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Evolutionary Relationship among the Impatiens of Karnataka, India
: Inference from ITS Region Sequence Analysis
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ABSTRACT

The genus Impatiens Riv. ex L. (family Balsaminaceae) comprises approximately 1,120
species across the globe, with significant diversity concentrated in the Himalayas and
the Western Ghats regions of India. The /mpatiens are not only valued for their
medicinal properties and aesthetic appeal but also for their important ecological roles.
However, several Impatiens species in India are facing threats due to their habitat
specificity and other anthropogenic pressures. Several species of Impatiens have
been already listed under IUCN threat categories. Thus, recent research efforts
have focused on the Impatiens taxa. The central Western Ghats region in Karnataka
state is a critical habitat for many endemic /mpatiens species. This study investigated
the evolutionary relationships among the /mpatiens taxa using the nuclear Internal
Transcribed Spacer (ITS) region. Phylogenetic analysis performed following the
UPGMA method across three hierarchical levels: global (89 taxa), Western Ghats
region (53 taxa) and Karnataka state (21 taxa). The results support the hypothesis
that south India and Sri Lanka constitute primary centers of origin for the genus
Impatiens. Within the Western Ghats, multiple speciation events appear to have
been driven by geographical isolation and varied microclimatic conditions,
particularly in mid-elevation and high-altitude zones. Specifically, within
Karnataka, the analysis reveals that older, early-diverged species tend to have
wider distributions, while more recently evolved taxa exhibit restricted ranges.
The restricted distribution of recently evolved species in Karnataka emphasizes the
urgent need for targeted conservation efforts to protect these vulnerable taxa and
preserve regional biodiversity.
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INDIA ranks as one of the global megadiverse
countries among the world’s most biologically rich
nations recognized. It is home to four biodiversity
hotspots and three major centers of plant endemism,
owing to its wide-range of geographic and climatic
variation (Plant Discoveries, 2023). Among these, the
Western Ghats stands out as a particularly important
region, renowned for its exceptional plant diversity
and endemism (www.conservation.org; Venkatesh
et al., 2019). This mountain range harbors over 7,400
plant species, nearly 4,000 of which are flowering

plants and approximately 1,500 are endemic to the
region (Nayar et al., 2014 and Venkataraman et al.,
2018). Several genera show high levels of endemism
to the Western Ghats, India. Among them, the genus
Impatiens L. (Balsaminaceae) is important one that
shows high levels of endemism to this region. Thus,
making it a genus of both ecological and conservation
significance (Shajitha et al., 2016).

The genus Impatiens includes over 1,120 species
distributed mainly in tropical and subtropical regions
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of the world (Janssens et al., 2006). Belonging to the
family Balsaminaceae, this genus is accompanied by
just one other genus, Hydrocera Blume ex Wight &
Arn., which is monotypic, represented by Hydrocera
triflora (L.) Wight & Arn. - a semi-aquatic species
native to the Indo-Malayan region. Hydrocera differs
from Impatiens in having five free petals and a fleshy,
berry-like fruit. However, the genus Impatiens exhibits
zygomorphic flowers with fused lateral petals and a
characteristic five-valved capsule. One unique
morphological feature of Impatiens is the floral spur-
an elongated sepal extension that stores nectar and
facilitates pollination (Bhaskar, 2012).

Beyond their botanical interest, Impatiens species are
widely appreciated for their ornamental and medicinal
value. In traditional Indian medicine systems like
Ayurveda, Siddha and Unani, various Impatiens
species have been used to treat ailments such as
jaundice, corns and even snakebites (Singh et al.,
2015). Pharmacologically, the genus has shown a
wide range of activities, including antibacterial,
antifungal, antioxidant and anti-inflammatory effects.

Globally, Impatiens exhibits five major centers of
diversity: Southeast Asia, Southern India and Sri
Lanka, Tropical Africa, Madagascar and the
Eastern Himalayas. These regions exhibit particularly
high endemism-over 90 per cent of Impatiens species
in Southern India and nearly all in Madagascar, are
endemic (Shajitha et al, 2016). In India, Impatiens
species are mainly concentrated in two regions: the
Himalayas and the Western Ghats. The species from
these regions can generally be distinguished by
fruit morphology-Western Ghats species typically
have short, swollen pods, whereas Himalayan species
possess long, slender ones (Dessai, 2009). The
Western Ghats alone host over 170 taxa of Impatiens,
with a majority being endemic to the region (Bhaskar,
2012). In Karnataka, which covers the central portion
of the Western Ghats, around 70 Impatiens taxa have
been documented, most of which are endemic
(Bhaskar, 2012 and Plant Discoveries, 2023).

Despite the genus’s ecological significance and
medicinal importance, there has been limited

research on the taxonomy, genetic diversity and
phylogenetic relationships of Indian Impatiens. While
studies in Europe have used molecular markers such
as RAPD and SSR to examine genetic diversity
(Tamboli et al., 2018; Kupcinskiene et al., 2015 and
Ramoniene et al., 2016), such approaches remain
underutilized in Indian research. SSR markers, in
particular, are valuable for exploring genomic
variation due to their ability to target microsatellite
regions (Zietkiewicz et al., 1994). Molecular
phylogenetic studies using nuclear ITS and
chloroplast markers have suggested that Impatiens
likely originated in Southeast Asia and subsequently
dispersed to other continents via the Himalayas
(Bhaskar, 2012).

