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Fig. 1 Location of sampling points in Huanglong Scenic Area

Note: HI.1. the left of Yingbin pool; HJ.2. the right of Penjing pool; HI.3. the left of Jiexiangiao pool; HJ.4. the right of Huanglong ancient temple; HY.1. the right

of Yingbin pool; HY 2. the left of Penjing pool; HY.3. the right of Jiexianqiao pool; HY 4. the left of Huanglong ancient temple; YS. primary karst (Yaji karst

experimental site in Guilin, China).
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x®1 RHEER
Table 1 Information of sample points

REEX R i 2 TR
M AR HJ.1 32°74'96"N 103°82'58"E 3200.00 m
Eimaeliv el HI.2 32°74'63"N 103°82'84"E 3300.00 m
Bl A2 HJ.3 32°73'42"N 103°83'39"E 3 400.00 m
B SFA HJ.4 32°72'68"N 103°8320"E 3500.00 m
WA HY.1 32°74'96"N 103°82'35"E 3200.00 m
e HY.2 32°74'64"N 103°82'95"E 3300.00 m
Al A HY.3 32°73"71"N 103°83'04"E 3 400.00 m
WS HY .4 32°72"77"N 103°83'40"E 3500.00 m

FEM AR A YS 25°10'60"N 110°4521"E 150 m

e R SRR FH O sl A S 2
2.3 HHEAbE

W2 IR YR FH CTAB 85 SDS J7 1 2 BURE
i A PRI 2 DNA, it S50 AR U e H Dk 12 A D00 2 B
I DNA 4l B2 Rk 2, Bl J5 BGE 5 DNA JCE T 55
D H, AL E KRS Ingul s DIFBIE K
SEKIZH DNA B 4 , HE 48 4 1 X 3 % 5 4 FH o7
barcode A4 4% 5+ 7514 . New England Biolabs 2 ] i}
Phusion® High-Fidelity PCR Master Mix with GC
Buffer F1 55 2% & A BB UE 1T PCR SE50, O3 34 2%
HRANEMTE . PCR Y M5 Y AN E S V4 X 858 H
5149 (515F F1 806R) . ELF& ITS1 [X 5|4 (ITS5-1737F
FIITS2-2043R), FI AL Uit AR ECE R B A R A
A TR LAY = IR 55 (https://magic.novogene.com/) #EF T
A I TAE . 4 3 PR B BCHE 7F Excel 2019
HIC B, SR FH SPSS 22.0 #F 47 i PE 4y A, R A
QIME2 # 17 £ 18 40 Ia # v AH O 38 41 43 B, 2k H
Canoco 5.0 X - HEREV& 41 5 3 BRAL IR 2547 7T

RITHT(RDA) ; o e A RIAEA Z ) e | KA
OTU, £ 175 UK (Venngraph ) ; H4 R ERELE IR,
Ve U A REATE T T FUE 2KF E 32 B HEZA T 10 A%
Fift, FIJH Origin2021 £ il MR R s ] o ZHE1E
(Alphadiversity ) 8 b5 73 BT FE AR P B 384 W i 5 22 4
P2 G B e 22 4 A 75 (Non-metriemultidim-
ensional scaling, NMDS ) 4 11 A A 1 [11] 22 577

3 #R59H

3.1 TEBMR

T2 N RBE A - IEBEPE R . AR RERAE A
T. TN, SWC 2% 8% (P<0.05), H 53 mEAF X
R 5 150 3 A B, B e XU X 45 R 55 SOC,
SOM I TN F i A X # o b HI.2, HI3 A i
Ec it & T HAWAE & . S A 14 pH 2 5 A
R R SRR TERER, XTS5 IZX
Sl A e S5 KR N T A B R R AR AR A OC; TP 7E HY .3

x2 TERBRTFSH

Table 2  Analysis of soil environmental factors

Mkteatn HII HI2 HI3 HI4 HY.1 HY.2 HY.3 HY 4 YS
TC 13.07+1.01b 5.580.76ef  5.4£0.15f 10+0.15¢ 6.240.10ef 7.9+0.21d 6.8+025  947+0.50c  26.55:0.66a
pH 7.6440.15ab  73120.19bc  7.59+0.34ab  7.39+034bc  7.38:023bc  7.77+0.17ab  7.14:0.04bc  7.16+0.12bc  8.58+0.24a

TP/mgL"  224+143d 4.18£0.73ab  2.94:0.56bcd  3.55+1.07abc  4.87x0.11a 278£1.06cd  547:026abc  2.55£0.27cd  2.65:0.13b

