 digit level 6088553

"AllNet3.net | All patients, ICD9 3 digit level 291172

Mivakag 2: Apxeia Hudine

Kat €xouv Tnv mopakdtw popdn:

Neptypadr

lcd9 kwdLkOC acBEvela 1

Icd9 kwdikog aoBévela 2

ErnutoAaopdg aoBévelag 1

EmumtoAaopog aoBévelag 2

Tautoxpovn epdavion aocBevewwv 1 kat 2
ZxeTKOG kivbuvog (Relative risk)

IXETIKOG Kivduvog 99% Sdldotnua
gumotoouvng (apLotepd 6pLo)
IXETLKOG Kivéuvog 99% Sdldotnua

gumotoouvng (616 6plo)
@-ouoyétion (¢-correlation)
Tuun t-test

Mivakoac 3: Mop@n apxeiwv Hudine
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http://sbi.upf.edu/data/hudine/
http://sbi.upf.edu/data/hudine/

Ot kwdkol ICDI tou Hudine avtiotolyouv oTI¢ TapaKATW KAACELG:

001-139
140-239
240-279

280-289
290-319
320-389
390-459
460-519
520-579
580-629
630-679

680-709
710-739

740-759
760-779
780-799
800-999

Infectious and Parasitic Diseases
Neoplasms
Endocrine, Nutritional and Metabolic Diseases, and
Immunity Disorders
Diseases of the Blood and Blood-forming Organs
Mental Disorders
Diseases of the Nervous System and Sense Organs
Diseases of the Circulatory System
Diseases of the Respiratory System
Diseases of the Digestive System
Diseases of the Genitourinary System
Complications of Pregnancy, Childbirth, and the
Puerperium
Diseases of the Skin and Subcutaneous Tissue
Diseases of the Musculoskeletal System and Connective
Tissue
Congenital Anomalies
Certain Conditions originating in the Perinatal Period
Symptoms, Signs and lll-defined Conditions

Injury and Poisoning

Mivakoag 4: KAdoeig kwdikwv ICD-9

53



5 AnoteAéopata Kat avaAvon

To apyxeio AllINet3.net tou Hudine mepléxel 291172 cuoyetioslg petafy 995
acBevelwv. Me oOKOTO TNV €UPECN TWV TIPAYUATIKWY CUOCXETIOEWV KoL TWV
QITIOTIKWY OXEOEWV TwV aoBevelwv £PapUOOTNKE MEPLK OUOXETION OF
Sebopéva amAng cUOXETIONG. H HEPLKT) CUOXETLON UTTOAOYIOTNKE UE TN XPAON TNG
ouvaptnon cor2pcor tou mokétou Corpcor NG R, kaBwg eival n povadikn
OUVAPTNON TIOU UTIOAOYIZEL TN MEPLKN CUCYXETLON QO £va TIVOKA GUOXETIOEWV.
Ané Ttov UuTtoAoylopo outo Tpogkuav 494515 UEPLKEC OUOYETIOELS. TNV
ouVEXeLa uTtoAoyiloTtnkayv ot Babuoti eAsuBeplag, Ta p-value kat to FDR touc.

To Volcano plot tou omoiov o x dfovag avanapLotd TOUG CUVTEAECTEG UEPLKNG
OUOXETLONG KOl 0 Yy Afovag avormoplotd Tov apvntikd AoydplBuo twv p-value
QTELKOVIIETAL TAPAKATW. H ONUAVIIKEG OETIKEC OUOXETIOELS (Me p-value
HLKpOTEPO Tou 0.05 KOl CUVTEAEDTN MEPLKAG CUOXETIONG HeyaAutepo tou 0.06)
QVaTIAPLoTAVTOL PE KOKKLVO XPWHA EVW OL ONUOVTIKEG APVNTLIKEG CUOXETIOELG (LE
p-value pkpotepo tou 0.05 Kal CUVTEAEOTH UEPLKNG CUOXETLONG LEYOAUTEPO TOU
-0.06) avamnoapiotavtal pe MIMAE Xpwpa. H ypoapun otov x afova eival otnv TLUn
-log(0.05) kot oL ypappéG otov y eival otig TLpEC -0.06 kat 0.06.

Volcano plot

expression
*  Down

L

1

1

1, Stable
g.-  Up
. .

-log10(p-value)

100-

-0.50 -0.25 0.00 0.25 0.50
partial correlation

Ewkova 2: Volcano plot uepikr¢c cucxetiong aodeveiwy
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OL ONUAVTIKEG BETIKEG CUOXETIOELG €lval QUTEG PE TIHEC p-value PLKPOTEPES Ao
0.05 kol MePLK ouoxeton MeyaAUtepn amo 0.06. OL ONUAVIIKEG QPVNTIKEG
OUOXETIOELG €lval QUTEC ME TIMEG p-value HikpoOtepeg amd 0.05 kot pepLKA
OUCXETLON UIKPOTEPN amod -0.06. H Betikr cuoxEtion umtodnAwvVeL Thv Suvatotnta
NG HLOG aoBEVELOG va TIPOKAAECEL TNV GAAN  KOL N QpVNTIK GCUGCXETLON
UTIOSNAWVEL TNV SuvATOTNTA TNG KOG 0LOBEVELOG VA aToTPEPEL TNV EUdAvVION TNG
AAANG.

OL 8691 peplkég ouoxetioelg (6386 Betikég kat 2305 apvntikég) petafy 714
aoBevewwv eixav adjusted FDRs pikpotepo amd 0.05 kal oL 7652  HEPLKEG
ouoxetioelg (5722 Betikég kat 1930 apvnTikéG) peTaty 696 acbBevelwv eiyav
adjusted FDRs pikpotepo amo 0.01. OAeg oL HeEPLKEG CUOXETIOELG TTOU TTPOEKU AV
amno 1o KOYpo pe FDR eixav p-value pikpotepo amnd 0.01.

Mapakdtw akolouBel €vag Tmivako TOU avamoplotd Tov aplBud Twv
OUOXETIOEWV KAl Twv ooBevelwv yla p-value pkpotepa amd 0.05, p-value
Hkpotepa amo 0.01, fdr pikpdtepa amd 0.05 kat fdr pikpdtepa and 0.01:

Correlations Diseases Positive Negative Partial Diseases of Positive Negative
(edges) (nodes) correlations correlations correlations partial partial correlations
(edges) correlations correlations partial
(nodes) correlations
Without | 291172 995 205990 85182 494515 995 177607 316908
cut off
p-value | 35093 877 29657 5436 14435 799 9826 4609
<0.05
p-value | 28805 835 24694 4111 11108 756 7878 3230
<0.01
fdr 26728 828 23065 3663 8691 714 6386 2305
<0.05
fdr 23491 798 20487 3004 7652 696 5722 1930
<0.01

Mivakoc 5: AptOUOC CUCKETIOEWV KoL UEPLKWV CUCXETIOEWV ATIEVELWV
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OL 5722 oNUAVTIKEG BETIKEG LEPLKEG CUOXETIOELG (AKUEG) METAEL 695 povadikwy
aoBevelwv (KOUPBwv) amelkovilovtal oTo MopakATw BLoAoylkd Siktuo To omoio
OXNUATIOTNKE HE TN XPAON Twv ouvaptnoswv network() kot ggnet2() twv
nakétwv network kat ggnet tng R:
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Ewkova 3: AlkTuo aoFeVELWV UEPLKNG CUCKETLO,
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O SLadopeTikol xpwHaTIOHOL TwV KOUPBWV cupBoAilouv TNV KAAoN TNG aoBEveLag
oTnV omola avrKel KABe KOUBOC. Me avTIOTOLXO XPWHO XPWHATI{OVTAL Ol OKUEG
TIOU OUVOE0UV KOUPBOUG KOLVAG KAAONG. ZUYKEKPLUEVAL:

