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Soil microbial community structure and ecological function in the tree island at

the treeline ecotone of Changbai Mountain
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Abstract: The transition from the uppermost closed tall forests to the tree species line is often called the treeline ecotone.
The treeline ecotone is one of the most important climate driven ecological boundaries and a potential habitat for diverse
plant species. The ecosystem structure, function and ecological process can change over short elevational gradient in this
specific habitat, and thus, the treeline ecotone ecosystem is thought to be extremely vulnerable to global climate change.
The tree island is characterized by clumped patches or linear strips of krummholz or trees above the continuous forest limit.
The trees in the tree island can sometimes grow to a relatively large size, with similar tree height and diameter breast height
to the trees in the closed forest. To reveal the ecological characteristics and formation process of the specific habitat is of

great significance in predicting the treeline dynamics under future climate change scenario. Research of the treeline ecotone
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has mostly focused on the aboveground vegetation cover. In this paper, soil samples were collected at the treeline ecotone of
the birch forest line in the north slope of Changbai Mountain, within the tree island and the open area located at the same
altitude, respectively. Soil physicochemical properties and enzymatic activities were measured. Soil microbial community
structure and functional genes were analyzed by shot-gun metagenomic sequencing. The results showed that the soil moisture
content, total carbon, total nitrogen and microbial biomass of the tree island were significantly higher than those of the open
area ( P<0.05). The microbial r-strategy indicators, including cellulase activity, relative abundance of Actinobacteria, gene
abundance related to transcription, defense mechanisms, cell cycle control, cell division, chromosome partitioning and
simple carbon compounds degradation, were much higher in the tree island than those in the open area. On the contrary, the
indicators related to the microbial K-strategy, including the relative abundance of Acidobacteria and the abundance of
complex carbon compounds degradation genes, were higher in the open area. The study, for the first time, explores the
microbial community structure and ecological function in a tree island ecosystem, and explains the mechanisms of tree island
formation based on microbial genomic data. We proposed that the soil nutrients were enriched, and the microbial community
was shifted towards r-strategy in tree island. The changes in soil nutrients and microbes would in turn regulate the tree

growth and thus might enlarge the tree island area and influence the dynamics of treeline.

Key Words: treeline; tree island ; metagenomic sequencing; microbial community composition ; functional gene; microbial
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Fig.1 Schematic diagram of the open area and tree island in the treeline transition zone of Changbai Mountain treeline

750 mm , AEFRR 0 2.8°CHI 7.3°C, K ZHEPTEE ZE(6—8 Ahy) . AWFFERLEK A AL A
MBI P (42°04'—42°05'N, 128°07'—128°08'E ) AR 4, 34k 75 Fl 2000—2030 m, 41/ 1, 73X —
MRER T T I, 85 AT R BYEHE ( Betula ermanii) (27 B2 #E7S ( Rhododendron chrysanthum) /NS ( Deyeuxia
angustifolia)) Wik ( Vaccinium vitis-idaea ) 73, FFREXANE 1D, 1Y) F 2 DA AR B FAE ( Betula ermanit) |
25 |7 ¥ B ( Rhododendron chrysanthum ) /N2 ( Deyeuxia angustifolia ) 2 Hi#ikE ( Vaccinium vitis-idaea) 3,
2019 4 7 H 43 SRS & 55 ) 44 e B P I IX -39, S AR BRI 3 4> 20 mx20 m RS IE N B, ERA
TN RSOGO RO 3 5 A SOR AR T IR G O — A IERE AL . SREE TR e RBRIETEWE R
B3 em BEVEEIBGRIZE (0—10 em) LHEREM A TAHULBUZ (0 JR) o HIEREG EBRR RGBS 708
= AR T AT — 1y 4°C SR AFEORAF, T T 7 - S0 3 A W A= et R - S il
e s — 00 T =20°C /A7, FH T SR IBURUE Wk PR A - 04T Jm S 234
1.2 e B

