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Abstract: Artemisia chinensis L. referred as Crossostephium chinensis (L.) Makino in the Flora of China is a rare 
and conceivably threatened plant species with an unclear origin in Asia. The species has been acknowledged so far 
from some islands of Taiwan. However, as it is extensively cultivated for ornamental and medicinal purposes in 
Japan, China, and the Philippines, it is still challenging to delimit its native range. This study confirms the presence 
of A. chinensis from Northern (Gilgit-Baltistan) Pakistan using molecular phylogenetic analysis and by assessing 
its distribution. The species were found in one site in the Skardu District of GB Pakistan and phylogenetic analysis 
indicated a close resemblance of the collected A. chinensis from the Skardu region with species of subgenus Pacifica 
of the genus Artemisia reported globally. According to the outcomes of the present study, it is proposed that broader 
field surveys should be conducted to acknowledge the distribution of A. chinensis plant from other districts of GB and 
cities of Pakistan as well. It is proposed that A. chinensis plant is present in North Pakistan and this plant should be 
mentioned and retained as rare species in the flora of Pakistan.

Keywords: Genus Artemisia, Asteraceae, Artemisia chinensis L., nrDNA and cpDNA Phylogeny, Gilgit-Baltistan, 
Pakistan.  

1. INTRODUCTION

Artemisia L. is the largest plant genera of the 
Anthemideae tribe from the family Asteraceae with 
~500 species frequently distributed in the Northern 
Hemisphere [1-4]. Based on floral and capitular 
characteristics, this genus was traditionally classified 
into 5 major subgenera-like subg. Artemisia, subg. 
Absinthium, subg. Dracunculus subg. Seriphidium 
and subg. Tridentatae [3]. Nevertheless, some 
inconsistencies were found in this traditional 
subgeneric classification due to incongruence with 
the latest molecular investigations on the genus 
Artemisia [5].  However, this classification is still 
extensively used and cited while dealing with the 
taxonomy and classification of this genus. Species 
of the Artemisia genus are very significant from 
both medicinal and economic points of view. 

Plentiful secondary metabolites from extracts 

of Artemisia species have been reported for the 
treatment of certain health-related issues including 
anxiety, depression, epilepsy, insomnia, irritability, 
stress, and psychoneurosis [6].  Artemisia 
species hold crucial biological activities. The 
most prominent are antibacterial, antirheumatic, 
anthelmintic, antispasmodic, antimalarial, 
antitumor, antiseptic, hepato-protective [7-10], 
antidiabetic [11], antioxidant, and cytotoxic 
activities [12-14].  
  

Additionally, an active drug Artemisinin [15-
17] obtained from annual Artemisia species like 
A. annua is specifically used to cure malaria [18] 
and other deadly diseases [19-20].  Artemisinin 
discovery from A. annua was so for considered 
a noteworthy achievement in the field of 
ethnopharmacology and Physiology or Medicine 
category in 2015, this plant has been awarded a 
Nobel Prize  [21]. Recently, the activity of A. annua 



against diseases COVID-19 and SARS-CoV-2 is 
under investigation [22]. A. chinensis is one of the 
rare species that belongs to the genus Artemisia. 

This species was first described by Linnaeus 
[23] and is not in the Crossostephium Makino 
which is considered to be a monotypic genus and 
where this plant was frequently retained [24]. A. 
chinensis in Asian regions has been recognized 
as dispersed naturally in Taiwan, adjacent to 
southernmost Ryukyu, Orchid, Bonin, and the 
Islands of Okinawa. However, Ling et al. [25] 
questioned the native position of A. chinensis along 
with the Fujian, Zhejiang, and Guangdong coasts, 
but the suitability of climatic there was anticipated 
by the Maxent analysis. In China, Japan, and the 
Philippines, due to its extensive cultivation for 
ornamental and medicinal purposes, the origin or 
indigenous position of this plant is unclear and 
problematic. Hobbs and Baldwin, [24] believed that 
the distribution of A. chinensis plant is restricted to 
tropical regions because this plant lacks tolerance 
against cold.

The Artemisia genus was formally 
acknowledged with nearly 25 species [26] from 
Pakistan. An extensive taxonomic study by Hayat 
et al. [27, 28] on the genus Artemisia reported 
more species from the arid regions of Pakistan. 

However, the latest inquiries on Artemisia from 
Pakistan documented more species, especially from 
Northern Pakistan and the Artemisia genus now 
characterizes nearly 60 species from all subgenera 
from Pakistan except for the subgenus Tridentatae 
[29] Tridentatae species of the genus Artemisia are 
believed to be endemic only to North America and 
there is no evidence of the occurrence of subgenus 
Tridentatae species from other regions including 
Pakistan [27, 28]

This inquiry is the first attempt to report the 
presence of a medicinally important Artemisia 
species (A. chinensis) from the far-flung Skardu 
district of Gilgit-Baltistan Pakistan. This study 
also investigated the phylogenetic association of 
A. chinensis from Northeastern Pakistan with other 
Artemisia plants based on internal and external 
transcribed spacer (ITS and ETS) sequences of 
nrDNA and intergenic sequences (psbA-trnH) of 
cpDNA that sanctioned its taxonomic identity.

2.   MATERIAL AND METHODS

2.1  Specimen Collection

Gilgit-Baltistan is situated in the Northeast of 
Pakistan between 34.6°–37.4°N, and 74°–77.5°E 
with an area of 45, 224 km2. The maximum range of 
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Fig. 1. Morphology of A. chinensis obtained from  
Skardu Gilgit-Baltistan Pakistan. a) Habit of the plant 
b) Basal leaves with lanceolate or spatulate 3 lobed 
blades, c) Aerial part with aggregated leaves, d) 
Inflorescence. Plant collection and original photographs 
by Adil Hussain and Tanseer Hussain 

2.3. Phylogenetic Analysis 
 

After collection, herbarium preparation, and 
morphological assessment of various features, the 
herbarium specimen of A. chinensis was 
transferred to the University of California Davis 
USA. From the exported herbarium specimens, 
leaf samples were taken to extract the total 
genomic DNA and to perform PCR for molecular 
phylogenetic analysis. The overall 
experimentation and data analysis were performed 
in the laboratory of Prof. Dr. Daniel Potter at the 
Department of Plant Sciences, University of 
California Davis CA, United States of America. 

