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Population genetics of Impatiens endemic to Tanzania’s Eastern Arc 

Impatiens is a genus of flowering plant that has species hotspots in places 
like tropical Africa, the Himalayan region, Madagascar, South India and Sri 
Lanka, and Southeast Asia (Janssens et al. 2009). The plants prefer to be in 
locations that are these tropical regions for the excess moisture available; as 
a result, they tend to migrate up mountain slopes to avoid high fluctuation 
in heat or moisture, which often leads to isolation between closely related 
lineages (Janssens et al., 2009). The Eastern Arc Mountains (EAM) are a 
mountain range that is believed to be one of the oldest tropical rainforest for 
several reasons, but among them are geological age and long-lasting 
stability in terms of moisture and climate. This also makes them a major 
biodiversity hotspot especially for Impatiens, with many of the species’ 
endemic to one or multiple mountain blocks (areas). Unfortunately, there 
isn’t a lot of information available for many taxa in the EAM region 
because it has remained largely uninvestigated (Jump et al, 2014; Blackburn 
& Measey, 2009). Studying Impatiens in the Eastern Arcto understand its 
genetic variation, gene flow and structure, can help us understand how 
biodiversity evolved in this biologically important area. Gene flow and 
genetic variation can influence the amount of inbreeding, helping us to 
further understand the effects of environmental and anthropogenic changes 
to prevent major die-off or extinction. This will also fill in gaps in the 
general information we have on this genus, and by extension better 
understand  plant endemism in the Eastern Arc. For this study, we generated 
and analyzed a SNP dataset for multiple populations of Eastern Arc 
endemic Impatiens engleri and Impatiens keilii.

MethodsIntroduction Results

Discussion

Because I. engleri is a primarily butterfly pollinated species, while 
I. keilii is primarily bird pollinated species, we hypothesized that I. 
engleri populations will have lower gene flow and thus more 
structure between mountain blocks likely leading to more 
inbreeding. On the other hand, I. keilii will have lower population 
structure and lower inbreeding. This is due to the bird having the 
ability to fly further distances than a butterfly, as such it is likely 
that it can land and pollinate multiple populations in different 
mountain blocks (Nazareno et al, 2021). 

Hypothesis

DNA Extraction + Library Prep:
Library prep was  completed with  a double digest restriction-site 
associated DNA (ddRAD) method. Total DNA was extracted 
using  a modified CTAB DNA extraction protocol using silica-
dried leaves (Doyle & Doyle 1987); the extracted DNA was then 
digested by EcoRI and MspI enzymes, barcodes were added, and 
samples pooled into 3 sub-libraries, then fragments were 
amplified. Fragments were size selected for 350 base pair (bp) 
inserts for sequencing on NovaSeq.

Impatiens engleri Impatiens keilii

Figure 1. A map of the Eastern Arc Mountains. The red markers are the different 
mountain blocks.  Colored circles correspond to populations included in sampling.

• Pairwise Fst was overall higher in I. engleri compared to I. keilii, 
indicating that population structure is overall higher in this butterfly 
pollinated species. This supports the hypothesis that gene flow is higher in 
bird pollinated Impatiens such as I. keilii.

• Gene flow is occuring in populations that occur on the same mountain 
blocs, such as Tegetero & Lupanga, Nguu 1 & 2, and Maskati & Mkingu.

• Even for bird pollinated I. keilii populations have moderate to pronounced 
structure, indicating that Eastern Arc mountains do not have strong gene 
flow between them.

Figure 4. Principle Component Analysis of Impatiens engleri 
SNP dataset.

Figure 5. Pairwise Fst between Impatiens engleri 
populations.

Figure 3. Pairwise Fst between Impatiens engleri 
populations. 

Figure 2. Principle Component Analysis of Impatiens engleri 
SNP dataset.
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The stacks denovo assembly pipeline found variant 9204 loci for I. engleri.  260 loci were 
retained after filtering. 9171 loci were found for I. keilii; 604 loci were retained after filtering. 
Im. keilii pairwise Fst ranged from >0.001 – 0.52 with a median Fst of 0.29.  I. engleri  pairwise 
Fst ranged from 0.12 – 0.78 with a median Fst of 0.61.

Data Analysis:
We used STACKS (Catchen et al. 2014) pipeline for Denovo assembly 
of raw reads: process_radtags followed by denovo_assembly.pl 
Samples with low reads were discarded. Parameter optimization was 
completed with various permutations of Minimum stack depth (-m), 
Distance allowed between stacks (-M), and Distance allowed between 
catalog loci (-n). The various parameter permutation assemblies were 
completed with both r80 and r60. m=3, M=3, and n=3 were selected as 
the best parameters for highest quality and quantity of loci recovered. 
The denovo_assembly.pl generated a .vcf of SNPs, which we filtered 
using vcftools (Danacek et al. 2011) for loci in Hardy 
Weinberg equilibrium: minimum minor allele frequency (maf) .05; 
minimum read depth 5, loci with at least 2 alleles, maximum 
missingness of 40%. Fst (Weir & Cockerham, 1984) was estimated 
using the hirerfstats package. The expected and observed 
heterozygosity and inbreeding statistics were estimated using hierfstats 
(Goudet, 2005), adegenet (Jombart, 2008), and dartR (Gruber, 2018); 
PCs were estimated using plink (Weeks, 2010).
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Table 1. Homozygosity, heterozygosity and Fis of 
Impatiens engleri SNP dataset.

Table 2. Homozygosity, heterozygosity and Fis of 
Impatiens keilii SNP dataset.
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