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Abstract

The steady elaboration of the Metagenomic and Metadesign of Subways and Urban
Biomes (MetaSUB) international consortium project raises important new questions
about the origin, variation, and antimicrobial resistance of the collected samples. CAMDA
(Critical Assessment of Massive Data Analysis, http://camda.info/) forum organizes
annual challenges where different bioinformatics and statistical approaches are tested
on samples collected around the world for bacterial classification and prediction of
geographical origin. This work proposes a method which not only predicts the locations
of unknown samples, but also estimates the relative risk of antimicrobial resistance
through spatial modeling. We introduce a new component in the standard analysis as
we apply a Bayesian spatial convolution model which accounts for spatial structure
of the data as defined by the longitude and latitude of the samples and assess the
relative risk of antimicrobial resistance taxa across regions which is relevant to public
health. We can then use the estimated relative risk as a new measure for antimicrobial
resistance. We also compare the performance of several machine learning methods, such
as Gradient Boosting Machine, Random Forest, and Neural Network to predict the
geographical origin of the mystery samples. All three methods show consistent results
with some superiority of Random Forest classifier. In our future work we can consider
a broader class of spatial models and incorporate covariates related to the environment
and climate profiles of the samples to achieve more reliable estimation of the relative
risk related to antimicrobial resistance.

AbcrpakT

HempexkbcHaTOTO pa3BUTHE HAa MEXKIYHAPOIHUASA MPOEKT Ha KOHcoprmyMa Metagenomic
1 Metadesign of Subways and Urban Biomes (MetaSUB) nosaura HOBH BazKHH BbIIPO-
CH 3a MIPOW3X0/a, BApUAINUTE U aHTUMUKPOOHATA PE3UCTEHTHOCT HA ChOpaHuTe Mpoomu.
®opymbr CAMDA (Critical Assessment of Massive Data Analysis, http://camda.info/)
OpraHu3upa €XKEeTOJHU CbPEBHOBAHHSA, K'bIETO PA3JTHIHUA OHOMHMOPMATHIHU U CTATH-
CTHYECKH ITOJIXOJ/IH C€ TeCTBAT BHPXY P00, ChbOpaHH 110 IeJIHs CBAT, 3a KJIacupuiupane
Ha DaKTepHHUTe U MPOTrHO3UPaHe Ha reorpadckus UM mpounsxon. B rasum pabora ce mpes-
Jlara MeTO[, KOWTO He CaMO MpeCKa3Ba MECTOIMOJIOKEHNeTO HA HeM3BECTHH ITPOOM, HO
1 OIEHSBA OTHOCHUTEJIHUS PUCK OT aHTUMHUKPOOHA PE3UCTEHTHOCT Ype3 MPOCTPAHCTBEHO
Mojiesinpane. Hue BbBek1aMe HOB KOMIIOHEHT B CTaHIaPTHHUS aHAJIU3, T'bil KATO IpuJia-
raMe BeiicoB mpocTpancTBeH KOHBOJIIOIUOHEH MOJE, KOUTO OTYUTA IPOCTPAHCTBEHATA



CTPYKTYpa Ha JaHHHTE, ompejeaeHa oT reorpadckarta IbIKUHA W IMHPHHA Ha MPO-
OouTe, U OIEHABA OTHOCHUTEJHHS PUCK OT TAKCOHH C AHTHUMHUKPOOHA PE3HCTEHTHOCT B
pPa3/JIMIHUTE PErHOHHU, KOETO € OT 3HadeHue 3a obiiecTBeHoTo 3apase. Ciex ToBa MO-
JKeM JIa M3I0JI3BaMe OICHEHHsI OTHOCUTEIEH PUCK KAaTo HOBa MAPKA 34 aHTHUMHKPOOHA
pesucrenTHOCT. Hue ¢bino Taka cpaBHsABaMe e(DEKTHBHOCTTA Ha HIKOJIKO METOIA 33 Ma-
muHHO 00y uenne, karo Gradient Boosting Machine, Random Forest u Neural Network,
3a Ja OpeJcKazkeM reorpadCKus IpPOM3X0 Ha MUCTEPHO3HHTEe npodu. VI Tpure mMeTo-
J1a TOKA3BaT ChbBMECTHMH PE3YJITATH C HU3BECTHO IPEBB3XOJICTBO Ha KIACH(MHKATOPA
Random Forest. B 0baemara au pabora Hue MOKeM Ja pasriaegaMe MO-ITHPOK KJac
HPOCTPAHCTBEHH MOJEIN W Jia BKJAIOYHM KOBapUATH, CBbP3aHH C OKOJHATA Cpeaa u
KANMATHIHATE TPOIAN Ha TpoduTe, 3a /1a MOCTHIHEM TO-HAAEXK/IHA OIEHKA HA OTHO-
CUTEJIHHUSI PUCK, CBbP3aH ¢ aHTUMHKPOOHATA PE3UCTEHTHOCT.
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Abstract

Genetic differences in acute behavioral responses to ethanol contribute to the susceptibility
to alcohol use disorder and the reduction of anxiety is a commonly reported motive
underlying ethanol consumption among alcoholics. Therefore, we studied the genetic
variance in anxiolytic-like responses to ethanol across the BXD recombinant inbred
(RI) mouse panel using the light-dark transition model of anxiety. Strain-mean genetic
mapping and a mixed-model quantitative trait loci (QTL) analysis replicated several
previously published QTL for locomotor activity and identified several novel anxiety-
related loci. Significant loci included a chromosome 11 saline anxiety-like QTL (Salanq1)
and a chromosome 12 locus (Etanql) influencing the anxiolytic-like response to ethanol.
Etanql was successfully validated by studies with BXD advanced intercross strains and
fine-mapped to a region comprising less than 3.5 Mb. Through integration of genome-
wide mRNA expression profiles of the mesocorticolimbic reward circuit (prefrontal
cortex, nucleus accumbens and ventral midbrain) across the BXD RI panel, we identified
high priority candidate genes within Etanql, the strongest of which was Ninein (Nin),

a Gsk3[-interacting protein that is highly expressed in the brain.

AbcrpakT

FeHeTI/IqHI/ITe pa3jindud B OCTpUTE IOBEACHYCCKHU PECAKIMKN KbM €TaHOJI JOIIPDHUHACAT 3a
HOJATIMBOCTTA K'bM AMKOXOJU3bM U HAMA/ISIBAHETO HA TPEBOXKHOCTTA € YeCTO ChoOIa-
BaH MOTHB, KONTO € B OCHOBaTa HA KOHCYMAIMSATA HA €TaHOJ cpej ajgkoxoauiure. [To-
pajii TOBa, MPOYUYUXME MeHeTHUHUTE PA3JIUINsS B aHKCHOJUTHIHO-TOJIOOHUTE PEeaKIUU
K'bM €TaHOJI B aHe a Ha pekoMOuHanTHUTe nHOpeaau (RI) mumkn BXD, kaTo n3noss-
BaxXxMe MoJdeJia Ha TPEeBO2KHOCT 1IPpU 1IPpeXo/d CBE€TJIMHA-T'bMHUHA. FeHeTI/IqHOTO MallupaHe
Ha CpeJiHUTe W aHaIu3bT Ha KomdecTBeHn JoKycn (QTL) cbe evecen momesn Bb3Mpo-
n3Beje HAKOJIKO mybankyBanu mo-pano QTL 3a JIokoMOTOpHA aKTUBHOCT W U I€HTHMOHU-
Upa HAKOJKO HOBHU JIOKYCA, CBbP3aHU C TPEBOXKHOCTTA. SHAYUMHUTE JIOKYCH BKJIIOUBAT
QTL 3a TpeBoxkHOCT, MOJ00HA HA MHIAYIUPAHA OT (PUSHOJOTHUYEH PA3TBOP, HA XPOMO-
soma 11 (Salanql) u mokyc Ha xpomosoma 12 (Etanql), Bausiern BbpXy aHKCHOJATHYHO
no00Ha peaknusa K'bM eTanos. Ktangl Gerre ycmemHo BauaupaH 4pe3 NPOyUBaHUS C



HanpeaHAIN MexKaynoaoBu mamore BXD u e Touno kaprorpadupan B permoH, ooxBa-
AL To-MaJIKo oT 3,5 Mb. Upes unrerpupane na npodpunnte Ha ekcrpecud na MPHK B
[eJTMsI TeHOM Ha Me30KOPTHUKOJIMMONYHATA BepHra 3a Bb3Harpazkienue (mpedpoHTaaHa
Kopa, nucleus accumbens u BeHTpaJieH cpejieH Mo3bK) B nanesa BXD RI, uue umentu-
dunupaxMe BUCOKOIPUOPUTETHN KaH/HIAT-TeHn B paMKuTe Ha Etanql, Hafi-cuinusar
ot kouto Gerre Ninein (Nin), Gsk3[-B3anmo/ieiicTBal mpoTenH, KOWTO € CHITHO eKCIIPe-
CHpaH B MO3bKA.
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Abstract

The mammalian CNS is one of the most complex biological systems to understand at the
molecular level. The temporal information from time series transcriptome analysis can

serve as a potent source of associative information between developmental processes and
regulatory genes. Here, we introduce a new transcriptome database called, Cerebellar
Gene Regulation in Time and Space (CbGRITS). This dataset is populated with transcriptome
data across embryonic and postnatal development from two standard mouse strains,
C57BL/6J and DBA /2], several recombinant inbred lines and cerebellar mutant strains.