Given the high level of endemism and ecological
vulnerability of Impatiens in the Western Ghats,
there is a pressing need for in-depth molecular studies
to better understand the phylogenetic relationships
among these species. This study aims to explore the
evolutionary relationships of endemic Impatiens taxa
in Karnataka, located in the central Western Ghats,
using nuclear ITS sequence data.

MATERIAL AND METHODS

In Karnataka, there are 46 species of Impatiens
reported; of these 19 species ITS sequence analysis
has been already done. The remaining 27 species
sequence analysis needs to be done. In this study,
sequence analysis of 8 remaining Impatiens species
was attempted (Table 1). However, out of 8 species
collected, only 2 species yielded good PCR
amplification. Further, the sequence data of
previously published species was also used for the
analysis (89 species). To construct phylogenetic tree,
totally 89 species data for global analysis, 53 species
data for Western Ghats analysis and 21 species data
for Karnataka state analysis have been used.

Isolation of genomic DNA from leaf tissue samples :
Genomic DNA of the species was isolated following
the CTAB method (Allen et al., 2006). The CTAB
extraction buffer was prepared by combining specific
reagents to a final volume of 100 ml. The specific
reagents used includes, the buffer contains 2 per cent
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TaBLE 1

List of species and location from the Western Ghats, India

Species Names

Collection site

Geo-coordinates

Impatiens incospinca var. nematostachys
Impatiens barberi

Impatiens mullainngiriensis

Impatiens pendula

Impatiens fasciculata

Impatiens mysonensis

Impatiens balsamina var. parsunathica

Impatiens scabriscula var. rosea

Mullayanagiri, Chikkamagaluru
Devaramane, Chikkmagaluru
Mullayanagiri, Chikkmagaluru
Mullayanagiri, Chikkmagaluru
Mullayanagiri, Chikkmagaluru
Botanical Garden, GKVK
Mullayanagiri, Chikkmagaluru
Mullayanagiri, Chikkmagaluru

13.387335, 75.706872
13.061586, 75.538752
13.390449, 75.721069
13.390446, 75.721069
13.390446, 75.721069
13.07766, 77.574011
13.390446, 75.721069
13.387335, 75.706863

(w/v) Cetyl Trimethyl Ammonium Bromide (CTAB),
100 mM Tris-HCI (pH 8.0) from a 1 M stock solution,
20 mM EDTA (pH 8.0) from a 0.5 M stock and
1.4 M NaCl derived from a 5 M solution.
Additionally, 0.2 per cent B-mercaptoethanol is
added freshly before use to reduce oxidative
damage and 2 per cent polyvinylpyrrolidone (PVP) is
included to bind and remove polyphenolic
compounds. Alongside this, a 3 M potassium acetate
solution was prepared and adjusted to pH 5.2,
which was used during the DNA purification process
to aid in the removal of proteins and other impurities.

Fresh and healthy leaves collected in the field were
wrapped in aluminium foil and after labelling
the samples were transported to the laboratory in
liquid nitrogen cylinder. In the lab, samples were
thoroughly cleaned with distilled water and
surface-sterilized using 70 per cent ethanol. Then
leaves (200 mg) were crushed into a fine powder
using liquid nitrogen in a pestle and mortar. To the
powdered tissue, 2 ml of freshly prepared,
pre-warmed CTAB extraction buffer was added
and the mixture was transferred into a 2 ml Eppen
dorf tube. The samples were incubated at 65 °C for
60 minutes in a water bath, with gentle mixing
every 15 minutes to ensure uniform extraction. After
incubation, the tubes were allowed to cool at room
temperature for 10 minutes and then centrifuged
at 10,000 rpm for 10 minutes at 4 °C. The
supernatant was carefully transferred to a new

1.5 ml Eppendorf tube and an equal volume of
phenol: chloroform : isoamyl alcohol (25:24:1 V/V)
was added. The mixture was gently inverted 5 to 10
times and centrifuged again at 10,000 rpm for
10 minutes at 4°C. The upper aqueous phase was
transferred to a fresh tube and an equal volume of
chloroform: isoamyl alcohol (24:1 V/V) was added
(repeated twice). To this, 0.6 ml of chilled
isopropanol, 0.1 ml of 3 M potassium acetate and
0.1 ml of absolute ethanol were added. The contents
were mixed gently by inversion and incubated
overnight at -20 °C to allow DNA precipitation.
The following day, the samples were centrifuged at
14,000 rpm for 10 minutes at 4 °C, resulting in the
formation of a DNA pellet. The supernatant was
discarded and the pellet was washed with 600 pl of
70 per cent ethanol, followed by centrifugation at
10,000 rpm for 10 minutes at 4 °C. The DNA pellet
was air-dried for 1 to 2 hours to remove any residual
ethanol. Finally, the dried DNA pellet was
re-suspended in 30-50 pl of sterile water, depending
on the pellet size. To remove RNA contamination,
3 ul of RNase A solution was added and the mixture
was incubated at 37 °C for 30 minutes. The purified
DNA was then stored at -20 °C for future use.