TNmgL"  0.96£0.14d 328+024b  1.65+0.06¢ 1.05£0.12d  0.13£0.19% 1.930.33¢ 033£0.16c  1.35:0.68cd  7.77+0.18a
Eclus  172.87+39.43abc 225.17435.37a 223.6027.58ab 160.57+19.86bc 168.70+49.62abc 180.27+18.07abc 126.50+36.00cd 86.40+10.92d 193.30+3.46b

SOC/gkg' 2648+5.84b  51.36£596a  1721£1.99bc  2821+1147b  1831#625bc  1837+1.96bc  27432.38b  20.83+1.88bc  10.23+5.24c

SOM/gkg'  45.66£10.06ab  29.79+346bc  29.66+343bc  64.46+28.11a  31.57+10.77bc  31.68+3.38bc  47.314.10ab 35.91+3.24bc  17.77+62¢

SWC/%  21.77+0.40f 50£721bc  44.67+2.52cd  38.77+0.68de  54.67+3.06b  32.73:0.6de  4833+2.08bc 63.37+4.15a  14.92+132b

T Fe PR o ffbavids, ARG T RERER L (P<0.05),

Note: Data in the Table 2 indicate mean =+ standard deviation. Lowercase letters represent significant differences (P<0.05).


https://magic.novogene.com/

368 A

2024 4

A& s TN LR YS & b, 8 m T HAb RS
S, HY. ARG EY TN & i, BB IR A 5
Ec BUf/MEHFAE HI4 5 HY .4 W3R 5 55 45,

3.2 TIEMAEIEEAR

AR B T FIREE M i A e P8 - S ) 200 ol ) L T
(9 OTU it 2 AL M o oh P& 2 ml 0, 2%k i ]

HY.3

HY.2
1438

HY.1¢ 1381

HJ.4

4ip OTU Sk 924>, F¢ A B 41 1§ OTU %k 43 Jill
1859, 1292, 1592, 1704, 1381, 1438, 1256, 608
11980 /4>, @ HAEHE OTU K 46 1>, Fif Y B
OTU %4354 1 182, 881, 825, 819, 682, 627, 590,
393 1 356 4>, H o HY.4 F1 HI4 04 40 3 A 5
OTU £t Hi K.

HY.3

3
HH

2 TEMEMEEET OTUs MELRE
Fig.2 OTUs-based petaline diagram of soil fungi and bacteria
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M A2 ] (Proteobacteria), FR AT 1 ] (Acido-
bacteria) Fll i 2% 17 | ] ( Actinobacteriota) g L3 [ ], 28
TV T TTE £ o3 A0 X3 A 3 A, (= FEANR], Hoh 7E
HI.1(71%) . HY.2(65%) AHX = B4, 78 YS(22%)
PR A X = B AT S AT 1 S AR A A A B TR
J& ( Pseudomonas) . RB41. Candidatus Udaeobacter,
SEHERE A AR 14.57%. 3.11% F1 2.29%; i
WS . RB41 &8 e m FE A FEHEA AT 2 ik
E, B B0 1 R AE HI.1(40%) . HY.2(42%) . HY .4
(15%) "B AR XS 42 B2 Fe 205 MREAR AR 25 X B
PR Candidatus Udaeobacter, -1k 6%

BRI B AET 153 20K B EZARHTT A F
PR 7] (Ascomycota) . $HF 1] (Basidiomycota) , #
6175 1"] (Mortierellomycota) (¥ 4) . Hrh 7325 ]
JE B85 (64%) , 145 XA 4341, 7E HIL1, HI.2, HI1.3,
HI.4, HY.1, HY.2, HY.3, HY.4 il YS Hu[X i A% =F
JE5 N 12%. 49%. 64%. 63%. 49%. 46%. 47%.
18%. 57%. fHF W17 HI.1 Al HY.1 H /9 5 L i
15, H A 9l A% & 1] ( Olpidiomycota) | Bk 4 1 ]

(Glomeromycota) . #:3 &[] (Basidiobolomycota) . 4
B [1( Chytridiomycota) . GSO01 [ ] . Aphelidiom-
yeota S 1 1TE R Ie i H BB T Y o LUARXT 30
16 J& 7KV b B8 e VA D03 K 8 5t 75 & ( Humicola,
22%) . #iH0%FEJE (Mortierella, 22%) . H: WA A1
eI SERE A R 05 & (Staphylotrichum, 5%) . 3k
% )& (Absidia, 5%) . 9 )1 & (Fusarium, 4%) , H. E
FAE TS A 22 A LA R A K. 25 LT iRk,
D A S T DA SR A 0 o LU AR AT, v S A
Fows e 25 7 i .

