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Èçó÷åí âîïðîñ îáðàçîâàíèÿ ðàçëè÷íûõ òèïîâ àðòåôàê-
òîâ â ïðîöåññå àìïëèôèêàöèè ïðè èñïîëüçîâàíèè ðàç-
íûõ êëàññîâ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìàðêåðîâ (Indel 
è SSR). Ïîêàçàíî, ÷òî â ïðîöåññå àìïëèôèêàöèè ãå-
òåðîçèãîòíûõ îáðàçöîâ êàê ôðàãìåíòîâ öåëåâûõ ãåíîâ, 
òàê è ìèêðîñàòåëëèòîâ îáðàçóåòñÿ ãåòåðîäóïëåêñíàÿ 
ÄÍÊ. Ïðè ïðîâåäåíèè ýëåêòðîôîðåçà â íàòèâíîì 
ïîëèàêðèëàìèäíîì ãåëå ïðîäóêòîâ àìïëèôèêàöèè ãî-
ìîçèãîòíûõ îáðàçöîâ ïî ìèêðîñàòåëëèòíûì ëîêóñàì
îáíàðóæåíû ñïåöèôè÷åñêèå äîïîëíèòåëüíûå ôðàãìåí-
òû, êîòîðûå íå îòíîñÿòñÿ ê êëàññó ãåòåðîäóïëåêñíîé 
ÄÍÊ. Î÷åâèäíî, äîïîëíèòåëüíûå ôðàãìåíòû îòíî-
ñÿòñÿ ê îñîáîìó òèïó ãîìîäóïëåêñíîé ÄÍÊ – íåëè-
íåéíûì ãîìîäóïëåêñàì. Ïðîâåäåííûé àíàëèç âûÿâèë,
÷òî îáðàçîâàíèå íåëèíåéíîé ãîìîäóïëåêñíîé ÄÍÊ ïðî-
èñõîäèò íà 20–25-ì öèêëå ÏÖÐ êàê ïðè àìïëèôèêà-
öèè ÄÍÊ îïûòíûõ îáðàçöîâ, òàê è âûðåçàííûõ èç 
ãåëÿ îòäåëüíûõ ôðàãìåíòîâ.

Êëþ÷åâûå ñëîâà: ìèêðîñàòåëëèòû, èíñåðöèè, ïîëèìå-
ðàçíàÿ öåïíàÿ ðåàêöèÿ, àðòåôàêòû, ãåòåðîäóïëåêñû, 
ãîìîäóïëåêñû.

Ââåäåíèå. Ïðîáëåìà îáðàçîâàíèÿ àðòåôàêòîâ 
ïðè ïðîâåäåíèè àìïëèôèêàöèè äîñòàòî÷íî 
øèðîêî ðàñïðîñòðàíåíà è çàâèñèò êàê îò òèïà 
èñïîëüçóåìûõ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìàð-
êåðîâ, òàê è îò ïàðàìåòðîâ ïðîâåäåíèÿ ÏÖÐ 
[1]. Â áîëüøåé ìåðå ýòî êàñàåòñÿ ìèêðîñàòåëëè-
òîâ (SSR) [2]. Âûñîêèé óðîâåíü ïîëèìîðôèçìà 
SSR-ëîêóñîâ, îñíîâàííûé íà èçìåíåíèè êîëè-
÷åñòâà òàíäåìíûõ íóêëåîòèäíûõ ïîâòîðîâ, ñó-
ùåñòâåííî ïîâûøàåò ýôôåêòèâíîñòü èõ ïðàê-
òè÷åñêîãî ïðèìåíåíèÿ äëÿ ðåøåíèÿ øèðîêîãî 
ñïåêòðà çàäà÷ [3–5]. Îäíàêî çà÷àñòóþ ñëîæ-
íî ïîëó÷èòü äîñòîâåðíóþ èíôîðìàöèþ î íà-
òèâíîé ñòðóêòóðå ìèêðîñàòåëëèòîâ èçó÷àåìî-
ãî îáúåêòà â ëàáîðàòîðíûõ óñëîâèÿõ (in vitro). 
Îáû÷íàÿ àìïëèôèêàöèÿ, êîòîðàÿ íà äàííûé 
ìîìåíò ÿâëÿåòñÿ ïðàêòè÷åñêè áåçàëüòåðíàòèâ-
íûì èíñòðóìåíòîì ïîëó÷åíèÿ íåîáõîäèìîãî 

äëÿ èññëåäîâàíèÿ êîëè÷åñòâà ÄÍÊ, âñå æå ëè-
øåíà âîçìîæíîñòè â ïîëíîì îáúåìå âîñïðî-
èçâîäèòü ïðîöåññ ðåïëèêàöèè â æèâîé êëåòêå. 
Â ðåçóëüòàòå âîçíèêàþò ïîáî÷íûå ïðîäóêòû, 
êîòîðûå ìîãóò ïðèâîäèòü ê ëîæíûì ðåçóëü-
òàòàì [6]. Áîëåå òîãî, îñîáåííîñòè ñòðóêòóðû 
ìèêðîñàòåëëèòîâ âî ìíîãîì óñóãóáëÿþò äàí-
íóþ ïðîáëåìó [7].

Ê íàèáîëåå øèðîêî ðàñïðîñòðàíåííûì àðòå-
ôàêòàì ÏÖÐ ïðè ïðîâåäåíèè SSR-àíàëèçà îò-
íîñÿòñÿ: íóëü-àëëåëè; íåäîñòàòî÷íàÿ àìïëèôè-
êàöèÿ îäíîãî èç àëëåëåé â ñëó÷àå ãåòåðîçèãîò-
íûõ îáðàçöîâ; ñòàòòåðû; äîáàâëåíèå àäåíèíà 
ê 3 -êîíöó öåïè ÄÍÊ (îñîáåííîñòü Taq-ïîëè-
ìåðàçû) [1, 8–10].

Íóëü-àëëåëè, à òàêæå íåäîñòàòî÷íàÿ ýôôåê-
òèâíîñòü àìïëèôèêàöèè îäíîãî èç àëëåëåé â 
ñëó÷àå ñ ãåòåðîçèãîòàìè ìîæåò áûòü âûçâàíà 
ìóòàöèÿìè â ó÷àñòêàõ ãèáðèäèçàöèè ïðàéìå-
ðîâ ñ ÄÍÊ-ìèøåíüþ. Êîëè÷åñòâî ìóòàöèé 
(íóêëåîòèäíûõ çàìåí), èõ òèï (SNP, Indel) è
ïîëîæåíèå (íåñîâïàäåíèÿ íóêëåîòèäíûõ ïîñ-
ëåäîâàòåëüíîñòåé, ðàñïîëîæåííûõ áëèæå ê 3 -
êîíöåâîé ÷àñòè ïðàéìåðà) ìîãóò ïðèâîäèòü ê 
èçìåíåíèÿì ýôôåêòèâíîñòè àìïëèôèêàöèè è, 
â ñâîþ î÷åðåäü, ê íåâåðíîìó ãåíîòèïèðîâàíèþ 
(ïðåîáëàäàíèþ êîëè÷åñòâà ãîìîçèãîòíûõ îñî-
áåé), à òàêæå ê èñêàæåíèþ îöåíêè ãåíåòè÷åñ-
êîé ñòðóêòóðû ïîïóëÿöèè [11].