The quality of DNA was assessed by running
genomic DNA with 6X loading dye on 0.8 per cent
agarose gel electrophoresis in 1X TAE buffer. It was
stained using Sul ethidium bromide (10mg/ml)
per 100ml and after migration with 80 V current,
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bands were visualized in a UV trans-illuminator.
DNA was checked for shearing and contamination
of RNA and protein. Finally, the gel image was
captured and stored using a gel documentation unit,
Alpha Innotech and Fluor Chem® FC2 Imaging
System (Department of Biotechnology UAS, GKVK).
The DNA concentration and purity were quantified
basedon A, /A, ratio values obtained by Nanodrop
spectrophotometer (Eppendorf). Once the quality
and quantity were checked the DNA was diluted to a
concentration of 50ng/ul and further used for PCR
reactions.

PCR analysis : The primers used for the amplification
of the ITS gene were ITS 4- 5°“GGAAGTAGA
AGTCGTAACAAGG-3’ and ITS 5- 5-TCCTCCG
CTTATTGATATGC-3* (White et al., 1990). The
temperature profile consisted of 2 min initial
denaturation at 95°C followed by 35 cycles of 30 s
denaturation at 95°C, 30 s primer annealing at
50.9°C, 1 min extension at 72°C and a final
extension of 8 min at 72°C. The PCR product
amplification was performed in a 0.2 mL PCR
tube containing a 20pL reaction mixture with
components mentioned in Table 2. Polymerase
Chain Reaction (PCR) was carried out in the
Eppendorf Mastercycler Nexus Gradient instrument.
The PCR conditions for amplification of primers are
given in Table 3. The annealing temperature was
standardized for selected primers using PCR

conditions.
TABLE 2
Components of the reaction mixture
for PCR amplification
Volume
Components Concentration  in 20pl
stock
EmeraldAmp GT PCR Master Mix  2X(Premix) 10
ITS-5 Forward primer 10 pMol 1
ITS-4 Reverse primer 10 pMol 1
Genomic DNA 50 ng 2
Sterile water - 6

TABLE 3

PCR reaction condition for amplification of
genomic DNA using ITS primers

Steps Tem}ierature Duration Cycles
Q®)
Initial denaturation ~ 95.00 2 min 35
Denaturation 95.00 30 sec
Annealing 50.9*  30sec
Extension 72.00 1 min
Final extension 72.00 8 min
Hold 4.00 5 min

* Annealing temperature (Shajitha et al., 2016)

Agarose gel electrophoresis and Sequencing :
Amplified products (20ul) were loaded on 3.5
per cent agarose gel in 1X TBA buffer as electrolyte.
100 bp step-up ladder was used as a molecular
weight marker to estimate amplicon size. Gels
were viewed under the gel documentation system,
Alpha Innotech and FluorChem® FC2 Imaging
System. The PCR amplified product was
outsourced to Medauxin company for gene
sequencing. The sequence reads were received
in fasta format and were used for sequence analysis
by carrying out BLAST (Altschul et al., 1997)
analysis against the nr database at NCBI.

Phylogenetic Analysis : For the phylogenetic
analysis, Hydrocera trifolia was used as outgroup
(following Yu et al., 2016). The sequences obtained
from the Medauxin Pvt. Ltd., were first edited using
BioEdit softwere and then aligned using Clustal W.
Afterwards using the MEGA 11 software analysis
was performed. UPGMA (unweighted pair group
method with arithmetic mean) algorithm method
was adopted. Tree strength was validated by
performing bootstrap analysis (1000 replications)
(Shajitha ef al,, 2016). The phylogenetic analysis
performed following the UPGMA method across
three hierarchical levels: global (89 taxa), Western
Ghats region (53 taxa) and Karnataka state (21 taxa,
Table 4).
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TABLE 4 TaBLE 4 Continued....
List of species with DNA sequences accession
: . Gene bank
number obtained from NCBI Species name Accession Number
. Gene bank . o
Species name Accession Number Impatiens disotis KF719154
Impatiens goughii KF719157
Impatiens acaulis KRO11120 Impatiens grandis KT254229
Impatiens levingei K1225490 Impatiens travancorica KT254239
Impatiens modesta KT225493 Impatiens umbellata KT254240
Impatiens pandata KT225494 )
Impatiens uncinata KT254241
Impatiens scapiflora KJ685214 y ) cid KE719166
t
Impatiens jerdoniae KT225492 mpatiens visciaa
Impatiens violacea KT225495 Impatiens viscosa KF697232
Impatiens chinensis KF804101 Impatiens maculate KF719161
Impatiens dalzellii KT225491 Impatiens phoenicea KT254233
Impatiens debilis KF804102 Impatiens tangachee KT254237
Impatiens gardneriana KF719156 Impatiens wightiana KF719167
Impatiens herbicola KF719158 Impatiens aureliana AY348747
Impatiens ligulata KF719159 Impatiens bicornuta AY348754
Impatiens lucida KF719160 Impatiens clavigera HQ718766
Impatiens minor KF719162 Impatiens monticola AY348810
Impatiens oppositifolia KT254232 Impatiens napoensis AY348811
Impatiens raziana KT254235 Impatiens omeiana KC905505
Impatiens rufescens KT254236 Impatiens platypetala AY348819
Impatiens tomentosa KT254238 Impatiens stenosepala AY348835
Impatiens bababud ] KT254226
MPANIEns DADADUAENENsLS Impatiens trichosepala AY348843
Impatiens balsamina KF804100 ; ) ” AY348850
mpatiens xanthine
Impatiens cuspidata KF719153 P 5 AY34
1 1 j Y
Impatiens dasysperma KJ685213 mpatiens bequaert 348753
Impatiens flaccida KT254228 Impatiens bombycina AY348755
Impatiens floribunda KF719155 Impatiens burionii AY348757 &
' . . Q
Impatiens latifolia KT254231 Impatiens congolensis AY348766 2
. . 9
Impatiens mysorensis KF719164 Impatiens columbaria AY348764 COS
Impatiens pulcherrima KT254234 Impatiens hoehnelii AY348792 =
Impatiens scabriuscula KF719168 Impatiens keilii AY348798 2
Impatiens walleriana KF804104 Impatiens kilimanjari AY348800 g
. . 8.
Impatiens henslowiana KT254230 Impatiens niamniamensis AY348812 :io
Impatiens johnii KF804103 Impatiens stuhlmannii AY348836 §
Impatiens neo-munronii KF719165 Impatiens auricoma AY348748 §
Impatiens anaimudica KT254225 Impatiens baroni AY348751 L
. ®
Impatiens cordata KT254227 Impatiens fuchsioides AY348785 S
Continued.... Continued.... S
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TaBLE 4 Continued....

