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CTpoeHue BUPYCOB . + =

= Bupyc (virus) [nat. virus — aa] — Hekrneto4yHasa dopma, =
yNbTPaMUKPOCKONNYECKUIN MHADULIMPYIOLWNIA KOMMneKke (20—
400 HM), XapaKTepPU3YOLLNNCA MPOXOAUMOCTBIO Yepes =
bakTepuanbHble OUNLTPLI, OTCYTCTBUEM POCTa Ha
NCKYCCTBEHHbIX NUTaTENbHbIX cpedax, CNOCOOHOCTbLIO
aBTOHOMHO pa3MHOXaTbCs TOMbKO BHYTPU KIETOK
BOCNPUMMUYNBOro OpraHmsma unu passBuBaTbCs B KyrnbTypax
TKaAHEW; BHYTPUKIIETOYHbLIN NapasuT. =

3, AVMMAHOY ODOACUKA
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2. benkoBag 0boAoHKa

1. monexyasl AHK van PHK
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CTpoeHne BUPYCOB

Kancva

KnaccudonumpytoT 4eTbipe MOpdonormi4eckmux Tuna Kancmoos
BUPYCOB: CnmparnbHbIA, MKOCasapuieckun, npogonrosatbin
KOMMJ1EKCHbIW.
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CTpoeHue Bupycos : ﬂ

= Knaccudpmkauus. B TakcoHoMUM BUPYCOB HE MPUMEHSAIOTCS
NOHATUS «LLAPCTBOY», KOTAEN» U «KNACC», MOCKOMbKY UX Marbii
pas3Mep reHoma 1 BbICOKasl YacToTa MyTaLuii 3aTPYAHSET BblICHEHME
pOACTBa rpynn craplue nopsaka. Mo cylecTsy, knaccugukaums
BUpYCOB No Bantumopy sBnsieTca AononHeHnem Gonee TpaauLMOHHON
Krnaccugukauumu.

= CucremaTuky u TakCOHOMUIO BUPYCOB B HACTOALLMA MOMEHT
Kogndpuumpyet n nogaepxusaet MexagyHapoaHbit KOMUTET MO
TakcoHoMmum Bupycos (International Committee on Taxonomy of
Viruses, ICTV), nogaepXxXnearoLLmnm TakKe 1 TaKCOHOMUYECKyto basy
The Universal Virus Database ICTVdB



CtpoeHue BMpPYCOB

Knaccudukaumsa ICTV B HacTosiLee BpeMs 0bbeanHAETCS C
Krnaccndpmkaumen no bantumopy, coctaBnas COBPEMEHHYIO CUCTEMY
Krnaccudukauum BupycoB

pynnel BUpYycoB no bantumopy
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CTpoeHue BUpPyCcOB

= Bupycbl bakTepun Ha3bIBalOT bakTepuodaramm nnm
doaramum,

= BUpPYCbI FPUbOB - Mukodaramu,
" aKTMHOMMLETOB — aTuHodaramu,
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[ AMKONDOTEMH HATE

80-200 mm (anamerp) 80 = 225 mm
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Bupycbl usmeHuB
UCTOPUIO

cTaTb NOCTOSAHHBbIM HacneayeMbIM
KOMMNOHEHTOM XO3AUCKOro reHomMa. S
BcTpoeHHble BUPYCHbIE reHbl 0ObIYHO He S >
MPUHOCAT NOJb3bl XO3ANHY, HO ObIBAIOT U | s

ncknoveHus. OQnH n3 Takux cryvyaes L
npounsoLwlen y npegkoB obesbsH bornee
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KOr4a-To CRy>KMBLLUME AN NOCTPOEHMS
O6OHOLIKVI BMpyca’ C TeX nop yLIaCTByI-OT peTpoBMpyca, BCTPOMBLLErocs B ee
B paboTe NNaueHTbl Y BbICLUNX NPUMaTOB et EReae

npon3BoAMT HOBbIE PEeTPOBUPYCHbIE

BKJ1HO4aAA YeJliOBEKaA yacTuubl (TeMHbie Kpyxkin). PoTo

MoeuHyace ykazaHuam

¢ canta www.physorg.com
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Bupychl M3M9HMBLI:I‘I?

