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Script 1. Code to retrieve the taxonomic assignment of the OTUs against BLASTn using rjson and taxize R packages 


#### Species assignment, extraction of values of percentage of identity, query cover and alignment length.

#### Multiple .json file must be download from BLASTn, using the filtered fasta file with OTUs (all_otus.fasta), decompress and set as working directory. This script will return a comma separated value file (.csv) with the taxonomic assignment.

setwd("path_to_json_file")

library("rjson")
library("taxize")

####here you specify the name of the .csv

file_out<- "BLAST_hit_results-petrels"

list.files(pattern=".json")->filenames

lala<-list()

for (i in 1:length(filenames)) {


fromJSON(file=filenames[[i]])->file

if (is.null(file$BlastOutput2$report$results$search$message)) {
	
	#############
	
	file$BlastOutput2$report$results$search$query_title->query_name
	file$BlastOutput2$report$results$search$hits[[1]]$description[[1]]$sciname->species_best_hit
	file$BlastOutput2$report$results$search$hits[[1]]$hsps[[1]]$evalue->evalue
	file$BlastOutput2$report$results$search$hits[[1]]$hsps[[1]]$identity->identity
	file$BlastOutput2$report$results$search$hits[[1]]$hsps[[1]]$align_len->length_align
	(file$BlastOutput2$report$results$search$hits[[1]]$hsps[[1]]$query_to-file$BlastOutput2$report$results$search$hits[[1]]$hsps[[1]]$query_from)/file$BlastOutput2$report$results$search$query_len->query_cover
	
	###############

	classification(file$BlastOutput2$report$results$search$hits[[1]]$description[[1]]$taxid, db = 'ncbi')->tax

tax[[1]][tax[[1]]$rank %in% c("phylum","class","order","family","genus" ,"species"),]$name->tax2


	###############

c(query_name,species_best_hit,evalue,identity/length_align,length_align,query_cover,paste(tax2,collapse=", "))->lala[[i]]	
	

} else {
	
	next	

}

Sys.sleep(2)

rm(file)

}

as.data.frame(do.call(rbind, lala))->data_res

colnames(data_res) <- c("query_name","species_in_1st_hit","evalue","%_of_identity","length_align","query_cover","other taxonomic information")

write.csv(data_res,paste(file_out,".csv",sep=""),row.names=F)

Script 2. Code to perform the SINTAX classification (taxonomic assignment) of the OTUs against MIDORI database using vsearch software

####Taxonomic assignment with MIDORI

####Convert the MIDORI fasta file to database format

vsearch --makeudb_usearch MIDORI_UNIQ_GB241_srRNA_SINTAX.fasta \
--output MIDORI_UNIQ_GB241_srRNA_SINTAX.udb

####Perform the taxonomic assignment

vsearch -sintax all_otus.fasta -db MIDORI_UNIQ_GB241_srRNA_SINTAX.udb \
-tabbedout otus_midori_malacostracea.tsv -strand both -sintax_cutoff 1

Script 3. Code to estimate the completeness of the sampling (bootstrapt estimate) and the cumulative curve using vegan R package

library(vegan)
##Set working directory
setwd("working_directory")

##Cumulative curves P. westlandica
dat <- read.csv("otu_table_final_filt.csv", row.names=1)

h <- as.data.frame(t(dat))


#Calculates asymptotes using various methods
poolall_h <- specpool (h)
poolall_h

#Plot the accumulation curve
Acc_h <- specaccum(h) 
plot(Acc_h)

###Make accumulation curve
pdf("Completeness_sampling.pdf", width = 8) 

plot(Acc_h, ci.type="poly", col="red", lwd=2, ci.lty=2, ci.col="white",
las = 1, ylim = c(0, 100), xlim = c(0, 90), xlab = "Number of samples",
main=expression(italic("Procellaria westlandica")), ylab = "Number of OTUs", yaxt = "s/18*100")

a = poolall_h$boot
text (50, (a + 8), paste ("Bootstrap estimate:", round (poolall_h$boot, 1), "( s.e.=", round (poolall_h$boot.se, 1 ), ")") , adj = c (1,0))
abline (a, b = 0, lty = 1)

dev.off()

Script 4. Code to subset the OTU table (by Season and Site or sub-colony) calculate Relative Read Abundance (RRA) using dplyr R package

library(dplyr)
library(ggplot2)
library(RColorBrewer)

##Set working directory
setwd("working_directory")

###Compute global RRA (for the total sampling)
otumat_undet <- read.csv("otu_table_final_filt.csv")
	
otumat_undet$Reads <- rowSums(otumat_undet[,2:81])
head(otumat_undet)
sum(otumat_undet$Reads) -> Total_Reads
Total_Reads
Reads <- data.frame(otumat_undet$Reads)
otumat_undet$RRA <- apply(Reads, 1, function(x) (x)*100/Total_Reads)
sum(otumat_undet$RRA) 
head(otumat_undet)

