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ABSTRACT

Èäåíòèôèêàöèÿ SINE-ïîäîáíûõ ýëåìåíòîâ â ãåíîìå
Phytophthora infestans è îöåíêà âîçìîæíîñòè

èõ ïðèìåíåíèÿ äëÿ ñðàâíèòåëüíîãî àíàëèçà øòàììîâ
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Identification of SINE-similar elements in Phytophthora infestans genome and their application
in comparison analysis of strains. Lavrova, O. I. & Elansky, S. N.

The tasks of the work were the identification of conservative DNA fragments similar to A � B box of Short
Interspersed Nuclear Elements (SINEs) in Phytophthora infestans genome, selection of PCR-primer for these
DNA fragments, and comparative analysis of P. infestans isolates from distant regions using this primer. A se-
arch for SINE-similar elements was performed with primers to known A and B boxes of SINEs from other orga-
nisms. After PCR-amplification DNA fragments of different sizes were identified. Six DNA fragments (45 � 51
bp) were cloned in E. coli and sequenced. All 6 clones had similar 25-nucleotide part that includes B box. This se-
quence was used to create revSINE (5��GGGATCGAACCAGAAGTGACTACGG�3�) primer.

After PCR-amplification of total P. infestans  DNA with RevSINE-primer a great number of DNA frag-
ments of different sizes were obtained. The number of fragments decreased with the increasing of the temperature
of the primer melting. The temperature 48°Ñ revealing 94 bands after electrophoresis in PAAG was used for
comparative analysis. Cluster analysis of PCR-products did not elucidate any groups of isolates based on there
geographic origin or host-plant. Only one isolate from the Sakhalin island differed significantly from other
strains. Possible explication is that SINEs-mobile elements and can rapidly change there location in genom.
This type of PCR-analysis is characterized by very high resolution and it might be more suitable for other types
of researches such as analysis of different features of the strains and gene identification than for population
explorations.

Key words: Phytophthora infestans, molecular markers, short interspersed elements, mobile elements.

ÂÂÅÄÅÍÈÅ

Ìåòîäû, îñíîâàííûå íà ïðÿìîì àíàëèçå ñòðóêòóðû
ÄÍÊ, íàõîäÿò âñå áîëåå øèðîêîå ïðèìåíåíèå â ñðàâ-
íèòåëüíûõ èññëåäîâàíèÿõ êàê îòäåëüíûõ æèâûõ îáú-
åêòîâ, òàê è èõ ñîîáùåñòâ. Ïðåèìóùåñòâà ýòèõ ìåòî-
äîâ â ñðàâíåíèè ñ ôåíîòèïè÷åñêèì àíàëèçîì çàêëþ-
÷àþòñÿ â îòñóòñòâèè èçìåíåíèé èçó÷àåìûõ ïðèçíà-
êîâ ïðè êóëüòèâèðîâàíèè, ïðè âûðàùèâàíèè íà ðàç-
íûõ ñóáñòðàòàõ, ïðè ðàçíûõ óñëîâèÿõ îêðóæàþùåé
ñðåäû, è ò. ä. (Äüÿêîâ, 1998).

Phytophthora infestans (Mont.) de Bary � îäèí èç
ñàìûõ îïàñíûõ ôèòîïàòîãåíîâ, âîçáóäèòåëü ôèòîô-
òîðîçà êàðòîôåëÿ è òîìàòîâ. Èç-çà êîëîññàëüíîãî
óùåðáà, íàíîñèìîãî ôèòîôòîðîçîì, áîëüøîå âíè-
ìàíèå âî âñåì ìèðå óäåëÿåòñÿ âñåñòîðîííåìó èçó-
÷åíèþ ýòîãî ãðèáîïîäîáíîãî îðãàíèçìà. Îäíî èç îñ-
íîâíûõ íàïðàâëåíèé èññëåäîâàíèé � ìîíèòîðèíã èç-
ìåíåíèé, ïðîèñõîäÿùèõ â ïîïóëÿöèÿõ. Îí ïîçâîëÿåò

îòñëåæèâàòü òåêóùèå èçìåíåíèÿ â ïîïóëÿöèÿõ è ïðîã-
íîçèðîâàòü îïàñíûå òåíäåíöèè èõ ðàçâèòèÿ.