Xpwpua | Kwdikoi icd9 KAdon aoBeveiwv
001-139 Infectious and Parasitic Diseases
[ | 140-239 Neoplasms
240-279 Endocrine, Nutritional and Metabolic Diseases, and
Immunity Disorders
280-289 Diseases of the Blood and Blood-forming Organs
290-319 Mental Disorders
320-389 Diseases of the Nervous System and Sense Organs
390-459 Diseases of the Circulatory System
460-519 Diseases of the Respiratory System
520-579 Diseases of the Digestive System
] 580-629 Diseases of the Genitourinary System
—. 630-679 Complications of Pregnancy, Childbirth, and the
Puerperium
B 680-709 Diseases of the Skin and Subcutaneous Tissue
710-739 Diseases of the Musculoskeletal System and Connective
Tissue
740-759 Congenital Anomalies
] 760-779 Certain Conditions originating in the Perinatal Period
[ ] 780799 Symptoms, Signs and lll-defined Conditions
800-999 Injury and Poisoning

Mivakac 6: KAaoeic aoevelwv LE TO YpWUA TTOU aVOITAPIOTAVTOL OTOUC KOUBouC Tou

SlktUou
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To mopamndavw O&iktuo Twv 5722 B€TIKWV UEPIKWY CUOCXETIOEWV UTOPEL va
QUTELKOVLOTEL KAAUTEPA AV KOYOUUE TIG HUEPLKEG CUCXETIOELG UE TLUA HLKPOTEPN
ano 0.06. Katd autdv tov Tpomo, MPOoKUNTEL éva Siktuo pe 406 akUEG (UEPLKEG
ocuoyetioelg) kat 358 KOUPBoUG (aoBEveLEg) OTIWC ATTELKOVIIETAL TIAPOAKATW:

Injury and Poisoning

Diseases of the
Genitourinary System

lervous
2 Organs

culatory

| Diseases of the Respiratory

Diseases of the Digestive System System

Ewkova 4: Alktuo aoOeVELWVY UEPLKNG CUCXETLONG UE TIC KAXOELC TWV aOTEVELWV

AkOun, ot 1930 apvnTikéG cuoxetioelg petall 372 acBevelwv amekovilovtal oTo
mapakatw Siktuo:
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Code file help.R

26

1. #edge list to undirect symmetric adjacency matrix

2.

3. edgelist_to_undirect_adjmatrix <- function(edgelist, genes) {
4.

5.

6. edgelist$from<-as.character(edgelist$from)

7. edgelist$to<-as.character(edgelist$to)

8. genes<-genes[order(genes) ]

9.

10. mat<-matrix(0,ncol=1length(genes),nrow=1length(genes))
11. rownames(mat)<-colnames(mat)<-genes

12.

13. for(i in 1:nrow(edgelist)){

14. mat[edgelist[i,1],edgelist[i,2]]<-edgelist[i,3]

15. }

16.

17. m=ifelse(!t(mat)[lower.tri(mat)], mat[lower.tri(mat)],

t(mat)[lower.tri(mat)])

18. mat[lower.tri(mat)]=m

19. mat[upper.tri(mat)]=t(mat)[upper.tri(mat)]
20.

21.

22. return(mat)

23.}

24,

25. #create edge list from matrix

.# if symmetric duplicates are removed

27.adjmatrix_to_edgelist<-
function(mat,symmetric=TRUE,diagonal=FALSE, text=FALSE){

28.

29. mat<-as.matrix(mat)

30. id<-is.na(mat) # used to allow missing

31. mat[id]<-"nna"

32. if(symmetric){mat[lower.tri(mat)]<-"na"} # use to allow missing

values

33, if(!diagonal){diag(mat)<-"na"}

34. obj<-melt(mat)

35. obj<-obj[!obj$value=="na",]

36. obj$value[obj$value=="nna"]<-NA

37. if(!text){obj$value<-as.numeric(as.character(obj$value))}
38. return(obj)

39. # remove duplicates

40. }

Kwéikac 16: file help.R

Code Disease Network

uuh WN B

library(corpcor)
library(reshape2)
library(reshape)
library("igraph™)
library(dplyr)

60




18.

19.
20.
21.

22.
23.
24.
25.

26

library(FDRestimation)
library(readxl)
library(ggplot2)
library(ggnet)

. library(corrplot)
. library(network)

. setwd("C:/Users/ioann/OneDrive/YmnoAoyiotrg/Mtuxioky Epyoaoia/codes™)
. source("help.r")

.testl <- read.table(file="AllNet3.tsv', sep = '\t', quote =

"",header = TRUE)
testl<-testl[,c("icd9.1", "icd9.2", "nl1", "n2", "pval", "pval.adj"
)]

names (testl)<-c("from","to

n

, "n1", "n2", "weight.cor", "test.cor")

testl$pvalue<-2*pt(g=abs(testi$test.cor), df=(max(testi$nl,
testl$n2)-1), lower.tail=FALSE) #pvalue
testl$fdrs<-p.fdr(pvalues = testl$pvalue)$fdrs #adjusted FDR

#data frame of diseases code and prelevance
nl<-unique(testl[,c("from","n1")])

.n2<-unique(testl[,c("to","n2")])

27.names(nl)<-names(n2)<-c("name", "n")
28. diseases<-dplyr::union(nl,n2, by="name"
29.

30. rm(list="n1","n2")

31. testl<-testl[order(testi$from), ]

32.
33.
. #edge list to undirect adjacency matrix
35.

34

36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

diseases<-diseases[order(diseases$name), ]

matrix<-edgelist_to_undirect_adjmatrix(testi[,c("from", "to",
"weight.cor")], diseases$name)
testl$from<-as.character(testi$from)
testl$to<-as.character(testli$to)

diag(matrix)<-1

part_cor<-cor2pcor(matrix)

row.names (part_cor)<-colnames(part_cor)<-row.names(matrix)
rm(matrix)

#adjacency matix to non symmetrix edge list

part_cor<-adjmatrix_to_edgelist(part_cor)

colnames(part_cor)<-c("from","to","weight.pcor™)

49. #add prelevance at partial correlation edge list

50.

51. colnames(part_cor)[1] <- "name"

52. part_cor<-dplyr::inner_join(part_cor, diseases, by="name"

53.
54.
55.
56.
57.
58.
59.
60.

names (part_cor)<-c("from","name", "weight.pcor", "nil")
part_cor<-dplyr::inner_join(part_cor, diseases, by="name"
names (part_cor)<-c("from","to", "weight.pcor", "nl", "n2")
part_cor$from<-as.character(part_cor$from)
part_cor$to<-as.character(part_cor$to)

#tcombine of the two edge list (correlation and partial correlation)
test<-full_join(testl,part_cor, by=c("from", "to", "nl", "n2"))
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61.

62. for(i in 1l:nrow(test)){

63. test$n.common[i]<-length(union(union(testl[which( testl$to %in%
test$from[i]), "from"], testl[which( testl$from %in% test$from[i]),
"to"]), union(testl[which( testl$to %in% test$to[i]), "from"],
testl[which( testl$from %in% test$to[i]), "to"])))

64.

65. }

66.

67. test$degrees<-data.frame(pmax(test$nl, test$n2)-test$n.common-1)

68. test$test.pcor<-test$weight.pcor*sqrt((test$degrees)/(1-
(test$weight.pcorn2)))

69.

