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pathogen causing disease on Solanum tuberosum in Ethio-
pia. Thus, these Ethiopian isolates could represent a novel 
Phytophthora species reported for the first time here.
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Introduction

The diversity of the late blight pathogen linked to 
Phythopthora infestans has not been well studied in Ethio-
pia. The population structure of P. infestans in Ethiopia had 
been described in only one study where all isolates were 
described as A1 mating type and Ia mitochondrial DNA 
(mtDNA) haplotype (Schiessendoppler and Molnar 2002). 
This study established that while a distinguishing trait of 
the old US-1 lineage is its Ib mtDNA haplotype, the new 
lineage formed an important component of the population 
structure of P. infestans detected in Ethiopia. Such dis-
placement of the US-1 lineage by newer lineages is gener-
ally associated with increased difficulty of farmers in the 
management of the disease (Fry et al. 2009). This is con-
sistent with reports of the severity of late blight in Ethiopia 
(Mesfin et al. 2009). Late blight represents the most impor-
tant hazard to potato and tomato in Ethiopia.

The mitochondrial genome has been used to study 
the evolutionary histories of many types of organisms 
(Chesnick et al. 2000; Galtier et al. 2009; Lang and Forget 
1993; Lassiter et al. 2015). This is due to the rapid muta-
tion rate, uniparential inheritance with rare or no recom-
bination, and uniform genetic background due to homo-
plasmy of the mitochondrial genome (Chen and Hebert 
1999; Chesnick et  al. 2000). Polymorphisms at various 
regions of the mitochondrial genome of P. infestans have 

Abstract  Mitochondrial DNA (mtDNA) haplotypes 
were determined using restriction fragment length poly-
morphism (RFLP) for P. infestans sampled from 513 foliar 
lesions of late blight found on potato and tomato in differ-
ent regions of Ethiopia. Among the four reported mitochon-
drial haplotypes of Phytophthora infestans, Ia, Ib and IIb 
were detected in 93 % of the samples analyzed but the vast 
majority of these were Ia. The remaining 7 % represented a 
previously unreported haplotype. DNA sequencing of this 
new haplotype also confirmed a single base nucleotide sub-
stitution that resulted in loss of EcoRI restriction site and 
gain of two additional MspI sites in cox1 and atp1 genes, 
respectively. There were 28 polymorphic sites among all 
nucleotide sequences including five reference isolates. 
Sites with alignment gaps were observed in P4 with one 
nucleotide deletion in 11 Ethiopian isolates. None of the 
reference sequence produced frame-shifts, with the excep-
tion of the 3-nucleotide deletion in the P4 region by Phy-
tophthora andina, a feature that can be used to distinguish 
the new Ethiopian isolates from P. andina. While a distin-
guishing molecular data presented here clearly separated 
them from P. infestans, 7 % of the isolates that share this 
feature formed an important component of the late blight 
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been successfully employed to study origin, migration and 
population diversity of this pathogen (Avila-Adame et  al. 
2006). These polymorphisms have been extensively studied 
by restriction fragment length polymorphism (RFLP) anal-
ysis. Mitochondrial RFLP analysis using a PCR approach 
and employing different restriction enzyme combinations 
unambiguously distinguish four haplotypes of P. infestans, 
named Ia, Ib, IIa and IIb (Carter et  al. 1990; Griffith and 
Shaw 1998). A fifth mtDNA haplotype (Ic) was reported in 
the closely related species, P. andina (Ordoñez et al. 2000). 
Some analyses of the mtDNA genome have questioned the 
I/II distinction due to convergent evolution at EcoRI restric-
tion sites (Martin et  al. 2012), and an alternative method 
for characterizing haplotypes has been proposed using 
length polymorphisms of PCR amplicons from HVRi and 
HVRii (Yang et  al. 2013). However, neither of these will 
allow comparison with historical data generated using ear-
lier methods. In addition, comparison of the entire mito-
chondrial genome of the four haplotypes of P. infestans 
(Avila-Adame et  al. 2006) corroborated the difference in 
size determined previously by restriction enzyme digestion 
(Carter et al. 1990).