Çà ïîñëåäíþþ ÷åòâåðòü âåêà îïðîáîâàí ðÿä ìå-
òîäîâ èññëåäîâàíèÿ ñòðóêòóðû ãåíîìà P. infestans. Îä-
íèìè èç ëó÷øèõ ìîæíî íàçâàòü ôèíãåðïðèíòèíã ÄÍÊ
ñ ãèáðèäèçàöèîííîé ïðîáîé RG 57 (Goodwin et al., 1992)
è èññëåäîâàíèå ãàïëîòèïîâ ìèòîõîíäðèàëüíîé ÄÍÊ
ìåòîäîì ïîëèìåðàçíîé öåïíîé ðåàêöèè (äàëåå � ÏÖÐ)
ñ ïîñëåäóþùåé ðåñòðèêöèåé (Griffith, Shaw, 1998). Ðà-
íåå ïðåäïðèíèìàëèñü ïîïûòêè èñïîëüçîâàíèÿ äëÿ
ñðàâíåíèÿ øòàììîâ ìåòîäîâ àìïëèôèêàöèè ñî ñëó-
÷àéíûìè ïðàéìåðàìè (RAPD) (Carter, 1990; Williams
et al., 1990; Judelson et al., 1995), AFLP, çàêëþ÷àþùå-
ãîñÿ â èçáèðàòåëüíîé àìïëèôèêàöèè ðåñòðèêòíûõ
ôðàãìåíòîâ ãåíîìíîé ÄÍÊ (Van der Lee et al., 1997;
Avrova, 2003; Vas et al., 1995, Flier, 2001), SSR-ÏÖÐ, ïîç-
âîëÿþùåãî àìïëèôèöèðîâàòü ó÷àñòêè ÄÍÊ, ðàñïî-
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ëîæåííûå ìåæäó ìèêðîñàòåëëèòàìè (Judelson et al.,
1995; Zietkiewicz et al., 1994; Pipe & Shaw,1997), è íå-
êîòîðûõ äðóãèõ. Îäíàêî èñïîëüçóåìûå ìåòîäû èìå-
þò ñâîè íåäîñòàòêè � ãèáðèäèçàöèîííûå ïðîáû äî-
âîëüíî äîðîãè è òðóäîåìêè â èñïîëíåíèè è çàñòàâ-
ëÿþò îãðàíè÷èâàòü ÷èñëî àíàëèçèðóåìûõ èçîëÿòîâ,
îïðåäåëåíèå ãàïëîòèïîâ ìèòîõîíäðèàëüíîé ÄÍÊ îò-
ëè÷àåòñÿ íèçêîé èíôîðìàòèâíîñòüþ, RAPD è SSR-
ÏÖÐ íåäîñòàòî÷íî äîñòîâåðíû èç-çà ñëàáîé âîñïðîèç-
âîäèìîñòè ðåçóëüòàòîâ àíàëèçà (Carter, 1990; Backeljau,
1995; Elansky & Smirnov, 2003).

