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Abstract: [Objective] The Pamir Plateau is characterized by a cold and oligotrophic environment
exposed to strong radiation, in which cold-adapted microorganisms are abundant. Using a
cultivation-dependent approach, we aimed to reveal the diversity of cold-adapted bacteria and archaea
present in the Pamir Plateau. [Methods] Soil samples were collected from a gradient of altitudes in the
Pamir Plateau, from which aerobic bacteria and archaea were isolated by different cultivation methods.
For the isolation of cold-adapted bacteria, two bacterial culture media were used and the incubation was
only conducted at 4 °C. For cultivation of archaeal ones, two archaeal culture media were employed,
and cultivation was at two temperatures, i.e., 4 °C and 15 °C. Sampling was conducted at four altitudes:
1 000-2 000 m, 2 000-3 000 m, 3 0004 000 m and 4 000-5 000 m. All microbial isolates were
classified based on their 16S rRNA gene sequences. [Results] A total of 419 strains of aerobic
prokaryotes were isolated from the soil samples, which belonged to 118 different species, including
115 bacterial species and 3 archaeal species. These microorganisms fell into 49 genera, 28 families, 18
orders, 8 classes, 5 phyla, and 2 domains. Gammaproteobacteria was the predominant order of
cold-adapted bacteria and Actinomycetes constituted the most diverse one. Gammaproteobacteria
dominated at altitude of 1 000—4 000 m and Actinobacteria prevailed at altitude of 4 000—5 000 m (the
highest altitude). The archaeal isolates belonged to haloarchaea of Natrinema and Haloterrigena, and they
were obtained from the samples at altitude of 1 000—2 000 m and at the cultivation temperature of 15 °C.
Furthermore, among the four culture media used in this work, Gammaproteobacteria isolates were mainly
obtained with the two bacterial media whereas the haloarchaea only grew on the archaeal media.
Additionally, 23 strains represented new taxa among all isolates, and they belonged to Actinobacteria,
Proteobacteria, Bacteroidetes, Firmicutes and Euryarchaeota. [Conclusion] A number of cold-adapted
bacteria and three archaeal species were isolated as pure cultures from the Pamir Plateau soil samples.
These microorganisms exhibited an altitude-dependent distribution. Furthermore, we found that the
isolation experiment was benefitted from utilization of different culture conditions, which was a strategy
to be exploited in future work. Together, the present study has yielded the first insights into the composition
and diversity of cold-adapted bacteria and archaea in the Pamir Plateau. The obtained microorganisms

provide unique resources for exploration of their ecological functions and biotechnological applications.
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Table 1 Information of soil samples used in this work and their sampling sites in the Pamir Plateau
Altitude ranges /m Longitude ranges Latitude ranges Number of samples

1 000-2 000 75°31'22"-76°12'15" 38°58'54"-37°40'44" 10

2 000-3 000 76°2'57"-75°24'33" 37°50'39"-37°52'4" 16

3 000—4 000 75°17'25"-74°56'10" 37°51'59"-38°17'46" 40

4 000-5 000 74°58'15"-75°25'46" 38°41'19"-36°51'3" 6

122 DBESF

AW TSA Fl R2A B3R 3L T4 3&
REANE 435S, NOM Fl F6 15 5% 58 T4 & 1
TR

(1) TSA Hi#3(g/L)*, TSA 25.0, NaCl120.0,
0.1 mol/L BERH, Bl 15.0, ZEME/K 1L, pH 7.0,

(2) R2A B553E(g/L)P, EE A 0.25,
HER 0.25, BUKEBESEE T 0.5, BERER KB 0.5,
HAHE 0.5, AIVTETER 0.5, NERRREN 0.3,
MgS0,-7H,0 0.1, K,HPO, 0.3, Zflg 15.0, 2%
WK 1L, pH 7.0,

(3) NOM H5 35 5 (g/L)*Y, B4R LY 0.05,
I 0.25, NEREREM 1.0, KC1 5.4, K,HPO,
0.36, CaCl, 0.25, NH,CI 0.25, MgSO, 7H,0
0.25, MgCl,-6H,0 23.0, NaCl 184.0, Biig 20.0,
pH 7.0,

