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Ðåçþìå. Ê ðîäó Deltaretrovirus (ïîäñåìåéñòâî

Orthoretrovirinae, ñåìåéñòâî Retroviridae) îòíîñÿòñÿ âèðóñ
ëåéêîçà êðóïíîãî ðîãàòîãî ñêîòà (BLV, Bovine leukemia virus)
è Ò-ëèìôîòðîïíûå âèðóñû ïðèìàòîâ (PTLV-1, PTLV-2 è

PTLV-3, Primate T-lymphotropic viruses). BLV è PTLV – ýêçî-
ãåííûå ðåòðîâèðóñû (exogenous retroviruses – XRVs), ìèøå-
íÿìè äëÿ êîòîðûõ ÿâëÿþòñÿ B-ëèìôîöèòû êðóïíîãî ðîãàòî-

ãî ñêîòà (Bos taurus, Bos grunniens, Bos indicus è Bubalus
bubalis) è T-ëèìôîöèòû ïðèìàòîâ, ñîîòâåòñòâåííî, âûçû-
âàÿ ëåéêîç ó ÊÐÑ è Ò-ëåéêåìèþ/ëèìôîìó ó ÷åëîâåêà.

Ýíäîãåííûå ðåòðîâèðóñû (endogenous retroviruses  –
ERVs), â îòëè÷èå îò XRVs, ÷àùå ïðåäñòàâëåíû íåïîëíûìè
âèðóñíûìè ãåíîìàìè è íå ïàòîãåííû, îäíàêî ìîãóò ýâîëþ-

öèîíèðîâàòü â XRVs. Øèðîêîå ðàñïðîñòðàíåíèå ERVs â
ãåíîìàõ ïîçâîíî÷íûõ ãîâîðèò î èõ çíà÷èòåëüíîì âêëàäå â
ýâîëþöèþ ðåòðîâèðóñîâ. Îäíàêî äî íåäàâíåãî âðåìåíè

äåëüòàðåòðîâèðóñû áûëè åäèíñòâåííûì ðîäîì ñðåäè ðåò-
ðîâèðóñîâ, äëÿ êîòîðûõ íå áûëè îáíàðóæåíû ERVs. Ïåð-
âûé îáíàðóæåííûé ERV äëÿ äåëüòàðåòðîâèðóñîâ áûë íà-

çâàí MINERVa.
Â ýòîé ñòàòüå ìû ïðîâåëè ôèëîãåíåòè÷åñêèé àíàëèç

àìèíîêèñëîòíûõ ïîñëåäîâàòåëüíîñòåé áåëêà Tax îñíîâ-

íûõ ïðåäñòàâèòåëåé äåëüòàðåòðîâèðóñîâ è ïðåäïîëàãàåì,
÷òî Tax ìîæåò áûòü èñïîëüçîâàí äëÿ âíóòðèâèäîâîé êëàñ-
ñèôèêàöèè äåëüòàðåòðîâèðóñîâ. Òàêæå ìû ïîêàçûâàåì,

÷òî ïðåäïîëàãàåìàÿ íà ðîëü îðòîëîãà Tax ÎÐÒ1 (îòêðûòàÿ
ðàìêà òðàíñëÿöèè 1) MINERVa îáíàðóæèâàåòñÿ â ôèëîãå-
íåòè÷åñêîé âåòâè, ðàñïîëîæåííîé â îäíîì ñ BLV êëàñòåðå.

Ââåäåíèå

Ñîãëàñíî Èíòåðíàöèîíàëüíîìó êîìèòåòó ïî òàêñîíî-
ìèè âèðóñîâ (ICTV – International Committee on Taxonomy of
Viruses) (https://talk.ictvonline.org) âèðóñ ëåéêîçà êðóïíîãî
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âìåñòå ñ åãî óíèêàëüíîñòüþ äëÿ äåëüòàðåòðîâèðóñîâ ìî-

æåò áûòü èñïîëüçîâàíà äëÿ ôèëîãåíåòè÷åñêîãî àíàëèçà
âèäîâ äåëüòàðåòðîâèðóñîâ.   Â íàñòîÿùåå âðåìÿ äëÿ ôè-
ëîãåíåòè÷åñêèõ èññëåäîâàíèé äåëüòàðåòðîâèðóñîâ èñïîëü-