Ðàáîòàìè íåêîòîðûõ àâòîðîâ áûëà ïîêàçàíà âîç-
ìîæíîñòü èñïîëüçîâàíèÿ êîðîòêèõ äèñïåðãèðîâàí-
íûõ ÿäåðíûõ ýëåìåíòîâ (Short Interspersed Nuclear
Elements, SINEs) â êà÷åñòâå ãåíåòè÷åñêèõ ìàðêåðîâ,
ïîçâîëÿþùèõ ïîëó÷àòü íàäåæíóþ èíôîðìàöèþ î
ôèëîãåíåçå òàêñîíîìè÷åñêèõ ãðóïï ñðåäíåãî óðîâ-
íÿ � ñåìåéñòâ è îòðÿäîâ. Åñòü äàííûå è î âíóòðè-
âèäîâîé äèôôåðåíöèàöèè ïî SINEs ðàçëè÷íûõ ïî-
ïóëÿöèé (Áàííèêîâà è äð., 2002). Ýòî âîçìîæíî áëà-
ãîäàðÿ ñîäåðæàíèþ âíóòðè SINEs-ïîäîáíûõ ýëå-
ìåíòîâ êîíñåðâàòèâíûõ ó÷àñòêîâ ÄÍÊ, ôëàíêèðó-

þùèõ ïðîìîòîð ÐÍÊ-ïîëèìåðàçû III. Ê ýòèì ó÷àñò-
êàì ìîæíî ïîäîáðàòü ïðàéìåð äëÿ ïðîâåäåíèÿ ÏÖÐ.
Ïðè ÏÖÐ òàêîãî òèïà ïðîèñõîäèò àìïëèôèêàöèÿ
ôðàãìåíòîâ, ðàñïîëîæåííûõ ìåæäó êîïèÿìè SINEs,
êîòîðûå ÷àñòî íàõîäÿòñÿ íà ñðàâíèòåëüíî íåáîëü-
øîì ðàññòîÿíèè äðóã îò äðóãà. Ïîñêîëüêó SINEs â
ãåíîìå îðèåíòèðîâàíû â îáîèõ íàïðàâëåíèÿõ, òî äëÿ
àíàëèçà äîñòàòî÷íî îäíîãî ïðàéìåðà íà êîíñåðâà-
òèâíóþ ÷àñòü. Ðàçëè÷èÿ â ïîëó÷àåìûõ êàðòèíàõ ñâÿ-
çàíû ñ âîçíèêíîâåíèåì äåëåöèé è âñòàâîê â ó÷àñò-
êàõ ÄÍÊ, ðàñïîëîæåííûõ ìåæäó êîïèÿìè ýòèõ ïîâ-
òîðîâ. Ïðèìåíåíèå ýòîãî ìåòîäà äëÿ èçó÷åíèÿ ôè-
ëîãåíèè ìëåêîïèòàþùèõ èç îòðÿäîâ Artiodactyla
(Kaukinen & Varvio, 1992), Lipotyphila, Chiroptera è
Artiodactyla (Buntjer, 1997) ïîêàçàëî õîðîøèå ðå-
çóëüòàòû.

Â çàäà÷è ïðåäëàãàåìîé ðàáîòû âõîäèëà èäåíòè-
ôèêàöèÿ â ãåíîìå P. infestans êîíñåðâàòèâíûõ ó÷àñò-
êîâ, ñîäåðæàùèõñÿ âíóòðè SINEs-ïîäîáíûõ ýëåìåí-
òîâ, ïîäáîð ïðàéìåðîâ ê íèì è ïðîâåäåíèå ÏÖÐ (äà-
ëåå � èíòåð-SINE-ÏÖÐ) ñ öåëüþ ñðàâíèòåëüíîãî àíà-
ëèçà èçîëÿòîâ P. infestans èç óäàëåííûõ ðåãèîíîâ.

ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Øòàììû, èñïîëüçóåìûå â ðàáîòå,
èõ êóëüòèâèðîâàíèå è âûäåëåíèå ÄÍÊ

Â ðàáîòå èñïîëüçîâàëè øòàììû èç êîëëåêöèè êàôåäðû
ìèêîëîãèè è àëüãîëîãèè ÌÃÓ èì. Ì. Â. Ëîìîíîñîâà, à
òàêæå èç êîëëåêöèè Scotland Crop Research Institute
(SCRI). Ìåñòà è äàòû ñáîðîâ ïðåäñòàâëåíû â òàáëèöå 1.