(4) 7o RME- KA BEE 5 77 35 (F6)(g/L)>
% KR 2.0, RAWRE 1.0, 72RH 4.0,
MgS0O, 6.0, K,HPO, 0.36, NaCl 150.0, ¥ijig
16.0, 1 mL %5 % (50 mg/mL), 1 mL PYFRZ
(50 mg/mL), 1 mL ZEA4EZREWR, pH 7.0,

Y R W (mg/L): MR 10.0, 2EWI K 4.0,
2R 10.0, iR 10.0, MR 4.0, Xf&ILIFKH
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Figure 1

Diversity of aerobic cold-adapted bacteria isolated from the samples of different altitudes. A:

occurrence at different taxonomic levels; B: occurrence at the phylum level; C: occurrence at the class level;
D: relative abundance at the genus level (top 20); E: Venn diagram of the genus level abundance. Low:
1 000-2 000 m; intermediate: 2 000-3 000 m; middle: 3 000—4 000 m; high: 4 000-5 000 m.

R2 FREBHFEAFTELENATRTERAR

Table 2 Genera of aerobic cold-adapted bacteria and archaea isolated from samples collected at different

altitudes

Altitude/m  Genus

1 000-2 000
2 000-3 000
3 000-4 000

Nesterenkonia, Rhizobium, Stenotrophomonas

Acidovorax, Dietzia, Haloterrigena, Hydrogenophaga, Natrinema, Paracoccus, Psychrobacter, Saccharibacillus

Aeromicrobium, Aeromonas, Agrococcus, Brevibacterium, Brevundimonas, Caulobacter, Exiguobacterium,

Knoellia, Neorhizobium, Nocardioides, Paenibacillus, Pseudoxanthomonas, Rahnella, Sphingobacterium,

Sphingobium, Zhihengliuella
4 000-5 000

Conyzicola, Paeniglutamicibacter, Promicromonospora
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PN 119 £k 47 DF YR IE N 40, NOM Fll F6
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FIER it A= T 1 TR
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PLEZEIRERN], WATHEE . FHREFEE
(Bacillus), BIEAT )R . BHHE . SR .
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WO o s 77 2 3438 1 DA B vl Ny 4 B 1
B (HAHEE R2A B53E35E, TSA B33 H 1 FF 1
J& . B EEE . BIEATR . BRI R . i
wE . Stk . BRI )R . 2RI R M
HEH BRI L, W TSA KR 3] g1k 43
2L EB AR, T R2A B3R IEEE T
AR . SRR R ST R B bk . b,
TR ILA A AEZE S, TSA B3R I R2A
BRI 4 B FREA R (R 3). NOM 155
S A2 B AR AL, T Fo sEgR kbR
ki B TR o E R, UG BH A B 1 R R R s
T B R AR AR, T 24 15 7 3 v TR 5T SR
P 7K A T 2 1 FH R A TG, DA T Bk
3 B Bl 2B TR Y B R T TR
23 WMARRSEAEFRERELAENAER
HEZ M

ABFE B WA IR (e SR A 1 L A it rp gt
Sy EATE] 419 MRATF A, 2 394 bR
VOIE N, 25 BRI (] 3A). 4 16S tRNA
SR, S5RFWLLEEERRET 2 A
S5ATT 8., 18 MH L 28 DAL 49 1R K
118 4.

Table 3 Genera of aerobic cold-adapted bacteria isolated with different culture media

Culture media  Genus

TSA Aeromicrobium, Aeromonas, Agrococcus, Brevibacterium, Brevundimonas, Caulobacter, Dietzia,

Exiguobacterium, Knoellia, Mycetocola, Neorhizobium, Nesterenkonia, Nocardioides,

Paeniglutamicibacter, Paenisporosarcina, Pantoea, Peribacillus, Psychrobacter, Rahnella,
Saccharibacillus, Serratia, Sphingobacterium, Sphingobium, Zhihengliuella

R2A Acidovorax, Conyzicola, Hydrogenophaga, Paenarthrobacter, Paenibacillus, Paracoccus,
Promicromonospora, Pseudoxanthomonas, Rhizobium, Stenotrophomonas
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Figure 2 Composition of aerobic cold-adapted bacteria and archaea isolated with four different culture
media. A: sorted at the phylum level. B: sorted at the class level. The percentage in pie charts represents the
number of isolates. C: relative abundance at the genus level.
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Figure 4 Overview of the predicted novel taxa of cold-adapted bacteria and archaea isolated from the Pamir
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