FIEEIKER I 105 CIESERET VRN E ; 138 pH (ER IR EETHEI E (K 2B L 2.5:1, PHS- 3G 85
pH i1, ) I % ; £ 38 4 Bk ( Total carbon, TC) 4= % ( Total nitrogen, TN) & H 7€ & 43 #1 1L ( Elementar
Analysensysteme Vario MACRO cube, Germany ) Il ; AT %5445 LAk ( Dissolved organic carbon, DOC) FIH] ¥ 14
HHLA (Dissolved organic nitrogen, DON) & 0.5 mol/L K,SO, 242 (/K Lt 4:1) , JEW I TOC 434X ( High-
TOC, Elementar Vario MACRO cube, Germany ) #FA7ill5E ; T HERAZA (NOS-N) FIE AR (NH,-N) ] KCl %
R JE R 22 i 8 43 142 ( AutoAnalyserlll Bran Luebbe, Germany ) I 5€ ; 4 345 %08 ( Olsen-P) 2K FH 0.5
mol/L NaHCO, =42 , SHEAPT L 750
1.3 HIEERMCEYEIE

T ¥k ( Microbial biomass carbon, MBC) F#{4= ) & % ( Microbial biomass nitrogen, MBN) {4 ) &
(Microbial biomass phosphorus, MBP) SR HIS {5 B2 -1z 421 , U E Wik A 0.5 mol/L K, SO, =2 )5 , U
W TOC 43H1{ ( High-TOC, Elementar Vario MACRO cube, Germany) #4712 , #4485 K H 0.5 mol/L
NaHCO, 3= 4% , BB T b (Al %
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1.4 L SERFIRIINE

T IEILARE T ( Basal respiration, BR) Il . FREX 15 ¢ 8 4, B F 150 mL =M, 7E 25 CE AR T E
24 h, HEE AR R 25 °C 10 = AP R AT CO, M%<, 78K 2.5 min S5 FHLLAMUAR ST (Li-COR
820) MM % CO, HHe & FIFH . Y75 FPF I ( Substrate induced respiration, SIR) AJIRE .25 CHi % 24 h J5 , 1]
TIEPAIIA 2 mL YR EER 6% WA AT, e 1.5 h, DN LR I sk 38 | 27 s W 20 R () - SRRl P g, e
A3 F8 %50 ( Carbon availability index, CAI) & BR 5 SIR AY L1,

1.5 IR E

B- 1, 4-%5 %t i ( B- 1, 4-glucosidase, BG)  N-Z [k-B-D-% % # 1 il ( N-acetyl-B-D-glucosaminidase ,
NAG) BRVE W% R ¥ ( Acid phosphatase, ACP) | 7% & i 2 5 i ( Aryl Sulfatase, ARS) >R FH X il 5 K W5 ( p-
nitrophenol, PNP ) F (a0 5E | 7% M FH IR W0 2408t I BRI ) %o A AR Iy 25 B SR 3R AE , BV f mg PNP kg™ h™' |
FRTTHE FRIUT g B4 A 250 pl 9K 4 mL B 1EE pH IZE RO 1 mL JIRY) IR SR 18 37 °C R iR
1 h, IEFRESHRIEINAL AR, i us  UEB T EE 3 WO BETHTE 410 nm Ab Lo (500 £ X B 3 i, 2T 4ER
JK fi#t it ( Cellulase, CEL) FN%E H B 7K fi# B ( Protease, PRO) [45: 1455 R 4 43 5l 38 W L 21 4 25 40 6 AN i
B, BRI PRI L g 4 A 250 wL 2K S mL 28 bR S mL KA, IR 515 40 I7E 30°C 4415 F
B % 24 h, 16 50°C TR AR 2 hy HEFRGSAUR AL (R 08 i8R O 5 B0S mL /Y BV 7.5 mL i i
FNRA AN 66 40 BIAE 710 nm A1 700 nm &b B €030 52 45 45 0% AN 2R & =, 2 0 A ALl
( Polyphenol oxidase, PPO) Flid /LI ( Peroxidase, PER) 4375 10 mL 1%452K =8 il 4 mL #4715 PRI 5
G AL 10 mL 1% =8 H1 2 mL 5%H,0,) (2% pH 4.5) JF7E 30°C T 5% 2 h, B FRa5 a5
AR 35 mLL ZEEAER, LRERARIRAESY LT 430 nm PEAT I, S mg PPG kg h™' 1,