2.4. Extraction and Quantification of Genomic 
DNA  
 

The leaf specimen was cleaned up with 70 % 
ethanol and the extraction of genomic DNA was 
done with a plant DNeasy kit (QIAGEN). After  

 
extraction, quantification of genomic DNA was 
done with the measurement of A260/280 values in 
a nanodrop spectrometer (ND-2000, Nanodrop 
Technologies USA) following Urreizti et al. [33]. 
1.5% agarose gel was used and electrophoresis 
was performed to visualize the quality of extracted 
genomic DNA. 

2.5. PCR Condition for the Amplification of 
ITS, ETS, and psbA-trnH regions 
 

PCR was performed in the ABI thermo-cycle with 
50 μl reaction volumes with ddH2O (36 μl), de-
oxyribonucleoside triphosphates (2 μl), 1xPCR 
buffer (5μl), MgCl2 (1μl), 1.5 μl both primers for 
ETS (18SETS and ETS-AST1), ITS (ITS9 and 
ITS6) and chloroplast psbA-trnH (trnHf and 
psbA3’f) (Table 1), template genomic DNA (1 to 
1.5 μl of 20 to 50 ng), 0.5 μl of 5 units Taq 
polymerase and DMSO (1 μl). The optimized PCR 
amplification of ITS was achieved at 2 minutes 
pre-denaturation at 95°C following 35 cycles with 
denaturation of 30 seconds at 95°C, 1 minute 
annealing at 50°C or 30 seconds annealing at 
55°C, and 72°C, 1 minute extensions with the final 
extension of 5 minutes at 72°C.  The optimized 
PCR amplification of ETS was achieved at pre-
denaturation for 2 minutes at 97°C with 36 cycles 
following denaturation for 2 sec at 97 °C, 
annealing at 55°C for 30 seconds, and extensions 
at 72°C for 30 seconds. A final extension was 
performed for 7 minutes at 72°C for ETS region 
amplification. The amplification of psbA-trnH 
sequence was performed at pre-denaturation of 5 
minutes at 94°C, following 30 cycles of dena-
turation for 1 minute at 94°C, annealing of 1 
minute at 55°C, extension for 1.5 minutes at 72°C. 
A final extension was achieved for 7 minutes at 
72°C.  

The PCR products amplified were visualized and 
quantified in the electrophoresis containing 
agarose gel (1.5%) arranged in 1xTBE with a 
voltage of 100 for 45 min in a buffer of Trisborate-
ethylenediaminetetraacetic acid. The gel was then 
visualized under ultraviolet light in the trans-
illuminator. During electrophoresis, PCR product 
size was perceived in comparison to the 1kb DNA 
ladder of standard size (Biolabs Company, N- 
3232L). The extraction of PCR product from the 

Fig. 1. Morphology of A. chinensis obtained from Skardu Gilgit-Baltistan Pakistan. a) Habit of the plant b) Basal leaves 
with lanceolate or spatulate 3 lobed blades, c) Aerial part with aggregated leaves, d) Inflorescence. Plant collection and 
original photographs by Adil Hussain and Tanseer Hussain
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altitude of this region is 8611 m and the minimum is 
1400 m. Gilgit-Baltistan has many districts and the 
major ones include Astore, Gilgit, Diamer, Ghizer, 
Ghanche, and Skardu Hunza-Nagar [30]. It has a 
temperate climate that is suitable for great plant 
diversity. In the course of the field samplings for 
the Artemisia project from the study area in 2016 
and 2017 [31, 32], the occurrence of A. chinensis 
(Figure 1) was noticed in the Skardu District of 
Gilgit-Baltistan at a latitude of N-35′26.585 and 
longitude E-75′27.011. The sample was collected 
and the herbarium was consequently arranged 
(Figure 2). The specimen was deposited in the 
herbarium of Pakistan Museum of Natural History 
(PMNH) Islamabad Pakistan under the accession 
number PMNH-41722.

2.2  Morphology of Collected Plant 

After assessing morphological characters and 
based on a BLAST search of molecular data, 
the species was recognized as A. chinensis. 
Various morphological characters of A. chinensis 
were evaluated in the dissecting and compound 
microscope with 4X, 10X, and 20X magnifications. 
 
2.3  Phylogenetic Analysis

After collection, herbarium preparation, and 
morphological assessment of various features, the 
herbarium specimen of A. chinensis was transferred 
to the University of California Davis USA. From 
the exported herbarium specimens, leaf samples 
were taken to extract the total genomic DNA 
and to perform PCR for molecular phylogenetic 
analysis. The overall experimentation and data 
analysis were performed in the laboratory of                                                      
Prof. Dr. Daniel Potter at the Department of Plant 
Sciences, University of California Davis CA, 
United States of America.

2.4  Extraction and Quantification of Genomic  
       DNA 

The leaf specimen was cleaned up with 70 % ethanol 
and the extraction of genomic DNA was done with 
a plant DNeasy kit (QIAGEN). After extraction, 
quantification of genomic DNA was done with the 
measurement of A260/280 values in a nanodrop 
spectrometer (ND-2000, Nanodrop Technologies 
USA) following Urreizti et al. [33]. 1.5% agarose 
gel was used and electrophoresis was performed to 

visualize the quality of extracted genomic DNA.