Èçîëÿòû êóëüòèâèðîâàëè íà æèäêîé ãîðîõîâîé è
àãàðèçîâàííîé îâñÿíîé ñðåäàõ. Ãåíîìíóþ ÄÍÊ âû-
äåëÿëè èç îáåçâîæåííîãî è ðàñòåðòîãî â æèäêîì àçî-
òå ìèöåëèÿ P. infestans ïî ñòàíäàðòíîìó ìåòîäó ôå-
íîë-õëîðîôîðìíîé äåïðîòåèíèçàöèè ïîñëå ùåëî÷-
íîé îáðàáîòêè ìèöåëèÿ (Griffith & Shaw, 1998).

Óñëîâèÿ ïðîâåäåíèÿ ÏÖÐ ñ ïðàéìåðàìè ê A è B
áîêñàì SINE-ïîäîáíîé ïîñëåäîâàòåëüíîñòè

è îïðåäåëåíèå ïîñëåäîâàòåëüíîñòè íóêëåîòèäîâ
(ñåêâåíèðîâàíèå) ÄÍÊ

Ðåàêöèÿ ïðîâîäèëàñü â 100 ìêë ñìåñè, ñîäåðæàùåé
0,1 íã ãåíîìíîé ÄÍÊ, 0,3 ìêÌ ïðàéìåðîâ ê À è Â
áîêñàì (ïðàéìåð À: T(A / G)GCTCAGTGGT; ïðàéìåð
B: C(C / T)CAAG(C / T)TA(A / G)GG), 200 ìÌ dNTP, 2 U
Taq-ïîëèìåðàçû è ðåàêöèîííûé áóôåð (67 ìÌ Òðèñ-
HCl pH 8,6, 2,5 ìÌ MgCl

2
, 16,6 ìÌ (NH

4
)2SO

4
 è 0,001 %

Òðèòîí X-100). Àìïëèôèêàöèÿ ïðîâîäèëàñü çà 27 öèê-
ëîâ (950Ñ, 1 ìèí.; 340Ñ, 1ìèí.; 720Ñ, 1 ìèí.) íà ïðè-
áîðå Biometra T1. Ñìåñü ÏÖÐ-ïðîäóêòîâ áûëà ýêñ-
òðàãèðîâàíà ìåòîäîì ôåíîë / õëîðîôîðìíîé îáðà-
áîòêè; ÄÍÊ áûëà îñàæäåíà ñ ïîìîùüþ ýòàíîëà, ðàñ-
òâîðåíà â 10 ìêë 10ìÌ Òðèñ-HCl pH 8 è 1ìÌ EDTA
(TE) è ïðîàíàëèçèðîâàíà ïîñðåäñòâîì ýëåêòðîôîðå-
çà â 5 % NuSieve (FMC) àãàðîçíîì ãåëå.
Àìïëèôèöèðîâàííûå ôðàãìåíòû ÄÍÊ áûëè êëîíè-
ðîâàíû, ñåêâåíèðîâàíû è èñïîëüçîâàíû  äëÿ ñîçäà-

íèÿ  Rev-SINE ïðàéìåðà. Â ðàáîòå èñïîëüçîâàëñÿ àâ-
òîìàòè÷åñêèé 4-õ êàïèëëÿðíûé ñåêâåíàòîð ABI Prism
3100-Avant Genetic Analyzer. Ïîäãîòîâêà ïðîá ÄÍÊ ê
ñåêâåíèðîâàíèþ ïðîâîäèëàñü â ñîîòâåòñòâèè ñ èí-
ñòðóêöèåé ê ïðèáîðó.