NCTOPUIO

[1o Tex nop, noka Bce 3TO NPOUCXOAUT B COMaATUYECKUX
(HenosnoBbIX) KreTkax, BUpyCHad MHGEKLNUA HE CTaHOBUTCS
HacnencTtBeHHOW. Ho ecnn peTpoBupycy yoaercd
MPOHUKHYTb B NOMOBbLIE KNETKN, Y HErO MOSABMSETCSH LLAaHC
cTaTb HEOTbEMSIEMOWN YaCTbi XO39UCKOro reHoma Ha
Oonrne BpemeHa. Takne peTpoBmpycChl, BCTPOMBLUNECH
Korga-To B reHOM MOJSIOBbIX KNETOK U YCTOUYMBO
nepegaroLLlmecs OT poamuTenen K NnoToOMKam, U HasbiBatoT
9HOOreHHLIMU peTpoBUpycamMmu. (B naaneMLueM SBP)
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Bupychbl M3M9HMBW
h

UCTOPUIO e

— Platyrrhine =—— Catarrhine
Hominoidea

A

9 HERV-K
S 3 HERV-K(HML-2) 5
é’ 4 v ERVS, HERV-H, HERV-KHML-2) T 1° 3
o
© 5 et *203
<
s = -+ 25
5 & ERV-9, HERV-H, HERV-K(HML-4, HML-10) =
T o -L- 30
o HERV-S, HERV-T, HERV-IP, HERV-W. ERV-9 HERV-
<+— 7 HERV-ERI, HERV-K(HML-1, HML-2, HML-3, HML- =T~ 3%
9 e 4, HML-8, HML-7, HML-8, HML-8, HML-10) j 15
10 | HERV-1, ERV-8, HERV-H, ERV-FRD,
el HERV-Fb, HERV-K{HML-5), HERV-L e




Bupycbl usmeHuB

NCTOPUIO

B OOnbLUMHCTBE Crny4YaeB 3TU FEHHO-UH)KEHEPHbIE
9KCNepMMEHThLI, NPOBOAUMLIE BUPYyCaMU Had CBOUMMU
X035ieBaMu, He MPUHOCAT NocneaHUM HUKaKou nonb3bl. Ecnn
B Yyepene NoKoneHnn BO3HUKaAET MyTaums, noprtawasa ognH m3a
reHoB OPB, TO X03581H OT 3TOro NMMbo BbINTPLIBAET, NMOO,
No KpanHen mepe, HU4ero He Tepsert. [loaTtomy oTbop He
OTCeMBaeT Takme MmyTauuun, YTo NPUBOAUT K NOCTENEHHOU

-~ perpagaunun 3PB nog rpysom mytaumn. B pesynsrate

-~ bonblMHCTBO OPB B reHoMax >XMBOTHbIX — 3TO HEaKTUBHbIE

- BUPYCHble reHOMbI, Haxoagdliuecd Ha Tou Unn nHou ctagum
pas3pywieHus. Takne OPB, o4eBNOHO, NPeaCTaBNSATCA KakK
becnonesHbin reHeTndecknn «mycop» (junk DNA).
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Bupycbl usmeHuB

NCTOPUIO

What is the difference?
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Bupychbl nsmeHusLune ? =

NCTOPUIO

[1nsa Tpex yenoBeYecKknx reHoB
BUPYCHOIO MPOUCXOXOEHNS
(syncytin 1, syncytin 2, EnvPb1)
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Bupyckl usmeHuBLine I r

NCTOPUIO 2 a

= Tak, B 2015 roay xoaHHa Beicouka (Joanna
Wysocka) n ee konnern n3 CtaHdopackoro
YHUBEpPCUTETA BbIICHUN, YTO OPB obecneunBaet
BbKMBaAHME NOAEN: OH 3alMLLaeT TPEXQHEBHbLIE
9MOPUOHbBI OT APYrUX BUPYCOB U PErYITMPYET FrEHHYIO
aKTUBHOCTb KIeTOK. B cocTtaBnsawowmx nnog BOCbMU
KNneTkax y4yeHble Hawnu He Tonbko HK pooutenen, HO
n reHHbI maTtepunan HERVK — camoro nocnegHero
OPB, nonasLluero k 4yenoseky (okono 200 Teicay net
Hasapn).
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Bupychl M3M9HMBU.|)|?