Users can evaluate expression profiles across cerebellar development in a deep time series

with graphical interfaces for data exploration and link-out to anatomical expression
databases. We present three analytical approaches that take advantage of specific aspects

of the time series for transcriptome analysis. We demonstrate the use of CbGRiTS
dataset as a community resource to explore patterns of gene expression and develop
hypotheses concerning gene regulatory networks in brain development.

AbcrpakT

HHC na 6o3aiiHUIUTE € eIHa OT Hail-CJIOXKHUTE OMOJIOTUYHH CUCTEMU 3a pa3dupaHe Ha
MOJIEKYJIIPHO HUBO. Bpemesara nndopMaiys 0T aHaIn3a HA TPAHCKPUITOMHU BPEMEBH
cepuy MOXKe J1a MOCJTYKH KATO MOIIEH U3TOYHUK HA ACOIMUATHUBHA HH(MDOPMAIIA MEKITY
IPOIECUTEe HA PA3BUTHE U PeryIaTopHATe reHu. TyK mpeicTaBsaMe HOBA TPAHCKPUITOM-
Ha 6asa nanuu, HapedeHa Cerebellar Gene Regulation in Time and Space (CbGRiTS).
Taszm 6a3a JaHHW ce CHCTOU OT TPAHCKPUNTOMHH JIAHHW OT eMOPHUOHATHOTO U TOCTHA~
TAJIHOTO pa3BUTHE HA ABa crampaprau mama mumku, C57BL/6J u DBA /2], nsakosako
peKOMOMHAHTHU WHOpeaHUW JUHUU U Tepebesapun MyTanTHH Tamose. [lorpeburen-
Te MOTaT /i3 OIEHIBAT eKCIPECHOHHNTE MPOMUIN Ha MO3BIHOTO PA3BUTHE B JIHIOOKU
BPEMEBU CEPHUH C MOMOINTa Ha IpaduvHN nHTepdelichn 3a u3cjJeBaHe HA JaHHW U J1a
CBBP3BAT TOBA ¢ AHATOMUYHU eKCIIPeCUOHHN 0a3u Aanau. Hue npeacraBsye Tpu aHaIu-
THYHE T0/IX0/1a, KOUTO C€ BDH3MOA3BAT OT Clenu(uIHN aCIeKTH Ha BPEMEBUTE CEPUU 33
anajm3 Ha Tpanckpunrtomure. Hue memoncrpupame m3nonssanero va CbGRITS karo
pecypc Ha OOITHOCTTA 3a MW3CJIe/IBaHE HA MOJIEJINTE HA TeHHA eKCIIpecus U pa3paboTBaHe
Ha XWIOTe3W OTHOCHO TeHHHUTE PeryJaTOPHU MPeXKH B PA3BUTUETO HA MO3BKA.
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Gargalovic, P., Pellegrini, M., Kirchgessner, T., Lusis, A.J., Unraveling inflammatory
responses using systems genetics and gene-environment interactions in macrophages,
(2012) Cell, 151 (3), pp. 658-670., DOI: 10.1016/j.cell.2012.08.043

Abstract

Many common diseases have an important inflammatory component mediated in part by
macrophages. Here we used a systems genetics strategy to examine the role of common
genetic variation in macrophage responses to inflammatory stimuli. We examined genome-
wide transcript levels in macrophages from 92 strains of the Hybrid Mouse Diversity
Panel. We exposed macrophages to control media, bacterial lipopolysaccharide (LPS),
or oxidized phospholipids. We performed association mapping under each condition
and identified several thousand expression quantitative trait loci (eQTL), gene-by-
environment interactions, and eQTL "hot spots'"that specifically control LPS responses.
We used siRNA knockdown of candidate genes to validate an eQTL hot spot in chromosome
8 and identified the gene 2310061C15Rik as a regulator of inflammatory responses in
macrophages. We have created a public database where the data presented here can
be used as a resource for understanding many common inflammatory traits that are
modeled in the mouse and for the dissection of regulatory relationships between genes.

AbcTpakT

MHOFO qeCTO CpelllaHu 3&60JIHB&HI/IH UMaT BazKCH B'b3HaJIUTEJI€eH KOMIIOHCHT, KOWTO OT-
qacTu ce Moayaupa ot makpodarute. Tyk m3moszBaxme cTpaTerusita Ha CHCTEMHATA
reHeTHKa, 3a Jla U3YYUM pPOJIdTa Ha OOIMUTE IeHeTUYHH BapUAIIMU B OTTOBOPA HA MaKpO-
darure KbM Bb3NAJTUTEHE CTUMYIU. V3caeaBaxyMe HUBaTa HA TPAHCKPUIITUTE B IEINAA
reHOM Ha Makpodaru ot 92 mama ot nanesta Ha xubpugaure Muinku (Hybrid Mouse
Diversity Panel). Hue mogyoxkuxme mMakpodarure Ha KOHTPOJIHA cpeja, GaKTepuaieH
munononnzaxapun (LPS) win okuciern dbocdommmumu. M3Bbpinmuxme acormuannipaso
MalupaHe IpH BCAKO YCJIOBHE U HACHTHMHUIHPAXMe HIKOJIKO XU JOKYCa C KOJIH-
4ecTBeHM XapakTepucTuku Ha ekcnpecusta (eQTL), B3aumogeldcTBust MexK1y TeHH W
cpena u eQTL "ropemu TOUKYM KOUTO CHEIMMUIHO KOHTPOIAPAT OTroBopuTe mpu LPS.
NsnoasBaxme siRNA HokgayH Ha KaHammarT-rend, 3a ga Baaugupame emxra eQTL rope-
ma TOYKa Ha Xxpomo3oma 8 u uaentudumupaxme reaa 2310061C15Rik xkaro peryrarop
Ha Bb3MAJUTEJTHUTE peakiuu B Makpodarure. Cb3agoxMe mybandHa Oa3a JaHHU, B
KOSITO IpeJICTaBeHUTE TYK JAHHH MOTAT JIa Ce€ U3IOJ3BAT KATO pecype 3a pa3dupaHe Ha
MHOT'O OOIIY BB3MAJUTETHH HPU3HAIM, KOUTO C€ MOJEIUpAT IPHU MUIIKHTE H 33 pas-
YJICHABaHE Ha PEryjlaTOpHUTE BP'b3KKW ME2KJ/y I'€CHUTC.

5. Ha, T.J., Swanson, D.J., Kirova, R., Yeung, J., Choi, K., Tong, Y., Chesler,
E.J., Goldowitz, D., Genome-wide microarray comparison reveals downstream
genes of Pax6 in the developing mouse cerebellum, (2012) European Journal
of Neuroscience, 36 (7), pp. 2888-2898., DOI: 10.1111/j.1460-9568.2012.08221.x

Abstract

The Pax6 transcription factor is expressed in cerebellar granule cells and when mutated,
as in the Sey/Sey mouse, produces granule cells with disturbed survival and migration
and with defects in neurite extension. The impact of Pax6 on other genes in the
context of cerebellar development has not been identified. In this study, we performed



transcriptome comparisons between wildtype and Pax6-null whole cerebellar tissue at
embryonic day (E) 13.5, 15.5 and 18.5 using Affymetrix arrays (U74Av2). Statistical
analyses identified 136 differentially regulated transcripts (FDR 0.05, 1.2-fold change
cutoff) over time in Pax6-null cerebellar tissue. In parallel we examined the Math1-
null granuloprival cerebellum and identified 228 down-regulated transcripts (FDR 0.05,
1.2-fold change cutoff). The intersection of these two microarray datasets produced a
total of 21 differentially regulated transcripts. For a subset of the identified transcripts,
we used qRT-PCR to validate the microarray data and demonstrated the expression in
the rhombic lip lineage and differential expression in Pax6-null cerebellum with in situ
hybridisation analysis. The candidate genes identified in this way represent direct or
indirect Pax6-downstream genes involved in cerebellar development.

AbcrpakT

Tpanckpunmuonauar ¢pakrop Pax6 ce ekcrpecupa B KJIeTKUTe Ha IepedelapHUTe Tpa-
HYJIH 1 KOPaTo € MyTHDaJ, KAKTO IPU MUIIKATa Sey/Sey, ce moJydaBaT IPaHyJIHI KJeT-
KI C HapylleHa MPeXUBAEMOCT W MUTpaIus u ¢ JedeKTH B HEyPUTHOTO YbJKaBaHe.
Bausanero na Pax6 BbpxXy Apyru reHn B KOHTEKCTA Ha Pa3BUTHETO Ha IepebeapHus
MO3BK HE € YCTaHOBEeHO. B ToBa ImpoyduBaHe HUEe H3BbPIINXMe TPAHCKPUITOMHN CpaBHe-
Hust Mek iy auB tun 1 Pax6-null Ha ngia nepebenapra rbkan B embpuonasen jen (E)
13,5, 15,5 u 18,5, karo usnosssaxme macusu Ha Affymetrix (U74Av2). Craructuaeckure
anasnsn naeaTudunupaxa 136 mudepennnanno perymmpann tpanckpunra (FDR 0,05,
1,2-fold change) ¢ Teuenne na Bpemero B Pax6-null nepebeaprara ThKaH. YCIOpeIHO ¢
TOBa, HHe H3caeaBaxme Mathl-mHyneBust rpanysonpuBrder mepebeayM U HIeHTH(UIN-
paxme 228 tpaHckpunTa ¢ nonuzkena excrpecusi(FDR 0,05, 1,2-fold change rpanuna).
CedenuneTo Ha Te3M JIBa HAOOpPA OT MUKPOUUIIOBU JAHHU Tpoaynupar oomo 21 gudepen-
[UAJTHO PEryJHPAHA TPAHCKPUIITA. 3a MOATPYNa OT HAeHTHMHUIHPAHUTE TPAHCKPUIITH,
ane u3nonseaxmve qRT-PCR, 3a ga Basmmpgupamve maHHUTE OT MUKPOYUIIOBETE U JIEMOH-
crpupaxMe ekcrupecus B 'rhombic lip lineage"u mudepenmuasna excrnpecus B Pax6-
Hy/JIeBHs mepebeyM ¢ XHOpUAU3alnoHeH aHAJIM3 in situ. VaeHTHdHUIMpaHuTe 110 TO3H
HAYNH KaHIMIAT-TEHH IMPEICTABIIBAT IUPEKTHH WIN UHIUpeKTHH Pax6-downstream
reHd, YIacTBAIl B PA3BUTUETO HA MAJIKHSI MO3bK.