2.5  PCR Condition for the Amplification of ITS, 
ETS, and psbA-trnH regions

PCR was performed in the ABI thermo-cycle 
with 50 μl reaction volumes with ddH2O (36 μl), 
de¬oxyribonucleoside triphosphates (2 μl), 1xPCR 
buffer (5μl), MgCl2 (1μl), 1.5 μl both primers for 
ETS (18SETS and ETS-AST1), ITS (ITS9 and ITS6) 
and chloroplast psbA-trnH (trnHf and psbA3’f) 
(Table 1), template genomic DNA (1 to 1.5 μl of 
20 to 50 ng), 0.5 μl of 5 units Taq polymerase and 
DMSO (1 μl). The optimized PCR amplification of 
ITS was achieved at 2 minutes pre-denaturation at 
95 °C following 35 cycles with denaturation of 30 
seconds at 95 °C, 1 minute annealing at 50 °C or 
30 seconds annealing at 55 °C, and 72 °C, 1 minute 
extensions with the final extension of 5 minutes at 
72 °C.  The optimized PCR amplification of ETS 
was achieved at pre-denaturation for 2 minutes at 
97°C with 36 cycles following denaturation for                      
2 sec at 97 °C, annealing at 55 °C for 30 seconds, 
and extensions at 72 °C for 30 seconds. A final 
extension was performed for 7 minutes at 72°C 
for ETS region amplification. The amplification of                                                                                                
psbA-trnH sequence was performed at pre-
denaturation of 5 minutes at 94 °C, following 
30 cycles of denaturation for 1 minute at 94 °C, 
annealing of 1 minute at 55 °C, extension for                          
1.5 minutes at 72 °C. A final extension was achieved 
for 7 minutes at 72 °C. 

The PCR products amplified were visualized 
and quantified in the electrophoresis containing 
agarose gel (1.5 %) arranged in 1xTBE with a 
voltage of 100 for 45 min in a buffer of Trisborate-
ethylenediaminetetraacetic acid. The gel was then 
visualized under ultraviolet light in the trans-
illuminator. During electrophoresis, PCR product 
size was perceived in comparison to the 1kb DNA 
ladder of standard size (Biolabs Company, N- 
3232L). The extraction of PCR product from the 
gel was carried out using a QIAGEN QIA-quick gel 
extraction kit with standard protocol.

2.6  Sequencing of PCR product and Multiple 
Sequence Alignment of Sequenced Data

The amplified DNA regions were then sequenced at 
the University of California Davis CA USA in a Big 
dye terminator version 3.1 cycle sequencing (ABI) 
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with capillary electrophoresis genetic analyzers 
(ABI 3730) using ETS, ITS, and psbA-trnH primers 
from both strands. The raw data of sequences of                                                                                      
A. chinensis were assembled with software 
Sequencher. Total of four alignments (MSAs) were 
generated from ETS, ITS and psbA-trnH for new 
A. chinensis sequence and GenBank reference 
Artemisia species sequences were nrDNA-ITS 
(n=36), nrDNA-ETS (n=36), and cpDNA-psbA-
trnH (n=36). One multiple sequence alignment 
(MSA) was obtained by combining ITS, ETS and 
psbA-trnH sequences (CAT-36; n=36). The details 
of multiple sequence alignments produced are 
given as;

MSA-1= ETS nrDNA (n=36) (1 new sequence+34 
Gen¬Bank reference sequences+1 Outgroup 
sequence) 
MSA-2= ITS nrDNA (n=36) (1 new sequences+34 
Gen¬Bank reference sequences+1 Outgroup 
sequences)
MSA-3= psbA-trnH cpDNA (n = 36) (1 new 
sequences + 34 GenBank reference sequences+1 

Outgroup sequences)
MSA4 = ETS nrDNA + ITS nrDNA + psbA-trnH 
cpDNA (CAT=36) (1 new sequence+34 GenBank 
sequences+1 Out¬group sequences) 

Using the software MEGA-7 [34], these 
sequences were each aligned disjointedly followed 
by manual adjustments.

2.7  ML Phylogenetic Tree Construction

Primarily, 3 separate alignments were generated 
for ITS, ETS and psbA-trnH sequences (ETS with 
390 characters, ITS with 653 characters, and psbA-
trnH with 392 characters), and then the sequences 
of these three markers were combined [35, 36] to 
obtain final data matrix of 1435 characters. These 
separate and combined data matrices were analyzed 
using the maximum likelihood algorithm to find out 
the relationship of A. chinensis with other Artemisia 
species. The MEGA-7 software [34] was used to 
perform a maximum likelihood (ML) analysis and 
to visualize the final tree.  A. chinensis sequenced 
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other Artemisia species. The MEGA-7 software 
[34] was used to perform a maximum likelihood 
(ML) analysis and to visualize the final tree.  A. 
chinensis sequenced data with ITS, ETS, and 
psbA-trnH markers were submitted in the NCBI 
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Fig. 2. A. chinensis herbarium specimen deposited at 
Pakistan Museum of Natural History (PMNH) 
Herbarium in Islamabad Pakistan (PMNH-41722).                 

3. RESULTS AND DISCUSSION 
The documentation of specimen PMHN-41722 
(Figure 2) as A. chinensis characterizes the first 
record of this rare Artemisia species from 
Northern Pakistan. This species was recovered 
from one site in the district Skardu, Gilgit-
Baltistan, Pakistan. The species was so for is 
recorded only near the Kachura/Shangrilla site in 

Fig. 2. A. chinensis herbarium specimen deposited at Pakistan Museum of Natural History (PMNH) Herbarium in 
Islamabad Pakistan (PMNH-41722
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data with ITS, ETS, and psbA-trnH markers were 
submitted in the NCBI GenBank (https://www.ncbi.
nlm.nih.gov/genbank/) under accession number 
MH101881 for nrDNA ITS, MH292876 for nrDNA 
ETS and MH330169 for cpDNA psbA-trnH.
 
3.   RESULTS AND DISCUSSION

The documentation of specimen PMHN-41722 
(Figure 2) as A. chinensis characterizes the first 
record of this rare Artemisia species from Northern 
Pakistan. This species was recovered from one site 
in the district Skardu, Gilgit-Baltistan, Pakistan. 
The species was so for is recorded only near the 
Kachura/Shangrilla site in Skardu region of Gilgit-
Baltistan Pakistan where it grows in grassy areas.

Morphological analysis showed the shruby 
nature of A. chinensis which is 10-40 cm tall (Figures 
1 and 2). It has sometimes trailing branches with 
sessile leaves, aggregated at the top of the branches. 
It has densely gray-white pubescent. The blades of 
leaves are narrowly lanceolate or spatulate 2 to 
4×0.4 to 0.5 cm thickly gray or white pubescent 
surfaces, cuneate-attenuate base, entire margin, 
apex 3 to 4 lobed and thick sometimes. 