70. test$pvalue<-2*pt(qg=abs(test$test.pcor), df=test$degrees,
lower.tail=FALSE)

71. test$fdrs<-p.fdr(pvalues = test$pvalue)$fdrs #adjusted p-val for FDR

72.

73. t<-test[which(test$fdrs<0.01),]

74. diseases<-data.frame(union(t$from, t$to))

75. names(diseases)<-"id"

76. t<-t[which(t$weight.pcor<e), ]

77.

78.

79. #volcano plot

80. test_notna<-test

81. test_notna$Combined<-paste(test_notna$from,test_notnagto,sep="-")

82. test_notna$expression = ifelse(test_notna$pvalue < 0.05 &
abs(test_notna$weight.pcor) >= 0.06, ifelse(test_notna$weight.pcor>
0.06 ,'Up','Down'), 'Stable')

83.

84. test_notna$delabel <- NA

85. test_notna$delabel[test notna$expression != "Stable"] <-
test notna$Combined[test _notna$expression != "Stable"]

86.

87.p<-ggplot(data = test_notna,

88. aes(x = weight.pcor,

89. y = -logl@(pvalue),

90. colour=expression)) +

91. geom_point() +

92. scale_color_manual(values=c("blue", "grey","red"))+

93. xlim(c(-0.5, 9.5)) +

94. geom_vline(xintercept=c(-0.06,0.06),1lty=4,col="black",lwd=0.8) +

95. geom_hline(yintercept = -10gl10(0.05),1ty=4,col="black",lwd=0.8)+

96. labs(x="partial correlation”,

97. y="-loglo(p-value)",
98. title="Volcano plot")
99.

100. #with labels
101. ggplot(data = test_notna,

102. aes(x = weight.pcor,

103. y = -logl@(pvalue),

104. colour=expression,

105. label=delabel)) +

106. geom_point() +

107. scale_color_manual(values=c("blue", "grey","red"))+

108. xlim(c(-0.5, ©.5)) +

109. geom_vline(xintercept=c(-0.06,0.06),1ty=4,col="black",lwd=0.8) +
110. geom_hline(yintercept = -1logl0(0.05),1ty=4,col="black",lwd=0.8)+
111. labs(x="partial correlation”,
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112. y="-1logl@(p-value)",

113. title="Volcano plot")+

114. theme_minimal() +

115. geom_text()

116.

117. t<-t[,c("from","to", "weight.pcor")]

118. names(t)<-c("from","to", "weight")

119. t<-t[order(t$from), ]

120. mygraph <- graph.data.frame(t)

121.

122. mat<-get.adjacency(mygraph, sparse = FALSE, attr='weight', names =
diseases$id)

123.

124. #to undirect

125. mat=as.matrix(mat)

126. m=ifelse(!t(mat)[lower.tri(mat)], mat[lower.tri(mat)],
t(mat)[lower.tri(mat)])

127. mat[lower.tri(mat)]=m

128. mat[upper.tri(mat)]=t(mat) [upper.tri(mat)]

129.

130. t<-melt(mat)

131. names(t)<-c("from","to", "weight")

132. t<-t[which(t$weight!=0), ]

133. t<-t[order(t$from), ]

134.

135. my_data <- read_excel("classes.xlsx")

136.

137. for(i in 1:nrow(my_data)){

138. t[ t$from >= my data$from[i] & t$from <= my data$to[i],
"value"]<-my_data$classes[i]

139. }

140.

141.

142. t$from<-as.character(t$from)

143. t$to<-as.character(t$to)

144.

145. nw <- network(t[,c("from", "to")], directed = T, matrix.type =
"edgelist")

146. mm.col <- c("Infectious and Parasitic Diseases" = "#ff69b4",
"Neoplasms"” = "#0099ff", "Endocrine, Nutritional and Metabolic
Diseases, and Immunity Disorders"="#8DD3C7","Diseases of the Blood
and Blood-forming Organs"="#377EB8", "Mental Disorders"=
"H#E41A1C","Diseases of the Nervous System and Sense
Organs"="#984EA3", "Diseases of the Circulatory System"="#99CC00",
"Diseases of the Respiratory System"="#FF7F00", "Diseases of the
Digestive System"="#FFFF33", "Diseases of the Genitourinary System"
="#A65628" ,"Diseases of the Skin and Subcutaneous Tissue"
="#3B9AB2", "Diseases of the Musculoskeletal System and Connective
Tissue" ="#999999","Congenital Anomalies"="#E1AF@0","Symptoms, Signs
and Ill-defined Conditions"="#4DAF4A","Injury and
Poisoning"="#C271DC")

147.

148. for(i in 1:1length(network.vertex.names(nw))){

149. nw[["val"]][[i]]$value <- as.character(unique(t]
which(t$from==network.vertex.names(nw)[i]),"value"]))

150.

151. }

152.

153. # create plot for ggnet2
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154.
155. ggnet2(nw, color = mm.col[ nw %v% "value" ],

156. label = TRUE,

157. size = 4, vjust = -0.6, label.size = 10, edge.color =
c("color", "gray88"))

158.

159.

160. icd9 <- read_excel(file.choose())

161. icd9$%code<-as.character(icd9%code)

162.

163. diseases$id<-diseases[order(diseases$id), ]

164.

165. for (i in 1:nrow(diseases)) {

166. diseases$name[i]<-icd9[which(icd9%code %in% diseases$id[i]),
"disease"]

167.

168. }

Kwébikag 17: Disease Network
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6 ZUUNEPACHOTO KOl LEAAOVTLKEC
EMEKTAOELC

Y€ oUYKPLON HME TNV oupBatiky HEB0SO TNG ARG CUCXETLONG, N TIPOTELVOUEVN
HUEPLKN OUOXETION TpoodEpel KaAuTtepa amoteAéopata o Ploloyika Siktua
QVTIKATONMTPI{OVTAG TIC  OLTIATIKEG OUCXETIOELC KOl  TIG  TIPAYUOTIKEC
aAANAemdpdcewv PeTOfL Twv PeTafAnTwy. Auth n WBLotnta kablotd tn néBodo
pLot TIOAAA UTIOOXOMEVN €&VOAANQKTIKA AUOH yla TNV KOATAOKEUN OIKTUWV
MPWTEIVIKWY OAANAeTdpdcewy, OIKTUWV aoBevelwv Kot AAwWV BloAoykwv
SIkTUwWV ToU Umopel va SwooUV HLla ELKOVOL YL TOV UNXOAVIOUO oUVOETWVY
aoBevelwv.

