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Denitrifying Functional Genes—the Molecular Marker for
Detection of Denitrifying Community Structure
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Abstract: Denitrification is carried by a diversity of bacteria belonging taxonomically to the various genus,
which precludes the use of 16S rRNA-based routine methods to study denitrifiers. However, as a molecular
marker, the functional genes of encoding denitrifying enzyme can be employed to investigate the community
structure, abundance and activity of denitrifying bacteria in environmental samples. In this review, we in-
troduced the denitrifying functional genes and their amplifying primers, compared the phylogenetic rela-
tionship of the denitrifying functional genes with 16S rRNA genes and community distribution of nirS deni-
trifiers with nirK denitrifiers. The article also summarized the studies and applications recently of denitrify-
ing functional genes, discussed the problems unresolved in researches, which would be expected to be a

reference for studying complex microorganisms.
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Table 1 Primer sequences and length/positions used to amplify fragments from functional
genes in the denitrification pathway

/

5.3/
. . . ( ) Length/position of
Functional gene Primer Primer sequence e References
amplified sequence
narGf GA[C/T]ATGCA[C/T]CC[A/C/G/T]TT
e narGr A[C/T]CCA[A/G]TC[A/G]TT[A/G]TC s i (10]
1960m2f TA(CT) GT(GC) GGG CAGGA(AG) AAA CTG 11
110 b
2650m2r CGTAGA AGA AGC TGG TGC TGT T P
narG1960f TAYGTSGGSCARGARAA . [12]
narG2650r TTYTCRTACCABGTBGC P
narG T37bf  CAY GGN GTN AAY TGY ACN GG LS00 [13]
narG T3%r  TAR TGN GGC CCA NCC NCC NCC p
narG W9b f MGN GGN TGY CCN MGN GGN GC ——_— [14]
narG T385r  ACR TCN GTY TGY TCN CCC CA P
and napA Vliécf  GCN CCN TGY MGN TTY TGY GG o [15]
P napA V17¢r  RTG YTG RTT RAA NCC CAT NGT CCA p
napA V66c f  TAY TTY YTN HSN AAR ATH ATG TAY GG D [14]
napA V67cr  DAT NGG RTG CAT YTC NGC CAT RTT P
Fnapd TTYYTNHSNAARATHATGTAYGG T 3]
Rnapd TGYTGRTTRAANCCCATNGTCCA P
. Heme 832F TA(C/T) CAC CC(C/G) GA(A/G) CCG CGC GT " [15]
nr Heme 1606R  AGKCGT TGA ACT TKC CGG TCG G P
nirS1F CCT A(C/T)T GGC CGC C(A/G)C A(A/G)T — (6]
nirS6R CGT TGA ACT T(A/G)C CGG T P
cd3aF GT(C/G) AAC GT(C/G) AAG GA(A/G) AC(C/G) GG P (9]
R3cd GA(C/G) TTC GG(A/G) TG(C/G) GTC TTG A P
) Cunir3 CGT CTA (C/T)CA (C/T)TG CGC (A/C/G)CC
nirk Cunird GCC TCG ATC AG(A/G) TT(A/G) TGG >40'bp [16]
FlaCu ATC ATG GT(C/G) CTG CCG CG o (9]
R3Cu GCC TCG ATC AG(A/G) TTG TGG TT P
Copper583F  TCATGGTGCTGCCGCGYGANGG T [15]
Copper909R  GAA CTT GCC GGT KGCCCA GAC P
nirK IF GG(A/C) ATG GT(G/T) CC(C/G) TGG CA 526~542
nirk3R GAA CTT GCC GGT (A/C/G)G(C/T) CCA GAC 898~918 [6]
nirkSR GCC TCG ATC AG(A/G) TT(A/G) TGG 1023~1040
norB2F GGN CAY CAR GGN TAY GA 1204~1220
q
qnor qnorB5R ACC CAN AGR TGN ACN ACC CAC CA 1466~1444 [8]
qnorB7R GGN GGR TTD ATC ADG AAN CC 1841~1822
cnorB1F GAR TTY CTN GAR CAR CC 364~380
nor cnorB2F GAC AAG NNN TAC TGG TGG T 553~571 (8]
cnorB6R GAA NCC CCA NAC NCC NGC 942~925
cnorB7R TGN CCR TGN GCN GCN GT 1007~991
os7 nosZ-F CG(C/T) TGT TC(A/C) TCG ACA GCC AG . (9]
n0sZ1622R CGC (G/A)A(C/G) GGC AA(G/C) AAG GT(G/C) CG P
n0sZ661b CGG (C/T)TG GGG (C/G)(A/C)(A/T) (T/G)AC CAA T (9]
nosZ1773b AA(C/T) GA(A/G/C/T) CA(G/A) (T/C)TG ATC CG(T/C) AT P
nosLb CCC GCT GCA CAC C(A/G)C CTT CGA S (9]
nosRb CGT CGC C(C/G)G AGA TGT CGA TCA P
nosZ-F-1181  CGCTGTTCITCGACAGYCAG — (7]
nosZ-R-1880  ATGTGCAKIGCRTGGCAGAA P
nosZf AACGACAAG[G/A/T][C/T]CAA T [10]
nosZr A[G/T][G/C]GC[A/G]ITGGCAGAA P
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