IMPHJIO)KEHUE

YACTD 1. YTO TAKOE BUONH®OPMATHUKA

buoundopmatuka, OCHOBBIBasACb Ha MPHU3HAHHBIX HAYYHBIX  M3AAHUAX.
«buonndopmaruka COCTOMT M3 TNPUMEHEHHS MATEMATHYECKHX, CTATHCTUYECKUX U
BBIUMCIIUTENIFHBIX METOJOB K JIAHHBIM MOJIEKYJIIPHOH OHWOJOTHH, YTO II03BOJISET
CBS3BIBATh MX M BBHITIOJHATH MPOTHO3bI W 3aKiItoueHMs» (utupyercs u3 [1]). Oto B
OCHOBHOM CBsI3aHO ¢ JaHHBIMU 0 mocnepoBarenbHocTsAX JIHK, PHK u amunHOKkucTOT,
MOJIyYCHHBIMH B OMHKE (T€HOMHUKA, MPOTEOMHUKA, TPAHCKPUNTOMHUKA), OCOOCHHOCTSIMH,
MOJIyYEHHBIMM M3 O3THUX TOCJEN0BAaTEIbHOCTEM, WM BCECTOPOHHUM aHAJIN30M
MeTa0oJIMTOB B OWOJornyeckoM oOpasie (Hampumep, Merabosomuka [2]). Llemsmu
UCCIIEIOBaHMS SIBISIFOTCS KiaccHU(PHUKAIUS M MPOTHO3UMPOBaHUE (YHKUUH U CTPYKTYP
OeNKOB, aHAU3 MIPOTHO3UPOBAHKS U IKCIIPECCUU TEHOB, a TAKXKe IMyTell MeTabonu3Ma u
WX PETYIISIIHIH.

Taxke naHHBIE BKIIOYAIOT KIMHUYECKHWE OTYETHI, BBISIBICHHE W aHAIN3
MexaHu3MOB 3a0oneBaHuil. [lepemoBbie MeTOABI CEKBEHUPOBAHUS TMPHUBEIH K
3HAYUTEIILHOMY YBEJIMUYEHHUIO TpeOOBaHUI K JaHHBIM U K HEOOXOAMMOCTH MPUMEHEHUS
TEXHOJIOTUH OOoNbIIMX MaHHBIX B OunomHpopmatuke [1]. B obmactu OGuomHpopmaTuku
pa3paboTaHbl ¥ MPUMEHSIOTCS MHOTOYHCIICHHBIE METOJBI M MPOrpaMMHOE OOecTiedeHHe
JUIS  XpaHEHHs, OpraHM3alli, IOHMMaHUS M UHTEPIPETAlUd SKCIOHEHIUATbHO
pacTyIIero KoJIu4YecTBa OMOJIOTMYECKUX JaHHBIX, HAMPABJICHHBIX Ha pelIeHHEe MpoOieM
MEJIUIIUHBI U Onosoruu [3].

B pesynbrare OrpoMHbBIX yCWIHN MO cOOpY JaHHBIX HCCIIENOBATENN HAICHOTCS

CO31aTh KOHUICTITYAJIbHBIC 3HAHUI.



YACTD 2. KAYECTBO JAHHBIX

[Ipennaranock MHOXECTBO PA3IMYHBIX THUIIOB HM3MEPEHUN IS ONPEICIICHUS U
OIIEHKHM KayecTBa JaHHbIX [4, 5]. IllecTh m3mepenuii kauecTBa IaHHBIX, MPEIJIOKECHHbBIC
MexnyHapoaHol accouuanueit ynpasieHust naHHbiME (International Data Management
Association, DAMA), nepeuunciieHbl HIKE.

1. Tlomnora (Completeness): moas XpaHUMBIX JAHHBIX OTHOCHUTEIHHO
noteHuuanbHOH «100%-HOM MOJHOTH); HET YOYIIEHHBIX JaHHBIX. OJTO CO31aET
YBEPEHHOCTh B HAaA&KHOCTH HCIIONBb30BAHMS [AHHBIX. B cllydae HEMOMHBIX JTaHHBIX
KOPPEKTHBIN pe3ynbTaT HE MOXKET OBITH MOJTyYCH.