çóþò â îñíîâíîì ãåíû pol, env è ïîëíîðàçìåðíûå ïðîâèðóñ-
íûå ãåíîìû [1,24,26,27,39]. Ðàáîò ïî ôèëîãåíåòè÷åñêîìó
àíàëèçó ãåíà tax âñòðå÷àåòñÿ ìàëî [2], à ïî ôèëîãåíèè

áåëêà Tax âîîáùå íåò.
Â äàííîé ðàáîòå ìû èññëåäóåì âîçìîæíîñòü èñïîëüçî-

âàíèÿ àìèíîêèñëîòíîé  ïîñëåäîâàòåëüíîñòè ðåãóëÿòîðíî-

ãî áåëêà Tax äëÿ âíóòðèâèäîâîé äèôôåðåíöèàöèè äåëüòà-
ðåòðîâèðóñîâ.

 Ìàòåðèàëû è ìåòîäû
Â ðàáîòå èñïîëüçîâàëîñü 209 àìèíîêèñëîòíûõ ïîñëå-

äîâàòåëüíîñòåé áåëêà Tax, âçÿòûõ èç GenBank.  Ôèëîãåíå-
òè÷åñêèé àíàëèç ïðîâåäåí ïðè ïîìîùè ìåòîäà íàèáîëüøå-
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Abstract. The Deltaretrovitus genus (subfamily
Orthoretrovirinae, family Retroviridae) includes Bovine leukemia
virus (BLV) and Primate T-lymphotropic viruses (PTLV-1, PTLV-
2 è PTLV-3). BLV and PTLVs are exogenous retroviruses
(ÕRVs), and their targets for infection are different types of
lymphocytes of different hosts: B-lymphocytes of cattle (Bos
taurus, Bos grunniens, Bos indicus, and Bubalus bubalis)  and
T-lymphocytes of primates,  respectively, causing leukemia in
cattle and T-leukemia/lymphoma in humans.

XRVs can evolve from endogenous retroviruses (ERVs),
which are widely distributed in genomes of vertebrates. This fact
indicates their significant contribution to the retrovirus evolution.
However, until recently, ERVs have not been detected for
deltaretroviruses, which have been the only such genus of
retroviruses. MINERVa (Miniopterus endogenous retrovirus)
has been the first ERV detected among deltaretroviruses and by
expanding their distribution among various animal species.

A hallmark of the proviral DNA of deltaretroviruses is the
presence of tax and rex regulatory genes in addition to the
structural ones (5′-gag-pro-pol-env-3′ genes), which are typical
for all retroviruses. The tax and rex orthologs have also been
suggested for MINERVa.

 The product of the tax gene is the regulatory protein Tax.
The main and the first function of Tax is the transactivation of
proviral DNA. At the same time, it has been shown that Tax is
also involved in many signaling pathways, which regulate cell
division and growth, apoptosis, immune response, stress, DNA
repair mechanisms, etc.. This indicates the ability of Tax for the
activation of many cellular genes, including oncogenes.

In this article, we examine a phylogenetic analysis of the
amino acid sequences of Tax proteins of the main deltaretroviruse
representatives and suggest that Tax could be used for intraspecific
classification of deltaretroviruses. Moreover, we show that
MINERVa ORT1 (open translation frame 1), which is supposed to
be the ortholog of Tax, is found in the phylogenetic branch located
in the common cluster with BLV.

ðîãàòîãî ñêîòà âìåñòå ñ òðåìÿ Ò-ëèìôîòðîïíûìè âèðóñàìè
1, 2 è 3 ïðèìàòîâ (PTLV-1,  PTLV-2  è PTLV-3, ñîîòâåòñòâåí-
íî) ïðèíàäëåæàò ê ðîäó Deltaretrovirus (ïîäñåìåéñòâî

Orthoretrovirinae, ñåìåéñòâî  Retroviridae). Áîëåå ïðèâû÷-
íûå íàçâàíèÿ äëÿ PTLV-1 è PTLV-2, èñïîëüçîâàâøèåñÿ äî
2000 ã., áûëè HTLV-1 è HTLV-2, ñîîòâåòñòâåííî [40]. Ò-

ëèìôîòðîïíûå âèðóñû îáåçüÿí (èëè áîëåå êîððåêòíî: äðó-
ãèõ ïðèìàòîâ, êðîìå ÷åëîâåêà) (Simian T-lymphotropic viruses
– STLV) èç êëàññèôèêàöèè áûëè âûâåäåíû [40]. Îäíàêî,

HTLV (HTLV-1, HTLV-2, HTLV-3) è STLV (STLV-1, STLV-2,
STLV-3) ïðîäîëæàþò ðàññìàòðèâàòü êàê ðàçíûå èçîëÿòû â
ãðóïïå âèäîâ PTLV [16,20].