Gene bank

Species name .
P Accession Number

Impatiens furcata AY348786
Impatiens gibbosa AY348787
Impatiens inaperta AY348797
Impatiens percrenata AY348817
Impatiens subabortiva AY348837
Impatiens tuberosa AY348844
Impatiens vilersi AY348848
Impatiens repens KC905524
Impatiens amphorata AY348740
Impatiens glandulifera AY348788
Impatiens brachycentra AY348756
Impatiens parviflora AY348816
Impatiens nolitangere AY348813
Impatiens capensis AY348759
Impatiens leschenaultia AY348803
H. triflora (out group) AY348853

RESULTS AND DISCUSSION

In India, the genus is represented by 210 species,
which are predominantly restricted to either the
Himalayan region or the Western Ghats (Jyosna
and Janarthanam, 2011). Of these, 170 taxa are
reported from the Western Ghats, with 161 taxa
being endemic to the region and only nine taxa
exhibiting a wider distribution.

Over the years, various hypotheses have been
proposed regarding the origin of Impatiens.
Based on karyological and species diversity
data, Jones et al. (2021) suggested a Himalayan
origin. In contrast, Grey-Wilson (1980) proposed
Western Gondwana as the center of origin. An
ITS-based phylogenetic study by Yuan et al. (2004)
indicated Southeast Asia as the most likely origin, a
view further supported by subsequent studies
(Shajitha et al., 2016 and Tamboli et al., 2018).

The present study aimed to analyze the phylogenetic
relationships among Impatiens taxa across three

levels: (1) a global-level analysis involving 89 taxa,
(2) aregional-level analysis focusing on 53 taxa from
the Western Ghats and (3) a local-level analysis of 21
endemic taxa from Karnataka, India. Hydrocera
triflora was used as the outgroup, following the
approach of Yu et al. (2016). The number of taxa
included at each level varied based on data availability
and regional representation.

Phylogenetic Analysis of Impatiens Taxa Across the
World

The global phylogenetic analysis of 89 Impatiens taxa
revealed the presence of nine well-supported clades,
each broadly corresponding to distinct geographic
regions, as indicated by robust bootstrap values

(Fig. 1).

Clade 1, consisting of I. congolensis and
1. niamniamensis, has a bootstrap value of 89 and
represents closely related African species.

Clade 2, which includes Malagasy species like
1. fuchsioides and the African [. burtonii, is
supported by bootstrap values of 97-99, indicating
strong clustering and potential historical
dispersal between Africa and Madagascar.

Clade 3, comprising species such as 1. cupidata and
1. dasysperma from South India and Sri Lanka,
shows a shared lineage with bootstrap support of
80-89, reflecting a geographically confined
evolutionary relationship.

In Madagascar, Clade 4, including species like
1. auricoma and I. gibbsiana, is supported by
bootstrap values of 81-99, indicating high genetic
differentiation and adaptive divergence within the
region.

Clade 5, spanning South India, Sri Lanka, East
and Southeast Asia, includes species such as
1. aureliana and I.scabriuscula, with a wide range of
bootstrap values (62-100) suggesting ancient linecage
divergence or limited dispersal events.