2. YuaukansHocTh (Uniqueness): HUUTO He OyAeT 3amucaHo Oosiee OJHOTO pasa B
3aBHCHMOCTH OT TOT'0, KaK 3Ta Bellb UAECHTU(PHUIINPOBAHA.

3. CsoeBpemenHocTh (Timeliness): HacKOJIbKO COBpEMEHHBI AaHHBIE. JlanHble
1980 2. ne max cospemennvl, kak oannvie 2021 2.

4. JeiictButenpHocTh  (Validity): maHHBIe [EWCTBUTENBHBI, €CIH OHHU
COOTBETCTBYIOT CHHTaKcHCy (opmary, THITY, JUATIA30HY) CBOETO OMPECICHHS.

5. Tounocth (Accuracy): cTeneHb, B KOTOPOUW JaHHBbIE MPABUIHHO OMHCHIBAIOT
O00BEKT WM COOBITUE «PEATBHOTO MUDPAY.

6. CornacoBanHocTh (Consistency): OTCyTCTBUE pa3iIHuUil IPU CPAaBHEHUU JBYX
wim 0oJiee TPeCTaBICHUH 00BEKTa CO CTAHIAPTHBIM OIPEICTICHUCM.

NHuorna k aToMy 1006aBmstoT emé hakTophI.

Hanéxnocts (Reliability). Hané&xHocTh MOXKHO OMpEeUTh KaK JaHHbIE, KOTOPhIE
JOCTATOYHO HAJEKHBI IJIs1 UCTIONB30BaHus. Hanmpumep, JaHHBIE HEIOCTATOYHO HAIEKHBI,
€CJIM OHM COCTOST U3 JIBYX PAa3HBIX 3AITUCEH 1O/ OJHUM U TEM K€ IMECHEM B JIBYX Pa3HBIX
MecTax.

AxtyansHOCcTh (Relevance). PeneBaHTHOCTE MOXKHO ONpEAETUTh KaK YMECTHOCTh
naHHOW mH(OpMaIyK B NaHHBIX. Hampumep, 4TOOBI IMETh BO3MOXKHOCTH T'OJIOCOBAThH Ha
BBIOOPAX, BO3pACT rpakIaHUHA SBJISCTCS BAXKHOW HH(DOPMAIIHEH, & €0 PETUTHUS WITH TIOJ —
HeT.

Tepmun «Big Data» Takxke 9acTo XapakTepu3yeTrcs TPeMs COCTABIISIFOIIMMU:

00BEM (pa3Mep MOCTYMHBIX JaHHBIX PACTET ¢ BO3pPACTAIOUIEH CKOPOCTHIO; MeTabaiiTOBbIE



HAOOpBI JTAaHHBIX SIBISIOTCS OOBIYHBIM SIBJICHUEM B HAIM JTHU, U dK3a0aiiTHbIC OailThI
HAXOJATCS HENaJeKo), CKOPOCTh (aHHBIE ceifuac — MOTOKOBas Iepenada Ha cepBep B
pPEeKHME PEaTbHOTO BPEMEHH HETIPEPBIBHBIM 00pa30M, U pPe3yNIbTaT MOJIE3eH TOIBKO B TOM
cly4yae, €Clu 3aJep)KKa OYeHb KOPOTKas) W pa3sHooOpasue (KOJWYECTBO THUIIOB
naHHbIX) [6]. OgHAKO MHOTHE CYMTAIOT, YTO 3TH TPHU COCTABJISIONIME HEIOCTATOYHO
XapaKTepu3yIoT OOJIbIINE TaHHBIC, U OHU YacTO JOTOJHAIOTCS OyKBaMH «V», TAKUMH Kak
IIEHHOCTh, JKU3HECIIOCOOHOCTh, M3MEHUNBOCTh, BU3YyAIH3aIls U JTIOCTOBEPHOCTH (value,
vitality, variability, visualization u validity; cMm. HemaBHue o63opwI [1, 7, 8]). Hpyrue
UCTIONB3YIOT PA3JIMYHbIC KBATU(MUKAIMK IS XapaKTEPUCTHKHN OOJBIINX NAaHHBIX, TAKUE
KaK MCUEPIIBIBAIOIIAs, PEISITUBHOCTD, PACHIMPSAEMOCTh U MaciTabupyemocts. Hecmotpst
Ha MHOTIOYHMCJICHHBIC IOIIBITKKW, OO0 CHUX IIOp HCT C€IAWHOro MHCHHA II0 IOBOAY

TepmuHa [7, 8].