UCTOPMUIO
= HERVK BbipabaTbiBaeT 6en0|<, HEe MOo3BOMAILLNN

OpyrMmMm Bmpycam nornactb B SMOPUOH, TO ECTb BUPYC
3alymulaeT YerioBeka oT rpunna U gpyrux onacHbIX
bone3Hen. bonee Toro, Rec (akueccopHbIn Bernok
HERVK) cBsi3biBaeT HekoTopble KrneTovHble PHK 1
perynmpyet aesatenbHOCTb pubocom. Taknm obpasom,
OPB urpaet BaXkHyo posib B paHHEM pPa3BUTUN
YyernoBeka, y4acTBysl B reHHOW akTUBHOCTU
9MOpUoHanbHbIX KrneTok. OTKpbITUE BbicoLKn aano
HOBbIN apryMeHT y4eHbIM, YBEPEHHbIM, YTO
PETPOBUPYCHI MOMOITIN YENOBEKY BbIAENUTHCA B
OTOENbHbIN BN, OT/INYHbLIN OT 06E3bsH.
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Bupycbl uameHuswine L

NCTOPUIO .

LOanbwe — oonbue. NeHeTukn n3s YHmueepcuteta HOThl
aKcnepuMeHTanbHbIM 06pa3omM OOHapPYXUmnun, YTo Npu
yaaneHum 3PB 13 MHOrMx y4aCTKOB reHoMa «fIOMaeTcs»
MMMYHHasa CUCTEMa YenoBeka, 3almiatoLlas ero oT
D6os1Ie3HETBOPHLIX MUKPOOPraHN3MOB. YYeHble paboTanu
C UHTepepoHamu
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Bupychl M3M9HMBW

UCTOPUIO S5 o

UTo0ObI AOKa3aTb cBA3b OPB n uMmyHuTteTa, ydeHble
Bblpe3anu aTtn pparmeHTbl MHCTPYyMeHTOM CRISPR/Cas?9.
Okasanocb, YTO B MOANUUNPOBAHHbIX KNeTKax, NMULEHHbIX
Yy>KepPOOHbIX 3f1IEMEHTOB, reHbl UMMYHUTETa NepecTanu
pearvpoBaTb Ha MHTepdepoHbIl. Koraa e 4YacTb KNeTok (Y
KoTopbIX Yopanun OPB psgom ¢ reHom AIM2) 3apasunnu
ornacHbIM BUPYCOM, OHMN HE MOITIN OTBETUTL aeKBaTHOW
NMMMYHHOW peakuunen. Takum obpasom, OHK apeBHMX
BUPYCOB CTasna BaXXHbIM 351IEMEHTOM 3aLlnTbl OpraHn3ma ot
NX COBPEMEHHBIX «POACTBEHHUKOBY.

Relrevirus
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CRISPR-Cas9

How the genome editor works

Accell is transfected witha g R N A

DNA plasmid that expresses
both the Cas9 proteinand a
Guide (&) which matches that Gmfeiein 0
RNA of the gene of interest. on the host cell's genome,
( gR N A) and cuts both strands of DNA.
Cas9 ..
-9
Cas9 cuts both PAM 3
the DNA strand to which the gRNA binds ~ Sequence
and the opposite strand (see below
right)
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The cell's attempt to repair the
break effectively silences the H
targeted gene by joining the -, =
cleaved DNA back together, 5. :
using a process called non- P : Cas9requiresa
homologous end joining H simple and common
(NHEJ). [ sequence of base
pairs called a PAM
OR sequence to actually
bind to target DNA.
@ This feature means
Aoy be gactge;ira canhprevent
gene can as9 from choppin;
‘corrected’ with a replacement up important il
segment of DNA, or a new gene | ‘memorised’
altogether can be introduced. sequences of foreign
If a modified piece of DNA | DNA in their own
whose flanking regions match = genome — by
the target sequenceis also Replacement ensuring there are
supplied, then there is a good gene no PAM sequences
chance that it will recombine in those regions.

with the host DNA when the cut
is made, thus introducing a new
or replacement gene. This

e What next?
directed repair (HDR). v ] v
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FOOD AND
LIVESTOCK
MODIFICATION
Researchers have
already created plants
and mammals with
edited genomes. It is
hoped such technology
could help boost
productivity and
improve food security.

