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Momusayusa u yens: B ponIioM Toxy aMepuKaHCKUMH uccienoBarensmu u3 Llentpa
konmuectBeHHOW Omosorun Cumonca (Simons Center for Quantitative Biology) 61
omybsukoBad (perimBopk EVOAUQ Ha PyTorch ¢ otkpeITeiM nexomusiM komoM [1]. B
OMoNOTHH YacToW MPOOIEMOM SBISETCS HENOCTaTOYHOCTh NAaHHBIX I OOy4YeHHS
riryookoit Heiiponnoit ceru (DNN), BciemcTBuu dero HEWpOHHAas CETh CKJIOHHA
nepeo0ydyaTbCsi M TOKa3blBaTh IUIOXYIO CIOCOOHOCTh K TEHEpaM3allii Ha HOBBIX
JIAHHBIX. ABTOpPHI TIOKa3bIBAIOT, YTO OOyYeHHWE HEWPOHHBIX CETeH C IOMOIIBIO
¢peiimBopka EVOAUQ, mpumensromero B xome oOydeHus HaOOp ayrMeHTaIui,
OCHOBAaHHBIX Ha TICEBJOAIBONIONMOHHBIX TMpoleccaX, NPUBOAUT K YIYUIICHUIO
TeHepaIu3allid Mojejed W moBbIaeT 3(PPEeKTUBHOCTh CTaHIAPTHBIX METOJOB
aroCTePHOPHOTO CPaBHEHHSA, HAPUMED, HHTEPIPETHPYEMOCTH (HIBTPOB U aHAIH3A
napaMeTpoB, B PEIICHUN BaKHBIX 3374 PETYISATOPHON TEHOMHUKH.

Lenbto naHHO# paOOTHI siBIsieTCsl MpoBepka 3ppekTBHOCTH U anpodanus peiiMBopKa

JUTSL pa3IMYHBIX 33/1a4 PETYIATOPHON T€HOMUKH.

Memoost u ancopummot.

e Basset — KOHBONIOUMOHHAs HEHWPOHHAas CETh, HCIIONb3yeMass B KadecTBe
MHOT033/1a4HO} OMHAPHOM Ki1acCH(PHUKAIIUK CANTOB JOCTYITHOCTH XpoMaTHHa B 161
THIIE KJIETOK [2].

¢ DeepSTARR - KOHBOJNIOIMOHHAS HEHPOHHAs CETh, MPEICTABISIOMAs COO0H
MHOT033/1a4HYI0 KOJIMYECTBEHHYIO PErPECCHIO JUIsl TPOTHO3UPOBAHHS aKTHBHOCTH
JHXaHcepa Ha OCHOBE JIAaHHBIX CEKBEHHUPOBAHUS CaMOTPaHCKPUOHMpPYIOIIEHcs
aKTHBHOM perysstoproii oomactu (STARR-seq) [3].

* LegNet — kOHBONFOIIMOHHAS HEHPOHHAS CETh JIUIS TIPEACKa3aHus SKCIPECCHH TEHOB
M3 MacCOBOTO MapaJIeIFHOTO PEIOPTEPHOTO aHamu3a [4].

* JlaHHBIE MAcCOBOTO MapajuICIILHOTO PEMOPTEPHOTO aHANN3a JUIsl TPEX OCHOBHBIX
tunos kietok ENCODE: renatoruts! uenoBeka (HepG2), mumbpobnacter (K562) u
WHIYIIHPOBAHHBIE ILTFOPUITOTEHTHBIC cTBOJIOBBIE KiteTku (WTC11) [5].

Pezynomamur: ABTOpBI JTaHHOTO (PpEeHMBOPKA MOKA3BIBAIOT YIIyUIIEHUE TeHEpaTU3alluH

Mmoneneli Basset m DeepSTARR ¢ wucnonms3oBaHmeM Habopa ayrMeHTalui,

MPEIOCTAaBIIAEMBIX WX anropuTMoM. Hamu ObUTH BOCHPOM3BEICHBI PE3YNHTATHI,

MpeJCTaBiIeHHbIE B CTaThe, W CJHIENaHbl BHIBOABI O JCHCTBHTEIHLHOM YIYYIICHHH

KadyecTBa MpeJIcKa3aHui JITst 3aJ1a4 KJIacCH(DUKAIUK CATOB JJOCTYITHOCTH XpOMaTHHA U

MIPOTHO3UPOBAHUS aKTUBHOCTH YHXaHCEPA.

