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1. A A

L4
1. R (v3.6.2), FrFfkififl. ggplot2. reshape2. patchwork. vegan. geospher

e. psych. corrplot #1 pacman.

M s
— Bl
A3 B AT DU 28 SRR HCHE AR bR S 4 B R EVR s Juon s 3% 28 MR, AU 6 M EESR,
SR RAE R SR (OTU) 4t =FEER. AP K8dE . T 8l . sk
i FERIMAAEHHE . BNTIAEREEdE .
1. HdEFEA
env <- read.csv("env.csv", row.names = 1) #+ 3 F{k %
geo <- read.csv("geo.csv", row.names = 1) ##£ & K455 Z 55
otu <- read.csv("otu.csv", row.names = 1) #4H BV K
taxon <- read.csv("taxon.csv", row.names = 1) #4i &Y Fh 7 F K
clim <- read.csv("clim.csv", row.names = 1) # x5
bnti <- read.csv("nti.csv", row.names = 1) # BNTI £ 4
2. A

library(pacman)

p_load(ggplot2,reshape2,patchwork,vegan,geosphere,psych,corrplot)

T SRR K

1. A DR AT R R AR I AR B N — o 8 R BRI T YR AE T A
Gy LA B AR AR] 43 A 1 1) 7

2. XHTE R BRI VG AL R HE AR bR A R AR B PR o A

3. Wik HEHEE

4. KR
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otu_abun <- otu/colSums(otu) ## ¥ JyFE Xt &
p<- aggregate(otu_abun, by=list(taxon$Phylum), sum) #| 7K}

rownames(p) <- p$Group.1

p <- p["l]
top <- names(head(sort(rowSums(p), decreasing = T), 57)) #&& T A X} 3= HE47 HE
=

top_10<- c("Proteobacteria”, "Actinobacteria”, "Acidobacteria", "Chloroflexi",
"Gemmatimonadetes","Bacteroidetes”, "Planctomycetes","Firmicutes”,
"Thermomicrobia”, "Nitrospirae”)

taxon$Phylum <- as.character(taxon$Phylum)
taxon$Phylum[!(taxon$Phylum)%in%top_10] <- "Others"

p_top <- aggregate(otu_abun, by=list(taxon$Phylum), sum) #3KHX top10
rownames(p_top) <- p_top[,1]

p_top <- p_top[,-1]

p_top <- p_top[order(rowSums(p_top)),] #1%&:47 FIHEF

q_top <- t(p_top)

g_top <- as.data.frame(qg_top)

g_top$sample <- rownames(qg_top)

g <- melt(q_top,ID="names")
colnames(q)[names(q)=="variable"]<-"Taxa"

g$factor <- “forest"

5. #HImsHE
colors<-c("grey50","darkolivegreen3","gold","dodgerblue4","darkseagreen”,
"chartreuse4","darkorange","burlywood2","brown3","#984EA3","cyan3")
ggplot(qg, aes( x = sample, y = value, fill = Taxa))+

geom_bar(position = "fill", stat = "identity")+
theme_bw()+

scale_fill_manual(values=colors)+

scale_y continuous(expand = ¢(0,0))+
labs(x="",y="Relative Abundance" fill="Phylum")+
theme(text=element_text(size=12),

axis.text.y=element_text(size=12,color = "black"),
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6.

axis.text.x=element_text(size=12,color = "black",angle = 45, hjust = 0.5,

vjust = 0.5),

Relative Abundance

legend.title=element_text(size=12),
legend.text=element_text(size=12))+

theme(panel.grid = element_blank(),

panel.background = element_rect(color = 'black’, fill = 'transparent’)) +

guides(fill=guide_legend(keywidth = 1.3, keyheight = 2))
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Bl ot

otu <- as.data.frame(t(otu))

1.

richness <- specnumber(otu) #1135+ 5 &

shannon <- diversity(otu,index = "shannon") #i % shannon £ ¥4
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diversity <- data.frame(richness,shannon)
aa <- chind(geo, diversity)
summary(Im(aa$richness ~ aa$lat))
summary(Im(aa$shannon ~ aa$lat))

X1 4ES5HE alpha-SREERLMER R

Richness Shannon
Slope R2 P Slope R2 P
Latitude -103.64 0.105 0.051 -0.106 0.232 <0.01

5. HdE%:
pl <- ggplot(aa,aes(x = lat, y = richness))+
geom_point()+
geom_smooth(method = "Im",alpha = 0.2)
p2 <- ggplot(aa,aes(x = lat, y = shannon))+
geom_point()+

geom_smooth(method = "Im",alpha = 0.2)

plot <- p1 + p2
plot
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VU 2Hi a- 2 AEPER R

1.