BLV è PTLV (HTLV/STLV) ÿâëÿþòñÿ ýêçîãåííûìè ðåòðî-
âèðóñàìè (exogenous retroviruses – XRVs).  Êàê è âñå XRVs,
îíè ðàñïðîñòðàíÿþòñÿ ãîðèçîíòàëüíî îò îñîáè ê îñîáè

âèäà-õîçÿèíà [14]. Äåëüòàðåòðîâèðóñû ðàçíûõ âèäîâ æè-
âîòíûõ èíôèöèðóþò ðàçíûå òèïû ëèìôîöèòîâ: B-ëèìôî-
öèòû êðóïíîãî ðîãàòîãî ñêîòà (Bos taurus, Bos grunniens, Bos

indicus è Bubalus bubalis) – â ñëó÷àå BLV è  T-ëèìôîöèòû
÷åëîâåêà  – â ñëó÷àå PTLV, âûçûâàÿ ëåéêîç ó êðóïíîãî
ðîãàòîãî ñêîòà è Ò-ëåéêåìèþ/ëèìôîìó ó ÷åëîâåêà, ñîîòâåò-

ñòâåííî [4,9,13,15,16,41]. Äëÿ HTLV-2 íåò êîíêðåòíî àññî-
öèèðîâàííîãî çàáîëåâàíèÿ, à äëÿ HTLV-3 âîîáùå íå ïîêà-
çàíî, ÷òî îí ïàòîãåíåí [2].  STLV âûÿâëåíû ó áîëåå 20 âèäîâ

ïðèìàòîâ, à ïðèçíàêè çàáîëåâàíèÿ ñõîæè ñ òàêîâûìè äëÿ
HTLV [38].

Íåäàâíî áûë îáíàðóæåí åùå îäèí ïðåòåíäåíò íà ïðåä-

ñòàâèòåëÿ ðîäà Deltaretrovirus. Åãî íàçâàëè MINERVa
(Miniopterus endogenous retrovirus) è îí ÿâëÿåòñÿ ýíäîãåí-
íûì ðåòðîâèðóñîì (endogenous retroviruse – ERV) äëèííî-

êðûëûõ ëåòó÷èõ ìûøåé (âèäû ðîäà Miniopterus ñåìåéñòâà
Miniopteridae). Ýòà íàõîäêà ðàñøèðÿåò ãðàíèöû ðàñïðîñò-
ðàíåíèÿ äåëüòàðåòðîâèðóñîâ ñðåäè ðàçëè÷íûõ âèäîâ æè-

âîòíûõ [10,18].
ERVs ðàñïðîñòðàíÿþòñÿ âåðòèêàëüíî â ðåçóëüòàòå ãå-

íåòè÷åñêîãî íàñëåäîâàíèÿ îò ðîäèòåëåé ê äåòÿì â ñîñòàâå

ãåíåòè÷åñêèõ ýëåìåíòîâ ãåðìèíàëüíûõ êëåòîê [14]. Îíè
÷àùå ïðåäñòàâëåíû íåïîëíûìè âèðóñíûìè ãåíîìàìè è íå
ïàòîãåííû [6], îäíàêî ìîãóò ýâîëþöèîíèðîâàòü â XRVs [14].

ERVs øèðîêî ðàñïðîñòðàíåíû ó ïîçâîíî÷íûõ, ÷òî ãîâîðèò î
èõ çíà÷èòåëüíîì âêëàäå â ýâîëþöèþ ýòîãî ñåìåéñòâà âèðó-
ñîâ [14,17]. Äî îáíàðóæåíèÿ MINERVa ñðåäè äåëüòàðåòðî-

âèðóñîâ íå áûëî îáíàðóæåíî ERVs, ÷òî ñèëüíî îòëè÷àëî èõ
îò äðóãèõ ðîäîâ ðåòðîâèðóñîâ.

