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NepiAnyn:

Ol TPEXOLOEC TEXVIKEC avAAUONG TNG MOKPOMOPIOKNE O0UAG adUVATOUV VA YEVIKEDGOULV
KOAQ 0€ JIa@OPETIKOUC TUTIOLE dOPWV, KOBWC KABe pia amd autég T peBodoug eival
OXEDIOOPEVN VIO CUYKEKPIPEVOUC TOTIOLC BOUIKWVY OTolXEiwv. To Integrative Modeling €ival
€vag TPOTIOG ylo vo cLUVOULACOUKE TA TIEIPOUATIKA ME TA LTIOAOYIOTIKA OEGOPEVA, OAAN
EM@aVIEl KATIOIEC AOLVOUIEC OO0V aPOPA OTO ETEPOTIOAUMIEPIKA GUUTIAOKA (EIOIKOTEPO OTA
UN-CULUMETPIKA), OTIOU Ol ETTIPEPOLE MOVADEC TOUC MTIOPEI va UVIOBETOUV OIOPOPETIKEC
OIOUOPPWOEIC AVAAOYO UE TO OV €ival ATIOPMOVWHEVEC ) PECO OTn cuoTolXia TOug. TNV
epyaoia  autr), EKUETOAAELOUOOTE TO  TEdIO  TN¢  MNXOAVIKNC  Opoong, — Kal
xpnolpottolove local descripto kal o Bacikd Bripyata Touv  aAyopiBuou SIFT yio v
e€aywyn OIOKPITWV XOPAKINPIOTIKWY (TOTIKA OKPOTOTO) OTIO E€IKOVEC: OVIXVEDOLUE T
onueia-kAed1d  (keypoints) ota density maps Twv  ATOMIKWV 0wV, WOTE Vva  TIG
EVTIOTIIOOVUE MPECO OTOUC Cryo-EM maps twv POKPOUOPIOKWY TOug cuoToiXiwv. Mo N
peiwan tou tepdaTiov TTARBoUC atto keypoints, 0TIAlOLUE OTNV EDPECT YWVIWV, KABWC Ta
onueia autd Tapapévouy oTaBEPdE QVEEOPTNTOU TIEPIOTPOPNC 1 aAAaync. Kabwg ol
IBI0TIMEC KOl Ta avtioTolxa 1810d1ovucpota TG dOUNG TOL TAVUCOTH TIEPIYPAPOLY TN BACIKNA
KOUTILAOTNTA TN OOUNAC, LIOBETOVME TIC OPXEC TNG MEBOOOL avixveLong ywviwv Harris, Kal
TIC emekteivoue o€ 3-D avaiuon dOUIKWV TavuoTwy. Baolldpevol oTIC OTATIOTIKEG TwWV
AOYWV TV IBI0TINWY, €QAPPOLOLUE TIOAAATIAODC TOTIOUC KATWEAIWONG YA JI0QOPETIKEC
TIOPAPETPOUC, KOl QOKIUA{OLUE AUTEC TIC TIOPOUETPOLCG O 54 JIAPOPETIKEC dOUEC. Mo TNV
0&loAGYNo” TV TIAPAPETPWY, CLUYKPIVOLUE Ta LTIOAOYIoBEVTA keypoints pe eva oOVOAO yia
TO OTIoI0 YvwpIiloupe OTI ETUTLUYXAVEI CWOTH TIPOPAEWN CULOTOIXIWY. Ta TIEIPAPOTIKA
OTIOTEAEOPOTO  OgiXvouv TNV UTIOPEN TIAPAPETPWY TIOL A@AIPOLY Oxeddv OAd T
aotadn keypoints (false positi), TTOPAPETPWYV TIOU dlOTNPOLVY OXeEAOV OA T OTABEPA
(true positives), Kal TIAPAPETPWY TIOL divouv AVoeIg e€looppoTiwvTac To trade-off HeTagL
TWV TIPONYOUUEVWY dV0. TEAOC, ETTOANBEVOLPE OTI LTIAPXOLV CUPTIAOKO PE QVOEIOTTIOTO
TIPO@IA TTLUKVOTNTOC, KOBWC de LTIAPXOULV AVCEIC YIa OAEC TIC AVOAVCEIC TouG. H peBodocg
TIOU TIPOTEIVOUUE €ival €vag YEVIKOC, YyPriyopog Kal OKPIBAG TPOTIOC yia TNV €€aywyn
TOTTIKWV XAPOKTNPIOTIKWV YO 0WoTH TIPORAEWN OLOTOIXIOC, KOl UTIOPEL VO XPNOIPEVCEl WC
BOOIKA YPAUMN YIO TN MEAETN TWV OUVOUIKWY AUTWV Twv keypoints 0tav LTIOKEIVTAlI OE
OIOUOPPWTIKEC OANAYEC.
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Abstract:

Current macromolecular structure resolution techniques fail to generalize well across
different types of structures, since each method is designed for specific kinds of
components. Integrative Modeling combines experimental and computational data
regardless of their resolution, but it also has limitations when it comes to heteromultimeric
complexes (especially asymmetric), where the individual components may adopt different
conformations whether they are isolated or within their assembly. In this work, we exploit
the field of computer vision, and we make use of local descriptors and the main steps of
SIFT algorithm, for extracting distinctive features (local extrema) from images; we detect
informative features (keypoints) in the atomic structures’ density maps, so as to localize
them within their macromolecular assembly’s cryo-EM maps. For diminishing the huge
number of extracted features, we specifically search for corners, as these points remain
stable regardless rotation or change. Since the eigenvalues and the eigenvectors of the
structure tensor describe the principal curvatures of the structure, we adopt the principles
of Harris corner detector and extend them to a 3D structure tensor analysis (STA). Based
on the statistics of the eigenvalues’ ratios, we apply multiple types of thresholding under
different configurations, and benchmark the STA set of parameters on 54 different
structures. For the parameter evaluation, we compare the extracted keypoints with a set
that is known to lead to correct assembly prediction. Experimental results show the
existence of parameters that remove almost all of the unstable keypoints (false positives),
others that retain almost all of the stable ones (true positives), and others that can balance
the trade-off between those two. Finally, we verify that there are specific complexes
without a trustworthy density profile, since no solutions can be obtained for every
resolution. The proposed method is a general, fast, and accurate way for extracting
localized features for correct assembly prediction, which can serve as a baseline for
studying the dynamics of these keypoints under conformational changes.



