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ABSTRACT

Despite considerable progress, ab initio protein structure prediction remains
unsolved. A crowdsourcing approach is the online puzzle video game Foldit [1],
that provided several useful results that matched or even outperformed
algorithmically computed solutions [2]. Using Foldit, the WeFold [3] crowd had
several successful participations in the Critical Assessment of Techniques for
Protein Structure Prediction. Based on the recent Foldit standalone version [4], we
trained a deep reinforcement neural network called DeepFoldit to improve the
score assigned to an unfolded protein, using the Q-learning method [5] with
experience replay. The thesis is focused on model improvement through
hyperparameter tuning. We examined various model architectures and
hyperparameters for the learning algorithm. We ended up with a model that
achieved better accuracy than our first model. The new model’s hyper-parameters
boosted its performance and improved its ability to generalize. Initial results show
that given a set of small unfolded training proteins, DeepFoldit quickly learns action
sequences that improve the score both on the training set and on novel test
proteins. This is important as improving the game score means obtaining a better
folding, taking us one step closer to the solution. Our approach combines the

intuitive user interface of Foldit with the efficiency of deep reinforcement learning.
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NEPIAHWYH

Mapda TN onuavtik Tpdodo, N TTPORAeWn dOUNG TTPWTEIVWYV aTTd TNV TTPWTEIVIKI)
akoAouBia (ab initio) TTapauével éva aAuto TTPOBANpa. Mia KaArp TTpooéyyion
atroteAei TO nAekTpovikG Tralh Ttraixvidl Foldit [1], To oTroio TTapeixe oTnv
ETTIOTAPOVIKI KOIVOTNTA APKETA XPAOINA ATTOTEAEOUATA, AVTIOTOIXA I OKOUA Kal
KAAUTEPQA ATTO TIG PEXPI TWPA UTTOAOYIOTIKEG AUCEIG [2]. XpnoiyoTtroiwvTag 1o Foldit,
TO KOIVO Tou WeFold [3] €ixe apKeETEG ETTITUXNMEVEG OUUMETOXEG OTNV KPITIKN
agloAdynon TeXVIKWV TTPORAewns Ooung Twv TpwTeEivwy. Baoilduevol otnv
mpoéo@atn ékdoon Tou Foldit, Folditstandalone [4], ekmaideloaue €va VEUPWVIKO
QikTUO BaBIAG eVIOXUTIKNAG pabnong, To DeepFoldit, yia va BeATiwoel T BaBuoloyia
TT0U diveTal O€ PIa EEBITTAWMEVN TTPWTEIVN, XPNOIPOTToIWVTAG TN HEBodO Q-learning
[5] ue eTTavaAnyn euTTElpiag (experience replay). H Tapouca SITTAWPATIKE Epyaacia
ETTIKEVTPWVETAI OTN PBeATiwon Tou povTéAou TTPOPRAeWNS pEOow TnG puBPIoNG
UTTEPTTAPANETPWY. H TTapolca DITTAWMPATIKN ETTIKEVTPWVETAI OTN BEATIOTOTTOINON
TOU MOVTEAOU HABNONG PEOW TNG PUBMIONG TWV UTTEPTTAPANETPWY EgeTdoaue
OIAPOPESG UAOTTOINCEIG, XPNOIMOTTOIVTAG DIOPOPETIKEG APXITEKTOVIKEG HMOVTEAWV
Kal HETABAANOVTAC TIG TIMEG TWV UTTEPTTAPAUETPWY. KaTtaAngaue o€ Eva PovTéAO
TTOU ETTITUYXAVEI KAAUTEPN akpifeia atrd Tnv apxik uhotroinon. EvioxuBnke €101 n
amédoon ME TO VEO POVTEAO Kal BEATIWONKE N IKAvOTNTA TOU yia yevikeuon. Ta
apxIKa atroTeAéopaTa dgixvouv 0TI, OEOONEVNG MIAG CEIPAG MIKPWV EETUAIYUEVWV
EUBUYPAPUWY TTPWTEIVIKWY Mopiwv yia ektTaideuon, 1o DeepFoldit paBaivel
ypriyopa TIG akoAouBieg dpdong TTou BeAtiwvouv Tn Babuoloyia 1600 OTA
dedopéva TTou xpnolgoTroinenkav otn diadikacia ektraideuong (training set), 6co
Kal OTIG VEEG DOKINAOTIKEG TTpwTEiveg (test set). Autd eival onuavTikG KabBwg n
BeAtiwon Tng BaBuoAoyiag Tou TTaiXVvIOIOU ONUAIVEI TV ETTITEUEN MIAG KOAUTEPNG
avadiTTAwaonNG, TO OTTOI0 hag PEPVEI Eva Briua TTIo KovTd oTnv Auorn. H TTpocéyyion
Mag ouvduddel Tnv €Eutrvn dieTTagn Tou Foldit pe Tn duvapn TNg Babidg evioxuTIKNAG

paénong.
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