Ñòàòòåðû – íåñïåöèôè÷åñêèå ïðîäóêòû àìï-
ëèôèêàöèè, âîçíèêàþùèå â ðåçóëüòàòå òàê íà-
çûâàåìîãî ïðîñêàëüçûâàíèÿ ÄÍÊ [9, 10]. Îíè
ìîãóò ñîäåðæàòü êàê èíñåðöèþ, òàê è äåëåöèþ, 
è õàðàêòåðíû, êàê ïðàâèëî, òîëüêî äëÿ ìèêðî-
ñàòåëëèòîâ. Ýòè ïðîäóêòû ïðèâîäÿò ê îáðàçî-
âàíèþ äîïîëíèòåëüíûõ ôðàãìåíòîâ íà ýëåêòðî-
ôîðåãðàììàõ, à òàêæå ê îøèáêàì â èíòåð-
ïðåòàöèè äàííûõ [8]. ×àñòîòà âîçíèêíîâåíèÿ 
ñòàòòåðîâ çàâèñèò îò äëèíû ìîòèâà è ðàçìåðà 
ìèêðîñàòåëëèòà (êîëè÷åñòâà ìîòèâîâ). Ýôôåêò 
ñêîëüæåíèÿ (ïðîñêàëüçûâàíèÿ) öåïè ÄÍÊ ëå-© Ð.À. ÊÓËÈÁÀÁÀ, Þ.Â. ËßØÅÍÊÎ, 2016
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Âëèÿíèå àðòåôàêòîâ ÏÖÐ íà ýôôåêòèâíîñòü ãåíîòèïèðîâàíèÿ ïî ìèêðîñàòåëëèòíûì ëîêóñàì 

æèò â îñíîâå ôåíîìåíà ìèêðîñàòåëëèòíîé íå-
ñòàáèëüíîñòè.

Äîáàâëåíèå àäåíèíà ê 3 -êîíöó öåïè ÄÍÊ
(îáåèõ öåïåé ÄÍÊ) îòíîñèòñÿ ê ôóíêöèî-
íàëüíûì îñîáåííîñòÿì Taq-ïîëèìåðàçû. Â îò-
ëè÷èå îò äðóãèõ ïåðå÷èñëåííûõ àðòåôàêòîâ äîñ-
òàòî÷íî ïðîñòî èñïðàâëÿåòñÿ óâåëè÷åíèåì äëè-
òåëüíîñòè ýòàïà ôèíàëüíîé ýëîíãàöèè ÏÖÐ.

Îäíàêî íàðÿäó ñ îïèñàííûìè ñóùåñòâóåò åùå
îäèí êëàññ àðòåôàêòîâ ÏÖÐ, êîòîðîìó, êàê ïðà-
âèëî, íå óäåëÿþò äîñòàòî÷íîãî âíèìàíèÿ. Ðå÷ü
èäåò î ãåòåðîäóïëåêñàõ. Îáðàçîâàíèå ãåòåðî-
äóïëåêñíîé ÄÍÊ â ïðîöåññå ÏÖÐ äîñòàòî÷íî 
ðàñïðîñòðàíåííîå ÿâëåíèå [12–14]. Ãåòåðîäóï-
ëåêñ – ýòî ìîëåêóëà äâóõöåïî÷å÷íîé ÄÍÊ, â 
êîòîðîé àíòèïàðàëëåëüíûå öåïè èìåþò ðàçíîå 
ïðîèñõîæäåíèå, ò.å. ÿâëÿþòñÿ ïðîèçâîäíûìè 
ðàçíûõ àëëåëåé [15, 16]. Ïðè ýòîì öåïè íå 
ïîëíîñòüþ êîìïëåìåíòàðíû äðóã äðóãó (â íà-
ëè÷èè ìîãóò áûòü êàê íåñêîëüêî îøèáî÷íûõ, 
íå êàíîíè÷åñêèõ, ïàð îñíîâàíèé, òàê è áîëåå 
ïðîòÿæåííûå ó÷àñòêè – èíñåðöèè).

Äëÿ èçó÷åíèÿ îñîáåííîñòåé ôîðìèðîâàíèÿ 
ãåòåðîäóïëåêñîâ áûëè âûáðàíû äâå ìîäåëüíûå 
ñèñòåìû: èíñåðöèè (Indel) â ëîêóñàõ ïðîëàêòè-
íà (PRL) è ãèïîôèçàðíîãî òðàíñêðèïöèîííî-
ãî ôàêòîðà (PIT1); SSR – ìèêðîñàòåëëèòíûå 
ëîêóñû MCW0104 è LEI0094 ñîîòâåòñòâåííî.

Ìàòåðèàëû è ìåòîäû. Äëÿ ïðîâåäåíèÿ èññëå-
äîâàíèé áûëà èñïîëüçîâàíà ïòèöà óêðàèíñêîé 
ñåëåêöèè ñ ýêñïåðèìåíòàëüíîé ïòèöåôåðìû 
«Ñîõðàíåíèå ãîñóäàðñòâåííîãî ãåíîôîíäà Ãî-
ñóäàðñòâåííîé îïûòíîé ñòàíöèè ïòèöåâîäñòâà 
Íàöèîíàëüíîé àêàäåìèè àãðàðíûõ íàóê Óêðà-
èíû» – êóðû ÿè÷íî-ìÿñíûå (ïîðîäà ïîëòàâñ-
êàÿ ãëèíèñòàÿ) è ÿè÷íûå (ïîðîäà áîðêîâñêàÿ 
áàðâèñòàÿ). Âûäåëåíèå ÄÍÊ èç îáðàçöîâ êðîâè 
îñóùåñòâëÿëè ñ ïîìîùüþ êîììåð÷åñêîãî íàáî-
ðà ðåàãåíòîâ «ÄÍÊ-ñîðá-Â» («ÀìïëèÑåíñ», ÐÔ). 
Ýôôåêòèâíîñòü âûäåëåíèÿ ÄÍÊ îïðåäåëÿëè ñ 
ïîìîùüþ ýëåêòðîôîðåçà â 0,7%-íîì àãàðîçíîì 
ãåëå ïðè 200 Â â òå÷åíèå 5 ìèí.

Àìïëèôèêàöèþ ïðîâîäèëè ñ èñïîëüçîâàíè-
åì ðåàãåíòîâ DreamTaq PCR MasterMix (Thermo-
Scientific) ïðè ïîìîùè ïðîãðàììèðóåìîãî òåð-
ìîöèêëåðà «Òåðöèê» («ÄÍÊ-òåõíîëîãèÿ», ÐÔ)
ïî ñîîòâåòñòâóþùèì ïðîãðàììàì: 1 öèêë – äå-
íàòóðàöèÿ 94 °C 3 ìèí; 35 öèêëîâ – äåíàòóðàöèÿ 
94 °C 1 ìèí, îòæèã 1 ìèí (54 °C äëÿ PRL; 58 °C
äëÿ PIT1; 67 °C äëÿ MCW0104; 65 °C äëÿ LEI0094), 

ýëîíãàöèÿ 72 °C 1 ìèí; 1 öèêë – ôèíàëüíàÿ 
ýëîíãàöèÿ 72 °C 10 ìèí. Îáúåì êîíå÷íîé ñìå-
ñè ñîñòàâèë 10 ìêë, êîíöåíòðàöèÿ ïðàéìåðîâ – 
0,2 ìêÌ â êàæäîì ñëó÷àå.

Äëÿ ïðîâåäåíèÿ àìïëèôèêàöèè èñïîëüçî-
âàëè ñëåäóþùèå ïðàéìåðû:

PRL –        5 -TTTAATATTGGTGGGTGAAGAGACA-3 ,
       5 -ATGCCACTGATCCTCGAAAACTC-3  [17];

PIT1 –       5 -GTCAAGGCAAATATTCTGTACC-3 , 
       5 -TGCATGTTAATTTGGCTCTG-3  [18];

MCW0104 – 5 -TAGCACAACTCAAGCTGTGA-G-3 ,
 5 -AGACTTGCACAGCTGTGTACC-3  [19];

LEI0094 –   5 -GATCTCACCAGTATGAGCTGC-3 ,
   5 -TCTCACACTGTAACACAGTGC-3  [19].

Ïðîäóêòû àìïëèôèêàöèè ðàçäåëÿëè â 3%-
íîì àãàðîçíîì ãåëå ïðè íàïðÿæåíèè 150 Â â 
òå÷åíèå 40 ìèí è â 5%-íîì íåäåíàòóðèðóþùåì 
ïîëèàêðèëàìèäíîì ãåëå (16 × 17,5 ñì) ïðè íà-
ïðÿæåíèè 250 Â â òå÷åíèå 180 ìèí â TBE-áó-
ôåðå. Âèçóàëèçàöèþ îñóùåñòâëÿëè ñ ïîìîùüþ 
áðîìèñòîãî ýòèäèÿ â óëüòðàôèîëåòîâîì ñïåêòðå. 
Ïðè èñïîëüçîâàíèè ïîëèàêðèëàìèäíîãî ãåëÿ 
òàêæå ïðîâîäèëè îêðàøèâàíèå ñåðåáðîì [20].