6. Ji, R.-R., Ott, K.-H., Yordanova, R., Bruccoleri, R.E., FDR-FET: An
optimizing gene set enrichment analysis method, (2011) Advances and Appl.
in Bioinformatics and Chemistry, 4 (1), 37-42, DOI: 10.2147/AABC.S15840

Abstract

Gene set enrichment analysis for analyzing large profiling and screening experiments
can reveal unifying biological schemes based on previously accumulated knowledge
represented as "gene sets". Most of the existing implementations use a fixed fold-change
or P value cutoff to generate regulated gene lists. However, the threshold selection in
most cases is arbitrary, and has a significant effect on the test outcome and interpretation
of the experiment. We developed a new gene set enrichment analysis method, ie, FDR-
FET, which dynamically optimizes the threshold choice and improves the sensitivity
and selectivity of gene set enrichment analysis. The procedure translates experimental
results into a series of regulated gene lists at multiple false discovery rate (FDR) cutoffs,
and computes the P value of the overrepresentation of a gene set using a Fisher’s exact



test (FET) in each of these gene lists. The lowest P value is retained to represent

the significance of the gene set. We also implemented improved methods to define a

more relevant global reference set for the FET. We demonstrate the validity of the

method using a published microarray study of three protease inhibitors of the human

immunodeficiency virus and compare the results with those from other popular gene set

enrichment analysis algorithms. Our results show that combining FDR with multiple

cutoffs allows us to control the error while retaining genes that increase information

content. We conclude that FDR-FET can selectively identify significant affected biological
processes. Our method can be used for any user-generated gene list in the area of

transcriptome, proteome, and other biological and scientific applications.

AbcTpakT

"Anamu3br Ha oboratasameTo Ha renmute Muokectsa'(GSEA) 3a amaausupane Ha ro-
JeMHu NPOMUIRPAITT U CKPHUHUHIOBH €KCIEPUMEHTH MOXKe Ja pa3kpue 00eIHHSIBAIILH
OMOJIOTMYHN CXEMHU, OCHOBaHU Ha HPEIBAPUTENIHO HATPYIIAHH 3HAHKSI, IPEJICTABEHN Ka-
to "rennn Habopu" (renHn MHOKeCTBA). [loBEYETO OT CHINECTBYBAIATE DEATH3AINN U3~
nosi3Bat (pukcnpana rpannia xa npomsiHa (fold change) nam croitnoct Ha P (p-value), 3a
JIa TeHepUpAT CIUCDHIM ¢ peryJupann read. V3060pbT HA mpar obade B OBEYETO CJIyIaN
e IPOU3BOJIEH M OKa3Ba 3HAYUTE/IHO BIAUSIHUAE BLPXY Pe3y/aTaTa OT TecTa W HHTepIpeTa-
nusiTa Ha ekcuepuMenTa. Hue paspaboTruxme HOB METOJ 3a aHa/Iu3 Ha 000rarsiBaHeTO
Ha reHHu MHOXKecTBa, T.e. FDR-FET, koiiTo qiuramuydno ontuMu3upa n300pa Ha 1par u
mo100PABA TYBCTBUTETHOCTTA W CEJAEKTHBHOCTTA Ha aHAIN3a HAa 000raTsBaHETO HA TeH-
HU MHOXKecTBa. [Iponeaypara npeBpbIla eKCIEePpUMEHTAJIHUTE PE3YITaTH B HOPEIHUIA
OT CHUCDBIU C PErYJIUPAHE T'€HH IPU PA3JAIHE I'PAHUYHU CTOMHOCTH Ha KoedpUuImeHTa
na dammuso orkpusane (FDR) u uzuncisisa P-croifHOCTTA HA CBPBXIIPEICTABIHETO HA
JajieH Habop or renu ¢ nomomira Ha Tounus tect Ha Pumep (FET) BbB Bceku or Te3u
cnuchiy ot renu. Haii-nuckara croitnoct Ha P ce 3amassa, 3a ja npeJicTaBu 3HAYUMO-
cTTa Ha HAabopa or reru. CbINO Taka MNPHIOKUXME IMOJOOPEHH METO/H 3a OIpe/Ie/IsdHe
Ha HO-TIOAX0adIl TJiobasieH pedepenTen Habop 3a FET. Hue nemoncrpupame Basimi-
HOCTTa Ha MeTOJ/a, KaTO M3MOJI3BaMe MyOJUKYBAaHO MHKPOUYHMIIOBO H3CJIeIBaHe Ha TPU
HpOTea3HU WHXHOUTOPA HA YOBEIIKUsS UMYyHO1e(DUINTEH BUPYC U CPaBHSIBaMe pe3y/Ira-
THTE C Te3W OT APYIU MOMYJIAPHH AJTOPUTMH 33 aHAJIU3 Ha 00OraTdaBaHETO Ha FeHHU
MHOKecTBa. Harmmmre pesyararure mokaspat, ye kombunupanero na FDR ¢ mHoxKkecTBO
IPAHUYHU CTONHOCTH HHU MO3BOJISIBA JIa KOHTPOJIUPaMe I'PEIIKaTa, KATO ChIIEeBPEMEHHO
3ala3BaMe IeHd, KOUTO yBeJIrdaBaT HHGMOPMAIMOHHOTO ¢habpkanne. Hue crurame 10
zak/ovyennero, de FDR-FET moxe cesiektuBHO J1a njeHTHdUIMPa 3HAUYNMEI 3aCEIrHATH
ouostornaHm rporecu. Hammar meToa Moxke ja ce M3I0J3Ba 33 BCEKH INeHepUpaH OT
MOTPEOUTEIST CITUCHK ¢ TeHNW B 00/1aCTTa Ha TPAHCKPUIITOMA, TIPOTEOMA U JIPYTH OWOJI0-
IUYHA U HAYYHU MPHJIOKEHUS.

7. Ghazalpour, A., Bennett, B., Petyuk, V.A., Orozco, L., Hagopian, R.,
Mungrue, I.N., Farber, C.R., Sinsheimer, J., Kang, H.M., Furlotte, N.,
Park, C.C., Wen, P.-Z., Brewer, H., Weitz, K., Camp II, D.G., Pan, C.,
Yordanova, R., Neuhaus, I., Tilford, C., Siemers, N., Gargalovic, P., Eskin,
E., Kirchgessner, T., Smith, D.J., Smith, R.D., Lusis, A.J., Comparative
analysis of proteome and transcriptome variation in mouse, (2011) PLoS
Genetics, 7 (6), art. no. €1001393,DOI: 10.1371/journal.pgen.1001393




Abstract

The relationships between the levels of transcripts and the levels of the proteins they
encode have not been examined comprehensively in mammals, although previous work
in plants and yeast suggest a surprisingly modest correlation. We have examined this
issue using a genetic approach in which natural variations were used to perturb both
transcript levels and protein levels among inbred strains of mice. We quantified over
5,000 peptides and over 22,000 transcripts in livers of 97 inbred and recombinant inbred
strains and focused on the 7,185 most heritable transcripts and 486 most reliable
proteins. The transcript levels were quantified by microarray analysis in three replicates
and the proteins were quantified by Liquid Chromatography-Mass Spectrometry using
O(18)-reference-based isotope labeling approach. We show that the levels of transcripts
and proteins correlate significantly for only about half of the genes tested, with an
average correlation of 0.27, and the correlations of transcripts and proteins varied
depending on the cellular location and biological function of the gene. We examined
technical and biological factors that could contribute to the modest correlation. For
example, differential splicing clearly affects the analyses for certain genes; but, based
on deep sequencing, this does not substantially contribute to the overall estimate of the
correlation. We also employed genome-wide association analyses to map loci controlling
both transcript and protein levels. Surprisingly, little overlap was observed between
the protein- and transcript-mapped loci. We have typed numerous clinically relevant
traits among the strains, including adiposity, lipoprotein levels, and tissue parameters.
Using correlation analysis, we found that a low number of clinical trait relationships are
preserved between the protein and mRNA gene products and that the majority of such
relationships are specific to either the protein levels or transcript levels. Surprisingly,
transcript levels were more strongly correlated with clinical traits than protein levels.
In light of the widespread use of high-throughput technologies in both clinical and basic
research, the results presented have practical as well as basic implications.