H enaAibeuon Ttwv amoteAeopdtwv TOU  TpogkuPav  Umopel  va
npayupatonolnfel péow tng umdpxovoag PBiPAloypadiag. Me pia mpwtapxLkn
oUYKPLON PpEBNKAV KOLVEG OUTIATIKEG OUOXETIOEL aoBevelwv HeTOEL TWV
ouoxetioewv aobevelwv TmoOu umoloyiotnkav HE TN HEBOOGO TNG HEPLKAG
OUOXETIONG KOL TWV oOuoxetioewv aoBeveiwv t™¢ NN uMAPXOUCOG
BBAloypadiag. Eva amdomacpa Twv KOWWY OLTLOTIKWY CUCXETIOEWV HETOEY TWV
aoBevelwv mapatibetal otov akoAouBo mivaka: [22]-[26]

Causal -
Diseases from |Diseases from Diseases from Partial Diseases from Partial Causal Partial
Bibliography 1  Bibliography2 [PMID Correlation 1 Correlation 2 Bibliography (Correlation
major depressive
hypothyroidism |disorder (MDD) (35507366 Acquired hypothyroidism Affective psychoses YES YES
Malignant neoplasm of kidney
Renal cell and other and unspecified
SBP carcinoma (RCC) 35312764 Essential hypertension urinary organs YES YES
coronary heart Obesity and other Other forms of chronic ischemic
BMI disease 28500271 hyperalimentation heart disease YES .YES
Type 2 Diabetes |Hypertension 30646822 Diabetes mellitus Essential hypertension YES YES
clear cell ovarian
Endometriosis |cancer (CCOC) 35492879 Endometriosis Benign neoplasm of ovary YES YES

Mivakoc 7: EmaAnfevon twv anoteAeoudtwy uéow tne¢ umtapyovaoac BiBAoypapiog

H peAlovtiky peAétn Oa  emikevtpwBel otn olykplon TwWV  CNMOVTIKWY
ocuoxetioewv aoBevelwv Tou mpoEkuav PE TN XPHoN TNG LEPLKAG CUOXETLONG HE
T OUOYXETIoELS aoBevelwv tnNg umapyxouvoag BLBAloypadiag, otnv epappoyr) Tou
aAyopiBuou oe diktua aoBevelwv ou poékuav ano Tig Bacslg OMIM, GWAS
Catalog and GAD, otn énuloupyia Stpepwv SIKTUWV aoBeVELWV-YoVISLWV Kal oTn
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Snuoupyla umoAoylotikng HeBOdou Kal server yla UAoToOLNOn TNG META-
AVAAUONG HE LEPLKN OUCXETLON).
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8 Mapaptnua

Ot Kwd1Kol Twv aoOeVELWY AVTLOTOLXOUV OTLG TTAPAKATW AOOEVELEC:

1 Cholera
2 Typhoid and paratyphoid fevers
3 Other salmonella infections
4 ' Shigellosis
5 Other food poisoning (bacterial)
6 Amebiasis
7 Other protozoal intestinal diseases
8 | Intestinal infections due to other organisms
9 Ill-defined intestinal infections
10 = Primary tuberculous infection
11 Pulmonary tuberculosis
12 ' Other respiratory tuberculosis
13 Tuberculosis of meninges and central nervous system
14 ' Tuberculosis of intestines, peritoneum, and mesenteric glands
15 Tuberculosis of bones and joints
16 = Tuberculosis of genitourinary system
17 Tuberculosis of other organs
18  Miliary tuberculosis
20 Plague
21  Tularemia
22 Anthrax
23 Brucellosis
24  Glanders
25 Melioidosis
26 Rat-bite fever
27  Other zoonotic bacterial diseases
30 Leprosy
31 Diseases due to other mycobacteria
32 Diphtheria
33 Whooping cough
34  Streptococcal sore throat and scarlet fever
35  Erysipelas
36 Meningococcal infection
37 Tetanus
38 Septicemia
39 Actinomycotic infections
40 Other bacterial diseases
41 | Bacterial infection in conditions classified elsewhere and of unspecified site
42 Human immunodeficiency virus [HIV] disease
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
90
91
92
93
94

Acute poliomyelitis

Slow virus infection of central nervous system
Meningitis due to enterovirus

Other enterovirus diseases of central nervous system
Other non-arthropod-borne viral diseases of central nervous system
Smallpox

Cowpox and paravaccinia

Chickenpox

Herpes zoster

Herpes simplex

Measles

Rubella

Other viral exanthemata

Other human herpesvirus

Other poxvirus infections

Yellow fever

Dengue

Mosquito-borne viral encephalitis

Tick-borne viral encephalitis

Viral encephalitis transmitted by other and unspecified arthropods
Arthropod-borne hemorrhagic fever

Other arthropod-borne viral diseases

Viral hepatitis

Rabies

Mumps

Ornithosis

Specific diseases due to Coxsackie virus

Infectious mononucleosis

Trachoma

Other diseases of conjunctiva due to viruses and Chlamydiae
Other diseases due to viruses and Chlamydiae

Viral infection in conditions classified elsewhere and of unspecified site

Louse-borne [epidemic] typhus
Other typhus

Tick-borne rickettsioses

Other rickettsioses

Malaria

Leishmaniasis
Trypanosomiasis

Relapsing fever

Other arthropod-borne diseases
Congenital syphilis

Early syphilis, symptomatic
Early syphilis, latent
Cardiovascular syphilis
Neurosyphilis
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95  Other forms of late syphilis, with symptoms
96 Late syphilis, latent
97 = Other and unspecified syphilis
98 Gonococcal infections
99 = Other venereal diseases
100 Leptospirosis
101 ' Vincent's angina
102 Yaws
103 Pinta
104 Other spirochetal infection
110 Dermatophytosis
111 Dermatomycosis, other and unspecified
112 Candidiasis
114  Coccidioidomycosis
115 Histoplasmosis
116 = Blastomycotic infection
117 Other mycoses
118 Opportunistic mycoses
120 = Schistosomiasis [bilharziasis]
121  Other trematode infections
122 Echinococcosis
123  Other cestode infection
124 ' Trichinosis
125 Filarial infection and dracontiasis
126 = Ancylostomiasis and necatoriasis
127 Other intestinal helminthiases
128 = Other and unspecified helminthiases
129  Intestinal parasitism, unspecified
130 Toxoplasmosis
131 Trichomoniasis
132  Pediculosis and phthirus infestation
133  Acariasis
134  Other infestation
135 Sarcoidosis
136 = Other and unspecified infectious and parasitic diseases
137 Late effects of tuberculosis
138 Late effects of acute poliomyelitis
139 Late effects of other infectious and parasitic diseases
140 Malignant neoplasm of lip
141  Malignant neoplasm of tongue
142  Malignant neoplasm of major salivary glands
143 Malignant neoplasm of gum
144  Malignant neoplasm of floor of mouth
145  Malignant neoplasm of other and unspecified parts of mouth
146 = Malignant neoplasm of oropharynx
147 Malignant neoplasm of nasopharynx



148  Malignant neoplasm of hypopharynx

149 Malignant neoplasm of other and ill-defined sites within the lip, oral cavity, and pharynx
150 Malignant neoplasm of esophagus

151 Malignant neoplasm of stomach

152 = Malignant neoplasm of small intestine, including duodenum

153 Malignant neoplasm of colon

154  Malignant neoplasm of rectum, rectosigmoid junction, and anus

155 Malignant neoplasm of liver and intrahepatic bile ducts

156 Malignant neoplasm of gallbladder and extrahepatic bile ducts

157 Malignant neoplasm of pancreas

158 Malignant neoplasm of retroperitoneum and peritoneum

159 Malignant neoplasm of other and ill-defined sites within the digestive organs and peritoneum
160 Malignant neoplasm of nasal cavities, middle ear, and accessory sinuses

161 Malignant neoplasm of larynx

162 Malignant neoplasm of trachea, bronchus, and lung

163 Malignant neoplasm of pleura

164  Malignant neoplasm of thymus, heart, and mediastinum

165 Malignant neoplasm of other and ill-defined sites within the respiratory system and
intrathoracic organs
170 Malignant neoplasm of bone and articular cartilage