Small many disciform capitula with a diameter 
of 7 mm in a frondose raceme laterally branch. 
Hemispheric involucres and phyllaries are present in 
3 rows where the outer and middle ones are elliptic, 
equal, and herbaceous. There is densely gray-white 
pubescent abaxially. The apex is acute or obtuse, the 
inner ones small, oblong, and subglabrous abaxially 
and the margin is scarious broadly. Female marginal 
florets are present in a single row which is tubular 
(ca. 1.5 mm), gland-dotted from outside with 2 
or 3 denticulate apexes. Disk florets are many, 
tubular and 5-lobed, densely gland-dotted from the 
outer side. Fruits are conspicuously 5-ribbed and 
pappus is sometimes present with irregular teeth 
0.5 mm, coroniform of small scales. The length of 
amplified DNA regions, raw generated sequences, 
multiple sequence alignments, and the numbers of 
informative sites for sequences of nuclear ribosomal 
DNA regions (ETS and ITS) and chloroplast DNA 
regions (psbA-trnH) for the species Artemisia are 
given in Table 2.

The data presented in the ML trees (Figures 
3-6) based on ITS, ETS and psbA-trnH markers 
displays the dispersal of A. chinensis from Skardu 

district Gilgit-Baltistan Pakistan all through the 
clades corresponding to the other Artemisia species. 
All trees obtained from both independent and 
combined ML ETS, ITS, and psbA-trnH regions 
mended related topologies without any substantial 
conflicts. In the tree from independent data sets 
of each marker, A. chinensis from Skardu Gilgit-
Baltistan was entirely supported which appeared in 
a single clade (ITS ML-BS = 97 %, ETS ML-BS= 
64 %, psbA-trnH ML-BS= 82 %) covering species 
of the subgenus Pacifica including the previously 
reported A. chinensis from other parts of the 
world (ITS ML-BS = 100 %, ETS ML-BS= 86 %,                                          
psbA-trnH ML-BS= 99 %) as shown in Figures 3-5.

In a tree from combined data set of ITS, ETS, 
and psbA-trnH markers, A. chinensis from Skardu 
Gilgit-Baltistan was also completely supported 
in one clade (ML-BS = 100 %) with A. chinensis 
and other Artemisia species in a subgenus Pacifica 
clade reported from other parts of the world                                              
(ML-BS= 99 %) as shown in Figure 6. Consequently, 
the appearance of Pakistani A. chinensis in a clade                                                                                                        
(BS > 50 %) containing other Artemisia species, 
especially A. chinensis lineage from subgenus 
Pacifica of the genus Artemisia endorses its 
taxonomic identity. The plant species which 
are rare in nature have intrinsic, political, and 
ecological values that lead conservationists and 
land managers to ensure the protection of these 
plants. Keeping the rarity status of plant species, 
reserves are established in those areas where larger 
rare plant species are present [37-39]. It helps in 
the protection of the biodiversity contributions and 
the development of conservation strategies for rare 
plant species of the area [40]. 

A lot of studies reported the occurrence and 
native status of A. chinensis from different regions 
of the world [24, 46-48]. Studies concerning the 
presence of important phytochemicals having 
promising biological activities were also reported 
[49-52] A. chinensis was first described by Linnaeus 
[23] which is a monotypic genus, Crossostephium 
Makino in the flora of China and is a very popular 
traditional Chinese medicinal herb in Taiwan [48]. 

A. chinensis in Asian regions is thought to 
be distributed naturally in Taiwan adjacent to 
southernmost Ryukyu, Orchid, Bonin, and the 
Islands of Okinawa. However, Ling et al. [25] 
questioned the native position of A. chinensis along 
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with the Fujian, Zhejiang, and Guangdong coasts, 
but the suitability of climatic there was anticipated 
by the Maxent analysis. 

The monotypic C. chinensis was considered as 
a distant genus from the genus Artemisia [53]. It is 
believed that this genus is different from Artemisia 
due to the coroniform pappuspresence, however, it 
was formerly positioned with Artemisia californica 
by Rydberg [54] and Gray [46] on a deeply ribbed 
cypselas basis. 

Gray [46] formerly put forwarded a close 
relationship of Hawaiian A. australis and A. 
chinensis earlier to the account of additional 
Hawaiian species. Conferring to Watson et al. [47] 
ITS phylogenetic analysis, the C. chinensis (A. 
chinensis) is allied with Old World Seriphidium and 
numerous species of subgenus Artemisia advocates 
that C. chinensis (A. chinensis) is unified within 
Artemisia.

Molecular phylogenetic study of Hobbs and 
Baldwin, [24] displayed a robust relationships 
resolution of the South Asian A. chinensis and 
Hawaiian Artemisia. They proposed a clade 
containing Hawaiian Artemisia and A. chinensis a 
new subgenus called Artemisia subgenus Pacifica. 

This new subgenus Pacifica contains                                 
A. chinensis from littoral habitats in Southeast 
Asia, for example, Okinawa, Taiwan, Bonin, and 
Ryukyu islands, and 3 species viz A. kauaiensis, A. 
australis, and A. mauiensis of subalpine to littoral 
habitats in Hawaiian Islands [24]. Species of this 
subgenus Pacifia appeared monophyletic in the 
phylogenetic investigation of Malik et al. [55] 
concerning the taxonomy and classification of the 
subg. Seriphidium of the genus Artemisia 

Hobbs and Baldwin [24] displayed that the 
nuclear ribosomal DNA and chloroplast DNA 
sequences support the hypothesis that the Southeast 
Asian A. chinensis is closely allied to the Hawaiian 
Artemisia taxa, which also make a clade. Results of 
this study also showed a close relationship between 
A. australis and A. chinensis under the subgenus 
Pacifica clade from the Northeastern Skardu region 
of Pakistan. 

Presently, A. chinensis has been declared as 
possibly threatened in the Flora of China. Based on 
the rarity and less population, A. chinensis reported 
here from Northeastern Pakistan should also be 
declared a rare and possibly threatened species in 
the flora of Pakistan.

