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Objective: In Pakistan, traditional medicines are an important component of the medical system, with
numerous varieties and great demands. However, due to the scattered resources and the lack of system-
atic collection and collation, adulteration of traditional Pakistani medicine (TPM) is common, which
severely affects the safety of their medicinal use and the import and export trades. Therefore, it is urgent
to systematically organize and unify the management of TPM and establish a set of standards and oper-
able methods for the identification of TPM.
Methods: We collected and organized the information on 128 TPMs with regard to their medicinal parts,
efficacy, usage, and genetic material, based on Pakistan Hamdard Pharmacopoeia of Eastern Medicine:
Pharmaceutical Codex. The genetic information of TPM is summarized from national center for biotechnol-
ogy information (NCBI) and global pharmacopoeia genome database (GPGD). Furthermore, we utilized
bioinformatics technology to supplement the chloroplast genome (cp-genome) data of 12 TPMs. To build
the web server, we used the Linux + Apache + MySQL + PHP (LAMP) system and constructed the webpage
on a PHP: Hypertext Preprocessor (PHP) model view controller (MVC) framework.
Results: We constructed a new genomic database, the traditional Pakistani medicine genomic database
(TPMGD). This database comprises five entries, namely homepage, medicinal species, species identifica-
tion, basic local alignment search tool (BLAST), and download. Currently, TPMGD contains basic profiles
of 128 TPMs and genetic information of 102 TPMs, including 140 cytochrome c oxidase subunit I (COI)
sequences and 119 mitochondrial genome sequences from Bombyx mori, 1 396 internal transcribed
spacer 2 (ITS2) sequences and 1 074 intergenic region (psbA-trnH) sequences specific to 92 and 83 plant
species, respectively. Additionally, TPMGD includes 199 cp-genome sequences of 82 TPMs.
Conclusion: TPMGD is a multifunctional database that integrates species description, functional informa-
tion inquiry, genetic information storage, molecular identification of TPM, etc. The database not only pro-
vides convenience for TPM information queries but also establishes the scientific basis for the medication
safety, species identification, and resource protection of TPM.
� 2024 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is anopen access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Traditional medicine has been utilized by humans for thou-
sands of years to prevent and treat various illnesses (Mukherjee
et al., 2017; Liu, 2021; Li et al., 2022; Rehman et al., 2022). It has
gained widespread acceptance and trust from populations world-
wide and continues to play a crucial role in modern healthcare sys-
tems (Huang et al., 2021; Wei et al., 2023; Xu et al., 2023). Pakistan
is home to a diverse range of plant species (Zhan & Chen, 1997;
Zhang, Bao, & Yang, 2019), including numerous medicinal plants
that are widely used for disease prevention and treatment by the
majority of the population (Bibi et al., 2015; Yaseen et al., 2015;
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Zahoor et al., 2017). In Pakistan, traditional medicine holds a signif-
icant position in healthcare system, with the prevalent system
being the Unani system (Wu et al., 2022). The Unani system of
medicine is among the oldest systems of healthcare and has a
unique theoretical framework for understanding human disease
and health (Yasmeen, Sofi, & Khan, 2020). They employ various
therapeutic agents to treat diseases, including both monomeric
constituent and polypill drugs derived from botanical, mineral, or
animal sources, among which plant-based medicines are the most
commonly used (Zahoor et al., 2017; Yasmeen, Sofi, & Khan, 2020;
Wu et al., 2022). The Hamdard Pharmacopoeia of Eastern Medicine is
a valuable reference book for traditional medicines in Pakistan. It
originates from the Unani system and is widely used by practition-
ers of traditional medicine in Pakistan. The pharmacopeia includes
information on various traditional medicines, including herbal
medicines, animal medicines, and mineral medicines. It aims to
standardize the safety, quality, and efficacy of traditional Pakistani
medicine (TPM) by providing guidelines for their preparation,
quality control, and usage.