YACTbD 3. HEKOPPEKTHOE IIPEYBE/IMYEHUE/IIPEYMEHBIIEHUE POJIN
OJHUX ®AKTOPOB IO CPABHEHHUIO C JAPYI'MMH, OBBEKTUBHO
PABHOLIEHHBIMH (PABOPUTHU3M, BIASES), BIUAIOIIEE HA KAYECTBO
JAHHBIX

MHOrounciaeHHbIE HCKaKEHUS TMPUBOASAT K HANPABIEHHOMY OTKIOHEHMIO
BBEIOOPKU JIJISt aHAIIM3a OT CIy4aitHO BEIOpaHHOM (cM. Takxke [9]).

CymecTBYOT pa3jiM4Hble NPUYMHBI MPEAB3ATOCTH B OMy0JIMKOBAaHHBIX
AaHHbIX. CrnocoObl mosydeHUs: OOpa3loOB MNPUBOAAT K OOJIBLIIOMY KOJHYECTBY
cucTeMaTuyeckux omuoox [10].

IIpuctpactus astopoB. «JloBas 3HaummocTn» (Fishing for significance).
[Ipobnema «IOBIM 3HAYMMOCTWY» YCYryOJsieTCsl TaK Ha3blBAEMBbIM «IIPEAB3SATHIM
OTHOLIEHHUEM K ITyOJUKALMW»: Y TOJOKUTENIBHBIX PE3yJIbTaTOB ropa3ao 0OJbllle IIaHCOB
ObITh OMYyOJIMKOBaHHBIMH, 4eM Yy orTpuuatensHsix [11, 12, 13, 14]. B pesynbrate
HEKOTOPBIE aBTOPHI COOOIIAIOT TOJIBKO O HEKOTOPHIX pe3yibTaTax, OOBIYHO Hamboiee
OnaronpusTHbIX. Cle10BaTeNbHO, OIyOJIMKOBAaHHbIE PE3yJIbTaThl MOI'YT CUCTEMAaTUYECKH
OTIMYAThCAd OT TeX, KOTOpbIE OCTaIOTCS HEOomyOIuMKoBaHHBIMU [15-17]. «CaoxHOCTb
nyONMKalMu  OTPULATETBHBIX PE3YJIbTaTOB MOOYKIAeT AaBTOPOB HAXOJUTHh YTO-TO
II0JIO)KUTEIPHOE B CBOUX HCCJIEIOBAHUAX, BBINOIHIS MHOTOYMCIECHHBIE aHAJIN3bI, I10Ka
OJIMH U3 HUX CIIy4aitHO HE JacCT MOJIOKUTEIbHBIC pe3ybTathy [ 18—20]. «Hac mpuBnekaer,
MHOI'ZIa HENPEOAOIMMO, IPUHATHE CEHCALMOHHBIX MOJOXKHUTEIbHBIX PE3yJbTaTOB U
CKJIOHHOCTb OTBEpraTh OTPHULATENbHbIC, KOTOPbIE MOTYT OBITH CTOJIb K€ Ba)KHBIMH...
UCCIICZIOBAaHHUSI CO CTAaTUCTHYECKH 3HAYMMBIMHM pe3yJbTaTaMu HE TOJNBKO € OOJbIeit
BEPOSITHOCTBIO OyAyT OMyOJWMKOBaHBl, HO H C OOJNBIIEH BEPOATHOCTHIO OyIyT
LIUTUPOBATbCS W NPOJBUIAThCHA, ... CTATUCTHUKOM  MOYKHO  3JI0yHOTPEOJIATS,
MaHMITYJIMPOBaTh JAaHHBIMH U aHAJIU3UPOBATh 10 TE€X IMOp, MOKa He OyIyT M3BJIECUYECHBI
3HaunMble 3P eKkThl. ITa (opMa HEMPABOMEPHOTO TNOBEJCHUS B HAyKe HA yJIUBJICHUE
pacrpocTpaHeHa U U3BeCTHA Kak p-hacking, nim peidanka ¢ p-3nadenuem» [20].

