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Breakthrough of the 2013 Year
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10-neTHAA muccuna soHaa Poserta kK komeTe 67P

DNA RNA Proteins
4 nucleotides, 2 base pairs 4 nucleotides can be built with
Y A
== A ===u]
- G
- G A ¢ amino acids
Expanded DNA Expanded RNA Proteins
6 nucleotides, 3 base pairs 6 nucleotides can be built with
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PaclumpeHHbIN reHeTU4YeCcKnmn HenpomopddHbie yunbi IBM,
andasuT MUMUKpUpyOLWMe padboty mo3ara



Breakthrough of the 2015 Year

Oort cloud (becomes
. - spherical beyond about 5,000 au)
Perihelion Aphelion
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PeAaKTVIpOBaHVIe reHoMa (CRISPR - Clustered Regularly-Interspaced Short Palindromic Repeats) 3



Breakthrough of the 2015 Year
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MNepenoBble 061acCTN COBPEMEHHOW HAYKM
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BaxHenwune pesynbratbl MUpoBOoU Hayku 2016

4 “Science has named the detection of gravitational waves as the )
Breakthrough of the Year.
The discovery fulfilled a 100-year-old prediction by Albert Einstein and foreshadows

a new way to eavesdrop on the most violent events in the cosmos.”
\ Science.2016;354:1518-1523

J

Cneayouwime no cteneHn BaXHOCTU OTKPbITUA (9 runners up)

. OBHapyxeHue nnaHeTbl Ha opbute bnvxkanwen kK ConHuy 3Be3abl.
. Komnbtotep ogepxan nobeny Hag Ne2 mactepom (9" gaH) urpsl B 0.
. YBennyeHne npogosmKNTENbHOCTU XU3HN MbILLW NPU yaaneHnn ee NopaxXeHHbIX KIeToK.

. leMoHcTpauma cnocobHOCTH YerioBekoobpasHbiX 06e3bsiH MOHMMAaTb MbICIIN OPYrMX 0coben.

1

2

3

4

5. [Mony4yeHue rpynnbl 6enkos, He cyuwlecTeyowmx B [Npupoae.

6. PoxxgeHne mblliaT U3 ANLIEKITETOK, BblpallleHHbIX B flabopaTopun.

7. [lokaszaTenbCTBO OANUHOYHOW BOSHbI MUrpaumm n3 AQpukn, npueegLlLen K 3aceneHuno 3emru.
8. Co3gaHne HOBOro nokoneHns adpdeKTUBHbIX CEKBEHATOPOB.

9

. Co3naHne cynepToHKMUX NUH3, CNOCOOHbIX POKYCUMpPOBaTh BUAMMbINA CBET.



deTekTnpoBaHue rpaBUTaLMOHHbIX BOJTH MPU CIIUAHUU OBYX YepPHbIX AblP rmaBHoe
AOCTNXKeHne MupoBomn Hayku 2016

1915, 1916 rr
CoszgaHue oOLwen Teopumn
OTHOCUTENbHOCTM.
NMpeackasaHue cyLwecTBOBaHUSA
rpaBUTALUOHHBLIX BOJH

B. P. Abbott et al.*, PHYSICAL REVIEW LETTERS, 12 February 2016, PRL 116, 061102 (2016)
“Observation of Gravitational Waves from a Binary Black Hole Merger”

YuncneHHoe mogenupoBaHmne rpaBUTaLNOHHbIX BOMH, BO3HUKAKOLNX MPU CIIUSHAWU OBYX YE€PHbIX ObIp.
C.Henze /INASA Ames Research Center 7



lNMpoekT LIGO (Laser Interferometer Gravitational-Wave Observatory)
D,eTeKTVIpOBaHVIe rpaBUTALMOHHbLIX BOJIH NPU CIIUAHUN OABYX YepPHbIX AbIP

*

A\ GO Hanlarouiesarsa| oty

Qbsarvalcey

O6cepBatopus IO
JINBMHICTOH ( WT.Jlynaunana)

PykaB nHtepepometpa
XaHgopa (WwT. BawnHrtor)

Hanford, Washington Livingston, Louisiana

= L1 observed
H1 observed (shifted, inverted)

Strain (1072%)

Time, seconds

Time, seconds

IMAGE CURTESY OF LIGO, NSF

OTHOCUTENBHOE pacTsKeHne MHTePdEPOMETPOB Nog AENCTBNEM rPaBUTALNOHHOW BOSHbI
ABcontoTHoe pacTsxeHue 4 KM nnedva nHtepdepomeTpa pasHo 2,5 x 107'° cm
B.P. Abbott et al. 1015 co-authors ”O




Ne 2. B co3Be3aum LleHTaBpa HangeHa onmxanwas K 3emMrne
3K30 (T.e. BHecOsiHeYHasl) nrfaHeTa