171 Malignant neoplasm of connective and other soft tissue

172  Malignant melanoma of skin

173 Other malignant neoplasm of skin

174  Malignant neoplasm of female breast

175 Malignant neoplasm of male breast

176 = Kaposi's sarcoma

179 Malignant neoplasm of uterus, part unspecified

180 Malignant neoplasm of cervix uteri

181 Malignant neoplasm of placenta

182  Malignant neoplasm of body of uterus

183 Malignant neoplasm of ovary and other uterine adnexa

184  Malignant neoplasm of other and unspecified female genital organs
185 Malignant neoplasm of prostate

186 Malignant neoplasm of testis

187 Malignant neoplasm of penis and other male genital organs

188 Malignant neoplasm of bladder

189 Malignant neoplasm of kidney and other and unspecified urinary organs
190 Malignant neoplasm of eye

191 Malignant neoplasm of brain

192  Malignant neoplasm of other and unspecified parts of nervous system
193 Malignant neoplasm of thyroid gland

194  Malignant neoplasm of other endocrine glands and related structures
195 Malignant neoplasm of other and ill-defined sites

196 = Secondary and unspecified malignant neoplasm of lymph nodes

197 Secondary malignant neoplasm of respiratory and digestive systems
198 @ Secondary malignant neoplasm of other specified sites

199 Malignant neoplasm without specification of site
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200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

Lymphosarcoma and reticulosarcoma

Hodgkin's disease

Other malignant neoplasm of lymphoid and histiocytic tissue
Multiple myeloma and immunoproliferative neoplasms
Lymphoid leukemia

Myeloid leukemia

Monocytic leukemia

Other specified leukemia

Leukemia of unspecified cell type

Neuroendocrine tumors

Benign neoplasm of lip, oral cavity, and pharynx

Benign neoplasm of other parts of digestive system

Benign neoplasm of respiratory and intrathoracic organs
Benign neoplasm of bone and articular cartilage

Lipoma

Other benign neoplasm of connective and other soft tissue
Benign neoplasm of skin

Benign neoplasm of breast

Uterine leiomyoma

Other benign neoplasm of uterus

Benign neoplasm of ovary

Benign neoplasm of other female genital organs

Benign neoplasm of male genital organs

Benign neoplasm of kidney and other urinary organs

Benign neoplasm of eye

Benign neoplasm of brain and other parts of nervous system
Benign neoplasm of thyroid gland

Benign neoplasm of other endocrine glands and related structures
Hemangioma and lymphangioma, any site

Benign neoplasm of other and unspecified sites

Carcinoma in situ of digestive organs

Carcinoma in situ of respiratory system

Carcinoma in situ of skin

Carcinoma in situ of breast and genitourinary system
Carcinoma in situ of other and unspecified sites

Neoplasm of uncertain behavior of digestive and respiratory systems
Neoplasm of uncertain behavior of genitourinary organs
Neoplasm of uncertain behavior of endocrine glands and nervous system
Neoplasm of uncertain behavior of other and unspecified sites and tissues
Neoplasm of unspecified nature

Simple and unspecified goiter

Nontoxic nodular goiter

Thyrotoxicosis with or without goiter

Congenital hypothyroidism

Acquired hypothyroidism

Thyroiditis
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246
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293

Other disorders of thyroid

Secondary diabetes mellitus

Diabetes mellitus

Other disorders of pancreatic internal secretion
Disorders of parathyroid gland

Disorders of the pituitary gland and its hypothalamic control
Diseases of thymus gland

Disorders of adrenal glands

Ovarian dysfunction

Testicular dysfunction

Polyglandular dysfunction and related disorders
Other endocrine disorders

Kwashiorkor

Nutritional marasmus

Other severe protein-calorie malnutrition

Other and unspecified protein-calorie malnutrition
Vitamin A deficiency

Thiamine and niacin deficiency states

Deficiency of B-complex components

Ascorbic acid deficiency

Vitamin D deficiency

Other nutritional deficiencies

Disorders of amino-acid transport and metabolism
Disorders of carbohydrate transport and metabolism
Disorders of lipoid metabolism

Disorders of plasma protein metabolism

Gout

Disorders of mineral metabolism

Disorders of fluid, electrolyte, and acid-base balance
Other and unspecified disorders of metabolism
Obesity and other hyperalimentation

Disorders involving the immune mechanism

Iron deficiency anemias

Other deficiency anemias

Hereditary hemolytic anemias

Acquired hemolytic anemias

Aplastic anemia

Other and unspecified anemias

Coagulation defects

Purpura and other hemorrhagic conditions
Diseases of white blood cells

Other diseases of blood and blood-forming organs
Senile and presenile organic psychotic conditions
Alcoholic psychoses

Drug psychoses

Transient organic psychotic conditions
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294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
330
331
332
333
334
335
336
337
338
339
340
341

Other organic psychotic conditions (chronic)

Schizophrenic psychoses

Affective psychoses

Paranoid states

Other nonorganic psychoses

Psychoses with origin specific to childhood

Neurotic disorders

Personality disorders

Sexual deviations and disorders

Alcohol dependence syndrome

Drug dependence

Nondependent abuse of drugs

Physiological malfunction arising from mental factors
Special symptoms or syndromes, not elsewhere classified
Acute reaction to stress

Adjustment reaction

Specific nonpsychotic mental disorders following organic brain damage
Depressive disorder, not elsewhere classified

Disturbance of conduct, not elsewhere classified
Disturbance of emotions specific to childhood and adolescence
Hyperkinetic syndrome of childhood

Specific delays in development

Psychic factors associated with diseases classified elsewhere
Mild mental retardation

Other specified mental retardation

Unspecified mental retardation

Bacterial meningitis

Meningitis due to other organisms

Meningitis of unspecified cause

Encephalitis, myelitis, and encephalomyelitis

Intracranial and intraspinal abscess

Phlebitis and thrombophlebitis of intracranial venous sinuses
Late effects of intracranial abscess or pyogenic infection
Organic sleep disorders

Cerebral degenerations usually manifest in childhood

Other cerebral degenerations

Parkinson's disease

Other extrapyramidal disease and abnormal movement disorders
Spinocerebellar disease

Anterior horn cell disease

Other diseases of spinal cord

Disorders of the autonomic nervous system

Pain, not elsewhere classified

Other headache syndromes

Multiple sclerosis

Other demyelinating diseases of central nervous system
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342 Hemiplegia and hemiparesis

343 Infantile cerebral palsy

344 | Other paralytic syndromes

345 Epilepsy

346 Migraine

347 Cataplexy and narcolepsy

348  Other conditions of brain

349 Other and unspecified disorders of the nervous system
350 Trigeminal nerve disorders

351 Facial nerve disorders

352 Disorders of other cranial nerves

353 Nerve root and plexus disorders

354 ' Mononeuritis of upper limb and mononeuritis multiplex
355 Mononeuritis of lower limb

356  Hereditary and idiopathic peripheral neuropathy

357 Inflammatory and toxic neuropathy

358 | Myoneural disorders

359 Muscular dystrophies and other myopathies

360 = Disorders of the globe

361 Retinal detachments and defects

362  Other retinal disorders

363 Chorioretinal inflammations and scars and other disorders of choroid
364  Disorders of iris and ciliary body

365 Glaucoma

366 Cataract

367 Disorders of refraction and accommodation

368 = Visual disturbances

369 Blindness and low vision

370 = Keratitis

371 Corneal opacity and other disorders of cornea

372  Disorders of conjunctiva

373 Inflammation of eyelids

374 = Other disorders of eyelids

375 Disorders of lacrimal system

376 = Disorders of the orbit

377 Disorders of optic nerve and visual pathways

378  Strabismus and other disorders of binocular eye movements
379 Other disorders of eye

380 Disorders of external ear

381 Nonsuppurative otitis media and Eustachian tube disorders
382 ' Suppurative and unspecified otitis media

383 Mastoiditis and related conditions

384 ' Other disorders of tympanic membrane

385 Other disorders of middle ear and mastoid

386 = Vertiginous syndromes and other disorders of vestibular system
387 Otosclerosis