AbcrpakT

Bpb3kure mMerkay HEBaTa Ha TPAHCKPHUITHTE W HHBATA HA IPOTEHHHTE, KOUTO T€ KO-
JIUpaT, He ca M3CJeABaHu OOCTOIHO Tpu OO3afiHUIIUTE, BHIIPEKN Ye NMPEeIUITHE paboTu
IpU PacTeHUsTa U JIPOKHUTE MMOKa3BaT M3HEHAIBAINO cjaaba Kopesarnusd. Hue pasrie-
JIaXMe TO3U BBIIPOC, KATO HM3IO/JI3BAXMe INeHeTHYEH MOJAXO/I, NMPH KOHUTO eCTeCTBEHHTE
Bapuamuu 0gXa M3MOJA3BAHM 34 Ja IIPOMEHSIT HUBATa KAKTO HA TPAHCKPHUITHTE TaKa 1
Ha IIPOTEHHUTE Ccpesi MHOpeaHH ImaMoBe MuInKu. Hue onpememxme KOIMIeCTBEHO HAL
5000 mentuma u wag 22 000 Tpanckpunrta B depHusd Apod Ha 97 MHOpPEIHUM U PEKOM-
OWHAHTHU WHOPEIHW IAMOBE U Ce C'hbCPEIOTOUNXMe BbpXy 7185-Te Hali-Hac/IeICTBeHN
TpaHcKpunTa u 486-te Hali-najaexauu 6enrbka. Hupara Ha Tpanckpunrure 6sxa ompe-
JIeJIEHH KOJIMYEeCTBEHO Upe3 MUKPOUHIIOB aAHAIN3 ¢ TPU MMOBTOPEHHUS, & MIPOTEHHUTE OsTXa
onpejieJieHd KOJIMYECTBEHO 4pe3 TedHa XpoMarTorpadusi-MacCleKTPOMETPUs, W30JI3-
BafiKM MOJXOJ 32 M30TOMHO Mapkupane, Gasupan Ha O(18)-pedepennus. [Tokazpame,
Je HUBAaTa Ha TPAHCKPHUITHTE W IMPOTEHHNATE Ce KOPEJIUPAT 3HAUNTETHO CAMO 33 OKOJIO
[OJIOBHHATA OT W3CJeIBaHUTE MeHU, C'bC CpejiHa Kopesanus ot 0,27, a KopeJdalnuuTe Ha
TPAHCKPHUITHTE U ITPOTEUHUTE BAPUPAT B 3aBHCHMOCT OT KJIETBHIHOTO MECTOIIOJIOKEHHE
u OmonornuHaTa (pPYHKIHS Ha TeHa. Pasriemaxme TeXHUUeCKUTe U OMOJOrTIHATE (hbak-
TOpH, KOUTO OMXa MOIJIM Ja JONPHUHECAT 3a He3HAUYWTeJHaTa Kopenaamnus. Hampuwmep,



JudepeHInaJHusIT CIJIAHCHHT 9BHO BJIWsie Ha, aHAJM3a 3a HSIKOW I'€HU, HO Bb3 OCHO-
Ba Ha JbJOOKOTO CeKBEHHpaHe TOBa He JIONPUHACHA CHIIECTBEHO 3a 00maTa OlNeHKa Ha
Kopesaanudara. 3mon3BaxMe ¢bImo TakKa TeHOMHH acONMATUBHU aHAJIU3HU, 33 J1a OTKPH-
eM JIOKyCH, KOHTPOJHUPAIA HUBATAa KAaKTO HA TPAHCKPUITUTE TakKa W HA MPOTEHUHHTE.
N3nenaBaio, HaOJOaBa ce MaJKO MPUIIOKPUBAHE MEXK/IY ITPOTENH-CBbP3aHU JIOKY-
CH M TPAHCKPUITH-CBbP3aHU JIOKYCH. THUNU3npaxMe MHOTOOPOHHN KJIMHUIHO 3HAUYUMU
deHOTHIIN Cpe/T IMIAMOBETE, BKJIIOYUTETHO MACTHA T'hbKaH, HUBA HA JIMIIONPOTEHHN U Th-
KaHHH IapaMeTpu. V3moa3Bailku KopealuoHeH aHAIN3, YCTAHOBUXME, 4e MaTbK Opoit
KJIAHUIHU (DUHOTUITHU BPB3KHU ce 3ama3BaTr Mexkay oenrbanute 1 MPHK remnure mpo-
JIVKTH | 9e II0-T0JIsIMAaTa 9acT OT Te3U BP'b3KH Ca ClienudUIH WIn 3a Oe/ITbIYHUTe HUBA,
WM 33 HUBaTa Ha TpaHCKpunta. HuBara Ha TPAHCKPUIITHUTE Ca TO-CUJTHO CBbP3aHU C
KJIUHUYIHATE IPU3HAIM OTKOJKOTO HUBAaTa HA MPOTeHHHUTE. B cBeT/IMHATA Ha MIHPOKOTO
U3T0/13BaHe HA BUCOKOIITPOU3BOJUTENHN TEXHOJIOTHU KAKTO B KJIWMHUYHUTE, TAKA U BbB
dbyHIAMEHTAJHUTE W3CIeIBAHUS, ITPEICTABEHUTE PE3YJITATH HMAT KaKTO IIPAKTUIECKO,
Taka 1 (QyHAMEHTATHO 3HAUYEHHE.

8.Romanoski, C.E., Lee, S., Kim, M.J., Ingram-Drake, L., Plaisier, C.L.,
Yordanova, R., Tilford, C., Guan, B., He, A., Gargalovic, P.S., Kirchgessner,
T.G., Berliner, J.A., Lusis, A.J., Systems Genetics Analysis of Gene-by-
Environment Interactions in Human Cells, (2010) Amer. Journal of Human
Genetics, 86 (3), pp. 399-410., DOI: 10.1016/j.ajhg.2010.02.002

Abstract

Gene by environment (GxE) interactions are clearly important in many human diseases,
but they have proven to be difficult to study on a molecular level. We report genetic
analysis of thousands of transcript abundance traits in human primary endothelial
cell (EC) lines in response to proinflammatory oxidized phospholipids implicated in
cardiovascular disease. Of the 59 most regulated transcripts, approximately one-third
showed evidence of GxE interactions. The interactions resulted primarily from effects
of distal-, trans-acting loci, but a striking example of a local-GxXE interaction was also
observed for FGD6. Some of the distal interactions were validated by siRNA knockdown
experiments, including a locus involved in the regulation of multiple transcripts involved
in the ER stress pathway. Our findings add to the understanding of the overall architecture
of complex human traits and are consistent with the possibility that GxE interactions
are responsible, in part, for the failure of association studies to more fully explain
common disease variation

AGcrpakT B3anvozeiictBusita Mexx 1y renn u okosna cpefa (GxE) ca ouesuino BaxKHn
3a MHOTO YOBEIKH 3a00JIIBaHUs, HO ce OKa3Ba, Ye e TPYAHO Ja ObIaT W3caeIBAHU HA
MOJIEKYJIIpHO HUBO. Hre moksiagBame 3a reHeTHvYeH aHAJN3 HA XWISIH XapaKTePUCTHU-
KU HA €KCIIPECUPAHU TPAHCKPUIITH B YOBEIIKH I'bPBUYHU €HJOTEJHU KJIECTbYHU JIMHUU
(EK) B orroBop Ha npopb3nagnTesHn OKUCIeHH (HDOCHOTHITHIN, YIACTBAIM B CbDIeY-
HOCBI0BE 3abosisiBanus. OT 59-Te Hali-peryanpanu TPAHCKPUITA TPUOJU3UTETHO €/THA
Tpera nmokaszaxa jokaszaresncTsa 3a GxE B3anMoneiictBus. B3anmoeitcTBugTa ca pe3yJi-
TaT NPeJUMHO OT edeKTHTe Ha JAUCTATHO, TPAHC-JAeHCTBAIIM JOKYCH, HO MOPa3uTeIeH
npumep 3a Jgokaano GxE Bzammoneiicteue e Habmomasad u 3a FGD6. Hakon or nu-
CTAJIHUTE B3AUMOEHCTBUs 0siXxa MOTBBbPIAEHH IPe3 eKCIepPUMeHTH ¢ HOKAayH Ha SIRNA|



BKJIIOYUTETHO JIOKYC, YIACTBAI B PEryJnpaHeTo Ha MHOYKECTBO TPAHCKPHUIITH, BKJIIO-
yenn B ER crpecoBus mexanusbMm. Hamure pesyiraru JonpuHacar 3a pa3dupaHeTo Ha
ISJI0OCTHATA aPXUTEKTypa Ha CJIOXKHUTE YOBEIIKH (DEHOTUIIOBE M €A B CHOTBETCTBHUE C
Bb3MOKHOCTTA, Ye GXE B3amMomeiicTBuATA ca OTIACTH OTTOBOPHU 34 HEyCIIeXa Ha aco-
IMUATUBHUTE IIPOYYBaHUA Ta O6HCHHT HO-II'bJIHO BapHallyuuTe IIpu 9eCTUTEe 3&60J’[HB&HI/IH.

9. Bennett, B.J., Farber, C.R., Orozco, L., Kang, H.M., Ghazalpour, A.,
Siemers, N., Neubauer, M., Neuhaus, I., Yordanova, R., Guan, B., Truong,
A., Yang, W.-P., He, A., Kayne, P., Gargalovic, P., Kirchgessner, T., Pan,
C., Castellani, L.W., Kostem, E., Furlotte, N., Drake, T.A., Eskin, E., Lusis,
A.J., A high-resolution association mapping panel for the dissection of complex
traits in mice, (2010) Genome Research, 20 (2), pp. 281-290., DOI: 10.1101/
gr.099234.109

Abstract

Systems genetics relies on common genetic variants to elucidate biologic networks
contributing to complex disease-related phenotypes. Mice are ideal model organisms
for such approaches, but linkage analysis has been only modestly successful due to
low mapping resolution. Association analysis in mice has the potential of much better
resolution, but it is confounded by population structure and inadequate power to map
traits that explain less than 10% of the variance, typical of mouse quantitative trait loci
(QTL). We report a novel strategy for association mapping that combines classic inbred
strains for mapping resolution and recombinant inbred strains for mapping power. Using
a mixed model algorithm to correct for population structure, we validate the approach
by mapping over 2500 cis-expression QTL with a resolution an order of magnitude
narrower than traditional QTL analysis. We also report the fine mapping of metabolic
traits such as plasma lipids. This resource, termed the Hybrid Mouse Diversity Panel,
makes possible the integration of multiple data sets and should prove useful for systems-
based approaches to complex traits and studies of gene-by-environment interactions.