##Select samples from different seasons
otumat_undet_BH_CV<- otumat_undet[,grep("^CV", colnames(otumat_undet))]
otumat_undet_BH_M<-otumat_undet[,grep("^M", colnames(otumat_undet))]
otumat_undet_BH <- bind_cols(otumat_undet_BH_CV, otumat_undet_BH_M)
head(otumat_undet_BH)
otumat_undet_CR <- otumat_undet[,grep("^S", colnames(otumat_undet))]
head(otumat_undet_CR)
##Select samples from different sites
otumat_undet_NP_CV <- otumat_undet[,grep("^CV", colnames(otumat_undet))]
otumat_undet_NP_SC <- otumat_undet[,grep("^SC", colnames(otumat_undet))]
otumat_undet_NP <- bind_cols(otumat_undet_NP_SC, otumat_undet_NP_CV)
head(otumat_undet_NP)
otumat_undet_PL_M <- otumat_undet[,grep("^M", colnames(otumat_undet))]
otumat_undet_PL_SM <- otumat_undet[,grep("^SM", colnames(otumat_undet))]
otumat_undet_PL <- bind_cols(otumat_undet_PL_M, otumat_undet_PL_SM)
head(otumat_undet_PL)
##RRA for different seasons
#Before Hatching (BH)
otumat_undet_BH$Reads_BH <- rowSums(otumat_undet_BH[,1:33])
sum(otumat_undet_BH$Reads_BH) -> Total_Reads_BH
Reads_BH <- data.frame(otumat_undet_BH$Reads_BH)
otumat_undet_BH$RRA_BH <- apply(Reads_BH, 1, function(x) (x)*100/Total_Reads_BH)
head(otumat_undet_BH)
sum(otumat_undet_BH$RRA_BH)
#Chick Rearing (CR)
otumat_undet_CR$Reads_CR <- rowSums(otumat_undet_CR[,1:46])
sum(otumat_undet_CR$Reads_CR) -> Total_Reads_CR
Reads_CR <- data.frame(otumat_undet_CR$Reads_CR)
otumat_undet_CR$RRA_CR <- apply(Reads_CR, 1, function(x) (x)*100/Total_Reads_CR)
head(otumat_undet_CR)
sum(otumat_undet_CR$RRA_CR)
##RRA for different sites
#Natural Park (NP)
otumat_undet_NP$Reads_NP <- rowSums(otumat_undet_NP[,1:38])
sum(otumat_undet_NP$Reads_NP) -> Total_Reads_NP
Reads_NP <- data.frame(otumat_undet_NP$Reads_NP)
otumat_undet_NP$RRA_NP <- apply(Reads_NP, 1, function(x) (x)*100/Total_Reads_NP)
head(otumat_undet_NP)
sum(otumat_undet_NP$RRA_NP)
#Private Land (PL)
otumat_undet_PL$Reads_PL <- rowSums(otumat_undet_PL[,1:41])
sum(otumat_undet_PL$Reads_PL) -> Total_Reads_PL
Reads_PL <- data.frame(otumat_undet_PL$Reads_PL)
otumat_undet_PL$RRA_PL <- apply(Reads_PL, 1, function(x) (x)*100/Total_Reads_PL)
head(otumat_undet_PL)
sum(otumat_undet_PL$RRA_PL)

##Load taxonomy table
tax_ass <- read.csv("taxonomic_assignment_filtered.csv")

tax_ass_sel <- tax_ass %>% select(OTU_ID, Phylum, Class, Order, Family, Genus, Species)
otumat_undet_sel <- otumat_undet %>% select(Total_Reads = Reads, Total_RRA = RRA)
otumat_undet_BH_sel <- otumat_undet_BH %>% select (Reads_BH, RRA_BH)
otumat_undet_CR_sel <- otumat_undet_CR %>% select (Reads_CR, RRA_CR)
otumat_undet_NP_sel <- otumat_undet_NP %>% select (Reads_NP, RRA_NP)
otumat_undet_PL_sel <- otumat_undet_PL %>% select (Reads_PL, RRA_PL)
RRA_tax_table <- bind_cols(tax_ass_sel, otumat_undet_sel, otumat_undet_BH_sel, otumat_undet_CR_sel, otumat_undet_NP_sel, otumat_undet_PL_sel)
write.csv(RRA_tax_table, "RRA_tax_table.csv")

##This line of code gives you a list of the RRA values of the required taxonomic level (Phylum, Class, Order, Family, Species or Genus). Code fragments in red should be changed accordingly.

aggregate(RRA_tax_table$RRA_PL, by=list(Species=RRA_tax_table$Species), FUN=sum) -> RRA_species_PL

