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Abstract: Grassland soil microorganisms play a pivotal role in maintaining the health and stability
of grassland ecosystems. However, systematic studies on the diversity, geographical distribution,
isolation techniques, and functional potential of novel bacterial taxa in grassland soils remain
limited. Here, we conducted a meta-analysis of 104 novel bacterial taxa described in 74 studies
from grassland ecosystems across 19 countries between 2004 and 2025. We further predicted their
functions via whole-genome data and compared them with background soil bacterial communities
in grassland soils. Our results showed that novel bacterial taxa in grassland soils were mainly
affiliated with the phyla Actinomycetota and Pseudomonadota, and their discovery frequency
closely matched the abundance of background soil microorganisms. Their geographical distribution
exhibited clear latitudinal zonality, with high-latitude regions being enriched with dormant taxa
adaptive to harsh environments. Functional potential analysis suggested that these novel species
not only provide the physiological verification of microbial dark matter, but may also play
important roles in key ecosystem processes. Several representative taxa showed distinct ecological
functional potential. Amnibacterium soli contributes to carbon and nitrogen cycling through
efficient hydrolase systems; Chthonobacter albigriseus mediates methane oxidation to mitigate the
greenhouse effect; Noviherbaspirillum agri possesses nitrogen-fixing, plant growth-promoting, and
salt-alkali adaptation capabilities; and Streptomyces ziwulingensis can contribute to microbial
defenses through secondary metabolite production. Together, these findings highlight the ecological
and biotechnological potential of core grassland microbial taxa. Future studies integrating
multidisciplinary approaches are needed to elucidate the functions and evolution of novel
phyllosphere and rhizosphere taxa and bridge the gap between genomic sequences and ecological
functions, thus providing microbiological support for improving the productivity and maintaining
the ecosystem stability of grassland.

Keywords: grassland ecosystems; novel bacterial taxa; microbial function prediction; microbial
biogeography
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global grassland soil.
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WE Tk [#51 22 2 AT 18 (Bacillus alkalidiazotrophicus)

S RS TRE(Hartmannibacter diazotrophicus)
Ko #54F nifH B ARy B A sl AT
(Ancylobacter pratisalsi) %) J& i H B 19 [& &
W 53581 i BE JE rp A8 MR TR (Sinorhizobium
prairiense)id it nodABC JLPRH 7 T A A R B0
BExrwk R A, R{EBEEKRKIY R
(C. megalochromosomata) 5 J# 75 & 9. fifd
(Pseudomonas lutea)i 13 TR MLIR B K fif A7 HL
T 4t A A K T 3R 1 R A 5 ) IR,
FAR AW (H. diazotrophicus) W F FH = 16 P #EIR
il Iy [5) SR S B0 . AEAP IR BAE G R, &
Bl 1A vo 28 /R 15 [ & (Paraburkholderia translucens)
77 W M| W 2, iR (indole-3-acetic acid, TAA) f %k
AR B AR AR B 1 X B TR (Collimonas
arenae) W) 35 BT - 240 & HAECY BF X 2685
8, FIAR 2L AR AU 1 (Pseudomonas argentinensis)
) FH #0028 (442 nm W' 068) 1 A 28 41 2R 101
W37 5 G IR 1 (Ornithinimicrobium pratense)if
o 7 R ) B S T IE Bl (phosphatidylcholine, PC)4%
P AERF IR S, FE i Ak e S B s v O i
T VT A B B R B 5 3% B} KB (Nesterenkonia
haasae) 3 1 [ fife i BE 22 8 R 0> U0 LA Bl B A
Y& B R BRI vg AR bR W L T (Terrihabitans
rhizophilus)W | 83 > CAZymes FEH 581k
fi £ X 2 B A9 B Y, 5 Delgado-Baquerizo
SRR A < R BE P IR s 0 A 7 1 S RE
AP OCH B SARYI G, A ST T BT AN
A R AR B R i A A A, R AR -1
AR T 0 BRI % . Burkholderia 1
HOJR TR 5 R A R AR AR KB 51 A
YRR B —E N R G R B R, fE41 18
hRefe i ] AT, A S A DB K g 55
i A Ty RE B A e 0 AR S O R
P LN N T ST A SERZS L S €
Yt sk BRI —E R A, B S
VB 37 R AT A A G Y 3 B Rl D B0
SRR, VR M 28 h R TT AR A% O T RE TS
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AN (EAR RS, FEER RN A T R A
N. haasae - F LB B iR 2 AR
L — PR, Ty AR (A R b R A
BB T AR AR A TR AL, L R4
T 32 Ko i A Wk 1o R W38 1Y) O B ) g i
B, A — AR I TR M 4N B B 7R R A
LI RN A SN A o e (18
2.3 REERBIMSEYINGIAINEE