AbcTpakT CucreMHaTa reHETHKA C€ OCHOBaBa Ha, OOIU NeHeTHIHN BapUAHTH 34 /14 Ha-
MepH OMOJIOTUYHHATE MPEYKHU, JOMPUHACHIIN 32 CJAOKHUTE (PEHOTHITH, CBbP3anu ¢ 6oJie-
cTu. MUIIKATe ca ulea Hl MO/ THE OPTaHU3MI 33 TaKuBa 1oaxoau, Ho "linkage" anau3br
e caMo JIOHFAKDb/Ie YCIeIIeH MOPajJd HUCKATA IMPOCKTUPAIA pa3IeuTe/IHa CIIOCOOHOCT.
AconuaTUBHUAT aHAJIN3 P MHUIIKUTE UMa, MOTEHIIKAJ 38 MHOT'O MO-100pa pa3aeauTe -
Ha CIIOCOOHOCT, HO TOIl € 3aTPyIHEH 0T CTPYKTypaTa Ha IMOMYJIANUATa U HEJIOCTATbIHA-
Ta MOILTHOCT 3a Kaprorpadupane Ha IPU3HAIU, KOUTO 00aCHABaT mO-Maako ot 10% or
JMCTIEPCUATA, THITMYHA 3a JIOKycuTe Ha KonndecrBenn npusnaiy (QTL) npu mummkure.
Hue onucsame ejgaa HOBa cTpaTerus 3a Kaprorpadupane Ha acOIHAINH, KOATO ChyeTaBa
KJIACHYECKH UHOPEIHHU IAMOBE 33 Pe30JIIoIus Ha Kaprorpadupanero u peKOMOMHAHT-
HU MHOPE/IHU 1IIAMOBE 3a MOIIHOCT Ha Kaprorpadupanero. M3mnoisBaiiku ajiropurbm Ha
CMeCEH MOJIE 33 KOPUIHpaHe Ha MOMyJIalnOHHATa CTPYKTYPa, HUE BAJIILIAPAME ITOIXO0-
na ape3 kaprorpadupane Ha Hag 2500 mokamau-ekcupecuonan QTL ¢ pasmennTenna
CIIOCODHOCT, KOATO € Ha IMOPSIbK II0-TOYHA OT Ta3u Ha Tpajunuonnus QTL ananus.
Copimo Taka cbodIIaBaMe 3a 10 HPENH3HO Kaprorpadpupane Ha MeTabOIUTHU ITPU3HA-
1, KaTO HAIIPUMep IIa3MeHn Junuan. To3m pecype, Hapeden Hybrid Mouse Diversity
Panel, naBa BB3MOXKHOCT 3a MHTEIpPHpaHe Ha MHOXKECTBO HAOOPH OT JAHHH W CJEIBA



Jla ce OKayKe IMOJIe3eH 3a CUCTeMHO 0a3upaHu TMOAXOAU K'bM CJIOKHHU (DUHOTHUIIOBE W U3-
cJIeJBaHUS HA B3aUMO/JIeHCTBUATA MEKIy T€HH U OKOJIHA CpeJia.

10. Baker, E.J., Jay, J.J., Philip, V.M., Zhang, Y., Li, Z., Kirova, R., Langston,
M.A., Chesler, E.J., Ontological discovery environment: A system for integra-
ting gene-phenotype associations, (2009) Genomics, 94 (6), pp. 377-387.

Abstract

The wealth of genomic technologies has enabled biologists to rapidly ascribe phenotypic
characters to biological substrates. Central to effective biological investigation is the
operational definition of the process under investigation. We propose an elucidation of
categories of biological characters, including disease relevant traits, based on natural
endogenous processes and experimentally observed biological networks, pathways and
systems rather than on externally manifested constructs and current semantics such
as disease names and processes. The Ontological Discovery Environment (ODE) is an
Internet accessible resource for the storage, sharing, retrieval and analysis of phenotype-
centered genomic data sets across species and experimental model systems. Any type of
data set representing gene-phenotype relationships, such quantitative trait loci (QTL)
positional candidates, literature reviews, microarray experiments, ontological or even
meta-data, may serve as inputs. To demonstrate a use case leveraging the homology
capabilities of ODE and its ability to synthesize diverse data sets, we conducted an
analysis of genomic studies related to alcoholism. The core of ODE’s gene set similarity,
distance and hierarchical analysis is the creation of a bipartite network of gene-phenotype
relations, a unique discrete graph approach to analysis that enables set-set matching of
non-referential data. Gene sets are annotated with several levels of metadata, including
community ontologies, while gene set translations compare models across species. Compu-
tationally derived gene sets are integrated into hierarchical trees based on gene-derived
phenotype interdependencies. Automated set identifications are augmented by statistical
tools which enable users to interpret the confidence of modeled results. This approach
allows data integration and hypothesis discovery across multiple experimental contexts,
regardless of the face similarity and semantic annotation of the experimental systems
or species domain.

AobcrpakT Pasnoobpa3mero OT reHOMHH TEXHOJIOTHHU IIO3BOJIHXA Ha OHOJI03UTE ObP-
30 Ja IPUIHCBAT (PEHOTUIIHA XapaKTePUCTUKU Ha OHOJIOrmYIHU cyOcTpatu. LleHTpanano
MsICTO B e(peKTUBHOTO OMOJOTHYHO W3CJIC/IBAHE 3a€Ma OMEPATUBHOTO OHpPEe/IsHe Ha
u3caeaBanns nporec. Hue mpegmarame onpeessHe Ha KaTerOpHUTe OMOJOMHIHN IIPH-
3HAIA, BKJIIOYATEIHO 00JIeCTHO CBbp3aHn eHOTHIH, Ha Oa3aTa Ha eCTeCTBEHU eHJI0-
TeHHHM IPOIECH M eKCIIePUMEHTAIHO HAOJII0IaBaHN OMOJOTHIHH MPEeXKH, MEXAaHU3MHU H
CHCTeMH a He Ha BBHHITHO MPOSBEHN KOHCTPYKIIUU W TEKYINa CeMaHTHKa, KATO HAIpH-
Mep mMmena Ha 6osiectn u nporecu. Ontological Discovery Environment (ODE) e pecype
AO0CT'bIIEH Ha MHTEPpHET 3a CbXpPaHeHHe, CIoAeJIdHe, U3BJINYaHe U aHaJIu3 Ha CbeHOTI/IHHO
IMEeHTpUupaHu Ha60p1/1 OT TeHOMHU JaHHHW 3a Pa3/JIMYHHU BHUJO0BE U €KCIIEPpUMEHTAJIHU MO-
JIeJIHA cucTeMHu. Becekn Tunm HAOOP OT JAHHHU, IIPEICTABII B3aHMOOTHOIIEHUATA MEXK LY
reHu u (DEHOTHIIN, KATO HAIPUMED HO3UIMOHHU KAHIUIATH 33 JOKYCH Ha KOJIUIEeCTBEHH
npusnanu (QTL), mureparypau 0630pH, eKCIEPUMEHTH ¢ MUKPOYHUIIOBE, OHTOJIOTHYHE
WK JOPU METAJIAHHN, MOZXKE J1a CJYKH KaTO BXOJHH JAaHHH. 34 /13 JeMOHCTPHpAME CJIy-
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Jaii Ha ynoTpeda, n3MmoI3Ball XoMoioKauTe Bh3mokHocTu Ha ODE n ciocobrocTTa My
Jla CHHTe3Wpa pa3sHooOpa3Hu HAOOPHW OT JAHHU, HUE MpPOBeJOXMe aHAJW3 Ha TeHOMHU
U3CJIe/IBAHUS, CBbP3aHU € aJKOXOJIM3Ma. B ocHOBaTa Ha CXOJICTBOTO, PA3CTOSAHHUETO W
flepapxwanus anaans Ha remaute HaOopu B ODE e cb3maBanero Ha JAByCTpaHHA Mpe-
7ZKa OT BP'b3KH MeE2KAY I'€HH U CbeHOTI/IHI/I - VHUKaJIeH IIOAXOA OT aHaJIn3 Ha AUCKPETHH
rpacdu, KOUTO MO3BOJIIBA M3TPaZK/IaHe HA CHOTBETCTBHSA MEYXKIY MHOYKECTBa OT Hepe-
depenTHr namHU. MHOXKecTBaTa OT MeHU Ce AaHOTHPAT € HAKOJIKO HUBA HA METaTaHHM,
BKJIFOUHTETHO OHTOJIOTMH Ha OONTHOCTTA, & TPAHCIAIIMATE HA TeHHUTe MHOYKECTBA CPaB-
HIBAT MOJIETUTE MKy Pa3IuIHUTe BUI0Be. KOMIIOTHPHO M3BEJEHUTE TeHHN HAOOPH
ce MHTerpupar B fepapxXWy4HU IbpBETa Bb3 OCHOBA HA T'€HHO H3BJeYeHU (DEHOTHUIIHU
B3anMO3aBUCHUMOCTH. ABTOMaTI/ISI/IpaHI/ITe I/I,ZLeHTI/ICbI/IKaL[I/H/I Ha Ha60p1/1 ce JombJjaBaT OT
CTATUCTUIECKH METO/IM, KOUTO MO3BOJIABAT HA MOTPeOUTEeNnTe Ja MHTEPHPETUPAT J0-
BEPUETO B MOJETUPAHUTe pe3yaTaTu. 1To3W Moaxo/ Mo3BOJIABA MHTEerpUpaHe HA JaHHW
U OTKPWBAHE HAa XHUIOTE3W B MHOXKECTBO €KCIEePUMEHTATHU KOHTEKCTU, HE3aBUCUMO OT
CXOACTBOTO U CEMaHTHUYIHATA aHOTAIUA Ha €KCIHEPpUMCHTAJHUTE CUCTEMU UJIM BHAOBATA
o0ract.