6 
 

Table 1. Details of three primers used for the amplification of nrDNA ITS, ETS, and cpDNA psbA-trnH sequences 
of the species of Artemisia  

Markers Marker name and Sequence Length of 
base References 

ETS-forward primer (AST1) 5′-CGTAAAGGTGCATGAGTGGTGT-3′  22 [41]  
ETS-reverse primer (18SETS) 5′ACTTACACATGCATGGCTTAATCT-3′  24 [42]  
ITS-forward primer  (ITS9) 5′-GGAAGGAGAAGTCGTAACAAGG-3′  22 [43] 
ITS-reverse primer  (ITS6) 5′-TCCTCCGCTTATTGATATGC-3′  20 
psbA-trnH-forward 

primer 
(psbA3′f) 5′-GTTATGCATGAACGTAATGCTC-3′  22 [44]  

psbA-trnH-reverse 
primer 

(TrnHf-05) 5′CGCGCATGGTGGATTCACAATCC-3′  23 [45]  

Table 2. Length of the PCR products and summary statistics of nrDNA ETS, ITS and cpDNA psbA-trnH Artemisia 
datasets.  The numbers that appeared in the brackets specify the outcomes from the ingroup. 

DNA Markers ITS 
(nrDNA) 

ETS 
(nrDNA) 

psbA-trnH 
(cpDNA) 

ITS+ETS +psbA-trnH 
(nrDNA + cpDNA) 

Length of the PCR amplified 
region 

~700 bp ~500 bp ~450 bp  

Samples number 36 (35) 36 (35) 36 (35) 36 (35) 
Total number of sites 653 390 392 1435 

Total number of  informative sites 157(136) 96(83) 44(41) 300(257) 
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sequences support the hypothesis that the 
Southeast Asian A. chinensis is closely allied to 
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the Hawaiian Artemisia taxa, which also make a 
clade. Results of this study also showed a close 
relationship between A. australis and A. chinensis 
under the subgenus Pacifica clade from the 
Northeastern Skardu region of Pakistan.  

Presently, A. chinensis has been declared 
as possibly threatened in the Flora of China. Based 
on the rarity and less population, A. chinensis 
reported here from Northeastern Pakistan should 
also be declared a rare and possibly threatened 
species in the flora of Pakistan. 

 

 

 

Fig. 3. Maximum likelihood phylogenetic tree constructed based on nrDNA ITS sequences of Artemisia. Values 
displayed above branches are the bootstrap values acquired from ML analysis with 1000 replicates. Colored shape 

22 Adil Hussain



7 
 

the Hawaiian Artemisia taxa, which also make a 
clade. Results of this study also showed a close 
relationship between A. australis and A. chinensis 
under the subgenus Pacifica clade from the 
Northeastern Skardu region of Pakistan.  

Presently, A. chinensis has been declared 
as possibly threatened in the Flora of China. Based 
on the rarity and less population, A. chinensis 
reported here from Northeastern Pakistan should 
also be declared a rare and possibly threatened 
species in the flora of Pakistan. 

 

 

 

Fig. 3. Maximum likelihood phylogenetic tree constructed based on nrDNA ITS sequences of Artemisia. Values 
displayed above branches are the bootstrap values acquired from ML analysis with 1000 replicates. Colored shape 

Fig. 3. Maximum likelihood phylogenetic tree constructed based on nrDNA ITS sequences of Artemisia. Values 
displayed above branches are the bootstrap values acquired from ML analysis with 1000 replicates. Colored shape 
denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. The subgeneric classification of the 
genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz et al. [2], Garcia et al. [4], Pellicer et 
al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is indicated with vertical bars.

 Occurrence of Artemisia chinensis in Gilgit-Baltistan Pakistan  23



8 
 

denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. The subgeneric classification of 
the genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz et al. [2], Garcia et al. [4], 
Pellicer et al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is indicated with vertical 
bars. 

 

Fig. 4. Maximum likelihood phylogenetic tree constructed based on nrDNA ETS sequences of Artemisia. Values 
displayed above branches are the bootstrap values acquired from ML analysis with 1000 replicates. Colored shape 
denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. The subgeneric classification of 
the genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz et al. [2], Garcia et al. [4], 

9 
 

Pellicer et al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is indicated with vertical  
bars 

 
Fig. 5. Maximum likelihood phylogenetic tree constructed based on cpDNA psbA-trnH sequences of Artemisia. 
Values displayed above branches are the bootstrap values acquired from ML analysis with 1000 replicates. Colored 
shape denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. The subgeneric 
classification of the genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz et al. [2], 
Garcia et al. [4], Pellicer et al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is indicated 
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Fig. 6. Maximum likelihood phylogenetic tree constructed based on nrDNA+cpDNA (ITS+ETS+psbA-trnH) 
sequences of Artemisia. Values displayed above branches are the bootstrap values acquired from ML analysis with 
1000 replicates. Colored shape denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. 
The subgeneric classification of the genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz 
et al. [2], Garcia et al. [4], Pellicer et al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is 
indicated with vertical bars. 

4. CONCLUSION 
The occurrence of A. chinensis in the Skardu GB 
region of Pakistan stated in the present study 
permits the necessity of wide-ranging sampling to 
confirm its distribution not only from other sites of 

the Gilgit-Baltistan region but across Pakistan. It is 
assumed that A. chinensis plant may be also present 
in other parts of the GB, but not been reported by 
researchers and its presence could also be evident 
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4.   CONCLUSION

The occurrence of A. chinensis in the Skardu 
GB region of Pakistan stated in the present study 
permits the necessity of wide-ranging sampling to 
confirm its distribution not only from other sites of 
the Gilgit-Baltistan region but across Pakistan. It is 
assumed that A. chinensis plant may be also present 
in other parts of the GB, but not been reported by 
researchers and its presence could also be evident 
in other localities of Pakistan as well. Based on 
the outcomes of this study, it is proposed that A. 
chinensis plant is present in North Pakistan and this 
plant should be retained as rare species in the flora 
of Pakistan.

5.   ACKNOWLEDGEMENTS

The author owes a debt of gratitude to Dr. Daniel Potter, 
Professor, Department of Plant Sciences, UC Davis, 
California United States of America for his intellectual 
support and the provision of laboratory resources for 
experiments. 