1.6 -3 DNA FE IR ZE L0

T DNA SR DNeasy®  PowerSoil®  Kit 7] & #2 B ( Qiagen 24 F]) , B4~ L HEAE S FRHR 0.35 ¢ fif
+ SR EUL PR B G A T, SR HUSE S SR AT nanodrop 2000 P2 DNA Y B 2 g DNA A4, fff
FHHR R PR TN Covaris M220 5 DNA FTH 24 300 bp (9 F Bt R NEXTFLEX Rapid DNA-Seq Kit ¥4 PE
SCHE AR RS B M FHREER O 16 25 BR Bk B 1 R B AT PCR 918 AT SO AR 1 s B (WG BR [B1U& PCR
7). f# H Tlumina NovaSeq Il 73 5 4745 20 PCR Z2 36 AL 7 ( i SEs A E 2R B R A A |
TRBE N ERFER 12 GB,

G HER 2H 5 S A BE B A fastp''® (hitps :// github. com/ OpenGene/fastp, version 0.20.0) %} ¥ 41 3”35 il
5'35i 1) adapter JF N HEATEIY), IE R BRBY VIS A BE/N T 50 bp P-4 880 8 it (54K T 20 DL K& R A L 19 )5
B, OB i B 1) 0L 5 91 ( pair-end reads ) 1B ¥ P 51 ( single-end reads) ; fiff F 9 4% K 1 MEGAHIT!""
(https://github.com/vouten/megahit, version 1.1.2) XLALFHN AT HF 22 4% . FE DRSS R P i 1€ =300 bp
B FE 1 F B (contigs ) VE A B L BE 45 5 {#i ] MetaGene' ™’ (http : //metagene.cb.k.u-tokyo.ac.jp/ ) XF PFHE4%
T contigs PEAT ORF Fii , Fl CD-HIT'™ (http ;//www. bioinformatics. org/cd-hit/ , version 4.6.1) %} flf A k¢
i PO M R 1) S PR 3 33 A T R 2K (X8 90% identity \90% coverage ) BRI R RE R ER 5 M R
JURSEDIAE , EFRALIR KR T 45T 100bp AYFER, IFK BN 2R 741

{8 ] Diamond "’ (http ://www.diamondsearch.org/index.php, version 0.8.35) ¥ |E TUA% 5& [F 4 ) 42 KL 02 f%
K735 NR Bodis ZEVEAT HEXT ( BLASTP FeXT S 8005 B E(H e-value A 1e-5) , FFiE i NR JFEXT W 1950224105
SR PEARAS W AR SRS A T Ao o 12 1) B A1 2 B2 S ATH S A ) F B, 5 eggNOG 48 P HEA T HE XS
(BLASTP X 28005 B BB (E e-value N le-5) , 3K 45 3 A X W () COG ( Clusters of orthologous groups of
proteins) DIfE , SR IG5 COG X (3L R 4 B B A 8B0% COG =F ¥,

1.7 BdEseit
A SO AR IR R BB R MR (n=3) . SR R 4.0.3 Git o Bric b o #6560 (BGRKTR ) LU 5
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0 R) T [ X - S BRAR A B | 3 A W A W e AN SR AR G =E B . Response ratio 71884 5 A1 % T FF [
X - BTSSR AR W R AR X = B R T Rl 3 DR ARG = B A B 1L (e =10.05) ', SR A Pearson #1343
Bt oA S A W) LA TR B DO RE AR | -3l s M 5 - e B B ] AR DGR . AEIE RISR T R i
5 geplot 2 B2, #E R A R 155 pheatmap A2