IMpenyOexknenus 3xcneprToB. JlaBjeHue cymecTBywmux napagurm. B 1960-
x rT. Tomac KyH onucain, kak yué€Hble IPeANOYUTAIOT paboTaTh B paMKaXxX CyILIECTBYIOIEH

JoMuHUpYomed napaaurmsl [21]. CyiecTByeT cuiibHas ONIO3ULMS UAESIM, KOTOPBIE HE



COTJIACYIOTCS C TPAAMIMOHHBIMU JOTMaMU. TONBKO Koraa NpuiaéT Bpems, Koraa
HEOIPOBEP)KUMBIE JTOKA3aTeIbCTBA B MOJACP)KKY HOBBIX HAEH Ooiblne Henmb3s OyneT
UTHOPUPOBATh, Y HUX TOSBUTCS INAHC OBITh OmyOnmKoBaHHBIMH. KyH omumcanm 3TOT
KPUTHYECKHI MOMEHT BPEMEHHU KaK «CMEHYy mapaaurMbiy. [IpuMepsl, moaTBep:kaaonme
Takoe TOBEIEHUE, OMHUCaHbl B JnuTeparype [22]. Briparomuecs mHpuUMepbl BIUSHUS
napaaurmMbl Ha myonukanuu Obuta omucanbl Campanario [23]: 19 Oynymmx naypeatoB
HoGeneBckoil mpeMuH CTOJKHYJIHCH C CONPOTHBICHHEM CO CTOPOHBI HAyYHOTO
COO0IIIECTBa CBOMM OTKPBITHSM, U CiIy4yau, korga 24 Oyaymux jaypeara HoOeneBckoid
MIPEMHH CTOJIKHYJIMCH C COMPOTUBJICHHEM CO CTOPOHBI PEJaKTOPOB HAYUYHBIX KYPHAJIOB
WIA PELEH3EHTOB PYKOMHCEH, IMOCBSIIEHHBIX OTKPBITHUSAM, KOTOpBIE BIIOCIEACTBUU
npuHecii uM HoOeneBckyro mpemuro. B oTBeT Ha 3TH yTBEpX)AEHUS KypHAI «Naturey
MPU3HAET, YTO «... B HAIIEH HCTOPUU €CTh HEOCTIOPUMBIE OIUIOTHOCTH. K HUM OTHOCATCS
OTKa3 myOnukanusM uznyudeHus Yepenkona, Me3oHa Xuzaeku FOkaBel, padora Moranna
Haiizenxogepa, Pobepra Xybepa m Xaprmyra Mumens mo (oTOCHHTE3y, a Takxke
MEPBOHAYAIBHOE OTKIOHEHHE (HO B KOHEUHOM MTOTE MPUHSATHUE ) H3ITyUSHHSI YePHOH JBIPHI
Ctupena Xokwunra [24].

Ananrtepnyto runorte3y BelaBuHYH1 ®pencuc Kpuk. OH mpeanoioxui ¢ O4YeHb
HEOOJBIIMM KOJMYECTBOM JOKA3aTeNIbCTB, U4TO cymecTBYIOT kopotkue PHK. I'mmotesa
ajamnTepa, 0 KOTopoil oH roopun B Jlonmone B 1958 ., Obula OTBeprHyTa BCEMH
omoxumukamMu. OHU ckazaynm, 4to, ecau Obl Obuto 20 PHK u 20 depmentoB uist
CBSI3bIBAHUSI aMUHOKHUCIIOTHI C KQXKIbIM a/IaliTEPOM, Mbl, OMOXUMUKH, YK€ JOJKHBI OBLITN
ObI 3TO OTKpBITh. HO MOCKOJIBKY MBI UX HE OTKpPBUIM, UX He cymiecTByeT. OJHAaKo He
noTpedoBaIOCh MHOTO BPEMEHH, YTOOBI TIOKA3aTh, YTO OHU OMIMOATUCH. ITH (pepMEHTHI U
Bce TPHK Ob1n Bckope OTKpHITHI [25].