Óñëîâèÿ ïðîâåäåíèÿ èíòåð-SINE-ÏÖÐ
Ïðàéìåð (100 ïìîëü) ìåòèëè ñ ïîìîùüþ [g32P]-ATP
(1ÌÁê) è ïîëèíóêëåîòèäêèíàçû. ÏÖÐ ïðîâîäèëè â
îáúåìå 20 ìêë ðåàêöèîííîé ñìåñè, ñîäåðæàùåé ñòàí-
äàðòíûé Taq-áóôåð (50 mÌ KCl, 10 mM áóôåðTris-
HCl, pH 8,3, 2,5 mM MgCl

2
 è 0,001 % æåëàòèí), 0,2 mM

dNTP, 4ïìîëü êàæäîãî ïðàéìåðà, 1 åä. Taq-ïîëèìå-
ðàçû è 25 íã ãåíîìíîé ÄÍÊ. Ïðîãðàììà ÏÖÐ: äåíàòó-
ðàöèÿ � 95 °Ñ, 1 ìèí.; îòæèã � 48 °Ñ, 1 ìèí.; ñèíòåç �
72 °Ñ, 1 ìèí. ×èñëî öèêëîâ � 30. Ïðåäâàðèòåëüíàÿ äå-
íàòóðàöèÿ ïðîäîëæàëàñü 5 ìèí. ïðè 95 °Ñ; êîíå÷íûé
ñèíòåç � 5 ìèí. ïðè 72 °Ñ. Ýêñïåðèìåíòû âûïîëíå-
íû íà ïðèáîðå Biometra T1. Ïðîäóêòû ÏÖÐ äåíàòóðè-
ðîâàëè è ðàçäåëÿëè ñ ïîìîùüþ ýëåêòðîôîðåçà â 6 %-
ì ïîëèàêðèëàìèäíîì ãåëå, ñîäåðæàùåì 0,089 Ì òðèñ-
áîðàòíûé áóôåð è 8 Ì ìî÷åâèíó, àíàëîãè÷íî òîìó,
êàê ýòî äåëàþò ïðè ñåêâåíèðîâàíèè ÄÍÊ. Äëèíà ãå -
ëÿ � 50 ñì, øèðèíà � 28 ñì, òîëùèíà � 0,4 ìì.
Ýëåêòðîôîðåç ïðîâîäèëè â òå÷åíèå 7 ÷àñîâ ïðè ïîñ-
òîÿííîé ìîùíîñòè òîêà 75 Âò. Ðàäèîàâòîãðàôèþ ïðî-
âîäèëè, ýêñïîíèðóÿ âûñóøåííûé ãåëü ñ ðåíòãåíîâ-
ñêîé ïëåíêîé RETINA â òå÷åíèå 16 � 48 ÷.

Ìàòåìàòè÷åñêèé àíàëèç ðåçóëüòàòîâ
Ôèíãåðïðèíòû, ïîëó÷åííûå ïðè Inter-SINE-ÏÖÐ, áû-
ëè ïðåîáðàçîâàíû â áèíàðíóþ ìàòðèöó (1 � ïðè-
ñóòñòâèå ïîëîñû, 0 � îòñóòñòâèå), êîòîðóþ àíàëèçè-
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ÒÀÁËÈÖÀ 1
Ìåñòî è äàòà ñáîðà èçîëÿòîâ P. infestans, èñïîëüçîâàííûõ â ðàáîòå