6.   CONFLICT OF INTEREST

The author declare no conflict of interest.

7.   REFERENCES

1. M. Torrell, N. Garcia-Jacas, A. Susanna, and J. 
Vallès. Phylogeny in Artemisia L. (Asteraceae, 
Anthemidae) inferred from nuclear ribosomal (ITS) 
sequences. Taxon 48(4): 721–736 (1999).

2. M. Sanz, R. Vilatersana, O. Hidalgo, N. Garcia-
Jacas, A. Susanna, G.M. Schneeweiss, and J. 
Vallès. Molecular phylogeny and evolution of floral 
characters of Artemisia and allies (Anthemideae, 
Asteraceae): Evidence from nrDNA ETS and ITS 
sequences. Taxon 57(1): 66–78 (2008).

3. L.M. Shultz. Monograph of Artemisia subgenus 
Tridentatae (Asteraceae-Anthemideae). Systematic 
Botany Monographs 89: 1–131 (2009).

4. S. Garcia, E.D. McArthur, J. Pellicer, S.C. 
Sanderson, J. Vallès, and T. Garnatje. A molecular 
phylogenetic approach to western North America 
endemic Artemisia and allies (Asteraceae): 
untangling the sagebrushes. American Journal of 
Botany 98(4): 638–653 (2011). 

5. J. Pellicer, J. Vallès, A.A. Korobkov, and T. 
Garnatje. Phylogenetic relationships of Artemisia 

subg. Dracunculus (Asteraceae) based on ribosomal 
and chloroplast DNA sequences. Taxon 60: 691–704 
(2011).

6. H.L. Walter, P.F. Memory, and L. Elvin. Ed. 
Medicinal Botany, 2nd Edn, John Wiley and Sons, 
New Jersey 345 (2003).

7. D.A. Terra, L. de Fátima Amorim, M.T.J. de Almeida 
Catanho, A. de Souza da Fonseca, S.D. Santos-
Filho, J. Brandão-Neto, A. da Cunha Medeiros, and 
M. Bernardo-Filho. Effect of an extract of Artemisia 
vulgaris L. (Mugwort) on the in vitro labeling of red 
blood cells and plasma proteins with technetium-
99m. Brazilian Archives of Biology and Technology 
50: 123–128 (2007). 

8. B. Koul, and P. Taak. The Artemisia genus: A review 
on traditional uses, phytochemical constituents, 
pharmacological properties and germplasm 
conservation. Journal of Glycomics and Lipidomics 
7: 142 (2017).

9. A. Hussain, M.Q. Hayat, S. Sahreen, Q.U. Ain, and 
S.A.I. Bokhari.  Pharmacological Promises of Genus 
Artemisia (Asteraceae): a Review. Proceedings 
of the Pakistan Academy of Sciences: B. Life and 
Environmental Sciences 54: 265–287 (2017).

10. M.J. Mohammed, U. Anand, A.B. Altemimi, 
V. Tripathi, Y. Guo, A. Pratap-Singh. Phenolic 
composition, antioxidant capacity and antibacterial 
activity of white wormwood (Artemisia herba-
alba). Plants 10: 164 (2021). 

11. N.E. Dabe, and A.T. Kefale. Antidiabetic effects 
of Artemisia species: a systematic review. Ancient 
Science of Life 36: 175–181 (2017). 

12. K. Madhav, M. Kunal, H. Zafar, B. Ujjwal, and 
N. Gaurav. Antioxidant analysis of essential oils 
and methanolic extracts of Artemisia vulgaris. 
International Journal of Agriculture Sciences 10: 
5710–5713 (2018).

13. M.R. Jakovljevi´c, D. Grujiˇci´c, J.T. Vukajlovi´c, 
A. Markovi´c, M. Milutinovi´c, M. Stankovi´c, N. 
Vukovi´c, M. Vuki´c, O. Miloševi´c-Djordjevi´c. 
In vitro study of genotoxic and cytotoxic activities 
of methanol extracts of Artemisia vulgaris L. and 
Artemisia alba Turra. South African Journal of 
Botany 132: 117–126 (2020).

14. D. Melguizo-Melguizo, E. Diaz-de-Cerio, R. 
Quirantes-Piné, J. Švarc-Gaji´c, and A. Segura-
Carretero. The potential of Artemisia vulgaris leaves 
as a source of antioxidant phenolic compounds. 
Journal of Functional Foods. 5: 192–200 (2020).

15. Y.Y. Tu, M.Y. Ni, Y.R. Zhong, L.N. Li, S.L. Cui, 
M.Q. Zhang, X.Z. Wang, and X.T. Liang. Studies on 

10 
 

 
Fig. 6. Maximum likelihood phylogenetic tree constructed based on nrDNA+cpDNA (ITS+ETS+psbA-trnH) 
sequences of Artemisia. Values displayed above branches are the bootstrap values acquired from ML analysis with 
1000 replicates. Colored shape denotes A. chinensis sequence from the Skardu region of Gilgit-Baltistan Pakistan. 
The subgeneric classification of the genus Artemisia following Bremer [56], Torrell et al. [1], Valles et al.[57], Sanz 
et al. [2], Garcia et al. [4], Pellicer et al. [58], Riggins and Seigler [59], Hobbs and Baldwin [24], Malik et al. [55] is 
indicated with vertical bars. 

4. CONCLUSION 
The occurrence of A. chinensis in the Skardu GB 
region of Pakistan stated in the present study 
permits the necessity of wide-ranging sampling to 
confirm its distribution not only from other sites of 

the Gilgit-Baltistan region but across Pakistan. It is 
assumed that A. chinensis plant may be also present 
in other parts of the GB, but not been reported by 
researchers and its presence could also be evident 

 Occurrence of Artemisia chinensis in Gilgit-Baltistan Pakistan  27



the constituents of Artemisia annua L. Yao Xue Xue 
Bao  16: 366–70 (1981). Chinese. PMID: 7246183.

16. Y. Tu. Artemisinin - a gift from tradicional Chinese 
medicine to the World (Nobel Lecture). Angewandte 
Chemie International Edition 55: 10210–10226 
(2016).  