Mpokcuma LleHTaBpa ‘

12% maccel ConHua :
Proxima b Ha opGuTe

v
' KpaCHOro KapJrimka

CosBesgue

LieHTaBp Proxima Centauri

PaccTtosaHue go
3emnn 4.3
CB. net
MNMepuoa opbuThI 11.2 cyTOK
Paguyc - 1.3 paauyca 3emnu

G. Anglada-Escudé, e.a. (+ 25 co-authors).
“A terrestrial planet candidate in a temperate orbit
around Proxima Centauri “
” Nature 536, 437 (25 August 2016).
School of Physics and Astronomy, Queen Mary University of London

, (+ 14 Universities and research centers)
GUILLEM ANGLADA-ESCUDE



Ne 3. KomnbloTep, MUMUKPUpPYHOLLNNA paboTy Mo3ra, nobexaaet YemnmoHa urpbl Mo

B NpnaGo  \ee Sedd)

=W\
A\
Demis Hassabis o (19 x 19) Lee Sedol
Google DeepMind Technologies Ne2 mnpoBoro pentuHra o

Pa3BuTtue nporpamm nckycctBeHHoro nHrennekra (Al)

N3yyeHne cTpykTypbl U QYHKLMIA MO3ra UHULMMPOBAno
pa3paboTKy HOBbIX KOMMbIOTEPHbLIX aNropuTMOB U pa3BUTHE

dPXUTEKTYPbl KOMMNbOTEPOB N MNMPUBESIO K CO34aHUKO

@ ODydaemoii koMrbloTepHon cuctembl Deep-Q-Network (DQN),
coyeTawLlen ctpatermm: rmyboknx HEMPOHHbIX CETEN

n Q-obyyeHunsa (0byveHUs ¢ NoAKpensieHNneM)

D. Hassabis, e.a. Nature 529, 484—489 (28 January 2016). doi:10.1038/nature 16961
D. Silver (Google Deep Mind) Tutorial “Deep Reinforcement Learning” http.//icml.cc/2016/tutorials/deep_rl_tutorial.pdf 10



Ne 4. YoaneHue ctaperowmx (senescent) KNeTok 3agepxmBaet oopasoBaHue
3aCOopAIOLWKNX apTepumn onswek

3aopoBasi KneTka

McnbiTeiBaloLwas ctpecc
@ (oHko2eHe3, nospexdeHue [JHK,
mesiomMepHasi 3p0O3Usi, OKUCIIeHUe, ...)
N Ha4YnHawLwlaa CtapeTb
l KneTka

[MocTapeBLuas
Knetka

OuyeHb cTapas
Knetka

o
ov
o

CrtapeHue BospacTHble 6onesHu

“...senescent cells promote features of plaque instability, including elastic fiber degradation and fibrous cap
thinning, by heightening metalloprotease production. Together, these results demonstrate that senescent cells
are key drivers of atheroma formation and maturation and suggest that selective clearance of these cells by
senolytic agents holds promise for the treatment of atherosclerosis.”

B.G. Childs, e.a. “Senescent intimal foam cells are deleterious at all stages of atherosclerosis” 11
. Science 28 Oct 2016, 354, Issue 6311, 472-477



Ne 5. SBontouusa Teopmmn MbILLUNEeHUs

«Teopus mbiwneHus (theory of mind) — cnocobHOCTL aTTPNBYTUPOBATL MEHTasbHbLIE COCTOSIHUA,
ybexaeHus, HaMmepeHus, XXenaHus, npegnonaraemoe 3HaHue, ap.) cebe v apyrum, NoHMMas,
4YTO ApYyrne MoryT UMEeTb oTnuyarwmecs yoexaeHus, HamepeHna n np.,. Bukunedusi

BoHOOO

LLUnmnaH3e

OpaHryTtaHnr

“For years, only humans were thought to have this key cognitive skill of attributing “false belief,”
which is believed to underlie deception, empathy, teaching, and perhaps even language. But three
species of great apes - chimpanzees, bonobos, and orangutans - also know when
someone holds a false belief, according to a new study published today in Science. The
groundbreaking study suggests that this skill likely can be traced back to the last common ancestor of
great apes and humans.” Science 2016;354:1518-1523

12



Ne 6. KomnbloTepHoe MmogenupoBaHue U CUHTE3 NPOTEUHOB,
He cyuwecTByrowWwux B lNpupoae

David Baker. University of Washington, Seattle, Washington, USA

Science 2016;354:1518-1523

Novel proteins, built using computer programs to predict
how their amino acid strings will fold,

are unlike anything produced in nature

David Baker, e.a. Science 22 Jul 2016: Vol. 353, Issue 6297, pp. 389-394 13



CxemMa KOMNbIOTEPHOro An3anHa NoNU3APUYECKUX NPOTEUHOB

a: Two distinct trimeric building blocks arranged with tetrahedral point group symmetry .
b, c: The docking procedure identifies large interfaces with high densities of contacting residues formed
by well-anchored regions of the protein structure.
d: Amino acid sequences are designed at the new interface to stabilize the modelled configuration and
drive co-assembly of the two components.