Íîìåðà èçîëÿòîâ Ãîä ñáîðà Ðàñòåíèå-õîçÿèí         Ìåñòî ñáîðà

        2KK3    2002             Ê         Êðàñíîÿðñê
       1KVK1    2001             Ê         Êèñëîâîäñê
       1KVK7    2001             Ê           �����
        I 5-02    2002             Ê     Ðåñï. Èíãóøåòèÿ
       I 43-02    2002             Ê           �����
        I 1-02    2002             Ê           �����
         T16    2001             Ê                Òóëà
       B 0 / 92    2000             Ê         Áåëîðóññèÿ
       B 0 / 76    2000             Ê           �����
      B 99 / 26    1999             Ê           �����
       B 0 / 17    2000             Ê           �����
   1MSha K14    2001             Ê      Ìîñêîâñêàÿ îáë.
   1MSha TL19    2001             Ò           �����
  1MSha TP2 / 2    2001             Ò           �����
      1RSKL55    2001             Ê        Ðÿçàíñêàÿ îáë.
     1RSKL9 / 2    2001             Ê           �����
  1Br-H-11-01    2001             Ê         Áðÿíñêàÿ îáë.
      1SOSK3    2001             Ê Ðåñï. Ñåâåðíàÿ Îñåòèÿ
    1Sar TP7 / 2    2001             Ò     Ðåñï. Ìîðäîâèÿ
      1Sar TP4    2001             Ò           �����
       7SK29    1997             Ê           î. Ñàõàëèí
       95.162    1995            �      Âåëèêîáðèòàíèÿ
        96-70    1996            �           �����
        96.36    1996            �           �����
      143-02    2002            �           �����
         EcI      �            �            Ýêâàäîð
        ARI      �            �          Àðãåíòèíà
         550      �            �            Ìåêñèêà
       98DK    1998            �              Äàíèÿ

��� � íåò äàííûõ; Ê � êàðòîôåëü; Ò � òîìàòû.

ðîâàëè ïî ìåòîäó áëèæàéøåãî ñâÿçûâàíèÿ (neighbor-
joining � NJ) è UPGMA â ïðîãðàììå TREECONW
(Van de Peer & De Wachter, 1994) Äëÿ àíàëèçà äîñòî-

âåðíîñòè òîïîëîãèè äåðåâüåâ ïðèìåíÿëè áóòñòðåï-
àíàëèç (Efron & Gong, 1988). Â áóòñòðýï-àíàëèçå îñó-
ùåñòâëÿëè 500 ðåïëèê.

ÐÅÇÓËÜÒÀÒÛ È ÎÁÑÓÆÄÅÍÈÅ

Èäåíòèôèêàöèÿ SINE-ïîäîáíûõ
ïîñëåäîâàòåëüíîñòåé â ãåíîìå P. infestans

SINEs ñîäåðæàò âíóòðè ñâîåé ïîñëåäîâàòåëüíîñòè
ïðîìîòîð ÐÍÊ ïîëèìåðàçû III, ñîñòîÿùèé èç äâóõ ÷àñ-
òåé � áîêñîâ À è Â, ðàññòîÿíèå ìåæäó êîòîðûìè
ñîñòàâëÿåò 33 � 40 ïàð íóêëåîòèäîâ. Äëÿ âûÿâëåíèÿ
À-Â áîêñà â ãåíîìå P. infestans ïðîâîäèëè ÏÖÐ-àì-
ïëèôèêàöèþ íà ìàòðèöå ãåíîìíîé ÄÍÊ P. infestans

ñ ïðàéìåðàìè, ñîîòâåòñòâóþùèìè êîíñåíñóñàì áîê-
ñîâ À è Â SINEs äðóãèõ æèâûõ îðãàíèçìîâ (Borodu-
lina & Kramerov, 1999).

Â ðåçóëüòàòå àìïëèôèêàöèè ÄÍÊ P. infestans ñ ïðàé-
ìåðàìè, êîìïëåìåíòàðíûìè êîíñåíñóñàì áîêñîâ À
è Â, áûëè ïîëó÷åíû ÏÖÐ-ïðîäóêòû ðàçëè÷íîãî âåñà,
êîòîðûå, â ñâîþ î÷åðåäü, áûëè êëîíèðîâàíû â E. coli.
Âñåãî áûëî êëîíèðîâàíî 6 ÏÖÐ-ïðîäóêòîâ  (ðèñ. 1) è

¹ êëîíà         À áîêñ         êîíñåðâàòèâíàÿ         Â áîêñ
     ïîñëåäîâàòåëüíîñòü

