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Growth regulating factor (GRF) binds to the QLQ (Gln, Leu, 
Gln) domain at the N-terminal of GRF interacting factor 
(GIF), acting as a transcriptional co-activator and playing 
important roles in plant growth, development and resistance 
to stresses. To date, no comprehensive identification and 
analysis of GRF and GIF gene families have been reported 
in Isatis indigotica Fort.. In this study, the gene structures, 
conserved motifs, physicochemical properties, chromosomal 
localizations, cis-acting elements, evolutionary relationships 
and expression patterns were systematically analyzed. The 
results showed that there were 10 IiGRFs distributed on 5 
chromosomes, and 4 IiGIFs on 2 chromosomes. IiGRFs and 
IiGIFs could be divided into 4 and 2 subfamilies, respectively. 
IiGRFs has two pairs of segmental duplication genes, but no 
tandem duplication genes. Moreover, IiGRFs (19.14-fold) 
and IiGIFs (8.0-fold) had the highest expression levels in 
young leaves and stems, compared with those in roots. The 
upstream regions of IiGRFs and IiGIFs contained more 
photo and MeJA hormone responsive elements, responding 
to shade and hormone stresses. Furthermore, the correlation 
analysis showed that IiGRF4 and IiGIF2, IiGRF4 and 
IiGIF4, and IiGRF4 and IiGIF3 were co-expressed with
each other, which suggested that these paired genes 
could function together. The findings provided the more 
fundamental information on IiGRFs and IiGIFs, and laid 
good foundations for their further functional research in I. 
indigotica.

Key words: Isatis indigotica Fort., GRF, GIF, gene family, 
expression pattern.

ÏÎÂÍÎÃÅÍÎÌÍÀ ²ÄÅÍÒÈÔ²ÊÀÖ²ß 
ÒÀ ÀÍÀË²Ç Ñ²ÌÅÉÑÒÂ ÃÅÍ²Â ÔÀÊÒÎÐÀ 
ÐÅÃÓËßÖ²¯ ÐÎÑÒÓ (GRF) ÒÀ ÔÀÊÒÎÐÀ 
ÂÇÀªÌÎÄ²¯ Ç GRF Â ISATIS INDIGOTICA FORT
Ôàêòîð ðåãóëÿö³¿ ðîñòó (GRF) çâ’ÿçóºòüñÿ ç äîìåíîì 
QLQ (Gln, Leu, Gln) íà N-ê³íö³ ôàêòîðà âçàºìîä³¿ ç 
GRF (GIF), ä³þ÷è ÿê òðàíñêðèïö³éíèé êîàêòèâàòîð 
òà â³ä³ãðàþ÷è âàæëèâó ðîëü ó ðîñò³, ðîçâèòêó òà 
ñò³éêîñò³ ðîñëèí äî ñòðåñ³â. Íà ñüîãîäí³øí³é äåíü 
íå áóëî îïóáë³êîâàíî æîäíèõ äàíèõ ïðî êîìïëåêñ-
íó ³äåíòèô³êàö³þ òà àíàë³ç ñ³ìåéñòâ ãåí³â GRF òà 
GIF ó Isatis indigotica Fort. Ó öüîìó äîñë³äæåíí³ áó-
ëî ñèñòåìàòè÷íî ïðîàíàë³çîâàíî ñòðóêòóðó ãåí³â, 
êîíñåðâàòèâí³ ìîòèâè, ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³, 
õðîìîñîìíó ëîêàë³çàö³þ, öèñ-ä³þ÷³ åëåìåíòè, åâî-
ëþö³éí³ çâ’ÿçêè òà ïàòåðíè åêñïðåñ³¿. Ðåçóëüòàòè 
ïîêàçàëè, ùî º 10 IiGRF, ðîçïîä³ëåíèõ íà 5 õðî-
ìîñîìàõ, òà 4 IiGIF íà 2 õðîìîñîìàõ. IiGRF òà IiGIF 
ìîæíà ðîçä³ëèòè â³äïîâ³äíî íà 4 òà 2 ï³äðîäèíè. 
IiGRF ìàþòü äâ³ ïàðè ãåí³â ñåãìåíòàðíî¿ äóïë³êà-
ö³¿, àëå íå ìàþòü ãåí³â òàíäåìíî¿ äóïë³êàö³¿. Á³ëüøå 
òîãî, IiGRF (19,14-êðàòíî) òà IiGIF (8,0-êðàòíî) 
ìàëè íàéâèù³ ð³âí³ åêñïðåñ³¿ â ìîëîäèõ ëèñòêàõ ³ 
ñòåáëàõ ïîð³âíÿíî ç êîðåíÿìè. Âèñõ³äí³ ä³ëÿíêè 
IiGRF òà IiGIF ì³ñòèëè á³ëüøå åëåìåíò³â, ùî ðåà-
ãóþòü íà ñâ³òëî òà ãîðìîí MeJA ó â³äïîâ³äü íà 
ò³íüîâèé òà ãîðìîíàëüíèé ñòðåñ. Êð³ì òîãî, êîðå-
ëÿö³éíèé àíàë³ç ïîêàçàâ, ùî IiGRF4 òà IiGIF2, 
IiGRF4 òà IiGIF4, à òàêîæ IiGRF4 òà IiGIF3 ñï³ëüíî 
åêñïðåñóâàëèñÿ îäíå ç îäíèì, ùî ñâ³ä÷èëî ïðî òå, 
ùî ö³ ñïàðåí³ ãåíè ìîãëè ôóíêö³îíóâàòè ðàçîì. 
Îòðèìàí³ ðåçóëüòàòè íàäàëè á³ëüø ôóíäàìåíòàëü-
íó ³íôîðìàö³þ ïðî IiGRF òà IiGIF ³ çàêëàëè ì³öíó 
îñíîâó äëÿ ïîäàëüøèõ ôóíêö³îíàëüíèõ äîñë³äæåíü 
I. indigotica.

Êëþ÷îâ³ ñëîâà: Isatis indigotica Fort., GRF, GIF, 
ñ³ìåéñòâî ãåí³â, ïàòåðí åêñïðåñ³¿.
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