N. P. King, J. B. Bale, W. Sheffler, D.E. McNamara, S. Gonen, T. Gonen, T.O. Yeates & David Baker.Nature 2014, 510, 103-113. 14



Ne7. PoxgeHue MbIWAT U3 ANLIEKNETOK, BbipalleHHbIX B nabopatopum

BﬂepBbIe yAanocCb rnpeBpaTtuTb CTBOJ10OBbIE KINETKA MbILLUW B AETOPOAHbIE SINLIEKIETKM,
CNOCOOHbIE NpPOn3BECTU 300POBbLIX MbILLAT NMNOCe ornnoaoTBOpeEHNA U UMIMJ1IaHTUPOBaAHUA

B MaTEPUHCKYIO Mbllb. ECnn aTa TexXHWKa oKaXeTcs NpMMeHUMOoN a4 Nogen,

OHa peBoOoJTIUNOHN3NPYET METOAbl BOCINPpOn3BeaEHNA NMOTOMCTBA.
Science .2016;354:1518-1523

Mouse egg cells grown in a dish from Human embryos developing in a lab dish
embryonic stem cells for 2 weeks, twice as long as before
O. Hikabe e. a. NATURE M. N. Shanbazi, e.a. NATURE CELL BIOLOGY
538, 7625 (20 October 2016) 18 (4 MAY 2016)

15



Ne8. ABcTtpanusa O6bina 3aceneHa 50 000 — 60 000 neT TomMy Ha3an
B pe3ynbrate ogHou murpaumm homo sapiens n3 Adppuku

BbiBOO caenaH Ha oCHOBaHMKM aHanm3a reHoma 83 aBcTpannnuckmx abopureHos.
Briepsble mutoxoHgpunaneHyto OHK Bbigenunm ns mysemHoro aKkcnoHara
(Myyka BOSioc, B3ATbIX Y aBCTpanumckoro abopureHa cto neT Hasag),
XpaHALWErocsi B 00ObIYHbLIX YCNOBUAX

1‘-

Australian Aborigines
Elizabeth Culotta, Ann Gibbons. Science 23 Sep 2016: Vol. 353, Issue 6306, pp. 1352-1353 16



N29. HoBasi TexHonorna cekBeHnpoBaHusa JHK n PHK

Oxford
NANOPORE / NaeHTndnuymposaH Bupyc d0onbl 1 ap. BVIpbeI\

Technologies

CekBeHnpoBaHbl [JHK kuweyHbIX MukpoboB
OnpeneneH reHoM (53 munnuoHa ocHoBaHNi)
rPMOKOBOro napasnTa KyKypy3bl
CekBeHMpOBaH reHOM YernoBeka Y,

MopTatmeHbIn cekBeHaTop MinlON (Bec 100 r)

M. Loose et al., “Real-time selective sequencing using nanopore technology,” Nature Methods 13, 751 (September 2016) 17




CekBeHupoBaHue [JHK B kocmoce
o~ »%I\\NWA\W

Y

ActpoHaBT NASA Kent PybuHc BnepBble onpegenunna reHoM NoYBEHHbIX

MUKpoboB B kocmoce Ha MKC nipu nomowm noptatneHoro cekseHatopa MinlON
NASA press release, “First DNA Sequencing in Space a Game Changer,” (29 August 2016) 18




Ne 10. MeTannH3bl - CynepToHKME JNIUH3bI, POKyCcupyroLwme BUANMbIN CBET
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dokycmpoBaHue: MeTanuHabl N3 gnokcmaa TutaHa TiO2
405 HM — 86%, 532 HM -73%, 660 HM -66% Bbicota koroHok 600 Hm; NA = 0.8, YBenuuenue 170x

M. Khorasaninejad et al., “Metalenses at visible wavelengths: Diffraction-limited focusing and subwavelength resolutionMetalenses at
visible wavelengths: Diffraction-limited focusing and subwavelength resolution_Metalenses at visible wavelengths: Diffraction-limit‘!g




