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divergence during the evolutionary process and inter-
relationships among them, thereby providing essential 
information for studying the phylogenetic evolutionary 
history of insects and explaining the intricate relation-
ships in the evolutionary history of species.

The thrips fossil record shows that this kind of insect 
appeared very early. Triassothrips virginicus [1, 2] found 
in Virginia-North Carolina border, USA, was recorded 
from the end of Triassic. Liassothrips crassipes Martynov, 
1927 and Karataothrips jurassicus Sharov, 1972 both 
found in Kazakhstan, were recorded from the Late Juras-
sic [3]. A small number of thrips fossils have been found 
in the Cretaceous. Many of the fossils of extinct thrips 
species found so far exist at 38 − 13 Mya (https://paleo-
biodb.org). The specimen Triassothrips virginicus was 
used as a calibration (237 − 207 Mya) for Thysanoptera by 
Misof [4]. His study speculated that the divergence times 
of the genus Gynaikothrips in family Phlaeothripidae 
and the genus Franklinothrips in family Aeolothripidae 
was 119.93 Mya, and the genus Franklinothrips and the 
genus Thrips in family Thripidae was 54.76 Mya. Using 
the stem age of Thysanoptera (260 Mya), Pakrashi et al. 

Introduction
The insects of the order Thysanoptera Haliday, 1836 are 
commonly known as thrips. They are widely distributed 
all over the world, and has a complex diet, mainly includ-
ing phytophagia, mycophagia and predacia, among which 
phytophagia accounts for more than half. Thrips are one 
of the important economic pests. According to its mor-
phological characteristics, this order are divided into two 
suborders: Terebrantia Haliday, 1836 and Tubulifera Hal-
iday, 1836. Thysanoptera are divided into nine families 
and currently have more than 6,400 extant species and 
187 fossil species (thrips wiki, 2023). Phylogenetic analy-
sis facilitates the identification of taxonomic category 
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Abstract
Thysanoptera, commonly known as thrips, are diverse tiny insects whose earliest fossil record dates back to the 
Triassic period. Since there are few studies on the divergence time of taxa under Thysanoptera, this study used 13 
mitochondrial coding protein genes to reconstruct the phylogenetic tree with divergence time of 26 species of this 
order and show a reliable phylogenetic relationship of thrips species. The time tree of this study shows that most 
extant thrips diverged in the early Tertiary period, while the fossil records also support that most extinct thrips 
appeared in this period. This study expands our understanding of the evolution of thrips and provides a feasible 
way of using multiple mitochondrial genes to establish robust phylogenetic relationships and explore divergence 
time between species.
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[5] inferred that the origin time for Thysanoptera was 
at around 234 Mya, and the suborders Terebrantia and 
Tubulifera diversify at aound 169 Mya. Yan-hui Wang 
[6] estimated the insect divergence time using 5 nuclear 
genes and 13 mitochondrial protein-coding genes from 
42 representatives of all 30 insect orders. Tethysthrips 
libanicus was used as the fossil calibration 129.4–125.0 
Mya for Thysanoptera, and the two suborders Tubulifera 
and Terebrantia of Thysanoptera diverged at 127.2 Mya.

Misof [4] selected 144 taxa representing from all extant 
insect orders and other arthropods for a phylogenomic 
study, and the results showed that insects originated 
about 479 Mya [4], almost at the same time as land 
plants. Insects and land plants jointly shaped the earliest 
land ecosystems. Their study also shows that the ability 
to fly in insects originated about 406 Mya [4], long before 
other animals and around the same time that land plants 
began to colonize forests on a large scale. The divergence 
time inside many insect taxa are now well studied. How-
ever, the divergence time inside Thysanoptera is not clear. 
In this background, it will be very interesting to further 
explore the relationship between species divergence in 
Thysanoptera in detail. It can bring a new perspective to 
observe the historical evolution of thrips. But all the cur-
rently available fossil records of thrips are extinct species, 
so we use the earliest fossils of a taxa to label the crown 
nodes that contain the major branches of this taxa. On 
the basis of previous studies, we hope to further infer the 
differentiation time of different families, genera and spe-
cies in the order Thysanoptera. The earlist fossil calibra-
tions of Rohrthrips libanicus (130.0-125.45 Mya) of the 
family Phlaeothripidae and Fusithrips crassipes (125.0-
113.0 Mya) of the family Aeolothripidae were used and 
combined with phylogenetic relationships based on 13 
mitochondrial protein-coding genes to infer the diver-
gence time from 26 species in 4 families of Thysanoptera.