11. Song, M., Lewis, C.K., Lance, E.R., Chesler, E.J., Yordanova, R.K.,
Langs-ton, M.A., Lodowski, K.H., Bergeson, S.E., Reconstructing generalized
logical networks of transcriptional regulation in mouse brain from temporal
gene expression data, (2009) Eurasip Journal on Bioinformatics and Systems
Biology, 2009, art. no. 545176, DOI: 10.1155/2009/545176

Abstract

Gene expression time course data can be used not only to detect differentially expressed
genes but also to find temporal associations among genes. The problem of reconstructing
generalized logical networks to account for temporal dependencies among genes and
environmental stimuli from transcriptomic data is addressed. A network reconstruction
algorithm was developed that uses statistical significance as a criterion for network
selection to avoid false-positive interactions arising from pure chance. The multinomial
hypothesis testing-based network reconstruction allows for explicit specification of the
false-positive rate, unique from all extant network inference algorithms. The method is
superior to dynamic Bayesian network modeling in a simulation study. Temporal gene
expression data from the brains of alcohol-treated mice in an analysis of the molecular
response to alcohol are used for modeling. Genes from major neuronal pathways are
identified as putative components of the alcohol response mechanism. Nine of these
genes have associations with alcohol reported in literature. Several other potentially
relevant genes, compatible with independent results from literature mining, may play a
role in the response to alcohol. Additional, previously unknown gene interactions were
discovered that, subject to biological verification, may offer new clues in the search for
the elusive molecular mechanisms of alcoholism.

AbcTpakT /lynamMuynuTe JaHHUM HA TEHHATA EKCHPECUsl MOTAT Jia Ce W3MOJI3BAT He
caMo 3a OTKpHBaHe Ha MudepeHInaIHo eKCIIPeCUPAaHn TeHr, HO U 32 HaMUpaHe Ha Bpe-
MeBU aconuanun Meykay reanTe. TyK e pasriefan mpoOJeMbT 32 PEKOHCTPYUpaHe Ha
0000IIIEeHN JIOTHIECKH MPEXKW 33 OTYUTAHE HA BPEMEBUTE 3aBUCHMOCTH ME¥KIY TeHUTE
U CTUMYJIUTE Ha OKOJIHATA cpeja Ga3upanu Ha TPAHCKPUITOMHM jannu. Pazpaboren
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e aJITOPUThM 32 PEKOHCTPYKIUSA HA MPeXKH, KOUTO U3I0A3Ba CTATUCTUYECKATA 3HAUN-
MOCT KaTo KpHTepuil 3a u3bop Ha Mpexka, 3a Ja ce u3derHar (ajliuBO HOJOKUTETHA
B3aMMOJEHCTBHS, TPOU3THYIAIIN OT YACTA CAYIARHOCT. PEKOHCTPYKIHMSATA HA MperKara,
basupaHa Ha MHOTOKOMIIOHEHTHO TeCTBaHe Ha XHUIIOTE3HU, MMO3BOJISABA SBHO ONpEIEIsSTHE
Ha cTeneHTa Ha (PAJIIHBO IIOJOKHUTEJHHTE PE3yJITaTH, KOETO € YHUKAJIHO 33 BCUUIKH
C'BIIECTBYBAIIU AJTOPUTME 3a KOHCTPYHpPaHe Ha Mpeku. MeTonbT TpeBb3X0okKIa InHa-
MHUYHOTO 0efiCOBCKOTO MOJie/IMpaHe Ha MpPEXKHM B CHUMYJIAIMOHHO H3CJe/IBaHe. 3a MoJe-
JHpaHe ce M3M0I3BAT BPeMEeHHH JAHHU HA MeHHA eKCIPEeCHs OT MO3bIM HA TPETHPAHU C
AJIKOXOJI MUIIKH [IPYU aHAIN3 Ha MOJEKYISPHUsS OTTOBOP KbM aaKoXoja. ['eHnTe oT oc-
HOBHHUTC HEBPDOHHH II'bTUIA Ca I/I,ZLeHTI/ICbI/H_[I/IpaHI/I KaTO IIpearojiaracMmu KOMIIOHEHTH Ha
MEeXaHU3Ma Ha AJKOXOJHHUS OTTOBOD. JleBeT oT Te3nm reHn mMaT acoMualim ¢ aJTKOX0,1a,
3a KOMTO ce CboOIIaBa B jinTeparypara. HIKOJIKO APy MOTEHIUATHO 3HAYUMUI T'eHH,
CBbBMECTUMH C HE3aBUCUMHU PE3YJITATH OT JUTEPATYPHHS aHAJIU3, MOTAT A UIPAAT PO-
JI B PEAKIUATa KbM aJK0X071. OTKPUTHU €A JOMbJIHHTEIHN, HEM3BECTHH JT0CEra FeHHH
B3aUMOJIEHCTBYS, KOUTO, Cjiej] OMOJIOrHYHA IPOBEPKA, MOraT Jia PEJI0KAT HOBU UJIeU
B TbpCEHETO Ha HEYJOBUMHUTE MOJICKYJAPDHU MEXaHHU3MHU Ha aJIKOXOJIU3MA.

Jpyru mybaukanuu

1. Habiba, U., Sugino, H., Yordanova, R., Ise, K., Tanei, Z.-1., Ishida, Y.,
Tanikawa, S., Terasaka, S., Sato, K.-I., Kamoshima, Y., Katoh, M., Nagane,
M., Shibahara, J., Tsuda, M., Tanaka, S., Loss of H3K27 trimethylation is
frequent in IDH1-R132H but not in non-canonical IDH1/2 mutated and
1p/19q codeleted oligodendroglioma: a Japanese cohort study, (2021) Acta
Neuropathologica Communications, 9 (1), art. no. 95, DOI: 10.1186 /s40478-
021-01194-7

Abstract

Oligodendrogliomas are defined by mutation in isocitrate dehydrogenase (NADP(+))
(IDH)1/2 genes and chromosome 1p/19q codeletion. World Health Organisation diagnosis
endorses testing for 1p/19q codeletion to distinguish IDH mutant (Mut) oligodendrogliomas
from astrocytomas because these gliomas require different treatments and they have
different outcomes. Several methods have been used to identify 1p/19q status; however,
these techniques are not routinely available and require substantial infrastructure investment.
Two recent studies reported reduced immunostaining for trimethylation at lysine 27 on
histone H3 (H3K27me3) in IDH Mut 1p/19q codeleted oligodendroglioma. However, the
specificity of H3K27me3 immunostaining in this setting is controversial. Therefore, we
developed an easy-to-implement immunohistochemical surrogate for IDH Mut glioma
subclassification and evaluated a validated adult glioma cohort. We screened 145 adult
glioma cases, consisting of 45 IDH Mut and 1p/19q codeleted oligodendrogliomas,

30 IDH Mut astrocytomas, 16 IDH wild-type (Wt) astrocytomas, and 54 IDH Wt
glioblastomas (GBMs). We compared immunostaining with DNA sequencing and fluorescent
in situ hybridization analysis and assessed differences in H3K27me3 staining between
oligodendroglial and astrocytic lineages and between IDH1-R132H and non-canonical
(non-R132H) IDH1/2 Mut oligodendroglioma. A loss of H3K27me3 was observed in
36/40 (90%) of IDH1-R132H Mut oligodendroglioma. In contrast, loss of H3K27me3
was never seen in IDH1-R132L or IDH2-mutated 1p/19q codeleted oligodendrogliomas.
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IDH Mut astrocytoma, IDH Wt astrocytoma and GBM showed preserved nuclear
staining in 87%, 94%, and 91% of cases, respectively. A high recursive partitioning
model predicted probability score (0.9835) indicated that the loss of H3K27me3 is
frequent to IDH1-R132H Mut oligodendroglioma. Our results demonstrate H3K27me3
immunohistochemical evaluation to be a cost-effective and reliable method for defining
1p/19q codeletion along with IDH1-R132H and ATRX immunostaining, even in the
absence of 1p/19q testing.