Clade 6, confined to South Indian and Sri Lankan
species like 1. wightiana and 1. phoenicea, has strong
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o1 AY340766.1 Impatiens congolensis -Africa
AY3ABE15.1 Impatiens parasitica-South India and Sri Lanka
AY3ABTSS.1 Impatiens bombycina -Africa

AYIABTOB.1 Impatiens keilii -Africa

AY3ABE12.1 Impatiens niamniamensis-Africa

AY340765.1 Impatiens fuchsioides-Madagascar
A¥348817.1 Impatiens percrenata -Madagascar
AY340046.1 Impatiens vilersi -Madagascar

AY348753.1 Impatiens bequasrti -Africa

AY348757.1 Impatiens burtonii -Africa

AY348830.1 Impatiens stuhlmannii -Africa

AY348 7921 Impatiens hoshneln -Africa
KE /191531 Impatiens cuspidata -South India and Sn Lanka
12542311 Impatiens latifolia ~South Incia and Sn Lanka
AY3ABEOU.1 Impatiens kimanjarn -Afrca

KJGBL213.1 Impatiens dasysperma South India and Sn Lanka
12642261 Impatiens bababudenensis South India and Sn Lanka

/191001 Impatiens Hlonbunda South India and Sn Lanka

KCY0LL2A 1 Impatiens repens  South India and Sn Lanka

AYBAB 1B npElens auncorms Madagascarn
AYBABEA11 npabens lubeross  Madagascas

KESUA100.1 impaliens Dalssrms Soulh ndim and So Lanks
AVZARTEL 1 lnpations: baroni Madagasocan

AVEARTAT 1 lnprations: gitiboss Madagasa

AVZARTAB 1 lnprations: forcala Madagascas

AYZARTOT 1 lnprations: inaperia Modagasacr

KTPE4228 1 hnpeaticrns Meacesicdss ~Sauth lodis sod Sl ok
KTPREAD54 1 hnpeaticrns proleshrvienss ~Soutby Incdiss sl Sei @ sartkees
AYZARTAT 1 lnpeaticrns sl -Fest sred Southesst Ao

KET10164 1 Impaticns mysarcnsis -South India and Sri | anka

KET19168 1 Impaticns seabriuscula —South India and S | anka

KF804104 1 Impaticns wallerians -South India and Sri 1 anka

MGA21410 1 Impatiens balsamina var macrantha -Sauth India and Sri | ania

AY248764 1 Impations columbaria -Africa

KFE710157 1 Impaticns goughii -South India and Sri Lanka
A¥248810.1 Impations monticola -East and Southcast Asia
A¥348043 1 Impatiens trichosepala -Cast and Southeast Asia

A¥348050 1 Impatiens xanthina -Cast and Southeast Asia

A¥348011.1 Impatiens napoensis -Cast and Southeast Asia

aso | IKT254227 1 Impatiens cordata -South India and Sri Lanka

1 AYI4B7E0.1 Impatiens cordata ~South India and Sri lanka

100 IKT225493 1 Impatiens maodesta -South India and Sri Lanka
S5 IKT225494 1 Impatiens pandata -South India and Sri Lanka
o IKT225490.1 Impatiens levingei-South India and Sri Lanka
= il IKIRO11120.1 Impatiens acaulis -South India and Sri Lanka
IKJBBS5214.1 Impatiens scapiflora -South India and Sri Lanka
v KF804103.1 Impatiens johnii -South India and Sri Lanka
200 |

KET19165. 1 Impatiens neomunronii -South India and Sri Lanka

L «r254250.1 impations hensiowiana

e I: K1 254220 1 Impatiens anaimudic a ~South India and Sn Lanka

outh India and Sri Lanka

1254241 1 Impatiens uncinata —South India and Sn Lanka

/191661 Impatiens viscida -South India and Sn Lanka

" L e seR s S

n K1204257.1 Impatens tangaches South India and Sn Lank
i [ K £18101.1 Impations maculata South india and S Lank
= L kr/19167.1 Impatiens wightiana South India and Sn Lanka
- K1204250.1 Impatiens travanconca South India and S Lanka
12642551 Inpaens phosmes Soulh i and S Lanke
b Eal FK1225492 1 inpabens jerdorrge Soulhn India and Sn Lanka
- K 1225495 1 inpabens violacea  Soulh India and Sn Lanka
= KUSA0P13 1 Irrsgueationnses cxossistrenpivs Seousibs lracive wrned Sei 1 sarrkeos
— 2 520 A 5 S SRR B S DR
— KET1045A 1 Sorsprostisnns clisositins Seconsihs lescliss sasscd Si 1 sskins
w00 R
- TP BAP AR BB eans e issees SV HIS Wl ase T SE T asesbai23
- KTP25401 1 Impations dni=allil ~South Indin and Sri | snie
— AvE48818 1 Impaticna platypatala -East and Southaast Asin
== KET18160 1 Impations leidn -Soith Indin and Sri | anie 5
WKE710162.1 Impatiens miner -South India and Sri Lanke 3
= KT254222 1 Impaticns oppositifolia ~South India and Sri Lanka QO
Impaticns mullangirinesis-South India and Sri Lanka =
oo 2542351 Impatiens raziana -South India and Sri Lanka Q
o as IKFBO04101.1 Impatiens chinensis -South India and Sri Lanka Q
= T SOAR B2 St it ot it e S i e!
| 5 mrrorcotimmmscns nericsia ot eiand ot ank i
= KM719159 1 Impatiens ligulata-South India and Sri Lanka =
= ICT254236 1 Impatiens rufescens -South India and Sri Lanka S
| ~
aa Impatiens pendulla-South India and Sri Lanka ~
is5 A¥345813.1 Impatiens noli-tangers -Curepe and North america S
Wi et L ame e T S
AY34G754.1 Impatiens bicornuta -Cast and Southeast Asia 55
= AV345765.1 Impations Slandulifera -Himalayas 0
AY348740.1 Impations amphorata —Himalayas
AY348756.1 Impatiens brachycentra Cental Asia and Europe
o I

1254240 1 Impatiens umbellata -South India and Sn Lanka

AY348835.1 Impatiens stenosepala —East and Southeast Asia

Hydrocera triflora

Fig. 1 : Consensus phylogenetic tree of world from the UPGMA analysis based on nuclear ITS gene. The numbers by the nodes
indicate UPGMA bootstrap support values greater than 50%
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support (85-100), underscoring significant speciation
in this biodiversity hotspot.