Materials and methods
Data source and processing
The published mitochondrial genome data of the whole 
Thysanoptera were searched and downloaded from the 
Nucleotide database at NCBI (National Center for Bio-
technology Information, USA) in November 2022. By 
manually cleaning the genome data of duplicate or redun-
dant species, the available mitochondrial genome data of 
26 species was finally obtained. In PhyloSuite [7] pro-
gramme, the codon table of invertebrate mitochondrial 
was chosen and the 13 protein-coding genes (PCGs) were 
extracted from the mitochondrial genome sequences. 
The genes were ATP6, ATP8, COI, COII, COIII, Cytb, 
ND1, ND2, ND3, ND4L, ND4, ND5 ,ND6. Homology of 
sequences was the basis of phylogenetic analysis, so these 
13 PCG sequences were aligned in batches with MAFFT 
[8] using codon alignment mode. Since MACSE used 

the classic “Needleman-Wunsch” algorithm to correctly 
identify pseudogenization events and maintain the ances-
tral codon structure, this study also used MACSE to opti-
mize the PCGs sequence after the alignment of MAFFT. 
The alignments were refined using the codon optimiza-
tion program MACSE v. 2.03 [9], which preserves read-
ing frame and allows incorporation of sequencing errors 
or sequences with frameshifts.

The accuracy of sequence alignment is very impor-
tant for downstream phylogenetic analysis. Pruning 
sequences can remove sites with alignment errors or 
multiple substitutions to remove phylogenetic noise and 
retain phylogenetic signals, thus improving the accuracy 
and speed of downstream analysis. The “Codon” mode 
of Gblock can be sequenced in triplet codon form, there-
fore the sequences were optimized with Gblocks [10] to 
obtain the alignment sequences of the optimized con-
served sites. Ambiguously aligned fragments of 13 PCGs 
were removed in batches using Gblocks with the follow-
ing parameter settings: minimum number of sequences 
for a conserved/flank position (45/45), maximum num-
ber of contiguous non-conserved positions (8), minimum 
length of a block (10), allowed gap positions (with half ). 
The conserved/flank position (45/45) parameter setting 
in Gblocks specifies that a position must be present in at 
least 45 sequences to be considered conserved and that 
the position must be flanked by at least 45 conserved 
positions on both sides. The maximum number of con-
tiguous non-conserved positions (8) parameter setting in 
Gblocks specifies that contiguous non-conserved posi-
tions greater than 8 will be rejected. The minimum length 
of a block (10) parameter setting specifies that blocks 
smaller than 10 after gap cleaning will be rejected. After 
optimizing multi-gene alignments, the “concatenate 
sequence” function in PhyloSuite was used to concat-
enate the 13 PCG sequences from 26 species.

Phylogenetic reconstruction
ML tree
The maximum likelihood (ML) method is one of the 
most widely used methods for phylogenetic tree recon-
struction. It is based on the principle of finding the tree 
that maximizes the likelihood of the observed data given 
a model of evolution. The ML method is preferred over 
other methods because it is more accurate and efficient 
in estimating phylogenetic trees. The multi-gene maxi-
mum likelihood phylogenetic tree was reconstructed 
using IQ-TREE [11–13] which is a widely used and open-
source software package for phylogenetic inference using 
the maximum likelihood criterion. The optimal parti-
tion strategy and the optimal substitution model were 
completed by its own ModelFinder [14]. The software 
automatically selected the optimal partition model and 
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reconstructed the tree, generating 20,000 samples for 
ultrafast bootstrap.