AbcrpakT

OJIUroA€HAPONTHOMUTE Ce OTPEeJIST OT MyTalisl B u3onurpar gexuaporesasara (NADP(+))
(IDH)1/2 renn u xpomosoma 1p/19q kogemurnus. Tnarnozara na CeroBHaTa 37paBHa
OpraHu3alusg MOJKpells W3CIeIBaHeTo 3a KoJeaunus Ha 1p/19q 3a ma ce pasrpanmdar
onuroaenaporanomure ¢ myranus Ha IDH (Mut) or acrporroMute, Thil KaTo Te3u
[JIMOMH U3UCKBAT PA3JIUYHO JIEUeHHE H UMAT pa3jandeH KpaeH pe3yarart. l3noa3sanu ca
HKOJIKO METO/Ia Jla ce onpejesn craryca Ha 1p/19q; Te3u rexnuku obade He ca pyTHH-
HO JIOCTBIIHU M M3UCKBAT 3HAYUTEIHN HH(PACTPYKTYPHU HHBeCTUINN. JIBe CKOPOITHA
NpOy4YBaHUS CHOOITABAT 38 HAMAJIEHO UMYHOOIBETSBAHE IPU TPUMETUIUPAHE HA JIUCUH
27 ua xucron H3 (H3K27me3) npu onurogeraporauom ¢ IDH Mut 1p/19q komesnutiusi.
Bwbupekun toBa, crnenuduanocrTa Ha uMmyHoonseTaBaneTo Ha H3K27me3 B Tasu cpena
e cropHa. 3aToBa pa3paboTUXMe JIECeH 33 HPUIAraHe UMYHOXUCTOXUMUICH 3aMECTUTE
3a cyOknacuduranug na IDH Mut rimoma u HanpaBuxme OneHKa Ha BaJauIupaHa KO-
XOpTa OT IJIHOMU TIpu Bb3pacTHu. V3caeaaxme 145 ciaydas Ha TJIMOMY TTPU Bb3PACTHH,
cberosiu ce ot 45 IDH Mut u 1p/19q kogenupanu osnurogesaporauomu, 30 IDH Mut
actpornuromu, 16 IDH mus Tun (Wt) actporuromu u 54 IDH Wt rmuobaactomu (GBM).
CpaBaHuxMe nMyHooIBeTsaBaneTo ¢ anaan3 Ha JIHK cexkBennusara u dayopecienTsa in
situ xubpuu3anus u oneHuxMe pasjaukuTe B onpersBaneTo Ha H3K27me3 mex 1y osu-
roJleHaAporIuaanuTe u acrporutraute guann 1 Mexay IDH1-R132H n nekanonuuanure
(non-R132H) IDH1/2 Mut osuromenaporauomu. 3ary6a ma H3K27me3 ce mabionasa
pu 36/40 (90%) or IDH1-R132H Mut 0urofieHaporuoMuTe. 3a pa3jiika OT TAX, 3a-
ryba na H3K27me3 nukora ne e nabmonasana npu IDH1-R132L wiu IDH2-myTupanu
1p/19q komeaupanu omuroxenaporsmomu. IDH Mut acrpormrom, IDH Wt acrporu-
rom 1 GBM mokassar 3ama3eno aapeno onserasane ¢choreeTHo B 87%, 94% u 91% or
caydauTe. BHCOKHAT pe3yaTar Ha IPOTHO3UpaHATa BEPOATHOCT Ha MOJIE/Na 334 PEKyp-
cusHO pasnensiae (0,9835) mokassa, de 3arybara va H3K27me3 e wecro cpemana npu
IDH1-R132H Mut osmromenaporanomMa. Hamure pesyaraTtu mokasBar, Y€ UMYHOXHCTO-
xuMudHaTa onenka Ha H3K27me3 e ukonomudeckun eeKTUBEH M HAJEXKJIEH METOJ, 3a
onpenensite Ha 1p/19q komemunus 3aenHo ¢ IDHI-R132H n ATRX umyHnoornpersBane,
Jgopu mpu jurnca Ha 1p/19q u3coenpane.

2. Gatti, D.M., Zhao, N., Chesler, E.J., Bradford, B.U., Shabalin, A.A.,
Yordanova, R., Lu, L., Rusyn, 1., Sex-specific gene expression in the BXD
mouse liver, (2010) Physiological Genomics, 42 (3), 456-468, DOI: 10.1152/
physiolgenomics.00110.2009

Abstract
Differences in clinical phenotypes between the sexes are well documented and have their
roots in differential gene expression. While sex has a major effect on gene expression,
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transcription is also influenced by complex interactions between individual genetic
variation and environmental stimuli. In this study, we sought to understand how genetic
variation affects sex-related differences in liver gene expression by performing genetic
mapping of genomewide liver mRNA expression data in a genetically defined population
of naive male and female mice from C57BL/6J, DBA/2J, B6D2F1, and 37 C57BL/6J
X DBA/2J (BXD) recombinant inbred strains. As expected, we found that many genes
important to xenobiotic metabolism and other important pathways exhibit sexually
dimorphic expression. We also performed gene expression quantitative trait locus mapping
in this panel and report that the most significant loci that appear to regulate a larger
number of genes than expected by chance are largely sex independent. Importantly, we
found that the degree of correlation within gene expression networks differs substantially
between the sexes. Finally, we compare our results to a recently released human liver
gene expression data set and report on important similarities in sexually dimorphic liver
gene expression between mouse and human. This study enhances our understanding
of sex differences at the genome level and between species, as well as increasing our
knowledge of the molecular underpinnings of sex differences in responses to xenobiotics.

AbcrpakT

Paznukute B KIUHUYIHUTE (DEHOTUIIOBE MeXKIY IMOJOBeTe ca JA00pe JTOKYMEHTHPAHU W
ce KopeHdT B JiudepeHnupaHaTa r'eHHa ekcipecusd. DBblipeku 4e 1mosbr uMa OCHOBEH
edeKT BbpXy I'eHHATa €KCIIPeCcHs, TPAHCKPUIIUATA Ce BJIUde U OT CJOKHU B3auMOJeii-
CTBUS MEKJy WHINBUIYAJHATE TEHETHIHN BaAPUAIINN M CTUMYJINTE HA OKOJTHATA CPE/IA.
B ToBa mpoyuBaHe ce onuTaxMe ja pa3bepeM KaK TeHeTHIHATA BapUAIWS BJIHAE BbPXY
CBbP3aHUTE C TI0JIa PA3JNIUs B €KCIIPEeCUsITa HA YePHOIPOOHY TeHH, KATO U3BBbPITHXME
remeTnyHo Kaprorpacdupane na MPHK ekcnipecnonnu qannu B 4epHUS Apod B reHETUI-
HO OIPeJIe/IeHA MOy Ialldsl OT HANBHU MBbYKKH U YKEHCKH MUIIKH OT PEKOMOWHAHTHH
nnbpennu mamose C57BL/6J, DBA /2], B6D2F1 u 37 C57BL/6J X DBA/2J (BXD).
KaxkTo ce ouakBale, OTKpuxMe, e MHOTO M'eHHU, BaXKHU 32 MeTabOIU3Ma HA KCEHOOHO-
THIIWTE W IPYTU BaXKHU IIBTUIINA, TOKA3BAT MOJI0BO IuMOopdHaA ekcpecus. VI3pbpmuxme
CHINO TaKa MalWpaHe HA JIOKYCH 3a KOJMYeCTBEHU MPU3HAIM HAa TeHHATA €KCIIPEeCHs B
TO3U TaHeJ U OTKPUXMeE, Y€ Hal-3HAYMMUTE JIOKYCH, KOUTO U3IJIEXKJA PEryJIMpar IMo-
rojisiM Opoit TeHH, OTKOJKOTO ce 09aKBa MO CIAYyYailHOCT, ca 70 TOJIsIMa CTeleH He3aBH-
cumu oT 1ona. CbIecTBEHO, HUE YCTAHOBUXMe, e CTelleHTa Ha KOopeJalisd B DAMKHTe
Ha MpeYKHUTe 3a TeHHa eKCITPecHsd ce pa3invdaBa 3HATUTETHO MeXKIy noJsoseTe. Hakpas,
HUe CpaBHsIBaMe HAIIUTe Pe3yJTaTH ¢ HACKOPO NMyOauKyBaH HabOp OT JAHHU 3a TeHHA-
Ta eKCIpecus Ha YOBEIIKHs YepeH Jpob U cholIIaBaMe 3a BayKHU HPUJIUKH B MIOJIOBO
auMoppHaTa ekcrpecus Ha YePHOAPOOHUTE NeHHU MEYK/Iy MUIIKATA 1 Y0BEKa. 10Ba Mpo-
y4uBaHe 1o00psiBa pa3OMpaHeTO HU 33 TOJIOBHTE PA3JIMYUs HA HUBO T€HOM M MEXKLY
BHJIOBETe, KAKTO W YBeJHYaBa MO3HAHUATA HU 33 MOJIEKYJSPHATE OCHOBH HAa MOJIOBUTE
pa3anuus B OTTOBOPUTE KbM KCEHOOUOTHUIIN.

3.Hanumegowda, U.M., Wenke, G., Regueiro-Ren, A., Yordanova, R., Corradi,
J.P., Adams, S.P., Phospholipidosis as a function of basicity, lipophilicity,
and volume of distribution of compounds, (2010) Chemical Research in

Toxicology, 23 (4), pp. 749-755., DOIL: 10.1021 /tx9003825

Abstract
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Drug-induced phospholipidosis (PLD) is an adaptive histologic alteration that is seen
with various marketed drugs and often encountered during drug development. Various
in silico and in vitro cell-based methods have been developed to predict the PLD-
inducing potential of compounds. These methods rely on the inherent physicochemical
properties of the molecule and, as such, tend to overpredict compounds as PLD inducers.
Recognizing that the distribution of compounds into tissues or tissue accumulation is
likely a key factor in PLD induction, in addition to key physicochemical properties,
we developed a model to predict PLD in vivo using the measures of basicity (pKa),
lipophilicity (ClogP), and volume of distribution (Vd). Using sets of PLD inducers and
noninducers, we demonstrate improved concordance with this method. Furthermore, we
propose a screening paradigm that includes a combination of various methods to predict
the in vivo PLD-inducing potential of compounds, which may be especially useful in
lead identification and optimization processes in drug discovery.