Although the species characteristics of herbs have been
recorded in the Hamdard Pharmacopoeia, the prevalence of adulter-
ation and counterfeiting of medicinal materials due to the lack of
effective identification methods is still a serious concern, as it
undermines medication safety and affects the trade of medicinal
resources (Zhan & Chen, 1997; Huang, Chen, & Awais, 2017). As
globalization continues to deepen and there is an increasing num-
ber of people are turning to traditional medicines, establishing a
standardized and easy-to-use method for identifying traditional
medicinal plants is crucial for the safe usage of TPM (Ahmad
et al., 2017). DNA barcoding is a widely used molecular biology
technique that allows for accurate and rapid identification of spe-
cies, regardless of sample morphology or tissue type. Its speed,
accuracy, and versatility have made it a popular tool among
researchers worldwide. In particular, the use of internal tran-
scribed spacer 2 (ITS2) as a universal sequence for herb medicine
identification (Sun, Xu, Song, & Chen, 2022; Chen et al., 2023)
has been widely adopted. However, the limited genetic variation
provided by short universal DNA barcodes can pose a challenge
in identifying complex groups of species. To address this issue,
the chloroplast genome (cp-genome) has been proposed as a ‘‘su-
per barcode” due to its abundance of genetic information and
high-resolution capability (Daniell, Lin, Yu, & Chang, 2016; Cheng
et al., 2017; Lee et al., 2019). The cp-genome has been shown to
be highly effective in identifying complex groups of species. Addi-
tionally, clade-specific markers can be developed based on the cp-
genome (Liu et al., 2021; Wang et al., 2022). As a result, cp-
genomes and DNA barcodes hold great potential for advancing
the accurate identification and responsible development and uti-
lization of medicinal plants.

With the reduction of sequencing costs and technological
advancements, a large amount of genomic data has been generated
in recent years and is often scattered across different media, hin-
dering its effective utilization. Specialized genomic databases have
become important platforms for effectively organizing and utiliz-
ing genomic data. Traditional Chinese medicines (TCM) Barcode
System (https://www.tcmbarcode.cn/en/) has been developed for
the identification of TCM, providing strong molecular evidence
for the authenticity identification of traditional medicines (Chen
et al., 2010; Chen et al., 2014). In addition, comprehensive genomic
databases for medicinal plant research have been established, such
as the Brazilian Pharmacopeia Medicinal Plant Genomic Database
(Zhou, Liao, Li, Xu, & Chen, 2021) and the global pharmacopoeia
genome database (GPGD) (Liao et al., 2022), which records
whole-genome, organelle-genome, and other relevant genomic
data of medicinal species from eight major pharmacopeias world-
88
wide, greatly accelerating the modernization of traditional medi-
cine research.

In this study, we developed traditional Pakistani medicine
genomic database (TPMGD) by collecting genomic data from public
databases as well as through our own sequencing efforts. The
TPMGD aims to provide a comprehensive resource for the safe
use, conservation of resources, and scientific research of TPM.
The database is a reliable and user-friendly ‘‘omics” tool with sev-
eral data mining functions. The TPMGD is publicly available at
https://www.tpmgd.com/.
2. Materials and methods

2.1. Collection and organization of TPM data

The species directory in TPMGD is summarized from Part III of
the Hamdard Pharmacopoeia of Eastern Medicine, which consists
of 128 TPMs, comprising 124 botanical medicines, three animal
medicines, and one mineral medicine. TPMs were primarily col-
lected and organized based on their scientific name, a common
name in Chinese, medicinal part used, and therapeutic functions.
To address the issue of synonymy and scientific name revisions
in the species names, we searched and collected synonyms and for-
mer names for species from databases such as Tropicos (https://
www.tropicos.org/), Flora of China (https://www.iplant.cn/), and
eFloras (https://www.efloras.org). This directory will assist users
in navigating the database more efficiently and retrieving relevant
information about TPMs. Fig. 1 illustrates a schematic overview of
the pipeline utilized for constructing the TPMGD.