BI tree
MrBayes is a widely used software package for Bayes-
ian inference (BI) of phylogenetic trees. It uses Mar-
kov Chain Monte Carlo (MCMC) methods to estimate 
the posterior probability distribution of trees given the 
data and a model of evolution. The MCMC method is 
based on the principle of sampling trees from the poste-
rior probability distribution. MrBayes is preferred over 
other methods because it can handle complex mod-
els of evolution and can estimate the uncertainty in the 
phylogenetic tree. MrBayes 3.2.6 [15] was used to infer 
phylogenies using the partition model (2 parallel runs; 
2,000,000 generations), with the first 25% of sampled data 
discarded as burn-in. The optimized multi-gene concat-
enate sequences were used for gene-based dataset par-
titioning [16, 17] and optimal model selection. For the 
parameters, branch lengths were “linked”, models were 
“mrbayes”, model selection was AICc, and search was 
greedy. AICc stands for Akaike Information Criterion 
corrected for small sample sizes. It is a statistical method 
used for model selection in the context of phylogenetic 
analysis. Greedy algorithms are a class of algorithms that 
make locally optimal choices at each step with the hope 
of finding a global optimum. The results of dataset par-
titioning and optimal model selection were imported 
into MrBayes, and the multi-gene phylogenetic tree was 
reconstructed by Bayesian method. Average standard 
deviation of split frequencies below 0.01 was used to test 
whether the BI tree converged.

Divergence time estimation
The optimized partition sequences were parametrically 
configured with BEAUTi included in the Bayesian Evo-
lutionary Analysis by Sampling Trees (BEAST, v1.10.4; 
[18]) package to generate the BEAST software file (.XML 
format) without setting a starting tree. Divergence time 
estimation uses the widely recognized timing method 
based on the Relaxed Clock Log Normal model [19], 
and the selected model was determined in ModelFinder 
[14] according to Bayesian Information Criterion (BIC). 
Rohrthrips libanicus (130.0-125.45 Mya) of the family 
Phlaeothripidae and Fusithrips crassipes (125.0-113.0 
Mya) of the family Aeolothripidae were used as the ear-
list fossil calibrations. In order to obtain reliable results 
in the BEAST analysis, MCMC (Markov chain Monte 
Carlo) was set to run Chain Length = 100,000,000 gen-
erations, sampling once every 10,000 generations and 
discarding the first 25% aged samples in each subset. The 
generated BEAST file was submitted to CIPRES (https://
www.phylo.org/)[20] online platform for a dated phyloge-
netic tree construction by the toolkit of BEAST (current) 

on XSEDE (1.10.4/1.10.5pre). The constructed datad phy-
logenetic tree used the TreeAnnotator v1.8.4 [21] in the 
package to generate a maximum clade credibility tree 
with the information of divergence time and 95% highest 
posterior density (HPD) confidence interval. Then Tracer 
v1.7.2 [22] was used to check the effective sample size 
(ESS), and the convergence of each run was evaluated by 
confirming that the ESS was greater than 200.

Results
DNA sequence data
The total length of the optimized and concatenated 
sequences is 10,503 bp. ATP6 1-657 bp, ATP8 658-804 bp, 
COI 805-2322  bp, COII 2323-2955  bp, COIII 2956-
3720  bp, Cytb 3721-4821  bp, ND1 4822-5733  bp, ND2 
5734-6594 bp, ND3 6595-6942 bp, ND4L 6943-7203 bp, 
ND4 7204-8463  bp, ND5 8464-10074  bp, ND6 10075-
10503  bp. There were 2362 conserved sites (22.49%), 
8141 variable sites (77.51%), and 7418 parsimony infor-
mative sites (70.63%) in one sequence.