PaccmarprBaemblii  (peliMBOpK TIO3BOJIMJI TaKXe TIOBBICUTH KauecTBO MOMEIIH,

HarpaBJICHHON Ha mpejcka3zaHue dPQPEKTHBHOCTH TPAHCISIUHA y MPOKapuoT. Takxke

EVoAug 0bu1 uctipoboBaH AJ1s 3a/1a4d MpeacKa3aHusl SKCIPECCHH 3YKapHOTHYECKHUX
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TCHOB JUIA YEJIOBEKa M3 MacCOBOr0 MapaUICILHOTO PEIOPTEPHOrO aHau3a W s
JIPOAOKEH U3 THTaHTCKOTO MapauIeIbHOTO PEOPTEPHOro aHayM3a. beuin moo0paHbl
ONTUMAIILHBIC THIEPIApaMeTPhl TSl KaXIOTO THITA ayTMEHTAIUH, TIOAIEPKHUBAEMOTO
anroputMoM. OOydeHwe wMojenn ¢ Ha0OpOM ayrMeHTanuid, IPeIOCTaBIIEMBIX
(peMBOPKOM, HE TIO3BOJIIIIO YIYUIIUTh PE3YJIbTAThl UCXOJIHON HEHPOHHOW CEeTH IS
obenx 3amad.

Buvigoowi:  Jlms dacTm 3amad  perynsTOpHOM TeHoMHKH (peiimBopk EVOAUQ
JIEACTBUTEIHHO IMO3BOJISET MOJTy4aTh MOJICHb C JIYYITUM Ka4eCTBOM, HEIKEITH UCXO THBIC.
OpnHako Ui 4acTU JTaTaCeTOB MOXET BOOOIIE HE MPHBOJUTH K YIIYUIICHHIO KauyecTBa
npefcKa3anus, a J000yYeHHE MOXKET HE MO3BOJHTh M30aBUTHCS OT UCKWKEHHU B
JTAHHBIX, BHOCUMBIX ayrMEHTAIIUSIMU.
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Motivation and Aim: Last year the EvoAug, an open-source PyTorch package, was
published by American researchers from the Simons Center for Quantitative Biology
[1]. A common biology problem is insufficient data to train a deep neural network
(DNN), causing the neural network to overtrain and exhibit poor generalization ability
on new data. The authors of the original paper show that training neural networks using
the EvoAug framework, that provides a suite of evolution-inspired data augmentations,
leads to better generalization performance and improves efficacy with standard post hoc
explanation methods, including filter interpretability and attribution analysis, across
prominent regulatory genomics prediction tasks for well-established DNNSs.

The purpose of this work is to test the effectiveness and test the framework for various

tasks of regulatory genomics.

Methods and Algorithms:

* Basset is a convolutional neural network used as a multi-task binary classification
of chromatin accessibility sites in 161 cell types [2].

* DeepSTARR is a convolutional neural network that is a multi-task quantitative
regression for predicting enhancer activity based on self-transcribing active
regulatory region sequencing (STARR-seq) data [3].

* LegNet is a convolutional neural network for predicting gene expression from yeast
gigantic parallel reporter assays [4].

e Massive parallel reporter assay data for three major ENCODE cell types: human
hepatocytes (HepG2), lymphoblasts (K562) and induced pluripotent stem cells
(WTC11) [5].

Results: The authors of this framework show improved generalization of the Basset and

DeepSTARR models using the set of augmentations provided by their algorithm. We

reproduced the results presented in the article, additionally tested them against more
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strict baseline methods and drew conclusions about a real improvement in the quality of
predictions for the tasks of classifying chromatin accessibility sites and predicting
enhancer activity. Next we tested EvoAug on a task of prediction translation efficiency
in prokaryotes that resulted in improved model performance.

After that we decided to apply EvoAug for eukaryotic gene expression prediction using
data from a massively parallel reporter assay. Optimal hyperparameters were selected
for each type of augmentation provided by the algorithm. Training the model with a set
of augmentations provided by the framework did not improve the results of the original
neural network.

As the last step we applied the framework for the yeast GPRA promoter dataset and
showed that using the framework for this task results in suboptimal results.

Conclusion: For some regulatory genomic problems the EvoAug framework actually
allows one to obtain a model with better quality than the original ones. However, for
some datasets it may not lead to an improvement in the quality of prediction at all or
even result in suboptimal results. Moreover, further model fine-tuning suggested by
authors may not allow it to get rid of bias in the data introduced by augmentations and
in general doesn’t result in performance gains.
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