17. Tu, Y, 2017. From Artemisia annua L. to 
Artemisinins. The discovery and development 
of artemisinins as antimalarial Agents. Chemical 
Industry Press, Academic Press, London.

18. N.B. Daddy, R.L. Watt, P.J. Weathers, et al. 
Artemisia annua dried leaf tablets treated malaria 
resistant to ACT and i.v. artesunate: Case reports. 
Phytomedicine 32: 37‒40 (2017).

19. M. Mojarrab, R. Naderi, and F. Heshmati Afshar. 
Screening of different extracts from Artemisia 
species for their potential antimalarial activity. 
Iranian Journal of Pharmacy Research 14: 603–608 
(2015).

20. World Health Organization. World Malaria Report. 
Fact sheet N°94 (2015).

21. D. Normile. Nobel for antimalarial drug highlights 
East-West divide (265–265). Science 350 (2015). 

22. F.U. Haq, M. Roman, K. Ahmad, S.U. Rahman, 
S.M.A. Shah, N. Suleman, S. Ullah, I. Ahmad, and 
W. Ullah. Artemisia annua: Trials are needed for 
COVID-19. Phytotherapy Research 34(10): 2423–
2424 (2020). 

23. C. Linnaeus. Species Plantarum 2: 845. Stockholm, 
Lauren¬tius Salvius (1735).

24. C.R. Hobbs, and B.G. Baldwin. Asian origin 
and upslope migration of Hawaiian Artemisia 
(Compositae-Anthemideae). Journal of 
Biogeography 40(3): 442–454 (2013). 

25. Y.R. Ling, C.J. Humphries, and M.G. Gilbert. 
Artemisia. Flora of China. Missouri Botanical 
Garden, St Louis, MO & Harvard University 
Herbaria, Cambridge, MA. Available at: http://
www.efloras.org (2008).

26. S.I. Ali, and M. Qaiser. Flora of West Pakistan. 
Nos., 194‒217, University of Karachi Pakistan 
(1993–2010).

27. M.Q. Hayat, M. Ashraf, M.A. Khan, G. Yasmin,  
N. Shaheen,  and S. Jabeen. Diversity of foliar 
trichomes and their systematic implications in the 
genus Artemisia (Asteraceae). International Journal 
of Agriculture and Biology 11: 542‒546 (2009a).

28. M.Q. Hayat, M. Ashraf, M.A. Khan, G. Yasmin, N. 
Shaheen, and S. Jabeen. Phylogenetic relationships 
in Artemisia spp. (Asteraceae) based on distribution 
of foliar trichomes. International Journal of 
Agriculture and Biology 11: 553‒558 (2009b).

29. A. Hussain. Distribution and molecular phylogeny 

of Artemisia plants from Gilgit-Baltistan, Pakistan. 
Doctoral dissertation, International Islamic 
University Islamabad Pakistan. (2019). Available at 
http://prr.hec.gov.pk/jspui/handle/123456789/11070

30. Anonymous. Northern areas state of environment 
and development. Karachi, Government of Pakistan 
and IUCN Paki-stan. (2003).

31. A. Hussain, M.Q. Hayat, S. Sahreen, and S.A.I. 
Bokhari. Unveiling the foliar epidermal anatomical 
characteristics of genus Artemisia (Asteraceae) from 
northeast (Gilgit-Baltistan), Pakistan. International 
Journal of Agriculture and Biology 21: 630–638 
(2019a). 

32. A. Hussain, D. Potter, S. Kim, M.Q. Hayat, and 
S.A.I. Bokhari. Molecular phylogeny of Artemisia 
(Asteraceae-Anthemideae) with emphasis on 
undescribed taxa from Gilgit-Baltistan (Pakistan) 
based on nrDNA (ITS and ETS) and cpDNA (psbA-
trnH) sequences. Plant Ecology and Evolution 152: 
507–520 (2019b). 

33. R. Urreizti, N. Garcia-Giralt, J.A. Riancho, J. 
González-Macias, S. Civit, R. Güerri, G. Yoskovitz, 
P. Sarrion, L. Mellivobsky A. Díez‐Pérez, X. 
Nogués, S. Balcells, and D. Grinberg. CO¬ L1A1, 
haplotypes and hip fracture. Journal of Bone and 
Mineral Research 27(4): 950–953 (2012). 

34. S. Kumar, G. Stecher, and K. Tamura. MEGA7: 
molecular evo¬lutionary genetics analysis version 
7.0 for bigger datasets. Molecular Biology and 
Evolution 33(7): 1870–1874 (2016). 

35. A.R. Haghighi, A.O. Belduz, M.M. Vahed, K. 
Coskuncelebi, and S. Terzioglu. Phylogenetic 
relationships among Artemisia species based on 
nuclear ITS and chloroplast psbA-trnH DNA 
markers. Biologia 69(7): 834–839 (2014). 

36. L. Holzmeyer, M. Duretto, D. Crayn, E. Hörandl, 
M. Heslewood, J. Jayanthan, and M.S. Appelhans. 
Phylogeny of Acronychia (Rutaceae) and first 
insights into its historical biogeography and the 
evolution of fruit characters. PLoS ONE 10(8): 
e0136296 (2015). 

37. A. Hussain, M.Q. Hayat, and S.A.I. Bokhari. New 
distribution report on the alien species Artemisia 
verlotiorum Lamotte (Asteraceae- Anthemideae) 
from Gilgit-Baltistan region of Pakistan. Pakistan 
Journal of Weed Science and Research 26: 167–178 
(2020). 

38. N. Myers, R.A. Mittermeier, C.G. Mittermeier, 
G.A.B. da Fonseca, and J. Kent. Biodiversity 
hotspots for conservation priorities. Nature. 403, 
853–858 (2000). 

39. S.L. Pimm, M. Ayres, A. Balmford, G. Branch, K. 
Brandon, T. Brooks, R. Bustamante, R. Costanza, R. 

28 Adil Hussain



Cowling, L.M. Curran, A. Dobson, S. Farber, G.A.B. 
da Fonseca, C. Gascon, R. Kitching, J. McNeely, T. 
Lovejoy, R.A. Mittermeier, N. Myers, J.A. Patz, 
B. Raffle, D. Rapport, P. Raven, C. Roberts, J.P 
Rodriguez, A.B. Rylands, C. Tucker, C. Safrina, C. 
Samper, M.L.J. Stiassny, J. Supriatna, D.H. Wall, 
and D. Wilcove. Can we defy nature’s end? Science 
293: 2207–2208 (2001). 