Phylogenetic analysis
ML and BI trees
The best partitioning strategy and models for ML and BI 
trees were in “Supplementary material” section. The phy-
logenetic analyses of the concatenated 13 protein-coding 
genes data set using BI and ML produced phylogenetic 
trees with similar topologies, and the differences occur 
mainly in nodes identified as weakly supported or col-
lapsed. In this study, the ML tree are mainly used, and the 
BI tree are matched to the ML tree. Nodal support values 
of ML bootstraps and Bayesian posterior probabilitiesare 
shown in Fig. 1.

Phylogenetic results showed that monophyly was sup-
ported in both suborders Tubulifera and Terebrantia. 
In the Terebrantia, family Stenurothripdae and family 
Aeolothripidae were clustered into a clade, and Stenu-
rothripdae was at the base of this clade. At this node, 
ML bootstrap support was high, but Bayesian posterior 
probabilities collapsed. Although family Thripidae exhib-
its a monophyly, the species Opimothrips tubulatus and 
Rhipiphotothrips cruentatus showed a paraphyly with 
other species in this family.

Divergence time deduction
The phylogenetic conclusion for this study was consis-
tent between the gene trees and the time tree. (Fig.  1). 
The best model for the nucleotide substitution model is 
GTR + F + G4. The suborders Tubulifera and Terebrantia 
diverged in the Early Cretaceous period, approximately 
127.80 Mya (95%HPD: 125.40-130.31 Mya). In this study, 
the divergence time of families Stenurothripidae and 
Aeolothripidae began about 116.47 Mya. The clade with 
the largest number of species in this study is Thripidae. 

https://www.phylo.org/
https://www.phylo.org/
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Due to the large number of species, its main branches are 
incomplete, so the divergence time of this family should 
be earlier than 113.22Mya, and formed a large number of 
diverse species after 64.42 Mya, concentrated in the Early 
Tertiary. Species Opimothrips tubulatus and Rhipiphoto-
thrips cruentatus of Thripidae became independent from 
the rest of this family and began to differentiate around 
73.49 Mya. The ML and BI trees are nearly identical, 
with the exception of Holarthrothrips indicus, a species 
belonging to the family Stenurothripdae. This discrep-
ancy may be attributed to differences in the conforma-
tion of phylogenetic trees or a lack of genetic information 
loci. Nevertheless, the phylogenetic relationship between 
the ML tree and time tree remains totaly consistent.

Discussion
Insects originated in the early Ordovician period, about 
479 Mya, and acquired the ability to fly at 406 Mya in the 
Devonian period [4]. During the Triassic period, insects 
began to diversify, with the emergence of the oldest ants, 
flies, moths and butterflies. Based on the fossil records of 
ancient extinct thrip species, the earliest thrips species 
with wings of the family Triassothripidae, appeared in 
the late Triassic [1, 2]. The fossil records of thrips from 
the Jurassic includes species from the families Liasso-
thripidae and Karataothripidae [3]. A range of species 
of the family Hemithtipidae have been recorded from 
the Eocene [23, 24]. True thrips have been abundant 
since the early Cretaceous [2]. During this period, the 
sea floor expanded, the ancient land disintegrated, the 
mountain range formed, and the natural environment on 
earth developed towards diversity. Angiosperm bloomed, 

reptiles declined, mammals, birds, and bony fish rose. It 
was a time of significant change on Earth, including the 
extinction of dinosaurs and the rise of mammals.

Thus, the modern species of the families Phlaeothripi-
dae, Aeolothripidae, and Thripidae in this study diverged 
and diversified in close proximity in time (about 65 − 23 
Mya). The early Tertiary period lasted from about 65 mil-
lion years ago to 23 million years ago. The current study 
provides a temporal reference for the origin and diver-
gence of thrips. With the development of paleontology, 
we can combine the fossil calibration time to further 
estimate the accurate divergence time of the species of 
Thysanoptera.