Îòëè÷èòåëüíîé ñòðóêòóðíîé ÷åðòîé äåëüòàðåòðîâèðóñîâ

ÿâëÿåòñÿ íàëè÷èå â ñîñòàâå èõ ïðîâèðóñíîé ÄÍÊ, êðîìå
îáùèõ äëÿ âñåõ ðåòðîâèðóñîâ ãåíîâ 5′-gag-pro-pol-env-3′, êî-
äèðóþùèõ áåëêè âèðèîíà, ðåãóëÿòîðíûõ ãåíîâ tax  è rex

[13,16,20,31]. Äëÿ MINERVa áûëî òàêæå ïðåäïîëîæåíî íàëè-
÷èå îðòîëîãîâ tax è rex [10].

Ïðîäóêòîì ãåíà tax ÿâëÿåòñÿ ðåãóëÿòîðíûé áåëîê Tax,

îñíîâíîé è ïåðâîé îáíàðóæåííîé ôóíêöèåé êîòîðîãî ÿâëÿ-
åòñÿ òðàíñàêòèâàöèÿ ïðîâèðóñíîé ÄÍÊ  [5,8,21,29,42]. Ïðåä-
ïîëàãàþò òàêæå, ÷òî Tax îáëàäàåò îíêîãåííûìè ñâîéñòâà-

ìè. Îäíàêî, ýòî ñâîéñòâî Tax îáîñíîâûâàåòñÿ åãî ñïîñîá-
íîñòüþ ñòèìóëèðîâàòü ðàêîâûå îáðàçîâàíèÿ â êóëüòóðàõ
êëåòîê è ó òðàíñãåííûõ ãðûçóíîâ [35,43]. Íåäàâíèå æå èñ-

ñëåäîâàíèÿ ïîêàçûâàþò, ÷òî îíêîãåííûå ñâîéñòâà ñêîðåå
âñåãî ñâÿçàíû ñî ñïîñîáíîñòüþ âñåé ïðîâèðóñíîé ÄÍÊ
âñòðàèâàòüñÿ â îêðóæåíèå îíêîãåíîâ, à íå èñêëþ÷èòåëüíî ñ

àêòèâíîñòüþ áåëêà Tax [37]. Âìåñòå ñ òåì ïîêàçàíî, ÷òî Tax
ó÷àñòâóåò åùå âî ìíîãèõ ñèãíàëüíûõ ïóòÿõ, ðåãóëèðóþùèõ
êëåòî÷íîå äåëåíèå è ðîñò, àïîïòîç, èììóííûé îòâåò, ñòðåññ,

ìåõàíèçìû ÄÍÊ ðåïàðàöèè è äð. [3,12,16,22,25,28,32,36,44],
ýòî ãîâîðèò î ñïîñîáíîñòè Tax àêòèâèðîâàòü ìíîãèå êëåòî÷-
íûå ãåíû, â òîì ÷èñëå è îíêîãåíû, âáëèçè êîòîðûõ âñòðàè-

âàåòñÿ ïðîâèðóñíàÿ ÄÍÊ.
Ìíîãîôóíêöèîíàëüíûå ñâîéñòâà Tax, âåðîÿòíî, ìîãóò

îòðàæàòüñÿ è íà åãî áîëüøåé âàðèàáåëüíîñòè ïî ñðàâíå-

íèþ ñî ñòðóêòóðíûìè âèðóñíûìè áåëêàìè. Òàê, áûëî ïîêà-
çàíî, ÷òî êîäèðóþùèé åãî ãåí tax áîëåå âàðèàáåëåí, ÷åì ãåí
pol [7]. Ñëåäîâàòåëüíî, ñòðóêòóðíàÿ âàðèàáåëüíîñòü Tax
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ãî ïðàâäîïîäîáèÿ (Maximum Likelihood, ML) è JTT-
ìàòðè÷íîé ìîäåëè [19] c èñïîëüçîâàíèåì ïðîãðàììû
MEGA X [23]. Íàäåæíîñòü ôèëîãåíåòè÷åñêèõ îòíîøå-

íèé îöåíèâàëàñü ñ ïîìîùüþ íåïàðàìåòðè÷åñêîãî
áóòñòðýï-àíàëèçà ñ èñïîëüçîâàíèåì 1000 ïîâòîðíîñ-
òåé [11]. Îòêðûòàÿ ðàìêà òðàíñëÿöèè 1 (ÎÐÒ1)