Clade 7, comprising I. chinensis and I. debilis, reflects
connections between South Asian and East Asian
species, likely due to historical migration, with
bootstrap values of 92-100.

Clade 8, which includes species from Central Asia,
Europe and South India, such as /. rufescens and
1. campanulata, shows mixed clustering with
bootstrap support of 50-98, suggesting shared
ancestral lineages and subsequent regional adaptation.

Clade 9, with species like /. bicornuta and
1. stenosepala from East and Southeast Asia, has
bootstrap values ranging from 53 to 100, emphasizing
strong regional clustering and diversification.

The outgroup Hydrocera triflora is clearly resolved
as a distinct lineage, confirming its divergence from
the Impatiens genus and validating its status as a
separate taxonomic entity.

Overall, the phylogenetic analysis indicates that South
India and Sri Lanka are likely primary centers of
evolution and diversification for the genus Impatiens.
This region harbors the highest concentration of
closely related species, as reflected by their presence
across multiple well-supported clades. These patterns
point to extensive speciation events, likely driven by
unique ecological conditions, prolonged geographic
isolation and long-term evolutionary processes.
Similar studies in wild Cymbopogon martinii showed
influence of environmental factors for particular
adaptation (Hemalatha et al. 2022).

Additionally, Madagascar emerges as another
significant evolutionary hotspot, with distinct clades
exhibiting high genetic differentiation and signs of
adaptive radiation. The observed phylogenetic links
between South Asia, East Asia and Southeast Asia
suggest historical dispersal events or shared ancestral
lineages. However, the dominance of South Indian
and Sri Lankan species within the phylogeny
underscores the critical role of this region in shaping
the evolutionary trajectory of Impatiens.

These findings strongly support the hypothesis
that South India and Sri Lanka represent the true
centre of origin for the Impatiens genus, aligning with
the conclusions of Yuan et al. (2004), Shajitha et al.
(2016) and Tamboli et al. (2018).

Phylogenetic Analysis of Impatiens Taxa of Western
Ghats, India

Out of the 170 Impatiens taxa reported from
the Western Ghats, India, molecular data was
available for 53 taxa. Phylogenetic analysis was
carried out using the UPGMA method (Fig. 2),
which revealed the existence of six distinct clades,
each well-supported by bootstrap values.

The Clade 1 (bootstrap: 66) comprises I. disotis,
1 grandis, 1. campanulata, I. coelotropis, 1. jerdoniae,
1 violacea, 1. phoenicea, I. travancorica, I. maculata,
1. wightiana, 1. tangachee, 1. henslowiana, I. johnsii
and 1. neomunronii. Notably, there is strong internal
support for I. johnsii and 1. neomunronii (bootstrap:
100), indicating closely related species with
overlapping distributions. Species found in the
Kerala’s montane environments, including Anamudi
Peak and the Travancore High Range. In Tamil Nadu’s
biodiversity-rich high-altitude regions, such as
Kodaikanal and Nilgiri Hills and in the Karnataka’s
isolated hill ranges, including Kodagu, B.R. Hills and
Jog Falls. These species are associated with high
altitude.

Clade 2 (bootstrap: 72) includes 1. scapiflora,
1 acaulis, 1. levingei, I. modesta and I. pandata. These
species are found in the mid-elevation montane forests
of Karnataka and Tamil Nadu.

Clade 3 (bootstrap: 57) encompasses /. cordata,
L goughii, 1. viscosa, I. viscida, 1. anamudica and
1. uncinata. These species are found in the
mid-to-lower altitudes of the Western Ghats, the
regions of Karnataka and Kerala.

Clade 4 (bootstrap: 99) includes /. gardneriana,
1. lucida, I. minor, I. dalzellii, and I. tormentosa, with
robust support for the subgroup of /. gardneriana and
I lucida (bootstrap: 100). These species are found in
mixed regions such as in wet forest habitats,
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Palakkad and Wayanad regions of Kerala and
Karnataka.

Clade 5 (bootstrap: 81) comprises /. walleriana,
1. balsamina var. macrantha, 1. scabriuscula,
1. mysorensis, I. pulcherrima, I. flaccida, I. balsamina,
I parasitica, 1. cuspidata, 1. latifolia, I. dasysperma
and I. bababudenensis. This clade shows strong
internal support, particularly for /. dasysperma
and [I. bababudenensis (bootstrap: 76) and
1. walleriana with 1. balsamina var. macrantha
(bootstrap: 99). The species in this group are found
in the mid elevation of Maharashtra and high
altitude peak lands of ‘Karnataka and Tamil Nadu’.