DNA sequencing of genes in the mitochondrial genome 
has proved to be a very useful tool for comparison of iso-
lates both within and between populations on local and 
intercontinental scales. There are many examples of this 
type of study in which researchers are using gene sequence 
of Avr3a, cox1, Ras, β tubulin for mtDNA haplotype identi-
fication and diversity analysis (Blair et al. 2008; Cooke and 
Lees 2004; Martin 2008). Recently, many researchers have 
been using simple sequence repeat (SSR) markers because 
they are highly specific, single locus, codominant, poly-
morphic, reproducible and a smaller amount of pathogen 
DNA is needed (Lees et al. 2006). Techniques like multilo-
cus fingerprinting with probe RG57 (Goodwin et al. 1994) 
and amplified fragment length polymorphisms (AFLPs) 
(Cooke et  al. 2003; Flier et  al. 2003) were involved for 
identification of several organisms including Phytophthora 
species. AFLP finger-printing, for example, discriminates 
isolates considered identical based on RG57 fingerprint and 
two SSR markers (Cooke and Lees 2004).

The present study was undertaken to expand the cur-
rent knowledge of the late blight pathogen population in 
Ethiopia using mtDNA analysis. According to Berga et al. 
(1992), potato has been cultivated since its first introduc-
tion to Ethiopia in 1858. This suggests that there have been 
opportunities for migration of P. infestans earlier than first 
reported in 1930s (Laufer 1938). Restriction enzyme diges-
tion of PCR products for RFLP analysis facilitates moni-
toring of genetic changes among field populations of P. 
infestans. They remain a simple, robust system whereby 
mtDNA haplotypes could be characterized according to 
a unified system which was easily comparable between 

laboratories (Griffith and Shaw 1998). Additionally, DNA 
sequences in the two regions of the mitochondrial genome 
also help to find additional polymorphisms making them 
potentially useful for clarifying relationships among vari-
ous haplotypes. The objectives of this study were (1) 
to investigate the mtDNA haplotypes of a collection of 
Ethiopian isolates of P. infestans from both potato and 
tomato, and (2) to sequence and annotate the mitochondrial 
genomes of the P2 and P4 regions of some selected iso-
lates and compare them with other populations previously 
described in different regions worldwide through analysis 
of mitochondrial diversity.

Materials and methods

Description of the study areas

Late blight surveys on potato and tomato were conducted 
in the major growing areas in Ethiopia (Fig.  1). In all of 
these areas, potatoes and tomatoes are planted in early to 
mid June for the main rainy seasons in 2011 and 2012. Sur-
veys on potato fields included four areas: the central, the 
eastern, the north-western and the southern areas (Table 1). 
The central area includes the highlands surrounding the 
capital, Addis Ababa, within a 100–150 km radius (Fig. 1). 
About 10 % of Ethiopian potato farmers are located in this 
area (Hirpa et al. 2010). In central area, a survey was con-
ducted in 16 potato fields of West Shewa and North Shewa. 
The north-western potato production area, which is situ-
ated in the Amhara region, accounted for about 40 % of the 
country’s potato farmers (Hirpa et al. 2010). The survey in 

Fig. 1   Late blight survey sites in major potato and tomato grow-
ing areas in Ethiopia. Potato fields are indicated by dot and tomato 
by cross on the map. Each dot/cross represents a field where 15 leaf 
samples were collected
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this area involved East Gojam, West Gojam and Awi. The 
eastern potato production area mainly covers the eastern 
highlands of Ethiopia, especially the East Harerge zone. 
For this part of survey, 10 potato fields were visited. The 
southern area is mainly located in the Southern Nations’, 
Nationalities’, and Peoples’ Regional State (SNNPRs) and 
partly in the Oromiya region. More than 30 % of Ethiopian 
potato farmers are located in this area (Hirpa et al. 2010). 
In this area, the survey was conducted in eight potato fields 
located in the West Arsi zone in Oromiya.

Surveys on tomato fields were carried out in the central 
rift valley and in eastern Ethiopia (Fig.  1). In the central 
rift valley area, the survey involved 4 different locations in 
East Shewa, in the Upper Awash River basin. This area is 
geographically isolated from potato growing areas found at 
higher altitudes in the central rift valley system. In all sites, 
production was for commercial purposes. In Eastern Ethio-
pia, two tomato fields that are situated in Eastern Harerge 
zone were sampled.