Conclusions
Fossils do not represent the only evidence of the past. 
There is a second record of the evolution of life, pre-
served in the genomes of all living organism. Combin-
ing time points and genomic information, using the 
“molecular clock” method, the divergence time of species 
can be inferred to form the time tree. The study used 13 
mitochondrial coding protein genes to estimate the phy-
logenetic tree with divergence time of 26 species of the 
order Thysanoptera. The result shows that, most extant 
thrips diverged in the early Tertiary period, while most 
extinct thrips also appeared in this period. Therefore, 
it can be inferred that the early Tertiary is a period of 
renewal, differentiation and prosperity of thrips insects. 
The phylogenetic relationships in this study agreed with 
the morphological classification of the order Thysanop-
tera. The monophyly of the suborders Tubulifera and 
Terebrantia was clear, and the species of each family can 

Fig. 1  Left: Phylogenetic relationships of Thysanoptera. Maximum likelihood and Bayesian inference tree estimated from the concatenated data set of 
mitochondrial data (13 PCGs). Nodal support values are maximum likelihood bootstraps and Bayesian posterior probabilities. The species name is fol-
lowed by NCBI accession numbers. Right: Divergence time estimation. The number next to each node represents the mean age (Mya). The bars on the 
nodes show the 95% HPD of the divergence times
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be clustered separately, and the relationship between the 
species is well defined. So it was feasible to use multiple 
mitochondrial genes to increase genetic information loci 
and establish robust phylogenetic relationships between 
species.

Further studies could use more genetic data from liv-
ing thrips species to refine the estimates of divergence 
times and improve our understanding of the evolution of 
this insect. The time tree reconstructed using two fossil 
calibrations shows that Phlaeothripidae and other fami-
lies diverged around 127.80 Mya, but the Phlaeothripidae 
species in this study all diverged after 55.85 Mya. Stenu-
rothripidae and Aeolothripidae diverged from Thripi-
dae at about 120.69 Mya, furthermore Thripidae species 
in this study formed 73.49 Mya later. Fossils of ancient 
thrips date back to 130 Mya, or even earlier, but this 
study used mitochondrial genetic data from living thrips 
species, and most of these species began to form between 
65 and 23 Mya, so this is the approximate date of the for-
mation of living thrips.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12863-023-01146-1.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Acknowledgements
The authors would like to acknowledge the support by the National Natural 
Science Foundation of China [31860614].

Authors’ contributions
C. W. wrote the main manuscript text and C. W. prepared Fig. 1. H. Z. designed 
the work and interpret the data result. All authors reviewed the manuscript 
and have approved the submitted version.

Funding
This work was supported by the National Natural Science Foundation of 
China, 31860614.

Data availability
The direct links of the datasets during the present study are available in 
the NCBI database. The links have formed a table and submitted to the 
Supplementary material section.
1, Acaciothrips ebner, NC_066056, https://www.ncbi.nlm.nih.gov/nuccore/
NC_066056.1/.
2, Aeolothrips indicus, MW899051, https://www.ncbi.nlm.nih.gov/nuccore/
MW899051.
3, Aeolothrips xinjiangensis, NC_063848, https://www.ncbi.nlm.nih.gov/
nuccore/NC_063848.
4, Anaphothrips obscurus, NC_035510, https://www.ncbi.nlm.nih.gov/nuccore/
NC_035510.
5, Bactrothrips quadrituberculatus, MW233591, https://www.ncbi.nlm.nih.gov/
nuccore/MW233591.