MINERVa, êîòîðàÿ ïðåäïîëàãàåòñÿ íà ðîëü îðòîëîãà
Tax, âûâåäåíà äëÿ êàæäîé èç ïÿòè íóêëåîòèäíûõ ïîñ-
ëåäîâàòåëüíîñòåé MINERVa (GenBank:KY250075-

KY250079) ñ èñïîëüçîâàíèåì ïðîãðàììû GeneRunner
è ñðàâíåíèåì ñ îïóáëèêîâàííîé ïîñëåäîâàòåëüíîñ-
òüþ ÎÐÒ1 [10]. Äëÿ KY250077 ÎÐÒ1 íå áûëà èñïîëü-

çîâàíà, ò.ê. ñîäåðæàëà ìíîãî ñòîï êîäîíîâ.

 Ðåçóëüòàòû è îáñóæäåíèÿ
Ïðîâåäåííûé ôèëîãåíåòè÷åñêèé àíàëèç ïîñëå-

äîâàòåëüíîñòåé Tax ïîêàçàë (ðèñ.1), ÷òî Tax BLV

ðàçìåðîì â 309 àìèíîêèñëîò íàõîäèòñÿ â îáîñîáëåí-
íîé ôèëîãåíåòè÷åñêîé ãðóïïå. Ôèëîãåíåòè÷åñêèå èñ-
ñëåäîâàíèÿ BLV, ïðîâåäåííûå ñ èñïîëüçîâàíèåì ãåíà

env è ïîëíîðàçìåðíûõ ïðîâèðóñíûõ ãåíîìîâ, ïîêàçà-
ëè âîçìîæíîñòü ðàçäåëåíèÿ ýòîãî âèðóñà íà äåñÿòü
ãåíîòèïîâ (G1–G10) [7, 34] Ïî íàøèì äàííûì, â îñíîâ-

íîì, ýòè ãåíîòèïû òàêæå îòíîñÿòñÿ ê ðàçíûì ôèëîãå-
íåòè÷åñêèì âåòâÿì çà èñêëþ÷åíèåì ãåíîòèïîâ G6 è
G10 (ðèñ.1). Èñïîëüçîâàíèå Tax ïîçâîëÿåò ðàçäåëèòü

ãåíîòèïû G6 è G10 íà ÷åòûðå ãðóïïû (ôèëîãåíåòè÷åñ-
êèå âåòâè). Ýòî äàåò îñíîâàíèå ïðåäïîëàãàòü, ÷òî
ôèëîãåíåòè÷åñêèå èññëåäîâàíèÿ ïî Tax ìîæíî èñ-

ïîëüçîâàòü äëÿ óòî÷íåíèÿ âíóòðèâèäîâîé äèôôå-
ðåíöèàöèè, ïîëó÷åííîé ïî äàííûì ôèëîãåíåòè÷åñ-
êèõ èññëåäîâàíèé ñ èñïîëüçîâàíèåì ãåíà env è ïîëíî-

ðàçìåðíûõ ïðîâèðóñíûõ ãåíîìîâ.
Ôèëîãåíåòè÷åñêàÿ âåòâü PTLV-1 (ÍTLV-1/STLV-

1) îêàçûâàåòñÿ ðàçäåëåííîé íà äâå áîëüøèõ âåòâè

(ðèñ.1): â îäíó âõîäèò Tax-1 áîëüøåãî ðàçìåðà (Tax-
1L äëèíîé 353 àìèíîêèñëîò), âî âòîðóþ – Tax-1 ìåíü-
øåãî ðàçìåðà (Tax-1SH äëèíîé 239–242 àìèíîêèñ-

ëîò) (ðèñ.1), ÷òî ãîâîðèò î íåîáõîäèìîñòè âíóòðèâè-
äîâîãî ðàçäåëåíèÿ PTLV-1 íà ãðóïïû, âîçìîæíî, äàæå
íà ðàçíûå ïîäâèäû:  PTLV-Tax-1L è  PTLV-Tax-1SH.