Sample collection

Late blight infected leaf samples were taken in the fields 
during occurrence or epidemic of late blight. In all areas, 
where samples were collected (Fig. 1), fields were at least 
20 km apart from each other. The method used in this study 
followed the standard eucablight protocol for sampling 
late blight for a disease survey (Cooke and Lees 2006). 
This protocol describes the collection of 15 lesions per 
field, consisting of 3 individual lesions from five different 
plants. In this study, sampling of P. infestans was carried 
out through identification of an individual blight infected 
plant and collection of three leaves with typical symptom 
that was repeated for up to three to five plants in an area 
of infection. During sampling, only leaves with a single 
sporulating lesion and remaining fresh green tissue were 
selected. Each leaf sample was put separately in a plastic 
bag in the field, labelled with place, date of collection, host 
plant and geographic coordinates.

Table 1   Identity of 
mitochondrial haplotypes 
of isolates of Phytophthora 
infestans from late blight 
infected leaves of potato and 
tomato collected from different 
locations in Ethiopia

a  Production regions
b  Third level administration regions
c  Number of fields
d  Number of single lesion leaves
e  After digestion, the isolates produced a novel band pattern

Year Regiona Zoneb Host Mitochondrial haplotype

NFc NLd ia ib iia iib NAe

2011 Central West Shewa Potato 9 93 93 0 0 0 0

Central North Shewa Potato 1 9 9 0 0 0 0

East East Harerge Potato 2 18 18 0 0 0 0

East East Harerge Tomato 1 9 6 3 0 0 0

North Western Adet Potato 2 18 18 0 0 0 0

North Western East Gojam Potato 2 24 24 0 0 0 0

North Western West Gojam Potato 1 15 15 0 0 0 0

Rift valley East Shewa Tomato 4 36 36 0 0 0 0

South West Arsi Potato 3 33 33 0 0 0 0

Total 25 255 252 3 0 0 0

% 98.8 1.2 0.0 0.0 0.0

2012 Central West Shewa Potato 5 45 45 0 0 0 0

Central North Shewa Potato 1 9 9 0 0 0 0

East East Harerge Potato 8 78 78 0 0 0 0

East East Harerge Tomato 1 9 6 2 0 1 0

North Western Adet Potato 1 9 9 0 0 0 0

North Western West Gojam Potato 2 18 18 0 0 0 0

North Western East Gojam Potato 1 15 15 0 0 0 0

South West Arsi Potato 5 75 41 0 0 0 34

Total 24 258 221 2 0 1 34

% 85.7 0.8 0 0.4 13.2

Total 513 473 5 0 1 34

 % 92.2 1.0 0.0 0.2 6.6
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DNA extraction

Late-blight infected leaves collected from different fields 
were used to extract DNA. Pieces of the dried leaflets (each 
with only a single lesion) were cut out and placed in sterile 
1.5 ml tubes with glass beads and then homogenized with 
a Precellys preparation shaker (Bertin Technologies). DNA 
was extracted according to CETAB (cetyltrimethyl-ammo-
nium bromide) based protocol (Gardes and Bruns 1993). 
The purified DNA was dissolved in TE (Tris/EDTA) buffer 
(40  ml). The DNA concentration was measured using a 
spectrophotometer (ND-1000; NanoDrop) and the DNA 
samples were diluted to 20 ng µL−1 for further analysis.

DNA amplification and restriction of PCR products

Mitochondrial haplotypes were determined using the 
PCR–RFLP method devised by Griffith and Shaw (1998). 
Amplification of DNA of each isolate was carried out using 
primers designed for two specific regions of the mitochon-
drial genome of P. infestans as described by (Griffith and 
Shaw 1998). The primer pair F2/R2 (F5′ TCCCTTTGTC-
CTCTACCGAT3′) and (R5′ GCTTATGCTTCAGTTGCT-
CAT3′) was used to amplify a region of 1070  bp of the 
mitochondrial genome referred as P2. A 964 bp region of 
mtDNA (referred to as P4) was amplified using the primer 
pair F4/R4 (F5′TGGTCATCCAGAGGTTTATGTT3′) and 
(R5′ CCGATACCGATACCAGCACCAA3′). P2 is the site 
of the Ia/Ib polymorphism, while P4 is site of polymor-
phism between haplotype Ia/Ib and haplotype IIa/IIb.