CoOcTBeHHBbIE MPeayOeKIeHns] PeJaKTOPOB U PeleH3eHTOB. DKCIEPThl MOTYT
OBITh TMPEAB3ATHI MO Pa3HBIM NMpUYUHAM. PElleH3eHTHl MOTYT HPEIB3SITO OTHOCHUTHCS K
CBOEH OLICHKE, €CJIM COJACpXKAaHHWE PYKONHCH INPOTUBOPEUYUT HMX COOCTBEHHOMY WIIH
o0mmenpuHATOMY MHEHHUIO [26]. Psan  MeXIyHapoAHBIX KOMHUTETOB CO3JaHBI  JUIS
MPOJBMKEHUSI TIEPEIOBOM MPAKTUKU B MyOIMKAIIUU MEIULIUHCKUX KyPHAJIOB; B UX YUCIIO
BxogaT Komurer mo stuke nmy6nukammii (COPE), CoBer Hayunbix pemakTopoB (CSE),

MexnyHapogHoe ~— o0mecTBO  MpodeccHOHANOB B 00MacTd  MEAMIIMHCKHX



ny6nukauuit (ISMPP) u npyrue. OgHako MeX1yHapOJHBIN OMPOC PEJAKTOPOB HAYUHBIX
KYPHaJIOB MIOKa3aJl, YTO MHOTHE PEIAKTOPhI HE 3HAKOMBI C UMEIOIIUMHUCS PYKOBOISIIMMEI
npuHiunamu [22, 26]. Psg MOTHBOB, KOTOpBIE MOTYT CIIOCOOCTBOBAThH MPEAB3STOCTH
IKCTIEPTOB, MOAPOOHO paccMoTpeH B [26]. IlpenB3sTocTh, BHECEHHAS PEIEH3CHTAMH,
Ka)KeTcsl, MOTy4aeT MEHbIIE BHUMAHMS, UEM 3acilykuBaer [22, 26].

Kpome Toro, cymectByer octpas mpoOiema, CBsi3aHHAs C HCIOJIb30BAaHUEM
OpraHM3aIfK U CIocO00B 00pabOTKM JaHHBIX 0COOCHHO B 3moxy Big Data. Mapk Tsen
npennoxuin: «CHavana cobepute (akThl, a MOTOM BBl CMOXETE€ UX CKOJBKO YTOJHO
uckaxatey. [leiictButensHo, kak 3ametun Gaudet [27] B oTtHomenun Gene
Ontology (GO), ueHTpanpHOW 0a3bl JaHHBIX J1s (QYHKIMOHAJIBHONH T'CHETHKH:
«HenpaBuibHbIE TPEACTABICHUS U BBOJIAIIME B 3a0JIyXKJACHHS, KOTOpbIE OOBIYHO
nenatorca B oTHomeHun GO, Bkmovas 3(QeKT HEMoNMHOTH JaHHBIX, BaXXHOCThb
KBIM(UKATOPOB AHHOTAIMM M TPAH3UTUBHOCTh WIH €€ OTCYTCTBUE, CBS3aHHBIE C

APYTrUMHU OHTOJIOTUSAMMD).



YACTDb 4. HUTATDBI

Actually, the orgy of fact extraction in which everybody is currently engaged has,
like most consumer economies, accumulated a vast debt. This is a debt of theory, and some
of us are soon going to have an exciting time paying it back — with interest, I hope.

I was asked by a student what ethical standards should be adopted by life scientists.
I could immediately think of two prescriptions. The first, common to all scientists, is to tell
the truth. The second is to stand up for all humanity.

The attitude of my generation that all problems can be solved in the next decade,
and should be solved in the next decade — these expectations are changed. Maybe science
should be done better, but more slowly. I think a large number of mediocre people are in
science today, and carried along by the system. General concepts are rare. Nobody
publishes theory in biology — with few exceptions. Instead they get out the structure of still
another protein. I'm not saying it's mindless. But the mind only acts on the day-to-day.