To construct TPMGD database, we collected ITS2, psbA-trnH,
cytochrome c oxidase subunit I (COI), and organellar genome
sequences of TPMs from public databases such as national center
for biotechnology information (NCBI) and GPGD. Additionally, this
study supplemented cp-genome data of 12 TPMs using second-
generation sequencing technology. Uploaded data were classified
into two sections: organellar genomes and DNA barcodes. These
sections will enable users to search for and compare TPM DNA
sequences and retrieve relevant genomic information related to
TPM.
2.2. Supplement of cp-genome

2.2.1. Plant and DNA sources
Fresh leaves from 12 TPM species were collected and then dried

using silica gel for DNA extraction. Table S1 and Fig. S1 provide
detailed sample information. Genomic DNA was extracted using
the Plant Genomic DNA kit (Tiangen, Beijing, China). DNA quantity
was determined using Qubit� 3.0 Fluorometer (Life Technologies,
CA, USA).
2.2.2. Assembly and annotation
We used 0.5 lg of DNA per sample as input material and gener-

ated sequencing libraries using Annoroad� Universal DNA Library
Prep Kit V2.0 (AN200101-L). Sequencing was performed on the
Novaseq 6000 S4 platform. The cp-genomes were assembled using
GetOrganelle (Jin et al., 2020) and annotated using CpGAVAS2 and
GeSeq (Wick, Schultz, Zobel, & Holt, 2015). The annotated cp-
genome sequences were deposited in the Genome Warehouse of
the National Genomics Data Center (Table 1). Finally, the maps of
the cp-genomes were generated using online tools, OGDRAW
(https://chlorobox.mpimp-golm.mpg.de/OGDraw.html) and IRscope
(https://irscope.shinyapps.io/Chloroplot/).
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Fig. 1. Data collection and categorization process.

Table 1
Cp-genomes features of 12 TPMs.

Sample
ID

Species Genome
size
(bp)

LSC
size
(bp)

SSC
size
(bp)

IRs
size
(bp)

Total
GC
content
(%)

GC
content
in LSC
(%)

GC
content
in IRs
(%)

GC
content
in SSC
(%)

Number
of genes

Protein-
coding
genes

tRNA
genes

rRNA
genes

GWH accession

S01 M. officinalis 127 677 � � � 33.63 � � � 108 75 29 4 GWHBPAK01000000
S02 Ipomoea

mauritiana
161 926 88 105 11 951 30 935 37.52 36.09 40.59 32.22 126 81 37 8 GWHBOZV01000000

S03 Malva
cathayensis

158 794 87 216 20 766 25 406 37.12 34.94 42.96 32.02 129 85 36 8 GWHBOZW01000000

S04 Calophyllum
inophyllum

161 181 89 061 17 430 27 345 36.37 33.94 42.17 30.57 125 82 35 8 GWHBPAC01000000

S05 G. odorata 163 784 91 097 18 935 26 876 36.28 33.90 42.47 30.18 129 84 37 8 GWHBPAP01000000
S06 M. communis 159 342 88 028 18 490 26 412 37.0 34.83 42.76 30.69 127 83 36 8 GWHBPAD01000000
S07 A. costus 152 709 83 671 18 640 25 199 37.66 35.80 43.08 31.37 127 83 36 8 GWHBPAE01000000
S08 A. augustum 161 200 90 065 20 043 25 546 36.88 34.64 42.99 31.35 130 86 36 8 GWHBPAH01000000
S09 Valeriana

jatamansi
155 392 85 691 15 341 27 180 38.32 36.68 42.52 32.63 125 79 38 8 GWHBPAG01000000