DNA was amplified by thermal cycler in a 25 µL final 
reactions volume. For each primer set the reactions vol-
ume consisted in: 1X Thermo buffer (50 mM KCl, 10 mM 
Tris–HCl), 1.5 mM MgCl2, 100 µM dNTPs, 0.325 µM each 
primer, 1.5 units Taq DNA polymerase, and 2  ng DNA. 
Amplification was conducted with one cycle of 94 °C for 
90  s followed by 35 cycles of 92  °C for 30  s, 55  °C for 
30 s, and 72 °C for 1.1 min (Griffith and Shaw 1998). All 
PCR products were evaluated for successful amplification 
using gel electrophoresis on 1.2 % agarose gels containing 
0.5 µg ml−1 ethidium bromide in 0.5 X TBE (0.045 M Tris 
borate, 0.001 M EDTA) running buffer. Products P2 and P4 
were digested with MspI and EcoRI, respectively. Diges-
tion was carried out by thermal cycler in a 30 µL volume 
restriction digest at 37  °C for 1  h. The digested products 
(29 µL) were loaded into a slot on a 2 % agarose gel in 1X 
TBE electrophoresis buffer (containing 0.1 µg of ethidium 
bromide ml−1). The gel was run at 100 V cm−1 for 2.5 h. 
Restriction patterns were visualized with a UV transillu-
minator at 254 nm and the images was recorded by a gel 
documentation system (BIO-RAD, Gel Doc 1000). Carter 
haplotypes were identified by their restriction patterns as 
described by Griffith and Shaw (1998).

Mitochondrial DNA sequencing

The portions of mtDNA (P2 and P4) were amplified and 
sequenced for a subset of 17 P. infestans isolates collected 
in Ethiopia. Eleven of these were chosen since they did not 
fall into any of the four mtDNA groups used to characterize 
P. infestans haplotypes. The remaining isolates were Ia hap-
lotype and used as standard. Amplification of DNA of each 
isolate was carried out using the same primers designed 
for haplotyping P. infestans isolates as described earlier 
(Griffith and Shaw 1998). DNA was amplified by thermal 
cycler using each primer set (F2/R2; F4/R4) as previously 
described except that reactions were carried out in a final 
volume of 50 µL. Amplification was confirmed by gel elec-
trophoresis on 1.2 % agarose gels loaded with 5 µL DNA 
products as described earlier. The remaining 45  µL PCR 
products were purified with the Agencourt Ampure PCR 
purification kit (Agencourt Bioscience Corporation, USA) 
according to the description provided by the company. 
Purified PCR products were sent and sequenced in the for-
ward and reverse direction using a Macrogen3730XL sys-
tem (Macrogen Sequencing System, Korea). PCR products 
were cycle-sequenced using ABI Prism™ BigDye™ Ter-
minator chemistry with AmpliTaq® DNA Polymerase, and 
sequenced using a Perkin-Elmer, Applied Biosystems Divi-
sion, 373 A DNA Sequencer.

Data analysis

The ABI trace files of the forward and reverse sequences 
data were observed and trimmed for low quality using 
Sequence Scanner Software 2 (http://www.apliedbiosys-
tems.com). The post trim sequence fragments in both ori-
entations were assembled into contigs using A Contig 
Assembly Program as implemented in BioEdit version 
7.1.9 (Hall 1999). If any regions of sequence ambiguity 
were observed, the original output files of complemen-
tary strands from the ABI 3730 sequencer were compared 
for correction. The contigs sequence of all isolates were 
aligned with Clustal-W (Thompson et al. 1997) and manu-
ally re-edited for more precise alignment using a software 
package Mega 5 (Tamura et al. 2011). The blast algorithm 
(BLAST-NCBI http://www.ncbi.nlm.nih.gov/BLAST/) 
(Zhang et al. 2000) was performed to compare the P2 and 
P4 nucleotide sequences generated with those available in 
GenBank and identify the isolates. Additionally four refer-
ence sequences of P. infestans isolates and one P. andina 
sequence (since the observed mtDNA pattern was consist-
ent with the Ic reported for this species) were selected from 
GenBank (www.ncbi.nlm.nih.gov). Accession numbers 
for the mitochondrial genome sequence data are U17009 
(Paquin et al. 1997), AY894835, AY898627 and AY898628 
(Avila-Adame et  al. 2006) for the Ib, Ia, IIa and IIb 

http://www.apliedbiosystems.com
http://www.apliedbiosystems.com
http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov
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genomes, respectively and HM590419 for P. andina (Las-
siter et al. 2010).