3.3 TIEMEMESHEY

FEMRI A=A HLIX A2 B Chaol F5%WFT Observed
OTUs 48 %1 5 B Jv. v Hb X A LU A7 7E i 3% 22 = (P<
0.05), 17 20 & AN EL T 19 ACE $& $Fe B AR A 2 b
XA B 22 5 (P<0.05) (% 3) . X REr T+ 4
AV B 3 A G DL 23 52 BIAE AN SE . 1 eSS R
TE #5502 A5 %), IS SOAS [ g 4 A R 4k
oA 225 . #EIA HI.4 #£ 5 Shannon, Chaol
ZREVEFE B T H AR £, SRR SR 2
PEfem o AR X MW EE E A
A ERER, AR ERA R,

A, 4 1 G A= ) B V% Observed OTUs 45 4% .



Fa3E HoM

HAGEWA PR JE A R TEA T TR A R i L AR M L e 369

1.0

0.8

0.2+

HJ.1 HJ2 HI3 HJ4 HY. HY2 HY3 HY4| YS |

)
]
1.0

0.81

0.21

@
&

HJ.1 HJ2 HJ3 HJ4 HY.1 HY2 HY3 HY.4; YS | WM Pseudomonas

I Others
| Thaumarchacota

|

! I Rokubacteria
! [ Planctomycetes
: [0 Nitrospirac
i I Firmicutes
| B Verrueomicrobota

i I Chloroflexi

i Cyanobacteria

! P Gemmatimonadlota
! I Actinobacteriota

: I Acidobacteria

i I Bacteroidota

| Protcobacteria

- — [l Others
i W Acidibacter
- W Bryobacter
| mm Candidatus Xiphinematobacter
i W HSB OF53-F07
. B ADurb.Bin063-1
| W Acidothermus)
* [0 Candidatus Solibacter
! I Ralstonia
| I Gaiella
- [ IS-44
| wm Euin6067
i Candidatus _Udaeobacter
. W MNDI
| W Bacteroides)
i W RB41

B unidentified Chloroplast

B3 @EIMEKFENYEE
T OFTR AR YIRS B2, QFRH R SR R -E L, O I GURAER T .

Fig. 3 Species abundance of bacteria at the phylum and genus levels

Note: (D indicates the species abundance of Huanglong valley; ) in a red dotted circle indicates abundance of native karst species in Guilin.
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ORI —E REE.

- 8 20 B L DA A R BE A 2 4E 53 AT (NMIDS) 45
SR A0 TR T A VR 530 SR AR 7E NMIDS il —
i, BB 0 A S AL, H W RELE
NMDS (1 W, & B AN [ Vi 4 o ) - 1 40 o 24 Js F
Skt T ERMELE 6) Ak — D 11
A WV Z 1B B AR, LA Weighted UniFrac B 55
TR A UPGMA RS0, PR JRE LR 5
BFEARTE VKT F Wy R AR 32 B2 5 e (18 7).
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AN B RE S B4 2 7%, HILL FTHY.2 Al —#%, HoAth
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Fig. 4 Species abundance of fungi at the phylum and genus levels

(Note: referring to Fig.3)
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SRV Sy A AR G RR EE B R IR, T T A pH 255 —
EEIIEEH T, 13 TP AT Y0 08 A B R V%
WAL AE N

1K B AR S 2 e 48 R R B, AE A BRI I 10 1]
H, TP 578X [ 1 (Proteobacteria) 5 i & TG . 5
% 1 '] ( Cyanobacteria) 2} {2 & T 4 5, pH 524
P[] (Proteobacteria) 1 2 & IEAH G, Ec 5 5 R H
I"1( Proteobacteria) & b 2 1F AH 3¢, TN 5 J&E BE 14 ]
(Firmicutes) £ i 3 1 AHC (18] 9) . ZEELTEHT 10 47,
T 54w ] (Ascomycota) S H i 2 i AH G, TP 5
% 2% 1 '] (Rozellomycota) 5 % {2 & IEAH %, 58
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oA

% ] ( Mortierellomycota) .

