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Lab 1. Population Genomics				Name:______________________________

The purpose of today’s lab is to use genomic data to examine population structure in a species of duck that is found across the Holarctic (North America, Europe, and Asia). Two subspecies have been described, the Eurasian Green-winged Teal (Anas crecca crecca) and the American Green-winged Teal (Anas crecca carolinensis). We will use principal component analysis (PCA) to test for evidence of discrete population differences and gene flow. PCA will be conducted using the adegenet  [image: http://adegenet.r-forge.r-project.org/images/R.png]package, which is dedicated to the exploratory analysis of genetic data. It implements a set of tools ranging from multivariate methods to spatial genetics and genome-wise SNP data analysis.
PCA 
1. Getting started – if you have already installed, skip to step 1h. If you already installed the adegenet package, skip to step 2.
a. Go to https://www.r-project.org/
b. Click “download R” and choose an appropriate mirror that is geographically close to Bolivia (Chile or Argentina will probably work best)
c. Choose “Download R for Windows”, and then “install R for the first time”.
d. Choose “Download R 4.5.1 for Windows” and Save File.
e. Move the file “R-4.5.1-win.exe” to your desktop and execute the file.
f. Go through the steps, leaving the default options checked, to install the program. Once it finishes, click “Finish”.
g. Execute R
h. Type install.packages("adegenet") on the command line to install the adegenet library in your R libraries
i. Type library(adegenet) to tell R that you want to use the adegenet library for analyses

2. Open R
a. Change your working directory by typing: setwd(“type the path of the directory in which you want to work”).
i. For example, my path would be setwd(“C:/Users/w048jlp/Desktop/PopGen/Lab1-adegenet”)
ii. Helpful tip: open your PopGen folder and click on the address bar to copy the path and paste it into R after setwd(“. You will need to replace back slashes (\) with forward slashes (/)
iii. Type getwd() to confirm that you are in the correct working directory
3. Data input file
a. The input file "GWTE.3448A.N67.stru" is located in the Lab1-adegenet folder.
b. This file contains 3448 ddRAD-seq loci from 67 individuals of the Green-winged Teal.
c. Open the data file in R by typing the following command: 
G3N <- read.csv("GWTE.3448A.N67.stru", sep = "\t", header = TRUE, row.names = 1, check.names = FALSE)
d. To print the first 36 rows and 12 columns of data from the input file, type:
G3N[1:36, 1:12]
i. The first row contains the names of each locus names. Each locus is named using an arbitrary number (e.g., locus 0, locus 1, locus 4, etc).
ii. The 2nd and 3rd rows give the name of an individual sample followed by its genotype at each locus. For each individual, there is an "a" & "b" entry. These are the two alleles sampled for that individual per locus.
iii. The 4th and 5th rows provide the name of the next sample and its genotypes.
iv. The genotypes are entered as arbitrary numbers. An individual that is homozygous for allele one will have a "1" entered for both the "a" & "b" entries. An individual that is heterozygous for alleles one and three will have "1" entered in one cell and "3" entered in the other. [An entry of "-9" indicates missing data for that individual and locus.]
v. To count the number of individuals and number of loci, use the command: 
cat(paste0("Number of genotypes: ", nrow(G3N)/2, "\n", "Number of markers: ", ncol(G3N)))
—How many individuals (genotypes) are in the data file? _____ 
—How many loci are in the data file? ______
vi. To print the names of all loci, type: 
colnames(G3N)
vii. To print the list of individuals, type: 
individuals <- unique(substr(rownames(G3N), 1, nchar(rownames(G3N)) - 1))
individuals
viii. You can also view information for specific individuals and loci. To determine the genotype of individual CRAB22 at locus 22, type:
individual <- "CRAB22"
loci <- "22"
G3N[which(grepl(paste0(individual, "[ab]"), rownames(G3N))), loci]
—What is the genotype of CRAB22 at locus 22? __________________
—How do you interpret this genotype? 

—What is the genotype of CRAB22 at locus 1929? ________________ 
	—How do you interpret this genotype? 