Annotation of coding regions and prediction of open 
reading frames (ORFs) was done with BioEdit (Hall 1999) 
using the universal genetic code. The process of identify-
ing the locations of genes in the coding regions of the 
mitochondrial genome was facilitated using the previously 
published sequence of the mitochondrial genome of the Ib 
mtDNA haplotype of P. infestans isolate NC002387 (Lang 
and Forget 1993; Paquin et al. 1997) available in GenBank 
(accession number U17009). The annotation data were 
edited and validated in Sequin, a stand-alone software tool 
developed by the National Centre for Biotechnology Infor-
mation (NCBI) for submitting sequences to the GenBank 
(http://www.ncbi.nlm.nih.gov/Sequin). Accession numbers 
for sequence data that have been submitted to the Gen-
Bank are KM078885 to KM078901 (P2) and KM078902 to 
KM078918 (P4).

DNA sequences of PCR products (P2 and P4) from 17 
Ethiopian isolates were compared with the full-length of 
the reference sequences generated from GenBank (www.
ncbi.nlm.nih.gov). Nucleotide substitutions resulting in 
gain or loss of restriction sites were ascertained using all 
nucleotide positions associated with restriction enzyme 
recognition by the endonuclease enzymes MspI and EcoRI. 
The number of polymorphic sites on the DNA sequence 
data file was analyzed using a software DnaSP v5 (Librado 
and Rozas 2009).

Results

PCR‑RFLP

DNA was extracted from a total of 513 late-blight lesions. 
Amplification of DNA of each isolate produced a band that 
corresponded to the two specific regions of the mitochon-
drial genome of P. infestans referred as P2 and P4. After 
digestion, differences were detected among isolates for the 
two primer set digested products (Table 1). Among the four 
possible mitochondrial haplotypes of P. infestans that can 
be detected with this method, Ia, Ib and IIb were detected 
in 93  % isolates analyzed (Table  1) but the vast major-
ity of these were Ia. The Ib and IIb haplotypes were only 
observed on tomato samples from East Harerge.

For about 7  % isolates, digestion of product P2 with 
MspI produced a novel band pattern that was not consistent 
with published results for known haplotypes of P. infestans. 
Although, the largest fragment appears to correspond with 
one of the sizes of band patterns (720 bp) for haplotypes Ia, 
IIa and IIb, the remaining two smaller fragments (125 and 
100  bp) distinguished the Ethiopian isolates from haplo-
types Ia, IIa, and IIb of P. infestans. Similarly, amplification 

with primer set P4 and digestion with EcoRI produced a 
novel two band pattern for these 7 % isolates. One of these 
bands corresponded with the 209  bp band characteristics 
of haplotypes Ia and Ib, but the other of approximately 
750  bp was not consistent with published results for an 
EcoRI restriction site that characterize all haplotypes of P. 
infestans.

Mitochondrial DNA sequencing and restriction 
sequence identity

The mtDNA data set comprised 17 contigs sequences 
assembled using each primer set sequence data in for-
ward and reverse directions for all Ethiopian isolates. In 
P4 region the contigs length for the sequence alignment 
in both directions (F4/R4) was a 908  bp. The sequences 
data in this region predicted to encode two gene products 
belonged to a portion of the cytochrome c oxidase subu-
nit I (cox1) and ATP synthase F0 subunit 9 (atp9) genes. 
Additionally, an intronic spacer was identified between 
the two portions of gens. For P2 region, a 1021 bp contigs 
sequence was assembled using the complementary strands 
in both directions (F2/R2). The identified genes encoded 
by this region include, partial product of the ATP synthase 
F1 subunit alpha (atp1), the glutamic acid tRNA (trnE) and 
part of the NADH dehydrogenase subunit 4 (nad4). Sites 
with alignment gaps were observed with one nucleotide 
deletion in 11 Ethiopian isolates on the intronic spacer in 
P4. None of the reference sequence produced frame-shifts, 
with the exception of the 3-nucleotide deletion in the same 
P4 region by P. andina. Sites with alignment gaps were not 
observed in P2.