Âûäåëåíèå ÄÍÊ èç àãàðîçíîãî ãåëÿ îñóùåñò-
âëÿëè ñ èñïîëüçîâàíèåì ðåàãåíòîâ GeneJETGel-
Extraction (ThermoScientific), èç ïîëèàêðèëàìèä-
íîãî ãåëÿ – ñîãëàñíî ïðîòîêîëó [21].

Ðåçóëüòàòû èññëåäîâàíèé è èõ îáñóæäåíèå. Â 
ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ïîêàçà-
íî îáðàçîâàíèå ãåòåðîäóïëåêñíûõ ìîëåêóë ÄÍÊ,

Ðèñ. 1. Îáðàçîâàíèå ãåòåðîäóïëåêñîâ ïðè àìïëèôè-
êàöèè îáðàçöîâ ïî ëîêóñàì PRL è PIT1: a – èíñåðöèÿ 
ðàçìåðîì 57 ï.í. â ãåíå PIT1; á – èíñåðöèÿ ðàçìå-
ðîì 24 ï.í. â ãåíå PRL; 1–3, 6–8 – ãåíîòèï I/D; 4 – 
I/I; 5 – ìàðêåð ìîëåêóëÿðíûõ ìàññ Ì-50; ñòðåëêà-
ìè îòìå÷åíà ãåòåðîäóïëåêñíàÿ ÄÍÊ
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ñîäåðæàùèõ èíñåðöèè/äåëåöèè ðàçìåðîì 24 è 
57 ï.í. (ðèñ. 1).

Êàê âèäíî èç ïðåäñòàâëåííîé ýëåêòðîôî-
ðåãðàììû, â ñëó÷àå ñ èíñåðöèÿìè äîâîëüíî 
áîëüøîãî ðàçìåðà äëÿ âèçóàëèçàöèè ãåòåðî-
äóïëåêñîâ âïîëíå äîñòàòî÷íî èñïîëüçîâàíèå 
3%-íîãî àãàðîçíîãî ãåëÿ.

Äëÿ èçó÷åíèÿ ïðèðîäû äîïîëíèòåëüíûõ 
ôðàãìåíòîâ (ãåòåðîäóïëåêñíîé ÄÍÊ) ïðîâåëè 
èõ âûðåçàíèå èç ãåëÿ, äàëåå ýêñòðàãèðîâàëè 
ÄÍÊ ñ ïîñëåäóþùåé àìïëèôèêàöèåé. Çàòåì 
ïðîáû ïåðåíîñèëè íà ýëåêòðîôîðåç. Ðåçóëüòàòû 
èññëåäîâàíèé ïîêàçàëè, ÷òî äîïîëíèòåëüíûå 
ôðàãìåíòû – êëàññè÷åñêàÿ ãåòåðîäóïëåêñíàÿ 
ÄÍÊ, îáðàçóþùàÿñÿ ïðè àìïëèôèêàöèè ãåòå-
ðîçèãîòíûõ îáðàçöîâ (ïðè íàëè÷èè â ðåàê-
öèîííîé ñìåñè äâóõ ðàçëè÷íûõ ïî íóêëåîòèä-
íîé ñòðóêòóðå öåëåâûõ ôðàãìåíòîâ – àëëåëåé). 
Ïðè àìïëèôèêàöèè âûäåëåííîé èç ãåëÿ ÄÍÊ 
îáðàçóþòñÿ èñõîäíûå (öåëåâûå) ôðàãìåíòû, 
ñîîòâåòñòâóþùèå äàííîìó ãåíîòèïó, ÷òî ñâè-
äåòåëüñòâóåò î íàëè÷èè äâóõ òèïîâ ãåòåðî-
äóïëåêñîâ. Â ïåðâîì ñëó÷àå ñìûñëîâàÿ öåïü îò 
ïåðâîãî (óñëîâíî) öåëåâîãî ôðàãìåíòà, àíòè-

ñìûñëîâàÿ – îò âòîðîãî, âî-âòîðîì ñëó÷àå 
ñìûñëîâàÿ öåïü îò âòîðîãî ôðàãìåíòà, â òî
âðåìÿ êàê àíòèñìûñëîâàÿ – îò ïåðâîãî. Êàæ-
äàÿ èç öåïåé ãåòåðîäóïëåêñíîé ìîëåêóëû ñâÿ-
çàíà ñî ñâîåé êîìïëåìåíòàðíîé öåïüþ óîòñîí-
êðèêîâñêèìè âçàèìîäåéñòâèÿìè çà èñêëþ÷å-
íèåì íåêîìïëåìåíòàðíûõ ó÷àñòêîâ. Â äàííîì
ó÷àñòêå íåêîìïëåìåíòàðíûé ôðàãìåíò öåïè
ôîðìèðóåò òàê íàçûâàåìóþ ïåòëåâóþ ñòðóê-
òóðó (loop), èçìåíÿþùóþ êîíôîðìàöèþ äâóõ-
öåïî÷å÷íîé ìîëåêóëû ÄÍÊ â öåëîì, ÷òî â ñâîþ 
î÷åðåäü îòðàæàåòñÿ íà åå ýëåêòðîôîðåòè÷åñ-
êîé ïîäâèæíîñòè, ïðèâîäÿùåé ê âîçíèêíîâå-
íèþ äîïîëíèòåëüíûõ ôðàãìåíòîâ íà ýëåêòðî-
ôîðåãðàììå.

Ðàçíèöà â ñòðóêòóðå ãåòåðîäóïëåêñîâ ìàð-
êåðîâ Indel è SSR çàêëþ÷àåòñÿ â ðàçìåðå ïåòëè 
(loop). Òàê, íàïðèìåð, åñëè â ñëó÷àå ñ Indel 
îíà ïðèáëèçèòåëüíî ñîîòâåòñòâóåò ðàçìåðó èí-
ñåðöèè, òî â ñëó÷àå ñ ìèêðîñàòåëëèòàìè ðàç-
ìåðû ïåòëåâîãî ó÷àñòêà âàðüèðóþò â çàâèñè-
ìîñòè îò ðàçíèöû â äëèíå àëëåëåé.

Ñëåäóåò îòìåòèòü, ÷òî ïðè èçó÷åíèè ìèêðî-
ñàòåëëèòíûõ ëîêóñîâ èñïîëüçîâàíèå àãàðîçû íå

Ðèñ. 2. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ àìïëèôèêàöèè MCW0104: 1 – ñàìåö; 2 – ñàìêà; 3 – ïîòîìîê 1; 
4 – ïîòîìîê 2; 5 – ìàðêåð Ì-200 (ôðàãìåíò 200 ï.í.); 6 – ñàìåö; 7 – àìïëèôèêàò îò âûðåçàííîãî íèæíåãî 
(¹ 1) ôðàãìåíòà ñàìöà; 8 – àìïëèôèêàò îò âûðåçàííîãî ñðåäíåãî (¹ 2) ôðàãìåíòà ñàìöà; 9 – àìïëèôèêàò 
îò âûðåçàííîãî âåðõíåãî (¹ 3) ôðàãìåíòà ñàìöà; 10 – ñàìêà; 11 – àìïëèôèêàò îò âûðåçàííîãî íèæíåãî 
(¹ 1) ôðàãìåíòà ñàìêè; 12 – àìïëèôèêàò îò âûðåçàííîãî ñðåäíåãî (¹ 2) ôðàãìåíòà ñàìêè; 13 – àìïëè-
ôèêàò îò âûðåçàííîãî ñðåäíåãî (¹ 3) ôðàãìåíòà ñàìêè; 14 – àìïëèôèêàò îò âûðåçàííîãî âåðõíåãî (¹ 4) 
ôðàãìåíòà ñàìêè; 15 – ïîòîìîê 1; 16 – àìïëèôèêàò îò âûðåçàííîãî íèæíåãî (¹ 1) ôðàãìåíòà ïîòîìêà 1; 
17 – àìïëèôèêàò îò âûðåçàííîãî âåðõíåãî (¹ 2) ôðàãìåíòà ïîòîìêà 1; 18 – ïîòîìîê 2; 19 – àìïëèôèêàò 
îò âûðåçàííîãî íèæíåãî (¹ 1) ôðàãìåíòà ïîòîìêà 2; 20 – àìïëèôèêàò îò âûðåçàííîãî âåðõíåãî (¹ 2) 
ôðàãìåíòà ïîòîìêà 2
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Âëèÿíèå àðòåôàêòîâ ÏÖÐ íà ýôôåêòèâíîñòü ãåíîòèïèðîâàíèÿ ïî ìèêðîñàòåëëèòíûì ëîêóñàì 