Script 5. Code to calculate Frequency of Occurrence (FOO) using dplyr R package

##This example is for the global diet. When calculating FOO for each Season or Site (sub-colony), use the subset datasets produced in the RRA script (otumat_undet_BH_sel, otumat_undet_CR_sel, otumat_undet_NP_sel, otumat_undet_PL_sel)

library(dplyr)

##Set working directory
setwd("working_directory")

read.csv("taxonomic_assignment_filtered.csv") -> tax

read.csv("otu_table_final_filt.csv",row.names=1) -> dat

#####Convert abundance to binary (1s and 0s)

dat %>% mutate_if(is.numeric, ~1 * (. != 0)) -> dat2

row.names(dat2) <- row.names(dat)

#####Subset the required taxonomic level (change accordingly for each the red code fragment)

as.character(unique(tax$Family)) -> taxs

###Create and empty list
out <- list()

### We loop from i = 1 to i (the number of taxa we have) Change red parts accordingly

for (i in 1:length(taxs)) {


tax[tax$Family == taxs[i],]$OTU_ID -> otus
dat2[row.names(dat2) %in% otus,] -> dat2_sub
colSums(dat2_sub) -> last
bind_rows(dat2_sub, last) -> dat2_sub_fam
dat2_sub_fam %>% mutate_if(is.numeric, ~1 * (. != 0)) -> dat2_sub_fam_prabs
row.names(dat2_sub_fam_prabs) <- row.names(dat2_sub_fam)
nrow(dat2_sub_fam_prabs) -> NR

##Change the number of OTUs accordingly


c(taxs[i],round(((sum(dat2_sub_fam_prabs[NR,]))/79)*100,2)) -> out[[i]]


}


####Convert to data frame

as.data.frame(do.call(rbind, out)) -> dat_final

###Change the name of the columns in the output

colnames(dat_final) <- c("taxa","FOO")

dat_final






Script 6. Code to compute Generalized Linear Model (GLM) and produce a biplot of an ordination using mvabund and ecoCopula R packages

##Set working directory
setwd("working_directory")

library(mvabund)
library(ecoCopula)


petrels <- read.csv("otu_tab_to_mvabund.csv", row.names=1, sep=",", h=T)

petrels_spp <- mvabund(petrels[,3:81])
pres.abs <- petrels_spp
pres.abs[pres.abs>0] = 1

##Compute GLMs

mod1 <- manyglm(petrels_spp ~ petrels$Season, family="negative.binomial(link=log)")
mod2 <- manyglm(petrels_spp ~ petrels$Site, family="negative.binomial(link=log)")
mod3 <- manyglm(petrels_spp ~ petrels$Season + petrels$Site, family="negative.binomial(link=log)")
mod4 <- manyglm(pres.abs ~ petrels$Season, family="negative.binomial(link=log)")
mod5 <- manyglm(pres.abs ~ petrels$Site, family="negative.binomial(link=log)")

##Compute ANOVAs to test GLMs significance

anova(mod1, nBoot=999) -> an1
anova(mod2, nBoot=999) -> an2
anova(mod4, nBoot=999) -> an4
anova(mod5, nBoot=999) -> an5


##Calculate the ordination and produce a biplot

Ord_Tot <- cord(mod3)
Tot_Site_Res <- data.frame(Ord_Tot$scores, petrels)
Tot_Sp_Res <- data.frame(Ord_Tot$loadings, OTUs = colnames(petrels_spp))

pdf("GLM_ordination.pdf")
alpha <- 2.5
ggplot() + geom_segment(aes(x = 0, y = 0, xend = Factor1 * alpha * 0.95, yend = Factor2 * alpha * 0.95), data = Tot_Sp_Res) +
geom_point(aes(x = Factor1, y = Factor2, shape = Site, color = Season, fill = Season), data = Tot_Site_Res, size = 2) +
scale_fill_manual(values=c("maroon2", "chartreuse3")) +
scale_color_manual(values=c("maroon2", "chartreuse3")) +
scale_shape_manual(values=c(21, 17)) +
geom_text_repel(aes(x = Factor1, y = Factor2, label = Season), data = Tot_Site_Res, size = 2) +
theme_classic()
dev.off()

plot(Ord_Tot, biplot = TRUE)

Script 7. Code to compute alpha diversity using vegan R package

library(vegan)
##Set working directory
setwd("working_directory")

##Cumulative curves P. westlandica
dat <- read.csv("otu_table_final_filt.csv", row.names=1)

h <- as.data.frame(t(dat))

##Compute and export Simpson alpha diversity

H <- diversity(h)
simp <- diversity(h, "simpson")
write.csv(simp, "simpson_diversity.csv"))

##After exporting Cimpson diversity, modify it with the information about Season and Site to compute pairwise Wilcoxon tests
##Compute pairwise Wilcoxon tests
div <- read.csv("simpson_diversity.csv")
attach(div)
pairwise.wilcox.test(div$simp, Season, p.adj = "bonf")
pairwise.wilcox.test(div$simp, Site, p.adj = "bonf")


