
Branch mutation rates and
selection give insights on gene
family trees: 
N-methyltransferases, FAD2
enzymes and terpenes

Gene trees enable the detailed study of the

evolution of genes. These trees can be additive,

based purely on mutational counts, or

ultrametric, where the branches represent the

time elapsed. An additive tree can be

transformed into an ultrametric tree through the

lengthening and shortening of branches, giving

us the opportunity to relate the amount of

mutations present in the branch to a time scale.

By dividing the original branch length by the

transformed branch length we can get a branch

mutation rate (BMR).

To quantify functional divergence within the tree,

we compared aligned sequences of genes from

groups of interest to calculate the ratio of non-

synonymous mutations to synonymous

mutations (Kn/Ks). Kn/Ks > 1 indicates positive

selection, while Kn/Ks < 1 indicates purifying

selection [1]. 

Introduction

The purpose will be to relate evolutionary

rate changes to gene function by examining

the effects of a tree transformation on gene

trees. Kn/Ks will be compared to BMR in

groups of interest.

Objective

The study will focus on the coffee genomes

C. arabica, C. eugenioides and C. canephora,

produced by our collaborators in the Arabica

Coffee Genome Consortium (ACGC) [2].

Three gene family trees will be studied: N-

methyltransferases (NMT), oleate desaturase

FAD2 enzymes and terpenes synthases. NMT

is involved in the production of caffeine,

while FAD and terpenes contribute to the

taste and aroma of coffee [3]. 

Application

The genes of 23 Plant species were studied, including

the 3 coffee genomes, for the three gene family trees:

NMT (n=689), FAD (n=658) and terpene (n=1440). Data

provided by the ACGC included trees and gene

alignments for each gene family. The trees were

transformed with the Penalized Likelihood method [4].

Branches from before and after the transformation

were compared to calculate the BMR. Groups of

interest were determined for each tree. These groups

were mainly composed of branches meeting a lower

threshold length or branches meeting a higher

threshold length. Genes not meeting their group

threshold were useful in the comparison of Kn/Ks to

branches. The Kn/Ks was calculated for each branch in

each group of interest with Paml [5]. Branch models

were used in CodeML, from Paml, to study different

branch selection effects. Kn/Ks was then compared

against the branch lengths and BMR for each branch in

each group of interest.

Implementation was done in R.

Methodology

The variation in correlation of Kn/Ks vs BMR

across the groups of interest could be explained

by the inconsistencies of Kn/Ks, which can vary

across the tree [5].

The BMR can be used in some cases to infer the

presence of functional divergence. However,

further proof will be needed to support the

presence of functional divergence.

Conclusion
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- Kn/Ks was found to correlate with the branch

mutation rate in some but not all groups of

interest. In groups in which correlation was

present, there was also a correlation between

Kn/Ks and branch length, also seen in [1].

- Low threshold groups tended to have lower

branch mutation rates than high threshold

groups. 

- Low threshold groups tended to contain only

coffee genes.  

- Limitation: Most high threshold groups could not

be included as many included ancestral genes

that could not be used in Paml. 

Results

Table 1. NMT (top), FAD (centre) and Terpene (bottom) Kn/Ks tip

branch comparison. For each branch, its Kn/Ks and branch mutation

rate (BMR) or branch length were compared for the free-, three- and

two-ratio branch models. R correlation values and p-values from the

linear regression were calculated for each group. R values >=  0.7 and

<= - 0.7 were bolded. Low threshold groups are highlighted green and

high threshold groups are highlighted yellow. An 𝛼 value of 0.05 was

used to detect significance.

Figure 1. NMT (top), FAD (centre) and Terpene (bottom) groups of

interest with mean tip branch mutation rate values and gene-to-node

values. Group threshold denoted by yellow (meet upper threshold) or

green (meet lower threshold). Tip branch mutation rate values

(quotient) denoted by circles and gene-to-node values denoted by

diamonds. The log of each branch mutation rate and gene-to-node

value was calculated before taking the mean of each group. The

number of genes selected (genes that do not meet the group

threshold) are denoted by shaded bars and coffee genes (Coffea

genus) are denoted by white bars to the left of the group label. Total

number of genes in group is shown above bars.

Gene-to-Node:

Sum of original branch lengths from node to gene

divided by sum of transformed branch lengths from

node to gene.
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