îïðàâäàíî âñëåäñòâèå íåäîñòàòî÷íîé ðàçðåøà-
þùåé ñïîñîáíîñòè, ÷òî ïðèâîäèò ê íåîáõîäè-
ìîñòè èñïîëüçîâàíèÿ ïîëèàêðèëàìèäíîãî ãåëÿ.

Êàê ïðàâèëî, ïðè àìïëèôèêàöèè ìèêðîñà-
òåëëèòíûõ ëîêóñîâ íàáëþäàåòñÿ äîñòàòî÷íî
áîëüøîå êîëè÷åñòâî äîïîëíèòåëüíûõ ôðàãìåí-
òîâ (àðòåôàêòîâ) íà ýëåêòðîôîðåãðàììàõ. Ïðè 
ýòîì â ñëó÷àå, åñëè äîïîëíèòåëüíûå ôðàãìåí-
òû ëîêàëèçîâàíû ðÿäîì ñ öåëåâûìè, âîçíèêàþò 
òðóäíîñòè â òî÷íîì ãåíîòèïèðîâàíèè, òàê êàê 
çà÷àñòóþ íåâîçìîæíî îòëè÷èòü öåëåâîé ôðàã-
ìåíò îò àðòåôàêòà. Íà ýëåêòðîôîðåãðàììå ïðè-
ñóòñòâóþò áîëåå äâóõ ôðàãìåíòîâ ïðàêòè÷åñêè 
â êàæäîì èç îáðàçöîâ, ïðè ýòîì ñòîèò îáðàòèòü 
âíèìàíèå íà íàëè÷èå òðåõ è ÷åòûðåõ àëëåëåé 
ó îäíîé îñîáè, ñóùåñòâåííî íå îòëè÷àþùèõñÿ 
ïî èíòåíñèâíîñòè ñâå÷åíèÿ (êàæäûé èç êîòî-
ðûõ ñîîòâåòñòâóåò îïðåäåëåííîìó ôðàãìåíòó 
íà ýëåêòðîôîðåãðàììå). Â íåêîòîðûõ ñëó÷àÿõ 
ó äèïëîèäíûõ îðãàíèçìîâ êîëè÷åñòâî àëëåëåé 
íà ëîêóñ ìîæåò áûòü áîëåå äâóõ, êàê, íàïðè-
ìåð, ïðè äóïëèêàöèè ãåíîâ è ò.ä. Îäíàêî òàêîå 
ÿâëåíèå (íàëè÷èå äîïîëíèòåëüíûõ ôðàãìåíòîâ 
íà ýëåêòðîôîðåãðàììàõ) íàñòîëüêî øèðîêî ðàñ-
ïðîñòðàíåíî, ÷òî îáúÿñíèòü åãî äóïëèêàöèåé 
ôðàãìåíòîâ ãåíîìíîé ÄÍÊ íå ïðåäñòàâëÿåòñÿ 
âîçìîæíûì.

Ïðè÷èíîé âîçíèêíîâåíèÿ äîïîëíèòåëüíûõ 
ôðàãìåíòîâ ìîãóò ñëóæèòü ãåòåðîäóïëåêñû ðàç-
ëè÷íûõ òèïîâ (â ñëó÷àå ãåòåðîçèãîòíûõ îáðàç-
öîâ), êîòîðûå â ñèëó ðàçëè÷èé â ýëåêòðîôî-
ðåòè÷åñêîé ïîäâèæíîñòè äåòåêòèðóþòñÿ êàê
îòäåëüíûå àëëåëè. Äëÿ ïðîâåðêè ýòîãî ïðåä-
ïîëîæåíèÿ áûëè ïðîâåäåíû èññëåäîâàíèÿ ïî
âûðåçàíèþ èç ãåëÿ è ïîñëåäóþùåé àìïëèôè-
êàöèè ôðàãìåíòîâ ÄÍÊ (êàê öåëåâûõ, òàê è 
àðòåôàêòîâ). Ïàðàëëåëüíî ïðîàíàëèçèðîâàíû 
ïî ëîêóñàì MCW0104 è LEI0094 ðîäèòåëè è 
èõ ïîòîìêè (F1).

Íà ðèñ. 2 ïðèâåäåíà ýëåêòðîôîðåãðàììà 
ïðîäóêòîâ àìïëèôèêàöèè ëîêóñà MCW0104 
ðîäèòåëåé (ñàìåö è ñàìêà), èõ ïîòîìêîâ (F1), 
à òàêæå âûðåçàííûõ ôðàãìåíòîâ (êàê öåëåâûõ, 
òàê è äîïîëíèòåëüíûõ).

Êàê âèäíî èç ïðåäñòàâëåííîé ýëåêòðîôî-
ðåãðàììû, èìåþòñÿ îïðåäåëåííûå ñëîæíîñòè 
â ãåíîòèïèðîâàíèè êàæäîé èç îñîáåé. Òàê, 
íàïðèìåð, ïîòîìîê ¹ 2 (ïðîáà 4) îäíîçíà÷íî
îïðåäåëÿåòñÿ êàê ãåòåðîçèãîòà, ïðîáû 1 è 2 
óêàçûâàþò íà íàëè÷èå áîëåå äâóõ àëëåëåé â 

äèïëîèäíîì îðãàíèçìå, ÷òî ïî ìåíüøåé ìåðå 
òðåáóåò îñîáîãî âíèìàíèÿ. Îäíàêî ðåçóëüòàòû 
àìïëèôèêàöèè êàæäîãî èç âûðåçàííûõ ôðàã-
ìåíòîâ êîðåííûì îáðàçîì èçìåíÿþò ñèòóàöèþ 
â öåëîì. Òàê, ïðè àìïëèôèêàöèè âûðåçàííîãî 
íèæíåãî ôðàãìåíòà ñàìöà îáðàçóåòñÿ òîëüêî 
öåëåâîé ôðàãìåíò (ïðîáà 7), îäíàêî ïðè àìï-
ëèôèêàöèè ñðåäíåãî è âåðõíåãî ôðàãìåíòîâ 
îáðàçóþòñÿ îáà â êàæäîì ñëó÷àå (ïðîáû 8 è 9). 
Àíàëîãè÷íûì îáðàçîì è â ñëó÷àå ñ ñàìêîé (â 
íàëè÷èè ÷åòûðå ôðàãìåíòà) – àìïëèôèêàöèÿ 
íèæíåãî ôðàãìåíòà (¹ 1) äàåò â ðåçóëüòàòå 
ôðàãìåíò ¹ 1 è 3 (ïðîáà 11), àìïëèôèêà-
öèÿ âòîðîãî ôðàãìåíòà – ¹ 2 è 4 (ïðîáà 12); 
òðåòüåãî – ¹ 3 è 1 (ïðîáà 13); ÷åòâåðòîãî – 
¹ 4 è 2 (ïðîáà 14). Òàêèì îáðàçîì, êîëè÷åñ-
òâî ôðàãìåíòîâ â îáðàçöàõ îïðåäåëÿåòñÿ ñóì-
ìîé öåëåâûõ ôðàãìåíòîâ è îáðàçóåìûõ èìè 
àðòåôàêòîâ.