g #% % [']( Basidiobolomycota) .
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Fig. 6 Non-metric multidimensional scaling(NMDS) of soil microbial community structure
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Composition and diversity of microbial communities in high-altitude karst soil
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Abstract As a World Natural Heritage Site, Huanglong Scenic Area, is located in the eastern part of the
Qinghai-Tibet Plateau in Songpan county, Aba Tibetan and Qiang Autonomous Prefecture, Sichuan Province.
Huanglong valley is 3.50 km long, with an altitude of 3,145-3,578 m. In the Huanglong Scenic Area, there is a six-
month freezing period, with a minimum temperature of 3 °C. The main vegetation types are coniferous and broad-
leaved mixed forests and coniferous forests, belonging to a typical plateau temperate to subfrigid monsoon climate.
This scenic area is renowned at home and abroad for its rare and colorful karst landscape. At present, there is still a
research gap in the structure and function of soil microorganisms of high-altitude karst habitats. Therefore, in order to
explore the characteristics of soil microbial communities in Huanglong Scenic Area—a high-altitude karst area, we
compared the differences in soil microbial community structure and diversity between high-altitude karst and non-high-
altitude karst areas, with typical primary karst in Guilin—a non-high-altitude karst area. By analyzing the structural
characteristics of soil microbial communities and their correlation with environmental impact factors, we laid a
theoretical foundation for the relationship between soil microbial communities and ecological environment in high-
altitude karst areas.

In this study, we collected and analyzed soil samples from Huanglong valley, the main scenic area of the
Huanglong Scenic Area. A total of 27 (three replicates) samples were collected and compared with the samples from
the typical primary karst area in Guilin. We collected data on environmental factor, such as Total Organic Carbon
(TOC), Soil Organic Matter (SOM), Total Nitrogen (TN), Total Product (TP), Temperature (T), Soil Water Content
(SWC), and pH. Meanwhile, we employed high-throughput sequencing techniques such as '°StRNA and ITS gene

sequencing to perform bioinformatics analysis on sequencing data, including species diversity and B diversity. Then,
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we identified the main driving factors affecting soil in the Huanglong Scenic Area through principal component
analysis (PCA), and explored the relationship between environmental factors and soil microbial communities by
Spearman correlation analysis and redundancy analysis (RDA).

The results show that the soil pH at each sampling point in Huanglong valley indicates a neutral to alkaline
property, with no significant difference. But there are significant temperature differences at various sampling points.
Compared to the soil from slopes of the Yaji test site in the non-high-altitude karst area of Guilin, the SOC, SOM, and
TN contents in soil at various points in the Huanglong Scenic Area are relatively higher. There are differences in the
bacterial chaol index and observed OTUs index between Guilin's primary karst area and Huanglong valley. Similarly,
the ACE index of bacteria and fungi also shows differences. These results may be attributed to the influence of
vegetation types, soil types, and topographical factors on the distribution of soil microorganisms. The diversity indices
of Shannon and Chaol at HJ.4 sampling point in Huanglong valley are higher than those of other sampling points,
indicating the richest biodiversity in this sampling point. At a phylum level, the bacterial community is mainly
composed of Proteobacteria and Acidobacteria. Ascomycota and Basidiomycota are the dominant microbial groups in
the high-altitude karst habitat of the Huanglong area. At a subordinate level, the main dominant bacteria in Huanglong
valley are Pseudomonas, RB41, and Candidatus Udaeobacter, with an average abundance of 14.57%, 3.11%, and
2.29%, respectively. The most dominant group in the primary karst area of Guilin is Candidatus Udaeobacter, with an
abundance of 6%. At a genus level, the dominant fungi in Huanglong valley are Humicola (22%) and Mortierella
(22%). The dominant groups of the primary karst area in Guilin are Staphylococcum (5%), Absidia (5%), and
Fusarium (4%). The differences in fungi at the phylum and genus levels are greater than those in bacteria.

In summary, the proportion of dominant microorganisms in the primary karst area is relatively low, and the
community types differ significantly compared to those in Huanglong valley. Samples collected from nine sampling
points (three replicates) in Huanglong valley and in the primary karst area of Guilin show varying degrees of
dispersion. UPGMA clustering analysis shows a high degree of similarity in various eukaryotic communities in
Huanglong valley, while there are certain differences in the composition of prokaryotes among them. Redundancy
analysis indicates that in bacteria, TP is the most correlated factor with community distribution, while 7 is the second
most important environmental factor. In fungi, TP is also the most correlated factor, while 7 and pH are the second
most important environmental factors. Both soil TP and T have a significant impact on the distribution of fungal and

bacterial communities.

Key words high-altitude karst, Huanglong Scenic Area, karst soil, high-throughput sequencing, microbial

community structure, environmental factor
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