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Abstract: Biological nitrogen fixation is an important N source to ecosystems, and nitrogen-fixing
microorganisms play important roles in plant growth and development. Compared with symbiotic
nitrogen-fixing microorganisms, asymbiotic nitrogen-fixing microorganisms are more widely
distributed and more diverse, and they are of significance to the nitrogen cycle in the global ecosystem.
In this review, the classification, phylogeny and community assembly of asymbiotic nitrogen-fixing
bacteria were summarized. We compared the differences of asymbiotic nitrogen-fixing bacterial
compositions and their nitrogen-fixing potential in different ecosystems (such as grassland, forest,
ocean, farmland, etc.) and different parts of plants (such as canopy, phyllosphere, rhizosphere,
endosphere, litter, etc.). The main factors affecting the community structure and nitrogen-fixing
potential of asymbiotic nitrogen-fixing bacteria include climatic factors, soil properties and artificial
measures. The frequently-used methods for studying asymbiotic nitrogen-fixing bacteria and their

nitrogen-fixing potential were also summarized.

Keywords: asymbiotic nitrogen fixation; diazotrophs; community assembly; phylogeny; nitrogen-fixing
potential
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Phylogenetic tree constructed using NifH and NifD proteins and homologues™. Groups 1 and

Figure 1
IT: Mo-dependent nitrogenase; group III: Mo-independent nitrogenase; group IV: uncharacterized; group V:

pigment biosynthesis.
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Table 1 Asymbiotic nitrogen-fixing bacteria and nitrogen-fixing potential in different ecosystems/niches

Ecosystem/Niche  Asymbiotic nitrogen-fixing bacteria Nitrogen-fixing potential/(kg N/hm? year) References

Steppe Rhodopseudomonas, Azospirillum, Scytonema 13.0-129.9 [34-35]

(Inner Mongolia degraded steppe)

Tropical forest Nostoc, Tolypothrix 8.4-12.3 (Puerto Rico, USA) [36-37]

Ocean UCYN-A, Trichodesmium, Desulfovibrio 3.3-6.0 (Atlantic and Global) [38]

Farmland Oscillatoriales, Nostocales 13.0-22.0 (Global wheat, maize and rice)  [40]

Forest soil Rhodopseudomonas, Rhodomicrobium, 0.8+0.4 (French Guiana rainforest) [45,47]
Burkholderia

Forest bryophyte  Nostoc, Nodularia 0.4+0.2 (French Guiana rainforest) [46-47]

Forest litter Burkholderia, Pseudomonas 0.2+0.09 (French Guiana rainforest) [46-47]
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A B2 WA v QT AR (L IR 5E 1R 8 (Nitrospira)
S 3k F BT RS B R R
(] ST A 0 5 S ) R T 2 A Ofe 3 - SR B
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x2 nifH WERSIMRBEXER

Table 2 Commonly-used nifH primer sets and the associated experimental conditions and in silico coverages

Primer set (F/R)* Length/bp®  T,,/°C° Sequence (5'—3") Coverage/%" References

PolF/PolR 360 55 TGCGAYCCSAARGCBGACTC 39 [83]
ATSGCCATCATYTCRCCGGA 35

F2/R6 360 52 TGYGAYCCIAAIGCIGA 96 [84]
TCIGGIGARATGATGGC 96

KAD3/DVV 310 58 ATHGTIGGITGYGAYCCIAARGCIGA 70 [85]
ATIGCRAAICCICCRCAIACIACRTC 94

nifHF/nifHR 400 53 AAAGGYGGWATCGGYAARTCCACCAC 16 [86]
TTGTTSGCSGCRTACATSGCCATCAT 49

nifH1/nifH2 360 50 ADNGCCATCATYTCNCC 94 [87]
TGYGAYCCNAARGCNGA 95

nifH3/nifH4 470 55 ATRTTRTTNGCNGCRTA 94 [88]
TTYTAYGGNAARGGNGG 52

Uedal9F/407R 390 50 GCIWTYTAYGGIAARGGIGG 93 [89]
AAICCRCCRCAIACIACRTC 91

% Forward (F) and Reverse (R); °: Length expected for PCR amplicon; ©: PCR primer annealing temperature; % Data indicate

primer binding to all nifH sequences in the database with 0 mismatches allowed. Adapted from Reference

AR EESE . P F A AR E DNA
LW, nifH FER) PCR 48 | & | 5 Ak
PG B 0. B s B 5 i R 2
Blliduk . FEME/RZEGTHE ASV/OTU) ., BEALH
AR AR A 0 X R RS, AR T
BN TR, T S T RS i 2 A A I )
PERVEFE S Y HERT R T nifH A 122 110 5
M., #1411 T GenBank. Uniprot il RDP
Fungene #EEH nifH FHNEEAG B EZE
2021 4 11 H). GenBank HHj# &% T i#1d 890 4
JEAZ A YR J8 L Uniprot 75 25 T #5690 M@ ,
1M Fungene $¥#/EH & T 390 Z4NE (A 2), iX
Wik B T AN [R A B8 2 19 nifH Ty 91 10 6 25 71 ]
AR ZER o R BF£5 A E 8l e v oK i 1 7 41 B
ARG FHE YR, BERAR SR A KA 1 AR N
FIREAATE . BR 1T nifH JEPI B4 3G -
JEAN, FET 16S rRNA FE K 18 1 7 45 5 (1)
TR o 2605 B B i B A0 0 B AU, anfi )
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[78]

FAPROTAX $4& [ X} 454~ ASV/OTU 47 i
FEHC, Haynlf#i LT R 155 B microeco £ H 11
trans_func FEA720 07" AR5t , H AT FAPROTAX

R 2 1 86 1@, A7 £ K B s Rk Y
r‘ﬂﬂkﬁo

1000
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800
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600

400 | 395

200
86

Numbers of diazotrophic genera

0
GenBank  Uniprot RDP fungene FAPROTAX

B2 JLANET nifd MIERERLIREERE S/ E
AEBETE

Figure 2 Numbers of diazotrophic genera covered
by different nifH based nitrogen-fixing gene
database.
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