Ïîëó÷åííûå íà ýëåêòðîôîðåãðàììå ðåçóëü-
òàòû ñâèäåòåëüñòâóþò î íåîáõîäèìîñòè èçó-
÷åíèÿ ïðèðîäû äîïîëíèòåëüíûõ ôðàãìåíòîâ 
(àðòåôàêòîâ), âîçíèêàþùèõ íà ýòàïå àìïëè-
ôèêàöèè.

Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî îá-
ðàçîâàíèå äîïîëíèòåëüíûõ ôðàãìåíòîâ (àðòå-
ôàêòîâ) ïðîèñõîäèò ïîñëå 20–25 öèêëîâ ÏÖÐ.
Ïåðâûõ 15 öèêëîâ íåäîñòàòî÷íî äëÿ ïîÿâëå-
íèÿ äîïîëíèòåëüíûõ ôðàãìåíòîâ. Îíè íà÷è-
íàþò îáðàçîâûâàòüñÿ, êîãäà êîëè÷åñòâî àìï-
ëèôèöèðîâàííîãî ïðîäóêòà äîñòèãàåò êðèòè-
÷åñêîé êîíöåíòðàöèè â ðåàêöèîííîé ñìåñè. 
Â óñëîâèÿõ ïîâûøåíèÿ êîíöåíòðàöèè îäíî-
öåïî÷å÷íûõ ôðàãìåíòîâ ÄÍÊ íà ýòàïå äåíà-
òóðàöèè âåðîÿòíîñòü îáðàçîâàíèÿ àðòåôàêòîâ 
ðåçêî óâåëè÷èâàåòñÿ, è ê 25-ìó öèêëó èõ êî-
ëè÷åñòâî ñòàíîâèòñÿ äîñòàòî÷íûì äëÿ îïðå-
äåëåíèÿ â êà÷åñòâå îòäåëüíûõ ôðàãìåíòîâ íà 
ýëåêòðîôîðåãðàììå.

Ïåðâîíà÷àëüíîå ïðåäïîëîæåíèå î òîì, ÷òî
óêàçàííûå àðòåôàêòû îòíîñÿòñÿ ê òèïó ãåòåðî-
äóïëåêñíîé ÄÍÊ, íå ñîîòâåòñòâóåò äåéñòâè-
òåëüíîñòè. Ãåòåðîäóïëåêñû – ãèáðèäíûå ìîëå-
êóëû äâóõöåïî÷å÷íîé ÄÍÊ, êàæäàÿ èç öåïåé 
êîòîðîé èìååò ðàçíîå ïðîèñõîæäåíèå. Ïîýòîìó 
äîïîëíèòåëüíûé ôðàãìåíò, âîçíèêàþùèé ïðè
àìïëèôèêàöèè âûðåçàííîãî èç ãåëÿ öåëåâîãî 
ôðàãìåíòà, íå ìîæåò îòíîñèòüñÿ ê òèïó ãåòå-
ðîäóïëåêñíîé ÄÍÊ, òàê êàê â ïðîáå îòñóòñòâóþò 
ðàçíûå àëëåëè. Îäíàêî ïðàêòè÷åñêè â êàæäîì 
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ñëó÷àå ìû ïîëó÷àåì íåñêîëüêî (äâà) ôðàãìåí-
òîâ ïîñëå àìïëèôèêàöèè. Äëÿ îáúÿñíåíèÿ íà-
áëþäàåìîãî ôåíîìåíà ìîæíî äîïóñòèòü îáðà-
çîâàíèå â ïðîáàõ â ïðîöåññå ÏÖÐ îñîáîãî òèïà
ãîìîäóïëåêñíîé ÄÍÊ, â êîòîðîé öåïè êîìï-
ëåìåíòàðíû äðóã äðóãó íå íà âñåì ïðîòÿæåíèè 
(íåëèíåéíî), ïðè ýòîì ó÷àñòêè, îáðàçîâàííûå 
ìèêðîñàòåëëèòíûìè ïîâòîðàìè êàæäîé èç öå-
ïåé, îáðàçóþò ïåòëåâóþ ñòðóêòóðó, ñòàáèëèçè-
ðîâàííóþ âçàèìîäåéñòâèåì îñíîâàíèé â ïðå-
äåëàõ êàæäîé öåïè (ðèñ. 3).

Íà ïðåäñòàâëåííîé ñõåìå ïîêàçàíà ïðåä-
ïîëàãàåìàÿ ñòðóêòóðà «íåëèíåéíûõ» ãîìîäóï-
ëåêñîâ (íåëèíåéíûé – òàê êàê àíòèïàðàëëåëü-
íûå öåïè êîìïëåìåíòàðíû äðóã äðóãó íå ïî
âñåé äëèíå ìîëåêóëû). Â äàííîì òèïå ãîìî-
äóïëåêñîâ àíòèïàðàëëåëüíûå öåïè êîìïëåìåí-
òàðíû äðóã äðóãó âî ôëàíêèðóþùèõ ìèêðîñà-
òåëëèòíûå ïîâòîðû ó÷àñòêàõ àìïëèêîíà (âêëþ-
÷àþùèå â ñåáÿ è ñàéòû ñâÿçûâàíèÿ ïðàéìå-
ðîâ). Êëàññè÷åñêèå «ëèíåéíûå» ãîìîäóïëåêñû
ïîëíîñòüþ ñîîòâåòñòâóþò öåëåâûì ôðàãìåíòàì 
è íà ñõåìå íå óêàçàíû. Ñëåäóåò îòìåòèòü, ÷òî 
ïåòëåâûå ôðàãìåíòû ìîãóò áûòü ðàçëè÷íîãî ðàç-
ìåðà è ðàñïîëàãàòüñÿ â ðàçíûõ ó÷àñòêàõ ìèêðî-
ñàòåëëèòíîãî ïîâòîðà, ÷òî âîçìîæíî ñâÿçàíî 
ñî ñòðóêòóðîé îñíîâíîãî ìîòèâà è îáùèì êî-
ëè÷åñòâîì ïîâòîðîâ. Ãåòåðîäóïëåêñû, ñòðóêòó-
ðà êîòîðûõ òàêæå ïðåäñòàâëåíà íà ðèñ. 3, îá-
ðàçóþòñÿ òîëüêî â ñëó÷àå ãåòåðîçèãîò, îäíàêî
â äàííîì ñëó÷àå êàðòèíà óñóãóáëÿåòñÿ åùå è
ôàêòîðîì íàëè÷èÿ íà ýëåêòðîôîðåãðàììå «íå-

ëèíåéíûõ» ãîìîäóïëåêñîâ. Ãåòåðîäóïëåêñû äî-
ñòàòî÷íî ëåãêî îòëè÷èòü îò «íåëèíåéíûõ» 
ãîìîäóïëåêñîâ ïî ðàñïîëîæåíèþ íà ýëåêòðî-
ôîðåãðàììå, êàê ïðàâèëî, ïåðâûå îáëàäàþò ãî-
ðàçäî áîëåå íèçêîé ýëåêòðîôîðåòè÷åñêîé ïîä-
âèæíîñòüþ ïî ñðàâíåíèþ ñ öåëåâûìè ôðàã-
ìåíòàìè.

Ïðèíèìàÿ âî âíèìàíèå âñå èçëîæåííîå, 
ìîæíî îáúÿñíèòü, êàêèì îáðàçîì ïðè àìïëè-
ôèêàöèè îäíîãî âûðåçàííîãî èç ãåëÿ ôðàã-
ìåíòà îáðàçóþòñÿ äâà – öåëåâîé è äîïîëíè-
òåëüíûé (àðòåôàêò) (ðèñ. 2). Öåëåâîé ôðàãìåíò, 
â äàííîì ñëó÷àå ýòî «ëèíåéíûé» êëàññè÷åñ-
êèé ãîìîäóïëåêñ, â òî âðåìÿ êàê äîïîëíè-
òåëüíûé ôðàãìåíò – «íåëèíåéíûé» ãîìîäóïëåêñ. 
Ñëåäóåò îòìåòèòü,÷òî âîñïðîèçâîäèìîñòü «íå-
ëèíåéíûõ» ãîìîäóïëåêñîâ ðàâíà 100 %, òàê 
êàê íàìè íå çàôèêñèðîâàíî íè îäíîãî ñëó÷àÿ 
èõ îòñóòñòâèÿ ïîñëå àìïëèôèêàöèè èçó÷àåìûõ 
öåëåâûõ ôðàãìåíòîâ.