GENE DRIVE
Some genes are more
likely to be passed on
than others. If an ‘edit'is
linked to these genes, it
will quickly spread
through a wild
population. That sounds
alarming, but could help
eradicate malaria-
carrying mosquitos.

Genetic disease could
be treated by
introducing gene editing
systems into affected
cells. Researchers in the
USA are trialling this to
treat HIV by knocking
out the gene for the
specific T-cell receptor
that the virus targets.

HUMAN GERM LINE
Modifying hum:
embryos, sperm or eggs
would introduce
changes to the genome
of future generations.
Some argue that other
techniques, suchas
embryo screening, can
just as effectively
prevent genetic disease.

DESIGNER ORGANISMS
AND MORE....

In future, could
babies be ‘designed’
with a genome of
our choosing?
Could amateur
biologists do their

own gene editing
outside regulatory
systems?
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busHec ¢ Bupycamu

* [[eHeTuKM YacTo UCnonb3yT
BUPYCbl KaK BEKTOPbI A8 BBOAA
€EHOB B U3y4YaEMbIE KIMETKU. ITO
NO3BOJSIAET 3aCTaBUTb KMNETKY
NPON3BOANTb YyXKAble BELLECTBA, a |
TaKke n3y4ynTb apdPeKT OT BBOAA
HOBOro reHa B reHoM. AHanorn4Ho
B BUpOTEpPanNMn BUPYChI
MCNONb3YKT KakK BEKTOPbI SIS
neyYeHmns pasnnyHblx 0onesHen, Tak
KaK OHU M3BUpAaTEeribHO AEeNCTBYIOT “*\
Ha knetkn n AHK. 9to paét
HageXxabl, YTO BUPYCbl CMOTyT
nomo4b B bopbbe ¢ pakom u
HanayT CBOE NPUMEHEHNE B
reHoTepanuu.
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busHec ¢ Bupycamu

PeTpoBupyc

BEJIKOBASA
OBOJIOYKA

JIMNUOHAA
OBOJIOYKA

; - - OBPATHAS
BAPYCHAR  Zidis ot =) TPAHCKPUMTA3A

PHK

DEPMEHTDI
BUPYCA
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busHec c Bupycamu :‘ z lg@
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PETPOBUPYC HOBbI BUPUOH

KNETOYHASA
MEMBPAHA
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S Les retrovirus
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busHec ¢ Bupycamu
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BusHec c Bupycamm . %
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* lcnonb3oBaHWe peTpoBupyca, Kak
BEKTOpa

[1ntochl:
= CnocobeH nHpunumpoBaTb MHOXECTBO KITETOK
= O4yeHb YOMKBUTAPHbIN
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* NHTerpupyetcsa B reHOM KNeTKn Xo3dnHa

A0

MuHycCBbiI:
= KrneTku OOMmKHbl OennUTbCS

= 3awuTta (MHTerpaums n akTuBauns reHoB 3anyckaroume
pak) —
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A B 3TO BPEMS" SNFTH
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= bakTepunodaru noctaBdaAT Ha HOrK Nnapasnin3oBaHHbIX

= [Npodeccop CeHr-Byk JIn ns KanndopHmMnckoro
yHnBepcuteta B bepknun (CLUA) nonaraer, 4to c
NOMOLLbIO BUPYCOB MOXXHO BOCCTAHOBUTL
paboToCNOCOOHOCTb HEPBHOM TKaHW. 1 Tem cambiM
neuYnTb OOMbHbIX C NOBPEXAEHUAMU CMNHHOIO MO3ra.
LlenebHbiMW, N0 MHEHUIO YYEHbIX, CTAHYT Tak
Ha3blBaeMble DakTepuodaru - BUpychl, KOTOpble
nopakatoT TOSIbKO KNeTKN bakTtepuin. XoTst N CNOCOOHbLI
co3gaBaTb CTPYKTYPbl, MOXOXWEe Ha TKaHW B OpraHn3me
XUBOTHBbIX.
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