et~ S5 20 TR R e SR A By T B
OVEBE(4i 58 NMDCX 31253.11), T4 IRHEE
W (S. ziwulingensis) % 4 B €3] % R M A AT
RAICEA TSGR TEE, 08 B YR 256
R A 2 v B H B A O AT B ik
28 31 1l T8 (Actinokineospora acnipugnans) W} 38 i3
10 1 i 2 A 5 R R A AR
T 18 1 121K B (Spirosoma endbachense) F1) FH
I AU 100 R SRR 45 i (T1PKS . T3PKS) ;= Ak il 4
T BRI 24 YR AR 7 4 A g A Ak i A A 2RO
IR 200, /NERBUE (Capillimicrobium
parvum)F| FH =AU IR ABC s AR BR e R &
H, JFREREAR DY B AU, Bacillus J&#i
P, FH 8] 2F J0FT B (B arvi) Il 1 3B 25 F T 14
(B. humi)ii i 53 Wi A Y 75 A R G btk
(induced systemic resistance, ISR)"2 ., Fi i HL
— T B EE, U S AR A
(O. pratense) it AR ST 1 5 242 HIRHAR
A B PR AR T A R T AR I
Foy a2 %H(Vicinamibacter silvestris)'i B
Hb 8 22 I B TR (Sphingomonas prati)73 5|38 2 121
SE A SR RN IV ORS e 8 55 X Bt E Ak Ry 3T &
XAz iG e A B, g R B 38 )R B (Halomonas
chromatireducens) 8- Cr(VI)ib J5LRE 11U, it
J i £ {0 B (Saccharopolyspora kobensis) W) 3% PR
2 Eil 2 AR, AR BRI TR
BT A BREALTERE, X SO IR s 4t
AR AR ™ W 13 PR A 1 2 [ 0 A i o A
PR () 2 BEE BGCs AU T T
Hovm B2y v 0 RS BT I BE , SEAR G T R+
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SEAE 53 1 K- b 1A A= 1 38 04 B AR P BE A
JEUT . T RERELERE 43 HT . FERRFRI> 52 S DI g
TEREVE T BAT B m I TURBE , AT XRR E HL
o S H 2B AR A4 2 RE U 3 B MY 3 Y D) RE R
PE, EZCRE S VB E D RE I8 B IR 22 4
B (S. ziwulingensis) %5 /D BURE 2 1978 1L 3 R Ay
SN X FPIREM R — B R E FRERS
ARG A VIR RE 1 TR VR B AR 4 ) 4040
117 2 AR A ) S AR Al B sh 781, 330 S o 4
PO A S e T A W A0 P R 7
AR AL, X —RBUEIE T R+ E T e
FE R IR A R RGN, E AT
TV 7 180 ) BE A A R 4 0 A S o AR
RO TRIAVERT, N IF &5 X B A AR Ak )
REHEA PR iR J7 St T RS IS 3%