388
389
390
391
392
393
394
395
396
397
398
401
402
403
404
405
410
411
412
413
414
415
416
417
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
440
441
442

Other disorders of ear

Hearing loss

Rheumatic fever without mention of heart involvement
Rheumatic fever with heart involvement
Rheumatic chorea

Chronic rheumatic pericarditis

Diseases of mitral valve

Diseases of aortic valve

Diseases of mitral and aortic valves
Diseases of other endocardial structures
Other rheumatic heart disease

Essential hypertension

Hypertensive heart disease
Hypertensive renal disease
Hypertensive heart and renal disease
Secondary hypertension

Acute myocardial infarction

Other acute and subacute form of ischemic heart disease
Old myocardial infarction

Angina pectoris

Other forms of chronic ischemic heart disease
Acute pulmonary heart disease

Chronic pulmonary heart disease

Other diseases of pulmonary circulation
Acute pericarditis

Acute and subacute endocarditis

Acute myocarditis

Other diseases of pericardium

Other diseases of endocardium
Cardiomyopathy

Conduction disorders

Cardiac dysrhythmias

Heart failure

I11-defined descriptions and complications of heart disease

Subarachnoid hemorrhage

Intracerebral hemorrhage

Other and unspecified intracranial hemorrhage
Occlusion and stenosis of precerebral arteries
Occlusion of cerebral arteries

Transcient cerebral ischemia

Acute but ill-defined cerebrovascular disease
Other and ill-defined cerebrovascular disease
Late effects of cerebrovascular disease
Atherosclerosis

Aortic aneurysm and dissection

Other aneurysm
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443
444
445
446
447
448
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
470
471
472
473
474
475
476
477
478
480
481
482
483
484
485
486
487
488
490
491
492
493
494
495

Other peripheral vascular disease

Avrterial embolism and thrombosis
Atheroembolism

Polyarteritis nodosa and allied conditions
Other disorders of arteries and arterioles
Diseases of capillaries

Phlebitis and thrombophlebitis

Portal vein thrombosis

Other venous embolism and thrombosis
Varicose veins of lower extremities
Hemorrhoids

Varicose veins of other sites

Noninfective disorders of lymphatic channels
Hypotension

Other disorders of circulatory system

Acute nasopharyngitis [common cold]

Acute sinusitis

Acute pharyngitis

Acute tonsillitis

Acute laryngitis and tracheitis

Acute upper respiratory infections of multiple or unspecified sites
Acute bronchitis and bronchiolitis

Deviated nasal septum

Nasal polyps

Chronic pharyngitis and nasopharyngitis
Chronic sinusitis

Chronic disease of tonsils and adenoids
Peritonsillar abscess

Chronic laryngitis and laryngotracheitis
Allergic rhinitis

Other diseases of upper respiratory tract
Viral pneumonia

Pneumococcal pneumonia [Streptococcus pneumoniae pneumonia]
Other bacterial pneumonia

Pneumonia due to other specified organism
Pneumonia in infectious diseases classified elsewhere
Bronchopneumonia, organism unspecified
Pneumonia, organism unspecified

Influenza

Influenza due to identified avian influenza virus
Bronchitis, not specified as acute or chronic
Chronic bronchitis

Emphysema

Asthma

Bronchiectasis

Extrinsic allergic alveolitis
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496
500
501
502
503
504
505
506
507
508
510
511
512
513
514
SN
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
540
541
542
543
550
551
552

Chronic airways obstruction, not elsewhere classified
Coalworkers' pneumoconiosis

Asbestosis

Pneumoconiosis due to other silica or silicates
Pneumoconiosis due to other inorganic dust
Pneumopathy due to inhalation of other dust
Pneumoconiosis, unspecified

Respiratory conditions due to chemical fumes and vapors
Pneumonitis due to solids and liquids

Respiratory conditions due to other and unspecified external agents
Empyema

Pleurisy

Pneumothorax

Abscess of lung and mediastinum

Pulmonary congestion and hypostasis

Postinflammatory pulmonary fibrosis

Other alveolar and parietoalveolar pneumopathy

Lung involvement in conditions classified elsewhere
Other diseases of lung

Other diseases of respiratory system

Disorders of tooth development and eruption

Diseases of hard tissues of teeth

Diseases of pulp and periapical tissues

Gingival and periodontal diseases

Dentofacial anomalies, including malocclusion

Other diseases and conditions of the teeth and supporting structures
Diseases of the jaws

Diseases of the salivary glands

Diseases of the oral soft tissues, excluding lesions specific for gingiva and tongue
Diseases and other conditions of the tongue

Diseases of esophagus

Gastric ulcer

Duodenal ulcer

Peptic ulcer, site unspecified

Gastrojejunal ulcer

Gastritis and duodenitis

Disorders of function of stomach

Other disorders of stomach and duodenum
Gastrointestinal mucositis (ulcerative)

Acute appendicitis

Appendicitis, unqualified

Other appendicitis

Other diseases of appendix

Inguinal hernia

Other hernia of abdominal cavity, with gangrene

Other hernia of abdominal cavity, with obstruction, but without mention of gangrene
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553
555
556
557
558
560
562
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602

Other hernia of abdominal cavity without mention of obstruction or gangrene
Regional enteritis

Ulcerative colitis

Vascular insufficiency of intestine

Other noninfective gastroenteritis and colitis
Intestinal obstruction without mention of hernia
Diverticula of intestine

Functional digestive disorders, not elsewhere classified
Anal fissure and fistula

Abscess of anal and rectal regions

Peritonitis

Other disorders of peritoneum

Other disorders of intestine

Acute and subacute necrosis of liver

Chronic liver disease and cirrhosis

Liver abscess and sequelae of chronic liver disease
Other disorders of liver

Cholelithiasis

Other disorders of gallbladder

Other disorders of biliary tract

Diseases of pancreas

Gastrointestinal hemorrhage

Intestinal malabsorption

Acute glomerulonephritis

Nephrotic syndrome

Chronic glomerulonephritis

Nephritis and nephropathy, not specified as acute or chronic
Acute renal failure

Chronic renal failure

Renal failure, unspecified

Renal sclerosis, unspecified

Disorders resulting from impaired renal function
Small kidney of unknown cause

Infections of kidney

Hydronephrosis

Calculus of kidney and ureter

Other disorders of kidney and ureter

Calculus of lower urinary tract

Cystitis

Other disorders of bladder

Urethritis, not sexually transmitted, and urethral syndrome
Urethral stricture

Other disorders of urethra and urinary tract
Hyperplasia of prostate

Inflammatory diseases of prostate

Other disorders of prostate
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603 = Hydrocele

604 Orchitis and epididymitis

605 Redundant prepuce and phimosis

606 Infertility, male

607 = Disorders of penis

608 Other disorders of male genital organs

610 Benign mammary dysplasias

611 Other disorders of breast

612 Deformity and disproportion of reconstructed breast

614 Inflammatory disease of ovary, fallopian tube, pelvic cellular tissue, and peritoneum
615 Inflammatory diseases of uterus, except cervix

616 Inflammatory disease of cervix, vagina, and vulva

617 = Endometriosis

618 Genital prolapse

619 Fistula involving female genital tract

620 Noninflammatory disorders of ovary, fallopian tube, and broad ligament
621 Disorders of uterus, not elsewhere classified