Polymorphism detected in the P4 region

Polymorphisms among isolates were observed in both 
coding and non-coding regions in P4 (Table 2). Six poly-
morphic sites were detected in cox1 where nucleotide 
changes result in synonymous substitutions for 11 out of 
17 Ethiopian isolates. Further, a single substitution from 
G to T detected in cox1 resulted in loss of EcoRI restric-
tion site for 11 Ethiopian isolates and P. andina (Fig.  2). 
The remaining thirteen polymorphic sites were identified 
in non-coding spacer that separates the two coding regions 
found in the P4 area (Table 2). All Ethiopian isolates and 
the four P. infestans reference isolates had a total of 8 fixed 
nucleotides differences at this region. The same region 
was also a source of variation between all Ethiopian iso-
lates and P. andina. EcoRI links one of these variable sites 
in the same non-coding spacer to restriction enzyme rec-
ognition in all but two sequences representing type II hap-
lotypes (Fig.  2). The absence of this restriction site in all 
of the Ethiopian specimens from which the target mtDNA 

http://www.ncbi.nlm.nih.gov/Sequin
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
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genes were amplified suggest the Type I haplotypes of P. 
infestans lineages. However, only six Ethiopian isolates 
had similar restriction sites consistent with Type I hap-
lotypes (Fig.  2). On the other hand, in parts of atp9 gene 
amplified in the P4 area of mitochondrial DNA, no poly-
morphism was detected except one missing nucleotide in 
one sample (Table 2).

Polymorphism detected in the P2 region

Polymorphism detected in the P2 region was associated 
with two partially amplified coding regions (Table  3). 

Five nucleotide positions were associated with restriction 
enzyme recognition by the endonuclease MspI (Fig. 3). The 
atp1 gene accounted for 6 out of the total 9 polymorphic 
sites detected among all nucleotide sequences including 
five reference isolates (Table 3). Three nucleotide positions 
(in the atp1 gene) were associated with restriction enzyme 
recognition by the MspI (Fig.  3). However, the two sites 
were associated with polymorphism linked to MspI restric-
tion site detected among Ethiopian isolates. The eleven 
isolates had a single nucleotide substitution from A to G 
that resulted in gain of two additional MspI sites that was 
not consistent with the remaining six isolates and the four 

Table 2   Polymorphic nucleotide positions for part of the cytochrome c oxidase subunit 1 gene (coxI) and part of non-coding spacer (intergenic) 
between cox I and atp9 genes from Phytophthora infestans isolates collected in Ethiopia



Curr Genet	

1 3

P. infestans haplotypes lineages (Fig.  3). Throughout the 
part of nad4 gene, two nucleotide positions were unique 
for eleven Ethiopian isolates and P. andina (Table 3). The 
only polymorphism linked to MspI restriction site detected 
in this part of the gene was a single nucleotide substitution 
from C- to- T that resulted in the loss of MspI site among 
all Ethiopian isolates (Fig.  3). No polymorphism was 
detected in glutamic acid tRNA (trnE) gene and the two 
non- coding spacers that separate the three coding regions 
for all analyzed sequences in P2.

Discussion

This study provides new insight into the late blight path-
ogen, linked to P. infestans, in one of the least explored 
region of the world and demonstrates that P. infestans and 
a novel mtDNA haplotype of P. infestans comprise an 
important component of the population structure attack-
ing potato and tomato. Our current study found greater 
genetic variation in the population of P. infestans in Ethio-
pia, including not only the Ia previously reported lineage 
(Schiessendoppler and Molnar 2002) but also two hap-
lotypes reported for the first time in Ethiopia, and one 
reported for the first time anywhere. As noted, the rep-
resentativeness of the previous study is not known, and 
therefore we do not know if the greater diversity we found 
represents migration of new genotypes or simply a greater 
sample size. Nonetheless, the level of variations analyzed 
for mitochondrial diversity in this study would help to 
expand the current knowledge of P. infestans population 
with reference to important evolutionary mechanisms and 
implication for disease management.

In this study, haplotype Ia was detected in collections 
from most areas. It is now clear that this haplotype is 
always associated with A1 mating type in Ethiopia (Daniel 
2015) and seems to be dominant in most of the modern day 
populations of P. infestans studied today (Fry et  al. 1993, 
2009). Although host adaptation was not examined in cur-
rent work, it is likely that the population of Ib mtDNA hap-
lotype in Ethiopia may represents an example of a popu-
lation adapted to tomato. Other studies have also reported 
persistence of the Ib haplotype on tomato long after it had 
been displaced on potato by a newer lineage that had the 
mitochondrial haplotype Ia (Griffith and Shaw 1998; Spiel-
man et al. 1991; Vega-Sánchez et al. 2000). The rare occur-
rence of the IIb haplotype was surprising since the US-6 
presently known to possess the IIb haplotype, had only 
previously been reported in north-western Mexico, parts of 
North America and Canada (Gavino and Fry 2002; Good-
win et al. 1994).