Finally, Clade 6 (bootstrap: 100) consists of
1. oppositifolia, 1. mullangiriensis, 1. chinensis,
1. raziana, 1. debilis, 1. pendula, 1. rufescens,
1. herbicola and I. ligulata. These species are
found in the Tamil Nadu’s Anamalai Hills. The
one species, I. umbellata was found independent and
not grouped under any of the clad.

The species were clustered based on the geography
and the altitude. The speciation event has occurred
many times in the Western Ghats. It appears that
speciation is based on the habitat, as and when the
ecological and environmental conditions varied,
that has led to species evolution. In conclusion,
geographical isolation and diverse microclimates
within the Western Ghats, particularly in high-altitude
zones and mid-elevation plateaus, have played a
crucial role in driving the speciation and endemism
of Impatiens. With regards evolution of species from
wide spread to restricted ones and vice versa. In
Western Ghats both the events are possible, in the
present study clad 2, clad 4 and clad 6 is observed
that species have evolved from widespread to
restricted habitat. In clad two 1. scapiflora and I.
acaulis, are widely distributed in the Western Ghats
and the newly evolved species such as /. modesta and
1. pandata have more restricted distribution.

The phylogenetic evidence highlights the role of
geographical isolation and habitat heterogeneity in
shaping the evolutionary history of Impatiens in the
Western Ghats. The region serves as a dynamic center

for both diversification and speciation, driven by its
complex topography and environmental gradients. The
observed evolutionary transitions-from broadly
distributed species to narrowly endemic ones-
highlight the ongoing and adaptive nature of Impatiens
evolution in this globally significant biodiversity
hotspot.

Similarly, in the clad 1, clad 3 and clad 5 the speciation
has occurred from restricted to widespread distribution
within the Western Ghats, India. The species namely
1. johnsii and I. neomunronii have more restricted
distribution and from this species such as /. disotis
and 1. grandis have evolved that have more wider
distribution within the Western Ghats. Similar result
align with Tambat (2014) with Myrictica swamps
where speciation from restricted distribution to
widespread distribution.

Phylogenetic Analysis of Impatiens taxa of
Karnataka

Out of the 46 known Impatiens taxa reported from
Karnataka, molecular data had previously been
published for 19 species. In this study, molecular data
were generated for two additional species, increasing
the total to 21 taxa. Using ITS sequence data, a
phylogenetic tree was constructed to explore the
evolutionary relationships among these taxa (Fig. 3).
The phylogenetic analysis revealed five distinct
clades, each representing varying degrees of
evolutionary divergence:

Clade 1, the most basal grouping, comprises three
subclades. Subclade 1.1 includes I. jerdoniae and I.
viscida, which share a moderately close evolutionary
relationship with a bootstrap value of 70. Subclade
1.2 features I. goughii and I. acaulis, exhibiting a
strong evolutionary link with high confidence
supported by a bootstrap value of 85. Subclade 1.3
groups 1. scapiflora and I. henslowiana, which display
a strong evolutionary connection, with a bootstrap
value of 80. Clade 2 contains species, including /.
gardneriana and I. minor, which form a pair with a
moderately strong evolutionary link indicated by a
bootstrap value of 70.
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Fig. 2 : Consensus phylogenetic tree of Western Ghats from the UPGMA analysis based on nuclear ITS gene. The numbers by the
nodes indicate UPGMA bootstrap support values greater than 50%

Clade 3 represents species with very strong
evolutionary relationships. Subclade 3.1 includes
I pulcherrima and I. balsamina, which show a very
close evolutionary relationship strongly supported by
a bootstrap value of 98. Subclade 3.2 features
1. bababudenensis and I. dasysperma, forming a
strongly supported subgroup with a bootstrap value
of 82.

Clade 4, divided into three subclades. Subclade 4.1
includes /. lawii and 1. oppositifolia, which show a
moderate evolutionary link with a bootstrap value of
63. Subclade 4.2 groups /. fomentosa and I. chinensis,

supported by a bootstrap value of 67. Subclade 4.3
includes /. raziana and I. pendula, exhibiting a
weak to moderate evolutionary relationship with a
bootstrap value of 57.

Finally, Clade 5 groups species with close
evolutionary relationships. This clade includes
1. balsamina var. macrantha, I. scabriuscula and
1. mysorensis, which show a very close evolutionary
relationship, strongly supported by a bootstrap value
of 100.

Tamboli et al., (2018) constructed a phylogenetic tree
for 10 Impatiens species using UPGMA dendrogram
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analysis based on ISSR marker data, revealing four
distinct groups. Group I included 1. lawii,
1. tomentosa, and I. dalzellii, with I. tomentosa and
1. dalzellii belonging to the Annuae section, while
1. lawii was placed in the Oppositifolia section. Group
II consisted of I. rosea, I. balsamina var. macrantha
and 1. acaulis, where I. rosea and I. balsamina var.
macrantha were part of the Microcepalae section
and 1. scapiflora belonged to the Scapiflora family.
Group III contained I. pulcherrima, I. minor and
L oppositifolia, with I. minor and I. oppositifolia in
the Annuae section and /. pulcherrima in the same
section. Impatiens walleriana formed a separate
group, Group IV.