S10 Operculina
turpethum

152 683 87 884 19 537 22 631 37.67 35.99 43.25 32.31 124 79 37 8 GWHBPAL01000000

S11 Lactuca serriola 152 730 84 066 18 598 25 033 37.55 35.73 43.02 31.05 125 81 36 8 GWHBPAJ01000000
S12 Phyla nodiflora 154 341 85 185 17 222 25 967 39.19 37.34 44.03 33.71 128 83 37 8 GWHBPAI01000000
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2.2.3. Repeat analysis and codon usage
Simple sequence repeats (SSRs) and long repeat analysis were

performed using the MIcroSAtellite (MISA) identification tool
(https://pgrc.ipk-gatersleben.de/misa/) (Beier, Thiel, Munch,
Scholz, & Mascher, 2017) and REPuter software (https://bibi serv.
techfak.uni-bielefeld.de/reputer/) (Kurtz et al., 2001). Furthermore,
the codon usage values and relative synonymous codon usage
(RSCU) were analyzed using CodonW v.1.4.2. TBtools software
was utilized to produce and enhance numerical heat maps (Chen
et al., 2020).
89
2.3. Construction of TPMGD

We first processed and filtered all basic profiles and genetic
information data to ensure uniformity. Then, we organized meta-
data from the organellar genome and DNA barcode datasets, as
well as species information, and stored them in a MySQL database
(Fig. 2). To build the web server, we used the LAMP system and
constructed the webpage on a PHP MVC framework (Laravel
v9.50.2; https://laravel.com/). Additionally, to enable the identifi-
cation of TPM based on their organellar genomes, we first built a

https://pgrc.ipk-gatersleben.de/misa/
https://bibi
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BLAST database using the organellar genome sequences. Subse-
quently, we established a BLAST server that utilized this database
for identifying TPM.

3. Results

3.1. Compilation of TPM

The objective of this study is to systematically categorize the
fundamental descriptions of the TPMs contained in Part III of the
Hamdard Pharmacopoeia. The recorded information includes the
scientific names and Chinese names of the TPMs, their medicinal
parts, therapeutic effects, and recommended usage. A total of 128
TPMs were analyzed, consisting of 124 varieties of herbal medici-
nes from 52 different families and 115 genera, along with three
types of animal medicines from three families and one mineral
medicine.

The TPMGD contains the essential details for all 128 TPMs, with
80 % (102 species) are provided with genetic information. The
genetic data for these 102 TPMs consists of 140 COI sequences
and 119 mitochondrial genome sequences of B. mori. It also
includes 1 396 ITS2 sequences and 1 074 psbA-trnH sequences
specific to 92 and 83 plant species, respectively. Moreover, the
database includes 199 cp-genome sequences of 82 TPMs. These
resources provide valuable information for researchers and users
interested in traditional medicinal plant species, facilitating analy-
sis and comparison of genomic data across different species.

3.2. Structure of database

3.2.1. TPMGD homepage
The TPMGD homepage provides users with the latest informa-

tion about TPM. The navigation menu on the homepage consists
of five entries: ‘‘Home”, ‘‘Medicinal Species”, ‘‘Species Identifica-
tions”, ‘‘Blast”, and ‘‘Download”. In addition, the homepage also
briefly introduces the data composition and database functions
(Fig. 2).

3.2.2. Medicinal species
The ‘‘Medicinal species” page provides users with the option to

browse the list of species and search for specific medicines using
the scientific name. For each medicinal species, detailed data is
available on the ‘‘details” tab, which is divided into four sections.
These sections contain comprehensive information related to the
medicinal species, including part used, therapeutic functions,
DNA barcodes, and organellar genomes (Fig. 2).

3.2.3. Species identification
Currently, species identification in the TPMGD uses organellar

genome and DNA barcodes. The TPMGD contains 2 611 DNA bar-
codes covering 93 species (https://www.tpmgd.com/species). The
species identification tool in our database allows users to compare
their submitted sequences with organellar genomes or DNA bar-
codes (ITS2、psbA-trnH、COI) using BLAST. To use this tool, users
simply input their sequence and select a database. The tool then
returns the best-hit queries and top 50 hits, enabling users to
achieve accurate species identification (Fig. 2).