4. Conducting a PCA.
a. If you haven’t already, load adegenet:
library(adegenet)
b. Load the data input file using the command: 
obj1 <- read.structure("GWTE.3448A.N67.stru")
c. You will then be prompted to describe the data file. Add the information below. (Note: For “Which other optional columns should be read…”, just hit return (we have no other optional columns).
[image: ]Hit “enter” or “return”
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d. Once the data are loaded, type the following command: 
X <- scaleGen(obj1, NA.method="mean") 
[This command converts the missing data (-9) to the average allele frequency for the entire data set so that is it usable for PCA]
e. Tell the program to conduct a PCA by typing the following command.
pca1 <- dudi.pca(X,cent=FALSE,scale=FALSE,scannf=FALSE,nf=2)
f. You can export the results in a csv file using the following command:
write.csv(cbind(dimnames(X)[[1]], pca1$li), "GWTE.3448.N67.csv", row.names = F)
5. Examining the results.
a. Extract PCA coordinates:
PCA <- pca1$li
colnames(PCA) <- paste0("PCA", 1:ncol(PCA))
b. Calculate the percentage of variance explained by each principal component:
var_exp <- round(pca1$eig / sum(pca1$eig) * 100, 2)
var_exp 
—The first number is the percentage of the variation explained by the first principal component. What is the percentage?__________
c. Add population information to your PCA data. The first 26 individuals were sampled in North America from widespread locations across Canada and the United States. The remaining 41  individuals were sampled from Europe and Asia.
pops <- c(rep("AGWT", 26), rep("EGWT", 41))
PCA <- cbind(PCA, "pop" = pops)
d. Plot the first two principal components:
plot(PCA[, 1], PCA[, 2])

**Each data point represents a different individual. The more closely together two points are to each other in the plot, the more genetically similar the two individuals are. 
**Do you see any clusters of closely related individuals?
e. Improve your plot using R commands:
i. Define your axes:
	x_axis <- 1
	y_axis <- 2
ii. Color-code the data points:
 	colors <- c("AGWT" = "blue",  "EGWT" = "red")
iii. Use the following commands to complete the plot with axis labels that include the precent of variation explained by each PC:
	plot(PCA[, x_axis], PCA[, y_axis], axes=T,
				xlab=paste0("PCA", x_axis, " (", var_exp[x_axis], "%)", sep=""),
		ylab=paste0("PCA", y_axis, " (", var_exp[y_axis], "%)", sep=""),
	)
	abline(v=0, col="gray80")
	abline(h=0, col="gray80")
	points(PCA[, x_axis], PCA[, y_axis], pch=21, col="black", bg=colors[PCA$pop], cex=1.5)  

6. Describe the results
a. In the Word Document, provide a figure legend, briefly describing what the plot represents. “Figure 1. ….”


b. Think about answers to the following questions (we will address these as a group):
i. Is there evidence for population structure between American Green-winged Teals and Eurasian Green-winged Teals? Do they appear to be discrete populations? Explain.


ii. Is there evidence of gene flow (hybrids)? Explain.



iii. Is there any evidence of dispersal between continents? If so, what was the direction of dispersal (e.g., Eurasia to North America or vice versa)?
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In df2genind(X = X, pop = pop, ploidy = 2, sep = sep, ncode = ncode)
quplicate labels detected for some loci; using generic labels

> X <- scaleGen(objl, NA.method="mean")

Warning message

In .local(x, ...) : Seme scaling values are null.

Corresponding alleles are removed.

> peal <- dudi.pea (X, cent=FALSE, scale=FALSE, scannf=FALSE,nf=10)

> write.csv(cbind (dimnames (X) [[1]], pcal$li), "GNTE.3415.NSS.csv", row.names = §

> getwd ()

(1] "C:/Users/JLP/Documents/Projects/RADs/GHTE"

> b3l <- read.structure ("GNIE.3415.N55.strum)

How many genotypes are there? 55
How many markers are there? 3415

Wnich column contains labels for gemotypes ('0' if absent)? 1

Which column contains the population factor ('0' if absent)? 0

Wnich other optional columns should be read (press 'return' when done)? 1t
Which row contains the marker names ('0' if absent)? 1

are genotypes coded by a single row (y/n)? 5|
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