Our phylogenetic analysis identified five distinct
groups, each comprising species from seven
sections. Group 1 includes eight species: I. jerdoniae,
1. viscida and I. goughii. While I. viscida and
1. goughii belong to the section Sub-umbellatae,
1. jerdoniae is classified under the section
Epiphyticeae. Group 2 consists of three species:
L acaulis, 1. scapiflora and I. henslowiana. Among
these, 1. acaulis and I. scapiflora belong to the
section Scapiflora, whereas I. henslowiana is part
of the section Tomentosa. Group 3 includes 1. minor
and [I. gardemariae, both of which belong to the
section Annuae. Group 4 comprises 1. pulcherrima,
1 balsamina, I. bababudenensis and I. dasysperma,
all of which are classified under the section
Microcepalae. and also consists of I. lawii,
1. oppositifolia, 1. tomentosa, 1. chinensis,
1. mullaringensis, I. raziana, 1. pendula and
1. herbicola. Among these, 1. lawii, I. oppositifolia,
1. tomentosa, 1. chinensis, I. mullaringensis and
1. raziana belong to the section Annuae, while
1. pendula and I. herbicola are classified under
the section Microcepalae.

The phylogenetic analysis of Impatiens taxa suggests
that South India and Sri Lanka are the true origin of
the genus. In the Western Ghats, speciation has
occurred multiple times, influenced by geographical
isolation and diverse microclimates. High-altitude
zones and mid-elevation plateaus have played a
crucial role in species evolution and endemism.

Early-evolved taxa remain widespread, while recently
evolved taxa exhibit habitat specificity, leading to
restricted distributions. This pattern indicates an
ongoing evolutionary process driven by ecological
and environmental variations. Overall, the study
highlights the dynamic nature of Impatiens evolution
in the Western Ghats.

Finally, Group 5 includes [I. scabriscuta,
1. mysorensis and I. balsamina var. macrantha,
all of which belong to the section Microcepalae.
Overall, our findings demonstrate a partial
alignment with Tamboli’s results and Hooker’s
classification system, underscoring the complexity
of phylogenetic relationships within these taxa.

The phylogenetic analysis of Karnataka taxa
suggest that taxa located near the outgroup
evolved earlier. These early-evolved taxa are
distributed throughout the Western Ghats. However,
due to factors such as climate change or anthropogenic
interventions, the continuous distribution of taxa in
the Western Ghats has been disrupted. This
disruption could have led to speciation, perhaps due
to local adaptations corresponding to their respective
habitats. Consequently, the newly evolved taxa have
developed specific habitat preferences, while the
early-evolved taxa remain widespread across the
Western Ghats. Secondly, most of them are
herbaceous and season bound this could make them
more endemic ones. This habitat specificity and
preference makes Impatiens taxa endemic to the
region.

The study indicate that within clade 1, 1. henslowia
represents an early evolved species that is
distributed across multiple locations within the
Western Ghats. In contrast, I. jerdoniae, is
restricted to a specific region within the Western
Ghats. This means widespread species evolved
from the restricted distribution species. Our pattern
of discovery analysis also suggests that earlier
evolved taxa tend to be widespread throughout the
Western Ghats, whereas more recently discovered
taxa are often confined to particular regions. These
results align, with the findings of Arvind et al. (2007),
which suggest that widespread taxa are discovered
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Fig. 3 : Consensus phylogenetic tree of Karnataka from the UPGMA analysis based on nuclear ITS gene. The numbers
by the nodes indicate UPGMA bootstrap support values greater than 50%

earlier, while endemic taxa have been identified in
more recent years.

The Western Ghats’ steep elevational gradients,
varying rainfall regimes and dissected topography
(massifs, gaps such as the Palghat Gap) create many
micro-climatic niches and geographic barriers.
For example: the Palghat Gap is cited as a barrier
in the WG inhibiting gene flow. These conditions
lead to repeated episodes of population isolation

(geographic) and adaptation to local microclimates.
Over evolutionary time this drives lineage divergence
(speciation) and high endemicity. Multiple taxa
(frogs, birds, plants) show endemic radiations in the
WG tied to such environmental and topographic
heterogeneity (Vijayakumar, et al., 2016; Joshi et al.,
2020 and Aravind ef al., 2023).

This study reaffirms that South India and Sri Lanka
are likely the true centers of origin and diversification
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for the genus Impatiens. Phylogenetic analyses at
global, regional and local scales reveal distinct,
well-supported clades shaped by geography,
altitude and ecological conditions. The Western Ghats,
in particular, show repeated speciation events driven
by microclimatic variation and geographical isolation.
Early-evolved taxa tend to be widespread, while
recently evolved species exhibit habitat specificity
and restricted distributions-highlighting ongoing
evolutionary processes. The herbaceous and seasonal
nature of /mpatiens further contributes to their
endemism.

The Western Ghats represent not only a biodiversity
hotspot but also a crucial center of evolutionary
activity for Impatiens. Conservation efforts should
prioritize high-altitude and mid-elevation habitats,
as these areas harbor the highest levels of endemism
and active speciation. Additionally, expanding
molecular studies to include under represented
taxa will enhance our understanding of the genus’s
lineage relationships and aid in clarifying taxonomic
classifications. Overall, this study highlights the
significant evolutionary, ecological and conservation
value of Impatiens in the Western Ghats and
surrounding regions.
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