2 HREHSH

2.1 W& SRR IX SR 25 7

M 1 0T LA B 5 %) - S 1 I S5 I A X o) DX B 5, (AR5 A A v 1R = T IR R T R X))
R 5 EoK e 3 = TRV A T R X (P = 0.02) 44 5 N T3 F-34 5 K& R 50% , 1 [ 645 T @ X Ad 31 1
FOKEN 45% , BN IR TS 50 138.5 o/kg F1 T o/kg, T X Ak +3E43 5128 101.2 ¢/
kg 5.3 g/kg, t Ki g R WY A4 5 AT Al A S B B E TR IX (P<0.05) 43051 HE IR X5 37%
32%, FHEFYIEKES TC TN 2IFEMEXR (r=0.99 F10.97; P<0.01) ., B + A %M A (DOC F
DON) SR F% 4 & ft (A A A AR S 5 IR KA B3 22 5% (P>0.05) ,

®1 WRERBRERFERTIEELER

Table 1 Soil properties of tree island and the open area at the same altitude

ki 'ﬁﬁ?)% R RME UWER de WA AR
- pH TC/ N/ DOC/ DON/ Olsen-P/ NH;-N/ NO3-N/
(gkg) (gkg) (mgkg)  (mgkg)  (mgkg)  (mgkg) ( mg/kg )
4 Tree island 0.50£0.01  4.94x0.04  138.50+6.43  6.97¢0.29 187.76+17.39 37.68%5.28  20.90+1.6]  30.28+3.61  6.25:0.46
JFIEIX Open area 045:0.01  5.05£0.03  101.23£4.56  5.29:0.13 149.84:8.99  27.340.81 15772034  23.39+343  5.9420.38
' 3.70 -1.70 3.86 437 1.58 1.58 2.54 1.13 0.43
P 0.02 0.17 0.02 0.03 0.21 0.25 0.12 0.32 0.69

TC . Ebik Total car}Jon;TN;E\ﬁ Total nitrogen; DOC AT Dissolved organic carbon;DON;ﬂ%’ﬁﬁ Dissolved organic nitrogen

2.2 A5 R TEAOT I X SR 1 A e R A 22

ML 2 AT R 85 325 AR ) A ek ik ( MBC) U ( MBN) 3 3 35 THF R X (P<0.05) , 4351l & T
TR T7%F192% . M i+ HEF- B FERPFIR ( BR) RIBA SR B CAT) 83575 TP IX (P<0.05) , K4 %
I (SIR) B w225+ (P>0.05) .

M B 1 SELT 2 K (CEL) SF3435 M .25 8 T IT I X (P<0.001) , 73514 664.03 mg Glu kg™ d™' Fl 281.30
mg Glu kg™ d7'(F2) . JFRIX 4 Z B AL (PPO) FH435 M B 28 TR (P<0.05) , 43511 229.00 mg
PPG kg™ h™'f1139.21mg PPG kg™ h™', JCABAINGY 6 Fh - S M, 6145 B- 1,4-# 405 11 B ( BG) N-Z k-
B-D-AJ A ME T B (NAG) i ALY (PER) (FRVEREIRME (ACP) J7 HEGRIRARME (ARS) (ZH g (PRO) , 7EM
By BT R X Z (8 B4 .35 22 5 (P>0.05)

2.3 A5 [RTEROT I X U YA 2 22

R 85 R DX SR E L SRR (BT 3) , Heh AR JE T 1] ( Proteobacteria ) ~F-34 7= B2 & a1 , 43 5] o 44
5 R I DX - S TRV 11 40.5% 711 45.7% TR R TT] ( Actinobacteria ) FU, 70331 i 35.7% H1 29.5% , T4k
BT JAER 5 35 vp S E 3 2 5 TP X (P<0.05) ; FRFT i 1] ( Acidobacteria) 3 %) 5 H 10.7% F1 11.3%
FRAT W 1 7R R X B 25 8 T8 (P<0.05) o HABAR XS 42 BETE 19%—10% Z 18] AL 3SR i 47 ¢
2 1] Chloroflexi . JF 48 % '] Verrucomicrobia . 1 #F ] Bacteroidetes . J& B ] Firmicutes . 1 40 B
Cyanobacteria \{%Erﬁn Planctomycetes \¥'§§T§l‘l‘] Ascomycota,