1-17 5�� TGGCTCAGTGGTGGGTAGCTCAGTGGTCCGTAGTCACTTCTGGTTCGATCCC � 3�
1-77 TGGCTCAGTGG      TAGCTAGTGACCGTAGTCACTTCTGGTTCGATCCC
1-58 TGGCTCAGTGG    TGGCTCAGTGGTCCGTAGTCACTTCTGGTTCGATCCC
1-37 TGGCTCAGTGG    TGG CTAGTGG CCGTAGTCACTTCTGGTTCGATCCC
1-39 TGGCTCAGTGG    TGGATTGGTGACCCGTAGTCACTTCTGGTTCGATCCC
1-45 TGGCTCAGTGG     TGCCCAGTGGACCGTAGTCACTTCTGGTTCGATCCC
Ïðàéìåð RevSINE                           3�� GGCATCAGTGAAGACCAAGCTAGGG � 5�

Ðèñ. 1. Ïîñëåäîâàòåëüíîñòè ôðàãìåíòîâ ðåêîìáèíàíòíûõ ïëàçìèä èç êëîíîâ E. coli, ñîäåðæàùèå À-Â áîêñ SINEs P. infestans.
Ïðîáåëû â ïîñëåäîâàòåëüíîñòÿõ (ðåàëüíî îòñóòñòâóþùèå) ââåäåíû äëÿ áîëåå íàãëÿäíîãî èõ ïðåäñòàâëåíèÿ.
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îïðåäåëåíû èõ ïîñëåäîâàòåëüíîñòè íóêëåîòèäîâ (îò
45 äî 51 ï. í.). Ó âñåõ øåñòè êîïèé ÏÖÐ-ïðîäóêòà îò-
ìå÷åíà êîíñåðâàòèâíàÿ ïîñëåäîâàòåëüíîñòü, âêëþ÷à-
þùàÿ Â áîêñ, ïðîòÿæåííîñòüþ 25 íóêëåîòèäîâ. Íà åå
îñíîâå áûë ñêîíñòðóèðîâàí ïðàéìåð revSINE: 5� �
GGGATCGAACCAGAAGTGACTACGG � 3�.

Ñðàâíèòåëüíûé àíàëèç øòàììîâ P. infestans ñ
èñïîëüçîâàíèåì èíòåð-SINE-ÏÖÐ

ÏÖÐ ïðîäóêò àìïëèôèêàöèè òîòàëüíîé ÄÍÊ P. infes-
tans ñ ïðàéìåðîì RevSINE áûë ïðåäñòàâëåí áîëü-
øèì ÷èñëîì ïîëîñ ðàçíîãî âåñà. Ïîäáîð îïòèìàëü-
íîé òåìïåðàòóðû äëÿ ÏÖÐ ïðîèçâîäèëñÿ ýêñïåðè-
ìåíòàëüíî. Áûë ïðîòåñòèðîâàí òåìïåðàòóðíûé èí-
òåðâàë 42 � 70 °Ñ. Ïðè òåìïåðàòóðàõ íèæå 48 °Ñ íàá-
ëþäàëîñü áîëüøîå êîëè÷åñòâî ïîëîñ è ñèëüíûé
øìåð, òî åñòü îòæèãàëîñü ñëèøêîì ìíîãî íåñïåöè-
ôè÷íûõ ïîñëåäîâàòåëüíîñòåé. Ïðè áîëåå âûñîêèõ òåì-
ïåðàòóðàõ ïðîÿâëÿëîñü íåäîñòàòî÷íî ïîëîñ äëÿ ðàç-
äåëåíèÿ èçîëÿòîâ. Äëÿ ñðàâíèòåëüíîãî àíàëèçà èçî-
ëÿòîâ áûëà âûáðàíà òåìïåðàòóðà 48 °Ñ, ïðè êîòîðîé
÷åòêî èäåíòèôèöèðîâàëèñü 94 ïîëîñû (ðèñ. 2).