Äëÿ ïîäòâåðæäåíèÿ íàøåãî ïðåäïîëîæå-
íèÿ î ïðèðîäå íàáëþäàåìûõ àðòåôàêòîâ ïðî-
âåëè îäèíî÷íûé öèêë äåíàòóðàöèè/ðåíàòóðà-
öèè âûðåçàííûõ èç ãåëÿ îòäåëüíûõ ôðàãìåí-
òîâ ïðîáû 4 áåç ïðîâåäåíèÿ ÏÖÐ, ÷òî ïðèâåëî 
ê ïîÿâëåíèþ íà ýëåêòðîôîðåãðàììå êàê öå-
ëåâûõ (ñîîòâåòñòâóþùèõ èñõîäíûì), òàê è 
äîïîëíèòåëüíûõ ôðàãìåíòîâ (àðòåôàêòîâ). Ïî-
ëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî âîç-
íèêàþùèå àðòåôàêòû îòíîñÿòñÿ ê òèïó «íå-
ëèíåéíûõ» ãîìîäóïëåêñîâ è íå âûçâàíû ðàç-
ëè÷íûìè âàðèàöèÿìè â ñèíòåçå öåïåé â ïðî-
öåññå ÏÖÐ.

Â ðàññìàòðèâàåìîì ñëó÷àå â ëîêóñå MCW0104 
îáíàðóæåí òîëüêî îäèí àëëåëü, êîòîðûé ïðè
åãî âûäåëåíèè èç ãåëÿ è ïîñëåäóþùåé àìï-
ëèôèêàöèè íå îáðàçîâûâàë äîïîëíèòåëüíûõ 
ôðàãìåíòîâ êàê ó ðîäèòåëåé, òàê è ó ïîòîìêîâ 
(ïðîáû 7  è 16). Ïðè ýòîì òàêîé àëëåëü ñîäåðæèò 
íàèìåíüøåå êîëè÷åñòâî ïîâòîðîâ (ò.å. õàðàê-
òåðèçóåòñÿ ìèíèìàëüíîé èç èçó÷åííûõ àëëåëåé 
ëîêóñà MCW0104 äëèíîé àìïëèêîíà), ÷òî óêà-
çûâàåò íà çíà÷åíèå êîëè÷åñòâà ïîâòîðîâ äëÿ 
îáðàçîâàíèÿ «íåëèíåéíûõ» ãîìîäóïëåêñîâ.

Â ñëó÷àå ñ Indel â íàëè÷èè òîëüêî ãåòåðî-
äóïëåêñû. Îáðàçîâàíèå «íåëèíåéíûõ» ãîìî-
äóïëåêñîâ – îñîáåííîñòü ìèêðîñàòåëëèòíûõ 
ëîêóñîâ. Íàëè÷èå êîðîòêèõ ïîâòîðÿþùèõñÿ 
ôðàãìåíòîâ (2–6 ï.í.) ïðèâîäèò ê âîçìîæíîñ-
òè îáðàçîâàíèÿ äîñòàòî÷íî ñòàáèëüíîé, âîñ-

Ðèñ. 3. Ñõåìàòè÷åñêîå èçîáðàæåíèå ðàçëè÷íûõ òè-
ïîâ ãåòåðîäóïëåêñíîé è ãîìîäóïëåêñíîé ÄÍÊ â 
ìèêðîñàòåëëèòíûõ ëîêóñàõ. Ñåðûì öâåòîì âûäåëå-
íû ôðàãìåíòû, ôëàíêèðóþùèå ìèêðîñàòåëëèòíûå 
ïîâòîðû (áåç ñîáëþäåíèÿ ìàñøòàáà)
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ïðîèçâîäèìîé âòîðè÷íîé ñòðóêòóðû, â êîòî-
ðîé öåïè ÄÍÊ íà íåêîòîðûõ ó÷àñòêàõ ñàìî-
êîìïëåìåíòàðíû.

Àíàëîãè÷íûå èññëåäîâàíèÿ áûëè ïðîâåäå-
íû è íà ïðèìåðå ëîêóñà LEI0094 (ðèñ. 4).

Ðåçóëüòàòû èññëåäîâàíèé ïî ëîêóñó LEI0094 
ïîêàçàëè ñõîæóþ ñ MCW0104 êàðòèíó. Ãåíî-
òèïèðîâàíèå îñîáåé ñèëüíî çàòðóäíåíî. Òàê, 
íàïðèìåð, ïðîáà 1 íà ðèñ. 4 íà ïåðâûé âçãëÿä 
ñîîòâåòñòâóåò ãåòåðîçèãîòíîé îñîáè, îäíàêî, 
êàê áûëî âûÿñíåíî â ðåçóëüòàòå èññëåäîâà-
íèé, ýòî ãîìîçèãîòíûé îáðàçåö. Âåðõíèé ôðàã-
ìåíò – ýòî àðòåôàêò (ïðîáà 4 è 5). Ïîäîáíûì 
æå îáðàçîì è ñàìêà (ïðîáà 2) – ãîìîçèãîòíûé 
îáðàçåö, òàê êàê äîïîëíèòåëüíûå ôðàãìåíòû 
íå ÷òî èíîå, êàê àðòåôàêòû àìïëèôèêàöèè 
öåëåâîãî ôðàãìåíòà (ïðîáû 6 è 7). Ðåçóëüòà-
òû èññëåäîâàíèé ïîäòâåðæäàåò òàêæå òîò ôàêò, 
÷òî âñå îñîáè ïîêîëåíèÿ F1 îêàçàëèñü ãåòåðî-
çèãîòíûìè, ÷òî ìîæåò áûòü òîëüêî ïðè ñêðå-
ùèâàíèè ðàçíûõ ãîìîçèãîò. Òàêèì îáðàçîì, 
ãåíîòèï ïîòîìñòâà (ïðîáà 3) ïðåäñòàâëÿåò ñî-
áîé êîìáèíàöèþ öåëåâûõ (÷òî è ñëåäîâàëî 
îæèäàòü) è äîïîëíèòåëüíûõ ôðàãìåíòîâ (àðòå-
ôàêòîâ) ðîäèòåëåé.