40. R.P. Leitao, J. Zuanon, S. Villeger, S.E. Williams, 
C. Baraloto, C. Fortunel, F.P. Mendonca, and D. 
Mouillot. Rare species contribute disproportionately 
to the functional structure of species assemblages. 
Proceedings of the Royal Society B Biological 
Sciences 283: 20160084 (2016). 

41. S. Markos, and G.B. Baldwin. Higher-level 
relationships and ma¬jor lineages of Lessingia 
(Compositae, Astereae) based on nuclear rDNA 
internal and external transcribed spacer (ITS and 
ETS) sequences. Systematic Botany 26(1): 168–183 
(2001). 

42. B.G. Baldwin, and S. Markos. Phylogenetic 
utility of the external transcribed spacer (ETS) 
of 18S–26S rDNA: congruence of ETS and ITS 
trees of Calycadenia (Compositae). Molecular 
Phylogenetics and Evolution 10(3): 449–463 
(1998). 

43. D. Potter, T. Eriksson, R.C. Evans, S. Oh, J.E.E. 
Smedmark, D.R. Morgan, M. Kerr, K.R. Robertson, 
M. Arsenault, T.A. Dickinson, and C.S. Campbell. 
Phylogeny and classification of Rosaceae. Plant 
Systematics and Evolution 266(1–2): 5–43. 

44. T. Sang, D. Crawford, and T. Stuessy. Chloroplast 
DNA phylogeny, reticulate evolution and 
biogeography of Paeonia (Paeonia¬ceae). American 
Journal of Botany 84(8): 1120–1136 (1997). 

45. J.A. Tate, and B.B. Simpson. Paraphyly of Tarasa 
(Malvaceae) and diverse origins of the polyploid 
species. Systematic Botany 28(4): 723–737 (2003). 

46. A. Gray. Synoptical flora of North America. New 
York, American Book Company. (1884). 

47. L.E. Watson, P.L. Bates, T.M. Evans, M.M. Unwin, 
and J.R. Estes. Molecular phylogeny of subtribe 
Artemisiinae (Aster-aceae) including Artemisia and 
its allied and segregate genera. BMC Evolutionary 
Biology 2: 17 (2002). 

48. Y.S. Chang, Y.L. Ho, N.Y. Chiu, and C.C. Che. 
Compendium of medicinal plants used by  
indigenous people of Taiwan (English version). 
Committee of Chinese Medicine and Pharmacy, 
Department of Health, Taipei, pp. 519–520 (2003).

49. T. Akihisa, K. Yasukawa, H. Oinuma, Y. Kasahara, 
Y., Yamanouchi, M. Takido, K. Kumaki, and T. 

Tamura. Triterpene alcohols from the flowers of 
Compositae and their anti-inflammatory effects. 
Phytochemistry 43(6): 1255–1260 (1996). 

50. X.W. Yang, L. Zou, Q. Wu, and D.X. Fu. Studies 
on chemical constituents from whole plants of 
Crossostephium chinensis. Zhongguo Zhong Yao Za 
Zhi 33(8): 905-8 (2008). Chinese. PMID: 18619349.

51. T.N. Chang, G.J. Huang, Y.L. Ho, S.S. Huang, 
H.Y. Chang, and Y.S. Chang. Antioxidant and 
antiproliferative activities of Crossostephium 
chinensis (L.) Makino. American Journal of Chinese 
Medicine 37(4): 797–814 (2009).

52. T.N. Chang, Y.L. Ho, G.J. Huang, S.S. Huang, 
C.J. Chen, P.C. Hsieh, Y.C. Chiang, and Y.S. 
Chang. Hepatoprotective effect of Crossostephium 
chinensis (L.) Makino in rats. American Journal of 
Chinese Medicine 39(3): 503–21 (2011).

53. K. Bremer, and C.J. Humphries. Generic monograph 
of the Asteraceae-Anthemideae. Bulletin of the 
Natural History Museum London (Botany) 23(2): 
71–177 (1993). 

54. P.A. Rydberg. Artemisia. In: N.L. Britton,  W.A. 
Murrill, J.H. Barnhart. (eds) North American Flora: 
34(3): 244–285. New York, New York Botanical 
Garden (1916).

55. S. Malik, D. Vitales., M.Q. Hayat, A.A. Korobkov, 
T. Garnatje, and J. Vallès. Phylogeny and 
biogeography of Artemisia subgenus Seriphidium 
(Asteraceae, Anthemideae). Taxon. 66(4): 934–952 
(2017).

56. K. Bremer. Asteraceae: Cladistics and Classification 
Timber Press, Portland (1994).

57. J. Vallès, M. Torrell, T. Garnatje, N. Garcia-
Jacas, R. Vilatersana, and A. Susanna. The genus 
Artemisia and its allies: phylogeny of the subtribe 
Artemisiinae (Asteraceae, Anthemideae) based on 
nucleotide sequences of nuclear ribosomal DNA 
internal transcribed spacers (ITS). Plant Biology 5: 
274–284 (2003). 

58. J. Pellicer, T. Garnatje, J. Molero, F. Pustahija, S. 
Siljak-Yakovlev, and J. Vallès. Origin and evolution 
of the South American endemic Artemisia species 
(Asteraceae): evidence from molecular phylogeny, 
ribosomal DNA and genome size data. Australian 
Journal of Botany 58: 605–616 (2010). 

59. C.W. Riggins, and D.S. Seigler. The genus Artemisia 
(Asteraceae: Anthemideae) at a continental 
crossroads: Molecular insights into migrations, 
disjunctions, and reticulations among Old and New 
World species from a Beringian perspective. Mo-
lecular Phylogenetics and Evolution 64(3): 471–
490 (2012). 

 Occurrence of Artemisia chinensis in Gilgit-Baltistan Pakistan  29