3.2.4. BLAST tool and download
The homepage offers a BLAST tool under the ‘‘Blast” entry,

which contains organellar genome sequences that allows users to
search against them. After the search is completed, users can
access the ‘‘Results” page, which displays the species exhibiting
the highest degree of resemblance to the query sequence. From
90
this page, users are able to view and retrieve the matches
(Fig. 2). There is also an entry ‘‘Downloads” on the TPMGD home-
page, which enables users to download relevant sequences.
3.3. Supplement of cp-genome

3.3.1. Genome atructure and annotation
We collected 12 TPMs and conducted next-generation sequenc-

ing (Fig. S1). These 12 TPMs have been used for treating various
diseases as traditional medicines in multiple countries including
China and India. Some of these species also have important biolog-
ical significance, such as Aucklandia costus Falc. is a rare and endan-
gered species and Melilotus officinalis (L.) Pall. has an atypical
chloroplast genome structure (Fig. S2). Subsequently, we processed
the raw data from the 12 TPMs, including removal of adapters and
low-quality reads. This quality control step resulted in an approx-
imate output of 10 Gb data for each species. Twelve gapless circu-
lar cp-genomes were assembled using the GetOrganelle software.
The datasets presented in this study can be found in online repos-
itories (https://ngdc.cncb.ac.cn/gwh). Table 1 provides detailed
information regarding the size of each cp-genome, as well as a
comprehensive list of gene content for each of the 12 TPMs. Wor-
thy of notes, M. officinalis had the smallest cp-genome size (127
677 bp), while Gynocardia odorata R. Br. had the largest (163
784 bp). The majority of species exhibited a typical quadripartite
structure (Fig. 3A and Fig. S2). However, due to the loss of the inter-
nal inverted repeat (IR) region, the cp-genome of M. officinalis has
undergone structural changes and size reduction, lacking the typi-
cal quadripartite structure found in most cp-genomes (Fig. S2). In
addition, the GC content in the IR region of these 12 TPMs
(40.59%�44.03%) was higher than that of the large single-copy
(LSC) (33.90%�37.34%) and small single-copy (SSC) (30.18%�
33.71%) (Table 1).

Through annotation, we obtained 108–130 genes from each of
the 12 TPMs, comprising 75–86 protein-coding genes, 4–8 riboso-
mal ribonucleic acid (rRNAs), and 29–38 transfer ribonucleic acid
(tRNAs) (Table 1). In addition, we found that 101 genes were
shared among the 12 TPMs, and based on their function, they could
be divided into four categories (Table S2).
3.3.2. Repeat analysis and codon usage
Repetitive sequences are known to play a critical role in cp-

genome rearrangements and evolution (Nazareno, Carlsen, &
Lohmann, 2015; Zheng et al., 2020; Wang et al., 2022). We con-
ducted an oligonucleotide repeat analysis of reverse (R), palin-
dromic (P), forward (F), and complement (C) repeats using
REPuter. Interestingly, we found the abundance of R and C repeats
was lower than that of F and P repeats, and that the majority of
repeat sequences were within the range of 30–39 bp (Fig. 3B and
C). Myrtus communis L. had the minimum number of repeats
(36), whereas M. officinalis had the maximum (598). Complete
details are listed in Table S3. SSRs in chloroplasts are often used
for phylogenetic analysis or population genetics. In our study, a
total of 38–138 SSRs were identified among all 12 cp-genomes
(Table S4). Over half of these SSRs consisted of mononucleotide
A/T motifs, followed by dinucleotide motifs with a predominant
AT/TA motif (Fig. 3D and Table S4).

For codon usage, the coding genes of these 12 TPMs include 64
codons, of which 61 encode for 20 amino acids and three stop
codons (Table S5). The findings indicated that the utilization of A
or T nucleotides in the third codon position was more prevalent
than that of other nucleotides. The RSCU values of 27 codons were
higher than 1, the RSCU values of 2 codons were equal to 1, and
others were lower than 1 (Fig. S3).

https://www.tpmgd.com/species
https://ngdc.cncb.ac.cn/gwh


Fig. 2. TPMGD database architecture model.