HoBble cBepxTsaXenble aneMeHTbl Tabnuubl .. MeHaeneeBa

NIOMAK ytBepaun HasBaHusa ansa 113-ro, 115-ro, 117-ro n 118-ro anemeHToB Tabnuubl MeHaeneesa,
nony4veHHbix B [1ybHe B OUNAN B peakumnsix yckopeHHbIX MoHoB Ca-48 ¢ aaepHbIMU MULLIEHSMNA:
(amepnumnin-243 — 115 anemeHT, 6epknuin-249 — 117 anemeHT, KanngopHnin-249 — 118 anemeHT)

1 TIepuoaMEcKasn CHOTEMA XHMBEHECKEX VICMEHTOR Vi Vi
11 H 1 JL 0. Menaeaeena (H)|2 He
i 1] I v v Vi s
Li 3| Be 4|3 Bls Cilz Nis 0|9 10 Ne
2|2 6,941 901218 | 10,811 12011 14,0067 159554 13,998403 20,179
rrait Sepoutii Sop YTRepOX 20T SRCTOPOR S0 BOOX
N A 2 4 g S |17 3 z
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wToi - ookl speami Bockep cap2 xap sprow JLH Menzeneessos 8 1869 ¢
K wlCa 20|fS¢ 21|Ti 22V 23|Cr 24(Mn 25|Fe 26[{Co 27[Ni s
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4 i _ :umﬁ THIM saxazull PO MIpTaneq AATLIO odamaT MHX T
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MeIb AR Tyl el MLIOMAK AT Spon SRHETON
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5 pySaz CTposmui uTTPHi ONpYXONKER =oduRk woandae= Texme Il pyTenzk = po nanIni
47 Aglss Cdl|ss Injs0 Sm|[st Sb|s2 Te|s3 I/s4 Xe
7 |07z 11241 3ER ». 118710 121,75 127,60 126,9043 1319
cepelpo KAk Wk e ) a1 TRETVD fica ]
Cs ss5|Ba ss6|La< s7/Hf 72(Ta 73|W 74|Re 75|0s 76|Ir 77|Pt 78
8 1325054 1373 1389055 17545 1300479 18385 §6,207 1902 3127 195,08
6 Sapuil mamTam il TaMTan somsdpau penuil ocum ik noaTENZ
70  Au(so Hgls1 Ti|s2 Pb|s3 Biiss Po|ss At|ss  Rn
O | 196955 0,59 304,383 N2 08,9804 R10] 22
30001 PV TAUTHR CRuEM AL BRCNNTY ponowel K ADOw
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Karola P. J., Barber R. C., Sherrill B. M., Vardaci E., Yamazaki T.
«Discovery of the elements with atomic numbers Z= 113, 115 and 117»
(IUPAC Technical Report) // Pure Appl. Chem. 2016. V. 88. P. 139-153.

(294)

[Rn]5f“6d"°7s*7p
OraHecoH

[Rn]5f6d'°7s*7p
TeHHecCHH '

AkagemMuk
KOpuin Llonakosuy OraHecsiH
Poouncsa B PoctoBe-Ha-[loHy

B 1933 r..
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2016 in pictures. The best science images of the year
Nature. Vol. 540. Issue 7634

ANCIENT IVORY. The vast tusk of a long-dead mammoth is carried out of a forest in
Yakutia, Siberia. Ancient ivory from mammoths has become so valuable that some
prospectors now illegally ‘mine’ them from permafrost. A large tusk can be worth tens

of thousands of dollars.
21



2016 in pictures. The best science images of the year
Nature. Vol. 540. Issue 7634
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FANTASTIC FOOT. This spectacular tarsus - the lowermost segment of an insect leg
is roughly 2 millimetres in diameter and belongs to a male diving beetle, which uses it
to attach to a female’s back during mating 29
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A. Koger, M. Walko, W. Meiberg, B.L. Feringa. Science. 2005, 309, 755
B.L. Feringa. J. Org. Chem. 2007, 72, 6635



Acc. Chem. Res.. 2014, An Artificial Muscle

47 (7), pp 2186-2199 ~ &%
b TR

caateal |||

J. Fraser Stoddart, et al. ‘ % ? ‘ ‘ Appl. Phys. Lett. 2004, 85, 5391

The synthesis of the palindromic [3]rotaxane
was carried out by synthetic chemists,
mechanical as well as carried out
the fabrication of the nanoscale devices,
~and industrial partners were integral

to the analysis of their function”
J.F. Stoddart. hitp://www.stoddart/chem/ucla/edu
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2016 NOBEL PRIZE IN CHEMISTRY
_+ Jean-Pierre Sauvage
ir J. Fraser Stoddart

ernard L. Feringa

“for the design and synthesis
of molecular machines”

b.1944 1942 1951

So, 32 years after Feynman’s visionary lecture, we can still only guess at the
thrilling developments ahead of us. However, we do have a definite answer to
his initial question — how small can you make machinery? At least 1,000 times
thinner than a strand of hair.