There is a strong and widely held belief that all organisms are perfect and that
everything within them is there for a function. Believers ascribe to the Darwinian natural
selection process a fastidious prescience that it cannot possible have and some go so far
as to think that patently useless features of existing organisms are there as an investment
for the future ...

Even today, long after the discovery of repetitive sequences and introns, pointing
out that 25% of our genome consists of millions of copies of one boring sequence, fails to
move audiences. They are all convinced by the argument that if this DNA were totally
useless, natural selection would already have removed it. Consequently, it must have a
function that still remains to be discovered. Some think that it could even be there for
evolution of the future — that is, to allow the creation of new genes. As this was done in the
past, they argue, why not in the future? ...

Some years ago I noticed that there are two kinds of rubbish in the world and that
most languages have different words to distinguish them. There is the rubbish we keep,
which is junk, and the rubbish we throw away, which is garbage. The excess DNA in our
genomes is junk, and it is there because it is harmless, as well as being useless, and because

the molecular processes generating extra DNA outpace those getting rid of it. Were the



extra DNA to become disadvantageous, it would become subject to selection, just as junk
that takes up too much space, or is beginning to smell, is instantly converted to garbage.

...we need to put everything into an evolutionary framework, simply because
complexity arises in biological systems by accretion and modification and not by
reinvention. Thus, the properties of many of the components in our cells, whether these are
mRNAs or proteins, will be conditioned not only by processes of selection for specified
activities and levels because these are positively required but may also take up any value
because there are no negative consequences for the organism. This ‘don't care’ condition
will almost certainly be present because it is a cheap solution to the regulation problem of
complex systems. Thus a 20% or a twofold increase, or indeed the very presence, of a
protein may be very significant or totally irrelevant depending on whether it is following a
‘don't care’ condition. Only experiment can decide that.

I once made the remark that two things disappeared in 1990: one was communism,
the other was biochemistry and that only one of these should be allowed to come back. Of
course, biochemistry never really went away but continued to flourish in the thousands of
unread pages of biochemical journals. Protein interactions will not be solved by
proteomics or protein chips but by protein biochemistry. The genome sequences tell us
about the proteins we can expect to find in cells and give us the tools to make large amounts
of the proteins for reconstitution studies and for detailed structural analysis. We do not
have to resurrect biochemistry, and it will flourish because it provides the only
experimental basis for causal understanding of biological mechanisms. That is why this
article is not called ‘The return of biochemistry.’ (from "Biochemistry Strikes Back" [28])
25 cents6ps 2008 rona «Ilo cnmoBam Cunpanes bpennepa» u3 Onora Jlappu Mopana
«Ilecuanas moposkka». [IporynmBasch O CKENTHUUYECKH HACTPOECHHBIM OHMOXWMHUKOM.
(Larry Moran, Sandwalk. Strolling with a skeptical biochemist «In the Words of Sydney
Brennery) [29].

1t is naive to think that if a species’ environment changes the species must adapt or
else become extinct.... Just as a changed environment need not set in motion selection for
new adaptations, new adaptations may evolve in an unchanging environment if new
mutations arise that are superior to any pre-existing. Cunneii bpennep «buoxumus

HAaHOCHUT OTBETHBIN yaap» [28].



An atheist before Darwin could have said, following Hume: I have no explanation
for complex biological design. All I know is that God isn't a good explanation, so we must
wait and hope that somebody comes up with a better one. I can't help feeling that such a
position, though logically sound, would have left one feeling pretty unsatisfied, and that
although atheism might have been logically tenable before Darwin, Darwin made it
possible to be an intellectually fulfilled atheist. Puaapn Joxun3 «Cnenoii yacoBmuk» [30].

As was predicted at the beginning of the Human Genome Project, getting the
sequence will be the easy part as only technical issues are involved. The hard part will be
finding out what it means, because this poses intellectual problems of how to understand
the participation of the genes in the functions of living. Cunneii bpennep «Loose ends» [31,
32].

The modern computer hovers between the obsolescent and the nonexistent.
«Iuratel Cunnesa bpennepar [32].

Progress in science depends on new techniques, new discoveries and new ideas,
probably in that order. «{utatel Cugnes bpennepa» [32, 33].