Fig. 3. Morphological characteristics and chloroplast genome analysis of 12 TPMs. (A) Cp-genome map of A. augustum. (B) Number of long repeat sequences with different
lengths in 12 TPMs. (C) Number of long repeat sequences with different types in 12 TPMs. R, P, F and C indicate repeat types: R (Reverse), P (Palindromic), F(Forward), and C
(Complement). (D) Number of SSR types in chloroplast genomes of 12 TPMs.
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4. Discussion

4.1. TPMGD

Pakistan has rich traditional medicinal resources, which have
made significant contributions to the health of local and global
91
populations (Shinwari, 2010; Faheem et al., 2022; Rehman et al.,
2022). However, for a long time, improper use, mixing, and even
intentional adulteration have seriously affected the efficacy of
TPM and even caused many safety issues (Atif et al., 2020; Haq,
2004; Zahra, Shinwari, & Qaiser, 2016). TPM resources urgently
require scientific sorting and standardized naming using modern
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technologies and effective identification methods such as molecu-
lar biology (Chen & Huang, 2006; Zahra, Shinwari, & Qaiser, 2016;
Ahmad et al., 2017). At the same time, an in-depth exploration of
traditional medicine using multi-omics methods can elucidate
the mechanisms of disease treatment, promote rational use, and
drive the modernization of TPM development (Sun, Xu, Song, &
Chen, 2022).

With the rapid advancement of sequencing technologies,
sequencing read lengths have increased while sequencing costs
have decreased. As a result, a growing amount of genomic data
on TPM has been released. Specialized genomic databases have
emerged in response to the rapidly growing amount of genomic
data. TPMGD has provided complete, organized, and easily accessi-
ble genetic information on TPM for traditional medicine practition-
ers in Pakistan. TPMGD is expected to aid in molecular
identification, facilitate the discovery of new drug materials, foster
the cultivation of superior varieties, and preserve invaluable
medicinal plant genetic resources. TPMGD offers researchers valu-
able resources to facilitate their studies and contributes to the
advancement of global healthcare.
4.2. Cp-genome

This study generated the first complete cp-genome sequences
for the 12 TPMs. In this study, 11 cp-genomes exhibited typical
quadripartite structures, similar to most of reported, such as Polyg-
onatum and Paris (Jiang et al., 2022; Wang et al., 2022). In M. offic-
inalis, the absence of the IR region led to the loss of the typical
quadripartite structure in the cp-genome. This phenomenon
mainly occurs in the subfamily Papilionoideae, and these species
are referred to as the inverted repeat-lacking clade (Sabir et al.,
2014). In addition, we also conducted analyses on the long repeats,
SSR, and codon usage bias (CUB) of these species.

These data greatly enhance the genetic information available
for TPMs, which can be effectively employed not only for molecular
identification but also for phylogenetic analysis, chloroplast func-
tion analysis, and the development of specific molecular markers.
5. Conclusion

Traditional medicine has been a guardian of human health for a
long time. It is affordable, easily accessible, and still widely used
today. However, due to issues such as unstable quality of medicinal
materials and misuse or adulteration, the effectiveness and safety
of traditional medicine have been seriously affected, damaging
the reputation of traditional medicine. The emergence of modern
technologies, such as molecular biology, provides opportunities
for the accurate identification and selection of high-quality vari-
eties of traditional medicine. TPMGD is the first specialized geno-
mic database that collects and organizes large-scale TPM genetic
data. The database has a user-friendly website that integrates data
storage, retrieval, acquisition, and species identification functions.
TPMGD not only provides convenience for TPM information
queries but also lays the scientific foundation for medication
safety, molecular identification, and resource protection of TPM.
To ensure the usefulness of TPMGD, it will be regularly updated
and maintained. The database is not limited to current TPM species
and data types and will continue to enrich the variety of species in
the future, gradually adding whole-genome, transcriptome, meta-
bolome, proteome, and other data, striving to build a comprehen-
sive TPM multi-omics database, and effectively promoting the
modernization of TPM.
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