Êëàñòåðíûé àíàëèç áèíàðíûõ ìàòðèö, ñîîòâåò-
ñòâóþùèõ ôèíãåðïðèíòàì ÄÍÊ, íå âûÿâèë ãðóïï èçî-
ëÿòîâ íè ïî ïðèçíàêó ãåîãðàôè÷åñêîãî ïðîèñõîæäå-
íèÿ, íè ïî ðàñòåíèþ-õîçÿèíó. Âûñîêîå ñõîäñòâî (áóò-
ñòðåï áîëåå 45 %) îòìå÷åíî â 9 íåáîëüøèõ ãðóïïàõ
èç 2 � 3 èçîëÿòîâ (ðèñ. 3). Â ïåðâîé ãðóïïå îáúåäèíè-
ëèñü èçîëÿòû èç Êðàñíîÿðñêîãî êðàÿ è ðåñïóáëèêè
Èíãóøåòèÿ, âî âòîðîé � èç Áåëîðóññèè è Ñòàâðî-
ïîëüñêîãî êðàÿ, â òðåòüåé � èç Ìîñêîâñêîé îáëàñòè
è Âåëèêîáðèòàíèè, è ò. ä. Â òî æå âðåìÿ ïðàêòè÷åñêè
íåò îáúåäèíåíèÿ ìåæäó èçîëÿòàìè, ñîáðàííûìè â
îäíîì ðåãèîíå, çà èñêëþ÷åíèåì äâóõ èçîëÿòîâ èç
Ìîñêîâñêîé îáëàñòè, äâóõ áåëîðóññêèõ èçîëÿòîâ è
äâóõ èçîëÿòîâ èç Ìîðäîâèè, êîòîðûå èìåëè ïðàêòè-
÷åñêè èäåíòè÷íûå ïàòòåðíû ïîëîñ. Ïî âèäèìîìó,
êàæäàÿ èç ïàð ýòèõ èçîëÿòîâ èìååò êëîíàëüíîå ïðî-
èñõîæäåíèå, ò. ê. âíóòðè ýòèõ ïàð ñîâïàäàþò âñå îñ-
òàëüíûå õàðàêòåðèñòèêè èçîëÿòîâ, òàêèå êàê òèï ñïà-
ðèâàíèÿ, ìèòîõîíäðèàëüíàÿ ÄÍÊ, ñïåêòð èçîôåðìåí-
òîâ ïåïòèäàçû è îíè áûëè ñîáðàíû íà îäíèõ è òåõ æå
äåëÿíêàõ. Äîñòîâåðíî âûäåëÿåòñÿ îäèí èçîëÿò èç Ñà-
õàëèíà, êîòîðûé îòëè÷àëñÿ è ïî äðóãèì õàðàêòåðèñ-
òèêàì � èìåë ñàìóþ âûñîêóþ àãðåññèâíîñòü ê êàð-
òîôåëþ, ìàêñèìàëüíî âîçìîæíîå ÷èñëî ãåíîâ âèðó-
ëåíòíîñòè ê ñîðòàì êàðòîôåëÿ, óíèêàëüíûé ãåíîòèï
ïî RG 57 (Elansky et al., 2001).

Àíàëîãè÷íûå ðåçóëüòàòû áûëè ïîëó÷åíû ïðè
ïðèìåíåíèè ìåòîäà èíòåð-SINE-ÏÖÐ äëÿ ñðàâíèòåëü-
íîãî àíàëèçà øòàììîâ Stachybotrys chartarum èç óäà-
ëåííûõ ìåñòîîáèòàíèé (Åëàíñêèé è äð., 2004). Â ðå-
çóëüòàòå èññëåäîâàíèé òàêæå íå áûëî ïîêàçàíî êëàñ-

Ðèñ. 2. Ýëåêòðîôîðåòè÷åñêîå ðàçäåëåíèå ôðàãìåíòîâ
èíòåð-SINE-ÏÖÐ.

m � ìàðêåð ìîëåêóëÿðíîé ìàññû; 1 � 8 � ðàçëè÷íûå èçîëÿòû
P. infestans.
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