2.4 W85 [RTEHOT R X SRR YD RESE N 22 5

WU COG 4r28 IR 5, IREEE B 53 4 K (level 1) BRI A5 BAKAEFUIN T, 40 LN TR 5148

FIIFERR 4 A KR AT LA — 204053 26 DK (level 2) |, H i & 43870 BL P A1 v 5 5% s g
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Fig.2 Differences in soil microbial biomass and respiration of the tree island and the open area at the same altitude

B AR 15 5 [T 1) DX L SRl 2 ) A Wy ik B WP 2 [ ST o A3 22 Sk, + P<0.05, # = P<0.01

( Transcription, COG K) B AL ( Defense mechanisms, COG V) 4l Hd 43240 & 1 T 1€ ( Cell cycle control
cell division, chromosome partitioning, COG D) JEPH = g 35 %55 T [ X -3 (P<0.05) . FFif X L4 T Tl
B iz B AR A 9E A FE ] (Inorganic ion transport and metabolism, COG P) {3 & T8 i 13 ( P<0.05) . Bk
KA Wiz H AT ( Carbohydrate transport and metabolism, COG G ) FE PR it S A 3= B AR A 5 5 FF ) X 1] T (.
F2ES BAERMIR COG G R AR COG (level 3) Hit—2L B L BL(K 4) , 7ER B LIPS HELZH
COGO0366 F1 COG1472 H [, BV R Tl /K fifp e DR 5 Bl K A AR TR ( B- 1, 4- R4 W6 ) , T o X PPk 7o
Z ) COG0726 I COG3459 , R Z M I £ I S 21 A — B AL I .

x2 WBRERBHAEARLIEEEEER

Table 2 Differences in soil enzymatic activities between tree islands and the open area at the same altitude

BLAMAMENE  GREW %%ﬁg SRR LB MAHTN SRR i

BG/ CEL/ PER/ PPO/ ACP/ ARSY/ PRO/

NAG/
(mgPNP kg™'h™")  (mgClukg™'d™") (mgPNP kg™ h1) (mgPPGkg™'h™)  (mgPPGkg™'h™')  (mgPNPkg™'h™") (mgPNPkg™'h™')  (pglyrkg™'h7™h)
mgPNP kg

P L2

TI,TDJ. and 209.59+26.39 664.03+49.34 71.47£16.27 813.88+117.30 139.21+14.39 694.43+4.73 166.68+2.54 97.21£11.64
Teeislan

THEX

0 168.17£29.36 281.30£44.12 58.01£9.52 968.14+90.88 229.00+29.54 731.8349.98 127.98+22.71 93.79+9.62
penarea

t 1.82 10.02 1.24 -1.80 -4.73 -1.29 2.93 0.39

P 0.14 <0.001 0.30 0.15 0.02 0.32 0.10 0.72

BG:B-1 AR B-1 ,4-glycosidase;CEL;ﬁiﬁ??ﬁ@ Cellulase; NAG NZMB—D%%%%N@ N-acetyl-B-D-glucosaminidase ; PER ; TR Peroxidase;PPO;ﬁ@ﬁﬁﬂﬁﬁ@ Polyphenol
oxidase; ACP . FRYEREBRTE Acid phosphatase ; ARS; FHR R TR Aryl sulfatase; PRO: E AW Protease

2.5 HEERUEY RS AR YIRS AL A5G OE &R
HIFE S AT BT B 1T (Acidobacteria ) AH 2 1 | 2 MEIBL £ Tk K 1K1 ( COGO726 ) il 2T 2k — il o i AL i
(COG3459) FEH DL I 5 AR i 2 K Ak AH OC 1 388 il ( 2 By S AL g PPO Flad S AL Wi PER ) 3 1 5 3K 53
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Fig.3 Differences in the relative abundance of selected microbial phyla between tree islands and open area at the same altitude
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Fig.4 Differences in the abundance of soil microbial functional gene between tree islands and the open area at the same altitude
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Fig.5 Correlations between soil properties and the relative abundance of specific phyla, functional genes, and soil enzymatic activities
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