ST R 2 B RS R T 3 R (R 2 R AT AR AT . TR
W) 22 A () 52 0] DR - = 2 DA SR KL A i KL 1 7 7 T 7

AT EH I PRITEEMR AN R 2 BRI T EA T

STk AR AT, R A R

Bl ot

diversity <- data.frame(richness,shannon)

cor_soil <- corr.test(diversity, env[,1:14], method = "spearman", adjust = "none")
cor_soil_r <- cor_soil$r

cor_soil_p <- cor_soil$p

cor_soil_p[cor_soil_p >=0.05] <- -1

cor_soil_p[cor_soil p<0.05& cor_soil p>=0]<-1

cor_soil_p[cor_soil p==-1]<-0

corr_soil <- cor_soil_r*cor_soil_p

cor_clim <- corr.test(diversity, clim[,1:19],method = "spearman”,adjust = "none")
cor_clim_r <- cor_clim$r

cor_clim_p <- cor_clim$p

cor_clim_p[cor_clim_p >=0.05] <- -1
cor_clim_pl[cor_clim_p <0.05 & cor_clim_p>=0]<-1

cor_clim_p[cor_clim_p ==-1]<-0

corr_clim <- cor_clim_r*cor_clim_p

AT

col<-colorRampPalette(c("#77AADD","#4477AA","#FFFFFF",
"HEEQ9988","#BB4444"))

corrplot(corr_soil, method = 'color’, addCoef.col = 'black’, number.cex = 0.8,
rect.col = "black",addgrid.col = "black",col = col(200),tl.col = 'black’, cl.pos = "n")
corrplot(corr_clim, method = 'color’, addCoef.col = 'black’, number.cex = 0.8,
rect.col = "black",addgrid.col = "black”,col = col(200),tl.col = 'black’, cl.pos ="n")
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B 3. LA SHRE TR

6. T

YHTE 2R 5 NHA 5 2 3 514055, 5 bio4 (Temperature seasonality) i3 7AH %,
5 biol2 (MAP) &3 1EAHZ%,

T BEEIER R
1. e BEVE A RO A A BE 2 3 el A st PR o S AR TN —, BT AR R
PP i A L R ) G N S B
ST H B R FUIR VG AL R AR AR R DR PR B SRR A, RV B A AR ABAE
72 113 it A b P PR 2 ) 38 KT P
3. ik &SR
4. BEsyH
d.geo <- distm(geo, fun = distHaversine) #£ 4 & -4 Jy b 3 FH 55
dist.geo <- as.dist(d.geo)
dist_geo <- as.data.frame(as.vector(dist.geo))
dist_geo <- dist_geo/1000 #H1 F i 5 fa iy 4oy Tk
colnames(dist_geo) <- "dist_geo"
dist.otu <- vegdist(otu, method = "bray")

dist_otu <- as.data.frame(as.vector(dist.otu))
colnames(dist_otu) <- "dist_otu"

data <- data.frame(dist_geo, dist_otu)
data$dist_otu <- 1-data$dist_otu
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data$dist_otu <- data$dist_otu * 100 #55# K 4y Eb

summary(Im(data$dist_otu ~ data$dist_geo))

R 2. MW PER RS R A E 1 S

Slope R2 P

Distance decay -0.015 0.203 <0.001

5. #HEsK
ggplot(data, aes(x = dist_geo,y = dist_otu)) +
geom_point() +
geom_smooth(method = "Im",alpha = 0.2) +
labs(x = "Geographic Distance (Km)", y = "Community Similarity (%) ")
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B 4. BEEIERKR

6. HTEER
T VG A AR AR L I B VR S BB RS R .
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7N~ AP REVR G I s N 2
IR AR FTE DRV 5 R (R SR R - 32 B2 R 2 40 o B U A A X RE O3 A
T ARV S5 1) ) 520 R 7 32 A 338 R R U [R5~ 9 07 T % 1 &
ST H B R TTREME AR R S A Y AR T
3. otk 2HRREEL (Mantel test)
4. Bt
dist.otu <- vegdist(otu, method = "bray")

soil <- NULL

for (i in 1:ncol(env)) {

=

N

aa <- mantel(dist.otu, dist(env[,i], method = "euclidean"), method = "pearson”,
permutations = 9999, na.rm = TRUE)
soil <- rbind(soil,c(colnames(env)[i],aa$statistic, aa$signif))
}
climate <- NULL
for (i in 1:ncol(clim)) {
aa <- mantel(dist.otu, dist(clim[,i],method = "euclidean"), method = "pearson",
permutations = 9999, na.rm = TRUE)

climate <- rbind(climate,c(colnames(clim)[i],aa$statistic, aa$signif))

}
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5. kR

R 3. AEE SR TH E/R/RER

Mantel test
Soll R P Climate R P
SOC 0.090 0.236 Biol 0.094 0.199
pH 0.013 0.424 Bio2 0.156 0.120
Moisture 0.098 0.179 Bio3 0.012 0.419
CEC 0.243 0.008 Bio4 0.246 0.032
TP -0.043 0.638 Bio5 0.177 0.083
TK 0.012 0.419 Bio6 0.010 0.382
AK 0.127 0.140 Bio7 0.186 0.100
AP -0.127 0.838 Bio8 0.146 0.122
TN 0.121 0.145 Bio9 0.158 0.086
NO3 0.228 0.058 Bio10 0.132 0.138
NH4 0.007 0.437 Bioll 0.033 0.357
MBC -0.093 0.755 Biol2 0.172 0.112
MBN 0.016 0.400 Biol3 0.221 0.059
DOC -0.001 0.433 Biol4 0.060 0.277
Biol5 0.102 0.220
Biol6 0.193 0.082
Biol7 0.086 0.256
Biol8 0.203 0.077
Biol9 0.074 0.261