A6crpakT Unnynupanara or sekapersara ¢ocdonunnnosa (PLD) e ajantubna xu-
CTOJIOTMYHA TPOMSAHA, KOATO Ce HAOJI0/aBa MPH Pa3JUYHUA NPOJABAHU JIEKAPCTBA U
9ecTO ce Cpela Mo BpeMme Ha paspaborBaHero Ha JieKapcTBa. Pasgwanm in silico m in
Vitro KJeTHbIHH METO/IM ca pa3paboTeHu 3a MPOrHO3MpaHe HA MMOTEHINAJIA Ha ChenHe-
HugaTa 1a npean3puksarT PLD. Te3u meroan pa3zuuTar Ha HPUCHITHTE (PUIUKOXUMUITHI
cBOCTBA HA MOJIEKY/IaTa ¥ KATO TAKMBA Ca CKJIOHHM JI& LPEJIOIPEJIEIST CheJIMHeHN -
ta kato nuaykropu Ha PLD. Karo orunrame, ue pasnpejesieHHeT0 Ha CheIUHEHUITA
B THKAHUTE MW THKAHHOTO HATPYIBAaHE BEPOSITHO € KJIYI0B (haKTOP 38 WHIYIHDAHE
na PLD, B jjonbinenne K'bM OCHOBHHUTE (DUBUKOXUMHUYHU CBOMCTBA, HUE pa3pabOTUXMe
MoJIes 3a mporrosupane Ha PLD in vivo, w3nonsBaiiku MepkuTe 3a ocHoBHOCT (pKa),
munodurnoct (ClogP) u ob6em na pasupenenenne (Vd). M3norssaiiku nabopu or PLD
UHIYKTOPY W HEWHIYKTOPH, HUE JAEMOHCTPHpPaMe M0I00PEHO ChOTBETCTBHE C TO3U Me-
toxa. OcBeH TOBa TpeTaramMe mapaurMma 3a CKPUHUHT, KOSITO BKJIFOYBA KOMOWHAIUS OT
pPa3/JIMIHU METO/IM 33 IPOrHO3MpPAHE Ha MOTEHIHAIA HA CheJIMHEHUATA 38 WHIYIHPaHe
Ha PLD in vivo, KosgTo MoxKe j1a ObJe 0coOEHO HOJe3Ha B IIPOIECUTe HA HAeHTUMUIIN-
paHe U ONTUMHU3UPAHE Ha BOJICIIN CheTUHEHUs] IPH OTKPUBAHETO Ha JIEKAPCTBA.

4. Kirova, R., Georgiev, V., Rubino, B., Sampalmieri, R., Yordanov, B.,
Asymptotic behavior for linear and nonlinear elastic waves in materials with
memory, (2008) Journal of Non-Crystalline Solids, 354 (35-39), pp. 4126-
4137.DOI: 10.1016 /j.jnoncrysol.2008.06.020

Abstract

In this review, we study the Cauchy problem associated to the equation of linear
and nonlinear viscoelasticity with memory. Our first point is the study of dispersive
properties of the solution to the linear equation of viscoelasticity with memory. The
decay estimates obtained in this first part are important to treat the corresponding
nonlinear Cauchy problem. The key novelty is the fact that we admit algebraic singularities
and decay at infinity for the time dependent functions in the memory kernel. This fact
enables one to include models different from the classical viscoelasticity problem, where
this kernel is smooth and exponentially decaying in time. (¢) 2008 Elsevier B.V.

AobcTpakT B 1031 0030p M3ydaBame 3ajiadara Ha Koiu, cebp3aHa ¢ ypaBHEHUETO Ha
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JINHEHa U HeJIMHelHa BUCKOEJTACTUYHOCT ¢ rmaMeT. [I'bpBara HE TOYKa € M3CJIe/IBAHETO
Ha JUCIEPCHOHHUTE CBOMCTBA HA DEINleHNWEeTO Ha JIMHEHHOTO ypaBHEHWe Ha BUCKO3HA-
Ta eJJACTHYHOCT ¢ mameT. [lomydyennTe B Ta3um mbpBa YacT ONEHKH Ha Pa3NaJlaHeTo ca
BAYKHU 33 Pa3MJIeKIaHETO Ha CHOTBETHATa HenmHeiiHa 3amada Ha Kommu. OcxoBHaTta
HOBOCT € (DaKT'bT, 4e JIOIyCKaMe aJreOpuyHu CUHTYJISPHOCTH U pa3liaj Ha be3xkpaitnocT
3a 3aBUCHMUTE OT BpeMeTo (DYHKIUU B SAPOTO HA MaMeTTa. 1031 (pakT Mo3BOJIsABa J1a
ce BKJIIOYAT MOJIEJTH, PA3JHYHHA OT KJIacHIecKaTa 33/a4ua 3a BUCKOEJACTUIHOCT, KbJETO
TOBa $JIpO € TJIAJKO U eKCIIOHEHITNATHO Pa3Maallo ce BbB BPEMETO.

5. Gatti, D., Maki, A., Chesler, E.J., Kirova, R., Kosyk, O., Lu, L., Manly,
K.F., Williams, R.W., Perkins, A., Langston, M.A., Threadgill, D.W., Rusyn,
I., Genome-level analysis of genetic regulation of liver gene expression networks,
(2007) Hepatology, 46 (2), pp. 548-557, DOI: 10.1002/hep.21682

Abstract

The liver is the primary site for the metabolism of nutrients, drugs, and chemical agents.
Although metabolic pathways are complex and tightly regulated, genetic variation
among individuals, reflected in variations in gene expression levels, introduces complexity
into research on liver disease. This study dissected genetic networks that control liver
gene expression through the combination of large-scale quantitative mRNA expression
analysis with genetic mapping in a reference population of BXD recombinant inbred
mouse strains for which extensive single-nucleotide polymorphism, haplotype, and pheno-
typic data are publicly available. We profiled gene expression in livers of naive mice
of both sexes from C57BL/6J, DBA/2J, B6D2F1, and 37 BXD strains using Agilent
oligonucleotide microarrays. These data were used to map quantitative trait loci (QTLs)
responsible for variations in the expression of about 19,000 transcripts. We identified
polymorphic local and distant QTLs, including several loci that control the expression
of large numbers of genes in liver, by comparing the physical transcript position with
the location of the controlling QTL. Conclusion: The data are available through a
public web-based resource (www.genenetwork.org) that allows custom data mining,
identification of coregulated transcripts and correlated phenotypes, cross-tissue, and
cross-species comparisons, as well as testing of a broad array of hypotheses.

AobcrpakT YepHugar apob e OCHOBHOTO MSICTO, K'bJIETO C€ H3BBPIIBA METabOJIU3MbT
HA XPAHUTEJHHTE BEIIeCTBA, JEKAPCTBATA U XUMHUYHHUTE areHTH. Bbopeku de mera-
OO/ IMTHUTE IIBTUIIA CA CJIOXKHU U CTPOI'O PeryJiMpaHu, FTeHeTUYHUTE PA3/JIudus MEZKLY
X0paTa, OTPa3eHu B PA3/JUKHUTE B HUBATA HA T'€HHA €KCIPECUs, BHACAT CJOXKHOCT B U3-
cJae/IBaHUATA Ha dYepHOApoOHUTE 3ab0/sBanus. ToBa npoy4yBane OTKPUBA MeHETUIHUTE
MpPEeXKH, KOUTO KOHTPOJHPAT €KCIPECUaTa Ha YePHOJAPOOHU TeHH, IPe3 KOMOMHAIMS OT
HIEpoKoMaIabeH KoJIMIecTBeH aHaIn3 Ha ekcupecusaTa Ha MPHK ¢ remernano xapto-
rpagupane B pedepeHTHa IOIyIaIUs OT PEKOMOMHAHTHY MHOPEJHM IAMOBE MHIIKU
BXD, 3a xouto jJaHHU 3a €THOHYKJIEOTHIEH MOJUMOPGU3BbM, XAIIOTHI 1 (DEHOTHII Ca
nybsmmano jgoctbinnu. [[poduimpaxme renHara ekcrupecus B depHud Jpod Ha HAMBHU
MHUIIKE OT jABata nosa ot mamose C57BL/6J, DBA/2J, B6D2F1 u 37 BXD, karto u3-
OJI3BaXMe OJIMTOHYKJIEOTHIHN MuKpounmoBe Agilent. Te3n nanuu 0sxa H3MOJI3BAHH 32
kaprorpadupane Ha JoKycu ¢ KoaundectBenu npusHanu (QTL), orroBopHu 3a Bapua-
nuute B ekcupecugra Ha okoso 19 000 rpanckpunTa. nentudunupaxme mojumopduu
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gokaan u oraagedenn QTL, BKIIOUUTETHO HAKOIKO JOKYCa, KOUTO KOHTPOJIHPAT €KC-
IpecusTa Ha rojisiM Opoil TeHu B YepHHs JIpo0, KaTO cpaBHUXMe (pU3UIeCKATa MO3UIULA
Ha TPAHCKPHUIITA C MeCTOmoJioKeHueTo Ha KoHTposupamusa QTL. 3akmodenune: lan-
HUTE ca JOCTBIHE upe3 myOanuen yeG-6asupan pecype (www.genenetwork.org), KoiiTo
[03BOJISIBA TIEPCOHATN3UPAHO U3BANYAHE HA JAHHU, HIeHTH(DUINPAHE HA KOPEryIupa-
I TPAHCKPUIITH W KOPEJIUpPaHu (PeHOTHUITH, CPABHEHUS MEZK/Y T'hbKAHU U BUI0BE, KAKTO
U TeCTBaHE HA IIHUPOK CIEKTbP OT XUIOTE3H.
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