Our data incorporate information on novel plant-patho-
gen and clarify some aspects of their RFLP and molecular 
characters that enhances the overall knowledge of the late 
blight pathogen attacking potato. Even though, within the 
genus Phytophthora, only one species named P. andina had 
similar RFLP band pattern designated as Ic mtDNA haplo-
type (Ordoñez et al. 2000), the Ethiopian had distinguish-
ing molecular characters. A particularly distinguishing 
feature is the presence two nucleotide deletions in intronic 
and flanking regions of the P4 region, a feature that can 
be used to distinguish the new Ethiopian isolates from P. 
andina that have shorter nucleotide length (Lassiter et  al. 
2010). Molecular data presented elsewhere, also support 
that genomes’ amino acid replacements and the presence 
indels as distinguishing feature of each member of the Ic 

coxI             9730      9740      9750      9760      9770      9780      9790      9800      9810       
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib AACTGGTGTAGCTATGTCGAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT
Ia AACTGGTGTAGCTATGTCGAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT
IIa AACTGGTGTAGCTATGTCGAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT
IIb AACTGGTGTAGCTATGTCGAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT
ETH-11 AACTGGTGTAGCTATGTCTAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT
ETH-06 AACTGGTGTAGCTATGTCGAATTCGGGTTTAGATATTGCATTACATGATACCTATTATATTGTGGGGCATTTTCATTATGTATTATCTAT

EcoRI

intergenic       10090     10100     10110     10120     10130     10140     10150     10160     10170 
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAAATATAAATAATAGAATTCAAATTTTAAATAAAATAGCACAAATTTAATAT
Ia TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAAATATAAATAATAGAATTCAAATTTTAAATAAAATAGCACAAATTTAATAT
IIa TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAAATATAAATAATAGAATTTAAATTTTAAATAAAATAGCACAAATTTAATAT
IIb TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAAATATAAATAATAGAATTTAAATTTTAAATAAAATAGCACAAATTTAATAT
ETH-11 TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAA-TATAAATAATAGAATTCAGATTTTAAATAAAATAGCACAAATTTAATAT
ETH-06 TGTAACATTAGTTCACGGTAAAAAAATTGAAAATTAAAAAATATAAATAATAGAATTCAAATTTTAAATAAAATAGCACAAATTTAATAT

EcoRI

Fig. 2   mtDNA sequences alignments around EcoRI restriction site 
for part of the cytochrome c oxidase subunit 1 gene (coxI) and part 
of non-coding spacer (intergenic) between cox I and atp9 gene. Phy-
tophthora infestans collected in Ethiopia are represented by ETH-11 

and ETH-06 for a subset of 11 and 6 isolates sequence data respec-
tively. Numbers above alignments correspond to nucleotide positions 
for Ib haplotypes (U17009)
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clade, including P. andina (Blair et al. 2008; Lassiter et al. 
2015). Particularly, our data is consistent with Wattier et al. 
(2003) who ascertained sequence variation in noncoding 
intergenic mtDNA spacers among species of Phytophthora 
that revealed the potential of these markers in taxonomy 
and phylogeny.

The novel Phytophthora species in Ethiopia, presents 
the first record of its kind attacking potato. This haplotype 
is similar, but not identical to the Ic haplotype reported for 
P. andina. The latter fits the morphological description for 

P. infestans (Oliva et  al. 2010), but pathogenic analysis 
indicates host use by P. infestans and P. andina in Ecua-
dor overlap minimally (Adler et  al. 2004; Oliva et  al. 
2007). Unlike P. andina, the Ethiopian isolates appears to 
be primarily a pathogen of Solanum tuberosum indicating 
a deviation in host status previously reported for Ecuador 
lineages, which apparently does not infect tomato or potato 
in the field (Oliva et al. 2010). Further, the Ethiopian iso-
lates tested so far exhibited the A1 compatibility type with 
P. infestans tester isolates (Daniel 2015; Schiessendoppler 

Table 3   Polymorphic nucleotide positions identified for part of the ATP synthase F1 subunit α (atp1) gene and part of the NADH dehydroge-
nase subunit 4 (nad4) gene from Phytophthora infestans isolates collected in Ethiopia
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and Molnar 2002). In contrast the Ic mtDNA haplotype 
lineages of P. andina was characterized only by the mat-
ing type A2 (Oliva et al. 2010). P. andina has never been 
reported outside of South America, but the species is 
considered to be a hybrid of P. infestans and one more 
unknown species (Goss et  al. 2011), indicating that gene 
flow between these species could be occurring.