622 Noninflammatory disorders of cervix

623 = Noninflammatory disorders of vagina

624 Noninflammatory disorders of vulva and perineum

625 = Pain and other symptoms associated with female genital organs

626 Disorders of menstruation and other abnormal bleeding from female genital tract
627 Menopausal and postmenopausal disorders

628 Infertility, female

629 Other disorders of female genital organs

630 Hydatidiform mole

631 Other abnormal product of conception

632 Missed abortion

633  Ectopic pregnancy

634 Spontaneous abortion

635 ' Legally induced abortion

636 Illegally induced abortion

637 = Unspecified abortion

638 Failed attempted abortion

639 = Complications following abortion and ectopic and molar pregnancies
640 Hemorrhage in early pregnancy

641 Antepartum hemorrhage, abruptio placentae, and placenta previa
642 Hypertension complicating pregnancy, childbirth, and the puerperium
643  Excessive vomiting in pregnancy

644 Early or threatened labor

645  Prolonged pregnancy

646 Other complications of pregnancy, not elsewhere classified

647 | Infective and parasitic conditions in the mother classifiable elsewhere but complicating
pregnancy, childbirth, and the puerperium

648 Other current conditions in the mother classifiable elsewhere but complicating pregnancy,
childbirth, and the puerperium

649 Other conditions or status of the mother complicating pregnancy, childbirth, or the puerperium
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650
651
652
653
654
655
656
657
658
659

660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
690
691
692
693
694
695
696
697
698

Normal delivery

Multiple gestation

Malposition and malpresentation of fetus

Disproportion

Abnormality of organs and soft tissues of pelvis

Known or suspected fetal abnormality affecting management of mother
Other fetal and placental problems affecting management of mother
Polyhydramnios

Other problems associated with amniotic cavity and membranes

Other indications for care or intervention related to labor and delivery and not elsewhere
classified
Obstructed labor

Abnormality of forces of labor

Long labor

Umbilical cord complications

Trauma to perineum and vulva during delivery

Other obstetrical trauma

Postpartum hemorrhage

Retained placenta or membranes, without hemorrhage

Complications of the administration of anesthetic or other sedation in labor and delivery
Other complications of labor and delivery, not elsewhere classified
Major puerperal infection

Venous complications in pregnancy and the puerperium

Pyrexia of unknown origin during the puerperium

Obstetrical pulmonary embolism

Other and unspecified complications of the puerperium, not elsewhere classified
Infections of the breast and nipple associated with childbirth

Other disorders of the breast associated with childbirth, and disorders of lactation
Late effect of complication of pregnancy, childbirth, and the puerperium
Other fetal conditions

Complications of in utero procedures

Carbuncle and furuncle

Cellulitis and abscess of finger and toe

Other cellulitis and abscess

Acute lymphadenitis

Impetigo

Pilonidal cyst

Other local infections of skin and subcutaneous tissue
Erythematosquamous dermatosis

Atopic dermatitis and related conditions

Contact dermatitis and other eczema

Dermatitis due to substances taken internally

Bullous dermatoses

Erythematous conditions

Psoriasis and similar disorders

Lichen

Pruritus and related conditions
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700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745

Corns and callosities

Other hypertrophic and atrophic conditions of skin

Other dermatoses

Diseases of nail

Diseases of hair and hair follicles

Disorders of sweat glands

Diseases of sebaceous glands

Chronic ulcer of skin

Urticaria

Other disorders of skin and subcutaneous tissue

Diffuse diseases of connective tissue

Arthropathy associated with infections

Crystal arthropathies

Arthropathy associated with other disorders classified elsewhere
Rheumatoid arthritis and other inflammatory polyarthropathies
Osteoarthrosis and allied disorders

Other and unspecified arthropathies

Internal derangement of knee

Other derangement of joint

Other and unspecified disorder of joint

Ankylosing spondylitis and other inflammatory spondylopathies
Spondylosis and allied disorders

Intervertebral disc disorders

Other disorders of cervical region

Other and unspecified disorders of back

Polymyalgia rheumatica

Peripheral enthesopathies and allied syndromes

Other disorders of synovium, tendon, and bursa

Disorders of muscle, ligament, and fascia

Other disorders of soft tissues

Osteomyelitis, periostitis, and other infections involving bone
Osteitis deformans and osteopathies associated with other disorders classified elsewhere
Osteochondropathies

Other disorders of bone and cartilage

Flat foot

Acquired deformities of toe

Other acquired deformities of limbs

Curvature of spine

Other acquired deformity

Nonallopathic lesions, not elsewhere classified

Anencephalus and similar anomalies

Spina bifida

Other congenital anomalies of nervous system

Congenital anomalies of eye

Congenital anomalies of ear, face, and neck

Bulbus cordis anomalies and anomalies of cardiac septal closure
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746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
77
778
779
780
781
782
783
784
785
786
787
788
789
790
791

Other congenital anomalies of heart

Other congenital anomalies of circulatory system

Congenital anomalies of respiratory system

Cleft palate and cleft lip

Other congenital anomalies of upper alimentary tract

Other congenital anomalies of digestive system

Congenital anomalies of genital organs

Congenital anomalies of urinary system

Certain congenital musculoskeletal deformities

Other congenital anomalies of limbs

Other congenital musculoskeletal anomalies

Congenital anomalies of the integument

Chromosomal anomalies

Other and unspecified congenital anomalies

Fetus or newborn affected by maternal conditions which may be unrelated to present pregnancy
Fetus or newborn affected by maternal complications of pregnancy
Fetus or newborn affected by complications of placenta, cord, and membranes
Fetus or newborn affected by other complications of labor and delivery
Slow fetal growth and fetal malnutrition

Disorders relating to short gestation and unspecified low birthweight
Disorders relating to long gestation and high birthweight

Birth trauma

Intrauterine hypoxia and birth asphyxia

Respiratory distress syndrome

Other respiratory conditions of fetus and newborn

Infections specific to the perinatal period

Fetal and neonatal hemorrhage

Hemolytic disease of fetus or newborn, due to isoimmunization

Other perinatal jaundice

Endocrine and metabolic disturbances specific to the fetus and newborn
Hematological disorders of fetus and newborn

Perinatal disorders of digestive system

Conditions involving the integument and temperature regulation of fetus and newborn
Other and ill-defined conditions originating in the perinatal period
General symptoms

Symptoms involving nervous and musculoskeletal systems

Symptoms involving skin and other integumentary tissue

Symptoms concerning nutrition, metabolism, and development
Symptoms involving head and neck

Symptoms involving cardiovascular system

Symptoms involving respiratory system and other chest symptoms
Symptoms involving digestive system

Symptoms involving urinary system

Other symptoms involving abdomen and pelvis

Nonspecific findings on examination of blood

Nonspecific findings on examination of urine
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792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828

829
830
831
832
833
834
835
836
837

Nonspecific abnormal findings in other body substances
Nonspecific abnormal findings on radiological and other examination of body structure
Nonspecific abnormal results of function studies

Nonspecific abnormal histological and immunological findings
Other nonspecific abnormal findings

Senility without mention of psychosis

Sudden death, cause unknown

Other ill-defined and unknown causes of morbidity and mortality
Fracture of vault of skull

Fracture of base of skull

Fracture of face bones

Other and unqualified skull fractures

Multiple fractures involving skull or face with other bones
Fracture of vertebral column without mention of spinal cord lesion
Fracture of vertebral column with spinal cord lesion

Fracture of rib(s), sternum, larynx, and trachea

Fracture of pelvis

I11-defined fractures of bones of trunk

Fracture of clavicle

Fracture of scapula

Fracture of humerus

Fracture of radius and ulna

Fracture of carpal bone(s)