6. HraR
MBIk 45 R 5 CEC (Cation Exchangeable Capacity) 1 bio4 (Temperature

seasonality) 5 &M
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+
1. ot/ IRFTHEIREE S5 B AR 0 A A R AR 4 b AR 2 R AR ) A
2. HTHE: WRITME ARSI CEC B0 A 2
3. Wik PCoA FAAFR/#T (principal coordinate analysis)
4
pcoa <- cmdscale(dist.otu, k = 3, eig = TRUE)
pcoa_eig <- (pcoa$eig)[1:2] / sum(pcoaseig)
site <- data.frame(pcoa$points)[1:2]
site <- chind(site,env$CEC)
colnames(site) <- c('PCoAl’, 'PCoA2'"CEC")
5. HdkE kR
ggplot(site, aes(PCoAl, PCoA2)) +
geom_point(aes(color = CEC),size = 3)+
scale_color_gradient(low = "blue”,high = "red") +
labs(x = paste('PCoA1l: ', round(100 * pcoa_eig[1], 2), '%"),
y = paste('PCoA2: ', round(100 * pcoa_eig[2], 2), '%"))
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L ]
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[ ] 20

|15

0.0+ 8% 2 10
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B 5. ZREHE B ML
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6.

ARUESES
R AEvE B ZRETERE 1 CEC BRI B R A3 1L

AN & 338 S UK

1.

ST AR R A R R 7 R T AR A AL E M R A B T AR R Y
BEALPEIS AR . H ATH5OR f AP B £ O )i 3 32 N RS A 0 A B PR A 22
S3HT E I PR TS (R AN R o T 78 A JRR AR PR = S8 001 A4 T 9 2 A 14 R i)
#1751 null model by (Stegen, 2013); Ht&
## Beta NTI {15 J7i%
library(picante)
commu <- read.csv("otu.csv", row.names = 1)
phylo <- read.tree("OTUs.tre") #i N\ R4 K & W
Beta NTI<-function(phylo,comun,beta.reps=999){

comun=t(comun)

match.phylo.comun = match.phylo.data(phylo, t(comun))

beta.mntd.weighted =
as.matrix(comdistnt(t(match.phylo.comun$data),cophenetic(match.phylo.comun$
phy),abundance.weighted=T))

rand.weighted.bMNTD.comp = array(c(-999),
dim=c(ncol(match.phylo.comun$data), ncol(match.phylo.comun$data),beta.reps))

for (rep in 1:beta.reps) {

rand.weighted.bMNTD.compl,,rep] =
as.matrix(comdistnt(t(match.phylo.comun$data),taxaShuffle(cophenetic(match.ph
ylo.comun$phy)),abundance.weighted=T,exclude.conspecifics = F))
print(c(date(),rep))

}

weighted.bNTI =
matrix(c(NA),nrow=ncol(match.phylo.comun$data),ncol=ncol(match.phylo.comun
$data))

for(columns in 1:(ncol(match.phylo.comun$data)-1)) {
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for(rows in (columns+1):ncol(match.phylo.comun$data)) {
rand.vals = rand.weighted.bMNTD.comp[rows,columns,];
weighted.bNTI[rows,columns] =
(beta.mntd.weighted[rows,columns] - mean(rand.vals)) / sd(rand.vals)

rm("rand.vals")

}

rownames(weighted.bNTI) = colnames(match.phylo.comun$data);
colnames(weighted.bNTI) = colnames(match.phylo.comun$data);
return(as.dist(weighted.bNT]I))
}
bnti <- Beta_NTI(phylo,comun,beta.reps=999)
7F: Beta NTI 7/ F g B RS as Pl T, XHERG 7%
4. HAESH
bnti <- bnti[lower.tri(bnti)]
sto <- length(which(abs(bnti)<2))
det <- length(which(abs(bnti)>2))
assem <- c(sto,det)
5. HilERoR
pie(assem, labels=c("stochastic process","deterministic process"),col =
c("#F8766D","#00BFC4"),radius = 1)

stochastic process

deterministic process

B 6. ATHEWENE
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6. iTaER
e L2 (50%) FBENLIELRE (50%) H Al ffke 1 40 B AEvE IR 73 A o

BUEFTRE
i 2 L A% github (https://github.com/Pong2021/Research-Methods-of-Microbial-

Biogeoqgraphy)

s
AT TAESE T EHX AR EE&ZE 2 (WH%'S: 41830755 1 41807030) K

s,

BE
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