Âûâîäû. Â ðåçóëüòàòå ïðîâåäåííûõ èññëå-
äîâàíèé ïîêàçàíî, ÷òî ïðè àìïëèôèêàöèè SSR-
ëîêóñîâ îñíîâíûì òèïîì àðòåôàêòîâ ÏÖÐ,
èìåþùèõ áëèçêóþ ê öåëåâûì ôðàãìåíòàì 
ýëåêòðîôîðåòè÷åñêóþ ïîäâèæíîñòü, ÿâëÿþòñÿ
«íåëèíåéíûå» ãîìîäóïëåêñû (ÍÃÄ). Ïðåäïî-
ëàãàåòñÿ, ÷òî â ïðîöåññå àìïëèôèêàöèè ãå-
íîìíîé ÄÍÊ ãîìîçèãîòíîé îñîáè ïî SSR-
ëîêóñó (äèïëîèäíûé ãåíîòèï) ìîæåò îáðàçî-
âûâàòüñÿ îò 1 äî 3 ôðàãìåíòîâ â çàâèñèìîñòè 
îò äëèíû ìèêðîñàòåëëèòíîãî àëëåëÿ («÷èñ-
òûå» ãîìîçèãîòû ñ îäíèì àìïëèôèöèðîâàí-
íûì ôðàãìåíòîì ÷àùå âñåãî íàáëþäàþòñÿ äëÿ
ñàìîãî êîðîòêîãî àëëåëÿ ëîêóñà). Â ñëó÷àå ñ
ãåòåðîçèãîòíûì ãåíîòèïîì ïîìèìî ãåòåðîäóï-
ëåêñíîé ÄÍÊ íà ýëåêòðîôîðåãðàììå ïîÿâëÿ-
þòñÿ äîïîëíèòåëüíî 1–2 ôðàãìåíòà, èìåþùèõ 
ïðèðîäó ÍÃÄ. Íåîáõîäèìî îòìåòèòü âûñîêóþ
âåðîÿòíîñòü îáðàçîâàíèÿ òàêèõ íåëèíåéíûõ
ñòðóêòóð, ñðàâíèìóþ ñ ëèíåéíûìè ãîìîäóï-
ëåêñàìè. Åñëè êîíôîðìàöèÿ ÍÃÄ èìååò ñòà-
áèëèçèðîâàííóþ ñòðóêòóðó, òî, êàê ïðàâèëî, 
îíè îáðàçóþòñÿ âñåãäà ïðè äåíàòóðàöèè–ðå-
íàòóðàöèè öåïåé ÄÍÊ â ïðîöåññå ÏÖÐ. Èí-
òåíñèâíîñòü ñâå÷åíèÿ (íàñûùåííîñòü îêðàñ-

êè) òàêèõ ïîëîñ íà ýëåêòðîôîðåãðàììå äîñ-
òàòî÷íà äëÿ ïðèíÿòèÿ èõ çà öåëåâûå ôðàã-
ìåíòû. Â èòîãå ìû ïîëó÷àåì íå õàðàêòåðíóþ 
äëÿ äàííîãî òèïà ìàðêåðîâ êàðòèíó – òàê íà-
çûâàåìûé «ìíîæåñòâåííûé àëëåëèçì». Àëëåëü-
íàÿ ëåñåíêà îäíîãî ãåíîòèïà ñ ó÷åòîì âñåõ 
àðòåôàêòîâ ìîæåò áûòü ñîïîñòàâèìà ñ ïðîôè-
ëåì RAPD. Íåîáõîäèìî òàêæå îòìåòèòü, ÷òî âñå
ýòè äîïîëíèòåëüíûå ôðàãìåíòû íà ñàìîì äåëå 
ÿâëÿþòñÿ ïðîèçâîäíûìè öåëåâûõ àìïëèêîíîâ, 
êîíôîðìàöèîííàÿ ñòðóêòóðà êîòîðûõ èçìåíÿ-
åò èõ ýëåêòðîôîðåòè÷åñêóþ ïîäâèæíîñòü. 

Èñõîäÿ èç ñòàíäàðòíûõ (íåäåíàòóðèðóþùèõ,
íàòèâíûõ) óñëîâèé ïðîâåäåíèÿ ýëåêòðîôîðåçà,
îïðåäåëÿòü àëëåëüíûé ïðîôèëü îáðàçöîâ ñëå-
äóåò ëèøü íà îñíîâàíèè ïîëíîé êàðòèíû ìèê-
ðîñàòåëëèòíîé èçìåí÷èâîñòè ïî êîíêðåòíîìó 
ëîêóñó â ïðåäåëàõ èññëåäóåìîé ïîïóëÿöèè.
Êàê ïîêàçûâàåò ïðàêòèêà (10 ìèêðîñàòåëëèò-
íûõ ëîêóñîâ ïðè èçó÷åíèè ÷åòûðåõ ïîðîä êóð), 
ñêîðîñòü ìèãðàöèè äîïîëíèòåëüíûõ ôðàãìåí-
òîâ (ÍÃÄ) íèæå öåëåâûõ (íåîïóáëèêîâàííûå 
äàííûå). Ïîýòîìó çà îñíîâó íóæíî áðàòü ëèøü 
íèæíþþ ïàðó àìïëèêîíîâ. Ïðè ýòîì íåîáõî-
äèìî êîíòðîëèðîâàòü ïîëîæåíèå âåðõíåãî ôðàã-
ìåíòà ýòîé ïàðû (áîëåå òÿæåëîãî), êîòîðûé 
äîëæåí íàõîäèòüñÿ â ïðåäåëàõ ìèãðàöèè ñà-
ìîãî òÿæåëîãî (äëèííîãî) ìèêðîñàòåëëèòà äëÿ 
äàííîãî ëîêóñà. Â êà÷åñòâå äîïîëíèòåëüíîãî 

Ðèñ. 4. Ýëåêòðîôîðåãðàììà ïðîäóêòîâ àìïëèôèêà-
öèè LEI0094: 1 – ñàìåö; 2 – ñàìêà; 3 – ïîòîìîê; 
4 – àìïëèôèêàò îò âûðåçàííîãî íèæíåãî ôðàãìåí-
òà ñàìöà; 5 – àìïëèôèêàò îò âûðåçàííîãî âåðõíåãî 
ôðàãìåíòà ñàìöà; 6 – àìïëèôèêàò îò âûðåçàííîãî 
íèæíåãî ôðàãìåíòà ñàìêè; 7 – àìïëèôèêàò îò âû-
ðåçàííîãî âåðõíåãî ôðàãìåíòà ñàìêè; 8 – àìïëè-
ôèêàò îò âûðåçàííîãî âåðõíåãî ôðàãìåíòà ïîòîìêà
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êðèòåðèÿ äëÿ ïðèíÿòèÿ ïðàâèëüíîãî ðåøåíèÿ 
â ñëó÷àå ãåòåðîçèãîò ìîæíî èñïîëüçîâàòü àíà-
ëèç ïðîôèëÿ ãåòåðîäóïëåêñîâ, êîòîðûå îáëà-
äàþò áîëåå íèçêîé ýëåêòðîôîðåòè÷åñêîé ïîä-
âèæíîñòüþ. Â ñïîðíûõ ñèòóàöèÿõ, à òàêæå ïðè 
àíàëèçå åäèíè÷íîãî îáðàçöà ìîæíî ïðîâåñòè 
ïîâòîðíóþ àìïëèôèêàöèþ âûðåçàííûõ èç ãåëÿ 
ôðàãìåíòîâ. 

INFLUENCE OF THE PCR ARTIFACTS 
ON THE GENOTYPING EFFICIENCY BY 
THE MICROSATELLITE LOCI USING NATIVE 
POLYACRYLAMIDE GEL ELECTROPHORESIS

R.A. Kulibaba, Y.V. Liashenko 

State poultry research station National academy 
of agrarian sciences of Ukraine, Birky
E-mail: romankx@rambler.ru

The formation of different types of the artifacts in 
the amplification reaction with using different classes 
of the molecular-genetic markers (Indel and SSR) 
was studied. It was shown that DNA heteroduplexes 
formed during amplification of heterozygous samples, 
as fragments of target genes and microsatellite loci. 
During the electrophoresis in native polyacrylamide gel 
of the amplification products of homozygous samples 
for microsatellite loci it was revealed specific additional 
fragments that do not belong to the class of heteroduplex 
DNA. It was supposed, that the additional fragments 
belong to a special type of homoduplex DNA – non-
linear homoduplexes. The analysis revealed that the 
formation of a non-linear homoduplex DNA takes 
place on the 20–25 cycle of the PCR, both at the 
amplification of the individual samples, and individual 
DNA fragments that was cut out from the gel.