Fracture of metacarpal bone(s)

Fracture of one or more phalanges of hand

Multiple fractures of hand bones

I11-defined fractures of upper limb

Multiple fractures involving both upper limbs, and upper limb with rib(s) and sternum
Fracture of neck of femur

Fracture of other and unspecified parts of femur

Fracture of patella

Fracture of tibia and fibula

Fracture of ankle

Fracture of one or more tarsal and metatarsal bones

Fracture of one or more phalanges of foot

Other, multiple, and ill-defined fractures of lower limb

Multiple fractures involving both lower limbs, lower with upper limb, and lower limb(s) with
rib(s) and sternum
Fracture of unspecified bones

Dislocation of jaw
Dislocation of shoulder
Dislocation of elbow
Dislocation of wrist
Dislocation of finger
Dislocation of hip
Dislocation of knee
Dislocation of ankle
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838
839
840
841
842
843
844
845
846
847
848
850
851
852
853
854
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
890
891

Dislocation of foot

Other, multiple, and ill-defined dislocations

Sprains and strains of shoulder and upper arm

Sprains and strains of elbow and forearm

Sprains and strains of wrist and hand

Sprains and strains of hip and thigh

Sprains and strains of knee and leg

Sprains and strains of ankle and foot

Sprains and strains of sacroiliac region

Sprains and strains of other and unspecified parts of back
Other and ill-defined sprains and strains

Concussion

Cerebral laceration and contusion

Subarachnoid, subdural, and extradural hemorrhage, following injury
Other and unspecified intracranial hemorrhage following injury
Intracranial injury of other and unspecified nature
Traumatic pneumothorax and hemothorax

Injury to heart and lung

Injury to other and unspecified intrathoracic organs

Injury to gastrointestinal tract

Injury to liver

Injury to spleen

Injury to kidney

Injury to pelvic organs

Injury to other intra-abdominal organs

Internal injury to unspecified or ill-defined organs

Open wound of ocular adnexa

Open wound of eyeball

Open wound of ear

Other open wound of head

Open wound of neck

Open wound of chest (wall)

Open wound of back

Open wound of buttock

Open wound of genital organs (external), including traumatic amputation
Open wound of other and unspecified sites, except limbs
Open wound of shoulder and upper arm

Open wound of elbow, forearm, and wrist

Open wound of hand except finger(s) alone

Open wound of finger(s)

Multiple and unspecified open wound of upper limb
Traumatic amputation of thumb (complete) (partial)
Traumatic amputation of other finger(s) (complete) (partial)
Traumatic amputation of arm and hand (complete) (partial)
Open wound of hip and thigh

Open wound of knee, leg [except thigh], and ankle
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892 Open wound of foot except toe(s) alone

893 ' Open wound of toe(s)

894 Multiple and unspecified open wound of lower limb
895 = Traumatic amputation of toe(s) (complete) (partial)
896 Traumatic amputation of foot (complete) (partial)

897  Traumatic amputation of leg(s) (complete) (partial)
900 Injury to blood vessels of head and neck

901 ' Injury to blood vessels of thorax

902 Injury to blood vessels of abdomen and pelvis

903 ' Injury to blood vessels of upper extremity

904 Injury to blood vessels of lower extremity and unspecified sites
905 ' Late effects of musculoskeletal and connective tissue injuries
906 Late effects of injuries to skin and subcutaneous tissues
907 Late effects of injuries to the nervous system

908 Late effects of other and unspecified injuries

909  Late effects of other and unspecified external causes
910 Superficial injury of face, neck, and scalp except eye
911 | Superficial injury of trunk

912 Superficial injury of shoulder and upper arm

913 = Superficial injury of elbow, forearm, and wrist

914  Superficial injury of hand(s) except finger(s) alone

915 = Superficial injury of finger(s)

916  Superficial injury of hip, thigh, leg, and ankle

917 = Superficial injury of foot and toe(s)

918 Superficial injury of eye and adnexa

919 = Superficial injury of other, multiple, and unspecified sites
920 Contusion of face, scalp, and neck except eye(s)

921 Contusion of eye and adnexa

922 Contusion of trunk

923 ' Contusion of upper limb

924  Contusion of lower limb and of other and unspecified sites
925 | Crushing injury of face, scalp, and neck

926 = Crushing injury of trunk

927 | Crushing injury of upper limb

928 Crushing injury of lower limb

929  Crushing injury of multiple and unspecified sites

930 Foreign body on external eye

931  Foreign body in ear

932 Foreign body in nose

933 ' Foreign body in pharynx and larynx

934 Foreign body in trachea, bronchus, and lung

935 | Foreign body in mouth, esophagus, and stomach

936 Foreign body in intestine and colon

937 | Foreign body in anus and rectum

938 Foreign body in digestive system, unspecified

939 | Foreign body in genitourinary tract



940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976

977
978
979
980
981
982
983
984
985

Burn confined to eye and adnexa

Burn of face, head, and neck

Burn of trunk

Burn of upper limb, except wrist and hand

Burn of wrist(s) and hand(s)

Burn of lower limb(s)

Burns of multiple specified sites

Burn of internal organs

Burns classified according to extent of body surface involved

Burn, unspecified

Injury to optic nerve and pathways

Injury to other cranial nerve(s)

Spinal cord injury without evidence of spinal bone injury

Injury to nerve roots and spinal plexus

Injury to other nerve(s) of trunk excluding shoulder and pelvic girdles
Injury to peripheral nerve(s) of shoulder girdle and upper limb

Injury to peripheral nerve(s) of pelvic girdle and lower limb

Injury to other and unspecified nerves

Certain early complications of trauma

Injury, other and unspecified

Poisoning by antibiotics

Poisoning by other anti-infectives

Poisoning by hormones and synthetic substitutes

Poisoning by primarily systemic agents

Poisoning by agents primarily affecting blood constituents

Poisoning by analgesics, antipyretics, and antirheumatics

Poisoning by anticonvulsants and anti-Parkinsonism drugs

Poisoning by sedatives and hypnotics

Poisoning by other central nervous system depressants and anesthetics
Poisoning by psychotropic agents

Poisoning by central nervous system stimulants

Poisoning by drugs primarily affecting the autonomic nervous system
Poisoning by agents primarily affecting the cardiovascular system
Poisoning by agents primarily affecting the gastrointestinal system
Poisoning by water, mineral, and uric acid metabolism drugs
Poisoning by agents primarily acting on the smooth and skeletal muscles and respiratory system

Poisoning by agents primarily affecting skin and mucous membrane, ophthalmological,
otorhinolaryngological, and dental drugs
Poisoning by other and unspecified drugs and medicinals

Poisoning by bacterial vaccines

Poisoning by other vaccines and biological substances

Toxic effect of alcohol

Toxic effect of petroleum products

Toxic effect of solvents other than petroleum-based

Toxic effect of corrosive aromatics, acids, and caustic alkalis
Toxic effect of lead and its compounds (including fumes)
Toxic effect of other metals
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986
987
988
989
990
991
992
993
994
995
996
997
998
999

Toxic effect of carbon monoxide

Toxic effect of other gases, fumes, or vapors

Toxic effect of noxious substances eaten as food

Toxic effect of other substances, chiefly nonmedicinal as to source
Effects of radiation, unspecified

Effects of reduced temperature

Effects of heat and light

Effects of air pressure

Effects of other external causes

Certain adverse effects, not elsewhere classified

Complications peculiar to certain specified procedures
Complications affecting specified body systems, not elsewhere classified
Other complications of procedures, not elsewhere classified
Complications of medical care, not elsewhere classified
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