1 think one of the things about creativity is not to be afraid of saying the wrong
thing. «lutatel Cunnes bpennepa» [32].

Whereas Mathematics is the art of the perfect. Physics is the art of the optimal.
Biology, because of evolution, is only the art of the satisfactory. Cunneit bpennep
«ITocnenoBaTeTbHOCTH M MOCIICACTBUSY [34].

A lot of the things that have been accomplished in science have been accomplished
on the basis of ignorance ... in the sense that you import into the science people from
outside. Because once you have an established science, it has got its high priests — the guys
who know everything that will work or won't work. And they don't want to be bothered. So
you have to have a challenge. And the great thing is that young people are ignorant, and
we should catch them before they turn into the priesthood. So I think that science should
have a much more daring approach. VI3 untrepBeto Cunnes bpennepa k 25-nmeTuro
GenBank [35].

Even God wouldn’t get a grant today because somebody on the committee would
say, oh those were very interesting experiments (creating the universe), but they ve never

been repeated. And then someone else would say, yes and he did it a long time ago, what’s



he done recently? And a third would say, to top it all, he published it all in an un-refereed
journal. VI3 uateprro Cuaneii bpennepa ais King’s Review [36].

[ think for the first time we can attack the fundamental biology of man. «{utaTsl
Cunneit bpennepa» [32].

Data should be a means to knowledge, not an end in themselves.

To wit, it’s important to get the facts right, but new ideas are useful, as long as they
are based on reasonable evidence and are amenable to correction. We need data produced
from new technologies to advance understanding. The importance of 'hypothesis-free
research’ is well established: the philosopher Francis Bacon proposed it as part of his

‘empirical method’ in 1620. In his book Novum Organum, he argued that the first step in
establishing scientific truth should be the description of facts through systematic
observations. But this is only the first step. For example, it would have been rather a pity
if Darwin had stopped thinking after he had described the shapes and sizes of finch beaks,
and had not gone on to propose the idea of evolution by natural selection. The next step is
to extract knowledge from the data. To refocus on that goal, we must improve our working
processes, placing a greater emphasis on theory and shifting our research culture.

More theory is needed. My exemplars for this include the evolutionary biologists
Bill Hamilton and John Maynard Smith, and the geneticists Barbara McClintock and
Francis Crick. Their papers are permeated with richly informed biological intuition, which
makes them a delight to read. This sort of thinking will accelerate a shift from description
to knowledge. Theorists can find fertile ground in considering the flow of information
through living systems, which can help them to make better sense of the flood of biological
data.

Seeking to be led by theory and knowledge will probably require shifts in research
culture. Theorizing should be encouraged, and theories should be included in experimental
papers to put data in context. Attempts to do this should not be dismissed by editorial and
funding processes as idle speculation. As Darwin said, it allows ideas to be attacked and
either dismissed or modified. A sort of ‘tyranny of the field’ sometimes inhibits the
generation of explanations different from the current consensus, but this is a mistake. If the

new ideas are not satisfactory, then they will soon be eliminated and progress will be made.
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False facts should not be tolerated, but journals and research funders should be
open to reasonable new ideas and interpretations, particularly if they differ from the
current consensus. Evaluation committees should be tolerant when some of the ideas of
people they are considering for promotion or funding are shown to be incorrect. ITon Hepc
«buonorus 10KHA TeHEPUPOBATh UJICH, TAK e KaK U JaHHbIe)» [37].

The following text is an edited version of a recent interview with Sydney Brenner
who has been at the forefront of many developments in molecular biology since the 1950s.
It provides a participant’s view on current issues in the history and epistemology of
molecular biology. The main issue raised by Brenner regards the relation of molecular
biology to the new field of systems biology. Brenner defends the original programme of
molecular biology — the molecular explanation of living processes — that in his view has
yet to be completed. The programme of systems biology in contrast he views as either trivial
or as not achievable since it purports to deal with inverse problems that are impossible to
solve in complex living systems. Other issues covered in the conversation concern the
impact of the human genome sequencing project, the commercial turn in molecular biology
and the contested disciplinary status of the science. VI3 uarepsbro Copaiiu ne YamgapeBsiH

¢ Cunneem bpennepom [38].
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