ÂÏËÈÂ ÀÐÒÅÔÀÊÒ²Â ÏËÐ ÍÀ ÅÔÅÊÒÈÂÍ²ÑÒÜ 
ÃÅÍÎÒÈÏÓÂÀÍÍß ÇÀ Ì²ÊÐÎÑÀÒÅË²ÒÍÈÌÈ 
ËÎÊÓÑÀÌÈ Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ 
ÅËÅÊÒÐÎÔÎÐÅÇÓ Ó ÍÀÒÈÂÍÈÕ 
ÏÎË²ÀÊÐÈËÀÌ²ÄÍÈÕ ÃÅËßÕ

Ð.Î. Êóë³áàáà, Þ.Â. Ëÿøåíêî

Âèâ÷åíî ïèòàííÿ óòâîðåííÿ ð³çíèõ òèï³â àðòåôàêò³â 
óïðîäîâæ àìïë³ô³êàö³¿ ïðè âèêîðèñòàíí³ ð³çíèõ êëà-
ñ³â ìîëåêóëÿðíî-ãåíåòè÷íèõ ìàðêåð³â (Indel ³ SSR).
Âñòàíîâëåíî, ùî â ïðîöåñ³ àìïë³ô³êàö³¿ ãåòåðî-
çèãîòíèõ çðàçê³â ÿê ôðàãìåíò³â ö³ëüîâèõ ãåí³â, òàê
³ ì³êðîñàòåë³ò³â óòâîðþºòüñÿ ãåòåðîäóïëåêñíà ÄÍÊ.
Ïðè ïðîâåäåíí³ åëåêòðîôîðåçó â íàòèâíîìó ïîë³-
àêðèëàì³äíîìó ãåë³ ïðîäóêò³â àìïë³ô³êàö³¿ ãîìîçè-
ãîòíèõ çðàçê³â çà ì³êðîñàòåë³òíèìè ëîêóñàìè âè-
ÿâëåíî ñïåöèô³÷í³ äîäàòêîâ³ ôðàãìåíòè, ÿê³ íå íà-
ëåæàòü äî êëàñó ãåòåðîäóïëåêñíî¿ ÄÍÊ. Çðîáëåíî 

ïðèïóùåííÿ, ùî äîäàòêîâ³ ôðàãìåíòè íàëåæàòü äî
îñîáëèâîãî òèïó ãîìîäóïëåêñíî¿ ÄÍÊ – íåë³í³é-
íèõ ãîìîäóïëåêñ³â. Ïðîâåäåíèé àíàë³ç âèÿâèâ, ùî
óòâîðåííÿ íåë³í³éíî¿ ãîìîäóïëåêñíî¿ ÄÍÊ â³äáó-
âàºòüñÿ íà 20–25-ìó öèêë³ ÏËÐ ÿê ïðè àìïë³ô³êà-
ö³¿ ÄÍÊ äîñë³äíèõ çðàçê³â, òàê ³ âèð³çàíèõ ³ç ãåëþ 
îêðåìèõ ôðàãìåíò³â.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Butler, J.M., Forensic DNA Typing: Biology, Techno-
logy, and Genetics of STR Markers, 2nd ed., Acad. 
Press, 2005, 688 p.

2. Olejniczak, M., and Krzyzosiak, W.J., Genotyping 
of simple sequence repeats – factors implicated in 
shadow band generation revisited, Electrophoresis, 
2006, vol. 27, no. 19, pp. 3724–3734. 

3. Cregan, P.B., Bhagwat, A.A., Akkaya, M.S., and Ron-
gwen, J., Microsatellite fingerprinting and mapping 
of soybean, Meth. Mol. Cell. Biol., 1994, vol. 5, 
pp. 49–61.

4. Arif, I.A., Khan, H.A., Shobrak M., Al Homaidan, A.A., 
Al Sadoon, M., Al Farhan, A.H., and Bahkali, A.H.,
Interpretation of electrophoretograms of seven micro-
satellite loci to determine the genetic diversity of the 
Arabian Oryx, Genet. Mol. Res., 2010, vol. 9, no. 1, 
pp. 259–265.

5. Schlotterer, C., The evolution of molecular markers – 
just a matter of fashion? Nature Rev. Genet., 2004, 
vol. 5, pp. 63–69.

6. Bovo, D., Rugge, M., and Shiao, Y.-H., Origin of 
spurious multiple bands in the amplification of 
microsatellite sequences, Mol. Pathol., 1999, vol. 52, 
no. 1, pp. 50–51. 

7. Erhart, M.A., Kim, T., Crews, G.M., and Pandya, A.,
The use of unilateral PCR to identify prominent 
heteroduplexes formed during PCR of the mouse 
microsatellite locus D17Mit23, Mol. Biotechnol., 2006,
vol. 33, no. 1, pp. 37–48.

8. Walsh, P.S., Fildes, N.J., and Reynolds, R., Sequence 
analysis and characterization of stutter products at 
the tetranucleotide repeat locus vWA, Nucl. Acids 
Res., 1996, vol. 24, no. 14, pp. 2807–2812.

9. Janavicius, R., Matiukaite, D., Jakubauskas, A., and 
Griskevicius, L., Microsatellite instability detection 
by high-resolution melting analysis, Clin. Chem., 
2010, vol. 56, no. 11, pp. 1750–1757.

10. Shinde, D., Lai, Y., Sun, F., and Arnheim, N., Taq 
DNA polymerase slippage mutation rates measured 
by PCR and quasi-likelihood analysis: (CA/GT)n 
and (A/T)n microsatellites, Nucl. Acids Res., 2003, 
vol. 31, no. 3, pp. 974–980. 

11. Omasheva, M.E., Aubakirova, K.P., ànd Ryabush-
kina, N.A., Molecular markers: causes and effects of
genotyping errors, Biotechnology. Theory and practice, 
2013, no. 4, pp. 20–28. DOI: 10.11134/btp.4.2013.3



ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2016. Ò. 50. ¹ 3 23

Âëèÿíèå àðòåôàêòîâ ÏÖÐíà ýôôåêòèâíîñòü ãåíîòèïèðîâàíèÿ ïî ìèêðîñàòåëëèòíûì ëîêóñàì 

12. Nagamine, C.M., Chan, K., and Lau, F.C., A PCR 
artifact: generation of Heteroduplexes, Am. J. Hum. 
Genet., 1989, vol. 45, no. 2, pp. 337–339.

13. Hashemi, S.H., Mirmohammadi-Maibody, S.A.M., 
Nematzadeh, G.A., and Arzani, A., Identification of 
rice hybrids using microsatellite and RAPD markers, 
Afr. J. Biotechnol., 2009, vol. 8, no. 10, pp. 2094–
2101.

14. Perez, J.A., Maca, N., and Larruga, J.M. Expanding 
informativeness of microsatellite motifs through the 
analysis of heteroduplexes: a case applied to Solanum 
tuberosum, Theor. Appl. Genet., 1999, vol. 99, no. 3,
4, pp. 481–486. 

15. Ruano, G., and Kidd, K.K. Modeling of heterodup-
lex formation during PCR from mixtures of DNA 
templates, PCR Meth. Appl., 1992, vol. 2, no. 2, 
pp. 112–116. 

16. Hatcher, S.L., Lambert, Q.T., Teplitz, R.L., and Carl-
son, J.R., Heteroduplex formation: a potential source 
of genotyping error from PCR products, Prenat. 
Diagn., 1993, vol. 13, no. 3, pp. 171–177.

17. Cui, J.-X., Du, H.-L., Liang, Y., Deng, X.-M., Li, N.,
and Zhang, X.-Q., Association of polymorphisms in 
the promoter region of chicken prolactin with egg 
production, Poult. Sci., 2006, vol. 85, no. 1, pp. 26–31.

18. Nie, Q., Lei, M., Ouyang, J., Zeng, H., Yang, G., 
and Zhang, X., Identification and characterization 
of single nucleotide polymorphisms in 12 chicken 
growth-correlated genes by denaturing high perfor-
mance liquid chromatography, Genet. Sel. Evol., 2005,
vol. 37, no. 3, pp. 339–360. 

19. Molecular genetic characterization of animal genetic 
resources, FAO Animal Production and Health 
Guidelines, ¹ 9, Rome, 2011, 87 p.

20. Irwin, N., and Janssen, K.A., Molecular cloning: a 
laboratory manual, 3rd ed., Cold spring harbor la-
boratory press, New York, 2001, 764 p.

21. Bryukhanov, À.L., Rybak, Ê.V., and Netrusov, À.I., 
Molecular microbiology, Moscow, 2012, 474 p. (In 
Russian).

Ïîñòóïèëà 30.06.15



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