3 REH5REE

A5 0 A ER 19 AN E 573 A B R
KUY 104 BRI B IR AN GO A AT RO,
Br 7T HAET] . JBACE LR 2 . sy
ks SOBTEA S ThRE . PR R, L]
(Actinomycetota) 5 % *o- M T | ] (Pseudomonadota)
PR T A 3R H B P BRI A% O A, IR R
P I R £ R M M TR A . AN [ 4 R
BT A 2 R IR ) SRR R E, BEE
P J 5 2 LA TR R A AR T B IR IR 45 A 5
PR A FE A 55 1 AR A 1 o 3K A A REAE AN A
32 -3 pH S5 R EREA T R TR s, SRR
TS (A B BT TR A R IR 2 T RE
T 735, 3 6 A ot 4K B A ) b BR A S A
W A YA R R N L SR AE TP PE Rl
AV IAR, RgERE RS REN

s

[AV]aYe}

JRUE A L 20 TRH R A B 7 T A T B BL
PERERE, (H 12Uy 1 S 5 A B IR B, R
oK 5 3 a5 T RS2 B B AL AZ i e H
PR 12 A SRR A o (1) BT AR O TR 2
% PR TAL G IR BRI R I 4, = BOR

Qb T AT 3% 57 30 S AR = BE S AR AR M L) AR H 4
R, DR HRE SR L R AR ARG R EOR L
KA R 5 it PRt 5 5 £ B R R 4
(biomimetic cultivation systems), %3 X%} & 3= &
MESE FEISHE AR AT A ATPE L 09 A4 . (2)
BOME B AR A 855 v 3K B A b BR A 2 0 B ) 52
ProTmk G 2 G, SECGER N Y HE S
T Ar AR B Z AR N 25 . AR AT 456
T A R IREFBOR | a8 R 4 2 DA R A X
I 87 #1304 9 (phyllosphere novel species) ) )it
ALIEVEWIN , 7E 53 ¥ 2 T B4 OCHE R 5 H AR
Tk BAE B0 BB ) 2% 10 8 b i S B 4, SR B
X} N. agri 5 B2 HTFIHLBRIOHALON 1A= BESCUE
(3) HifhZ [l LA it 5 3 i I Z Il EAE M)
LR AT, XELLN R GEE AT A e B
% IR AR SRR . Tl A A M
s 27 5 AL B AE AR E ARG C. arenae 51E
- HL A EAE A SRR, A BT AR
& Ak FE TR B 48 7 B B A Al ARy AR 2B A D e .
(4) FHbHT AR IV X A R A A A s i R A A] 9
PE 5 i 18 W W e A AN A A o 38 R A A
Y)2#F- £ (synthetic biology platforms) A/l /i 12 /2
]38t A =7, R FH R B %) ] e i [ SC o A
Y1) 2 45 o A 5 #6 H (clustered regularly interspaced
short palindromic repeats, CRISPR-associated 9,
CRISPR-Cas9) % [X] 4 5 XT S. ziwulingensis 554
5 1% B 0 6 PR 5 AT TS, JT A S AR
DNA A WEMHIAR,  REHESL B PEAL BT A 0T B i
AEBRGA KT, 5) AR RZ
RAETHARGRE IR, =m0
FE 1T 8RR AR 7 G 1l 2 PR 5 1) D o7 98
T AL B v Al 2 I 3l R S TR ROR 1Y
5 BT Bt SN LR < mE W I DU
HIE BB A BRSCUE A R, SRy ) R A
P2 SRR O A W R IR S . (6) R BT T
A IR Ko T 4 BRAB 52 1) S A5 5 AT e = 2 L
REEMRGVEAL . R LB R 2 22 5 o -3k
AR Bh o, AT LGB N C. albigriseus 55 ) RE
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PRI A A A K TR SR B Bl 3 A ] )G A
e, NRUFAE S RGER K IRRE TE U S L
LE =

& Tk FR

MUSAEL IR - AR BRI b . 8 0% s
FEek; s, R HERNE U

{E& | g2 MR A FF AR
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