Äëÿ ÍTLV-3 è STLV-3 íàãëÿäíî âèäíî, ÷òî îíè
ðàñïîëàãàþòñÿ â îäíîé ôèëîãåíåòè÷åñêîé âåòâè, à
ïîýòîìó ñïðàâåäëèâî ðàññìàòðèâàòü ðàçäåëåíèå ýòèõ

âèðóñîâ íà  ÍTLV-3 è STLV-3 òîëüêî êàê âíóòðèâèäî-
âóþ ãðàäàöèþ. Äëÿ ÍTLV-1 è STLV-1, è ÍTLV-2 è STLV-
2 íåäîñòàòî÷íî äàííûõ, ÷òîáû äåëàòü êàêèå-ëèáî

âûâîäû.
Ïðèìåð ãðóïïû PTLV òàêæå ïîêàçûâàåò, ÷òî ôè-

ëîãåíåòè÷åñêèå èññëåäîâàíèÿ Tax ìîãóò áûòü èñïîëü-

çîâàíû â êà÷åñòâå äîïîëíèòåëüíûõ ê òàêîâûì, ïðîâî-
äèìûì ïî ãåíàì pol, env è ïîëíîðàçìåðíûì ïðîâèðóñ-
íûì ãåíîìàì äëÿ âíóòðèâèäîâîé êëàññèôèêàöèè.

Ðèñóíîê 1.  Ôèëîãåíåòè÷åñêîå äåðåâî ïðåäñòàâèòåëåé ðîäà
Deltaretrovitus, ïîñòðîåííîå íà  îñíîâå ñðàâíåíèÿ àìèíîêèñëîò-
íûõ ïîñëåäîâàòåëüíîñòåé áåëêà Tax. Â óçëàõ äåðåâà ïðèâåäåíû
âåëè÷èíû ïîääåðæêè áóòñòðýï-àíàëèçîì (ïîêàçàíû çíà÷åíèÿ îò
50 è âûøå), êîòîðûå äàíû â ïðîöåíòàõ îò 1000 ïîâòîðíîñòåé. Äëÿ
âñåõ BLV âèäîì-õîçÿèíîì ÿâëÿåòñÿ Bos taurus, êðîìå îáîçíà÷åí-
íûõ: (Bg) - Bos grunniens è (O) - Ovine. Äëÿ âñåõ HTLV âèäîì-
õîçÿèíîì ÿâëÿåòñÿ Homo sapiens, à äëÿ STLV: (Pa) - Papio anubis,
(Pca) - Papio cynocephalus anubis, (Ma) - Macaca arctoides, (Ph) -
Papio hamadryas.

Figure 1. Phylogenetic tree of Deltaretrovitus Tax protein
sequences. Bootstrap values (only ones greater than 50 are shown)
expressed as percentages of 1000 replications are shown next to the
branches. The host species for all BLVs are Bos taurus, except for
those indicated as (Bg) - Bos grunniens and (O) - Ovine. The host
species for all HTLVs are Homo sapiens, and the host species for STLV
are indicated as (Pa) - Papio anubis, (Pca) - Papio cynocephalus
anubis, (Ma) - Macaca arctoides, (Ph) - Papio hamadryas.
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Ïðîâåäåííûé íàìè ôèëîãåíåòè÷åñêèé àíàëèç ïîêàçàë
òàêæå, ÷òî ÎÐÒ1 MINERVà (ðèñ.1), íåñìîòðÿ íà òî, ÷òî
àâòîðû [10] íå îáíàðóæèëè êàêîé-ëèáî ñóùåñòâåííîé ãîìî-

ëîãèè ñ ãåíîì tax, âõîäèò â îäíó ôèëîãåíåòè÷åñêóþ ãðóïïó
ñ Tax BLV, õîòÿ è îòäåëüíîé âåòâüþ. Ýòî ñâèäåòåëüñòâóåò î
ðàñïðîñòðàíåíèè äåëüòàðåòðîâèðóñîâ ñðåäè äàëüíåðîä-

ñòâåííûõ âèäîâ-õîçÿåâ, à òàêæå ïîääåðæèâàåò ïðåäïîëî-
æåíèå î  òîì, ÷òî èõ ýâîëþöèîíèðîâàíèå  ïðîèñõîäèò ïðè
ó÷àñòèè ERVs ëåòó÷èõ ìûøåé, ÷òî ÿâëÿåòñÿ ðàñïðîñòðà-

íåííûì ñðåäè ðåòðîâèðóñîâ, íî íå áûëî èçâåñòíî äëÿ
äåëüòàðåòðîâèðóñîâ äî îáíàðóæåíèÿ MINERVà [14,17].
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