Conclusion

The evidence presented here shows that some Ethiopian 
isolates could represent a novel Phytophthora species 
reported for the first time here. Ethiopia has a recent his-
tory of importing potatoes from Peru, the Netherlands, 
Kenya and Uganda (Gorfu and Woldegiorgis 2013). This 
might suggest that there could have been opportunities for 

introduction of P. andina from Andean region to Ethio-
pia. However, a satisfactory answer to this path is yet to 
be resolved as there was no evidence of natural P. andina 
infection on potato (Adler et  al. 2004; Oliva et  al. 2010) 
suggesting the possible source of inoculums via potato seed 
tuber less likely. While a distinguishing molecular data pre-
sented here clearly separated them from P. infestans, these 
Ethiopian isolates formed an important component of the 
late blight pathogen causing disease on S. tuberosum in 
Ethiopia.
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atp1               13690     13700     13710     13720     13730     13740     13750     13760     13770 
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib      TAACACTTTCTCTAGGCATAATACCAGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT
Ia      TAACACTTTCTCTAGGCATAATACCAGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT
IIa     TAACACTTTCTCTAGGCATAATACCAGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT
IIb     TAACACTTTCTCTAGGCATAATACCAGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT
ETH-11  TAACACTTTCTCTAGGCATAATACCGGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT
ETH-6   TAACACTTTCTCTAGGCATAATACCAGGAGCTTTAACTTCTACTCTACTTTCTAATTTACTATTAATTTGACCTTTACCGTCAATAGGTT

MspI

atp1              13780     13790     13800     13810     13820     13830     13840     13850     13860 
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib      GTCCTAAAGCATCTACTACTCTACCTAATACTTCTGGTCCTACAGGAACACTAACAATAGATCCAGTTCTTCTTACAAAATTACCTTCTT
Ia      GTCCTAAAGCATCTACTACTCTACCTAATACTTCTGGTCCTACAGGAACACTAACAATAGATCCAGTTCTTCTTACAAAATTACCTTCTT
IIa     GTCCTAAAGCATCTACTACTCTACCTAATACTTCCGGTCCTACAGGAACACTAACAATAGATCCAGTTCTTCTTACAAAATTACCTTCTT
IIb     GTCCTAAAGCATCTACTACTCTACCTAATACTTCTGGTCCTACAGGAACACTAACAATAGATCCAGTTCTTCTTACAAAATTACCTTCTT
ETH-11  GTCCTAAAGCATCTACTACTCTACCTAATACTTCTGGTCCTACAGGAACACTAACAATAGATCCGGTTCTTTTTACAAAATTACCTTCTT
ETH-06  GTCCTAAAGCATCTACTACTCTACCTAATACTTCTGGTCCTACAGGAACACTAACAATAGATCCAGTTCTTCTTACAAAATTACCTTCTT

MspI MspI

atp1               13960     13970     13980     13990     14000     14010     14020     14030     14040 
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib      CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC
Ia      CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC
IIa     CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC
IIb     CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC
ETH-11  CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC
ETH-06  CAACCATTTCACCGGCTTGAATTTTAGTTAAACCATAACATCTAGCAATACCATCGCTCATTGAAAGAACAATACCTGTTTCTTGTAAAC

MspI

nad4 14590     14600     14610     14620     14630     14640     14650     14660     14670 
....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|

Ib      TCTCCAACAAAACTACTTGAACCCGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCATTGTATGTGCT
Ia      TCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCATTGTATGTGCT
IIa     TCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCATTGTATGTGCT
IIb     TCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCATTGTATGTGCT
ETH-11 TCCCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCAT----------
ETH-06 TCTCCAACAAAACTACTTGAACCTGGAATAGACATATTTGCTAATACATAAATAAATAATGCAATACAAAATAAAGGCAT----------

MspI

Fig. 3   mtDNA sequences alignments around MspI restriction sites 
for part of the ATP synthase F1 subunit α (atp1) gene part of the 
NADH dehydrogenase subunit 4 (nad4) gene. Phytophthora isolates 

collected in Ethiopia are represented by ETH-11 and ETH-06 for a 
subset of 11 and 6 sequence data respectively. Numbers above align-
ments correspond to nucleotide positions for Ib haplotypes (U17009)
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