6, Dendrothrips minowai, NC_037839, https://www.ncbi.nlm.nih.gov/nuccore/
NC_037839.
7, Frankliniella occidentalis, KJ576887, https://www.ncbi.nlm.nih.gov/nuccore/
KJ576887.
8, Franklinothrips vespiformis, MN072395, https://www.ncbi.nlm.nih.gov/
nuccore/MN072395.
9, Gynaikothrips ficorum, NC_053761, https://www.ncbi.nlm.nih.gov/nuccore/
NC_053761.
10, Gynaikothrips uzeli, MK940484, https://www.ncbi.nlm.nih.gov/nuccore/
MK940484.
11, Haplothrips aculeatus, NC_027488, https://www.ncbi.nlm.nih.gov/nuccore/
NC_027488.
12, Holarthrothrips indicus, MN072397, https://www.ncbi.nlm.nih.gov/nuccore/
MN072397.
13, Megalurothrips usitatus, ON815612, https://www.ncbi.nlm.nih.gov/
nuccore/ON815612.
14, Mycterothrips gongshanensis, NC_067744, https://www.ncbi.nlm.nih.gov/
nuccore/NC_067744.
15, Neohydatothrips samayunkur, MF991901, https://www.ncbi.nlm.nih.gov/
nuccore/MF991901.
16, Opimothrips tubulatus, MN787503, https://www.ncbi.nlm.nih.gov/nuccore/
MN787503.
17, Psephenothrips eriobotryae, MW793907, https://www.ncbi.nlm.nih.gov/
nuccore/MW793907.
18, Pseudodendrothrips mori, NC_050743, https://www.ncbi.nlm.nih.gov/
nuccore/NC_050743.
19, Rhipiphorothrips cruentatus, MN072396, https://www.ncbi.nlm.nih.gov/
nuccore/MN072396.
20, Scirtothrips dorsalis, NC_025241, https://www.ncbi.nlm.nih.gov/nuccore/
NC_025241.
21, Stenchaetothrips biformis, ON653412, https://www.ncbi.nlm.nih.gov/
nuccore/ON653412.
22, Taeniothrips tigris, NC_060340, https://www.ncbi.nlm.nih.gov/nuccore/
NC_060340.
23, Thrips hawaiiensis, NC_058008, https://www.ncbi.nlm.nih.gov/nuccore/
NC_058008.
24, Thrips imaginis, AF335993, https://www.ncbi.nlm.nih.gov/nuccore/
AF335993.
25, Thrips palmi, MN127985, https://www.ncbi.nlm.nih.gov/nuccore/
MN127985.
26, Thrips setosus, MN148452, https://www.ncbi.nlm.nih.gov/nuccore/
MN148452.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 April 2023 / Accepted: 7 August 2023

References
1.	 Fraser NC, Grimaldi DA, Olsen PE, Axsmith BA. Triassic Lagerstätte 

from Eastern North America. Nature. 1996;380:615–9. https://doi.
org/10.1038/380615a0.

2.	 Grimaldi D, Shmakov, Fraser A, N. Mesozoic thrips and early evolution of 
the order Thysanoptera (Insecta). J Paleontol. 2004;78:941–52. https://doi.
org/10.1666/0022-3360(2004)078<0941:MTAEEO>2.0.CO;2.

3.	 Shmakov AS. The jurassic Thrips Liassothrips Crassipes (Martynov, 1927) 
and its taxonomic position in the Order Thysanoptera (Insecta). Paleontol J. 
2008;42:47–52. https://doi.org/10.1134/S0031030108010073.

https://doi.org/10.1186/s12863-023-01146-1
https://doi.org/10.1186/s12863-023-01146-1
https://www.ncbi.nlm.nih.gov/nuccore/NC_066056.1/
https://www.ncbi.nlm.nih.gov/nuccore/NC_066056.1/
https://www.ncbi.nlm.nih.gov/nuccore/MW899051
https://www.ncbi.nlm.nih.gov/nuccore/MW899051
https://www.ncbi.nlm.nih.gov/nuccore/NC_063848
https://www.ncbi.nlm.nih.gov/nuccore/NC_063848
https://www.ncbi.nlm.nih.gov/nuccore/NC_035510
https://www.ncbi.nlm.nih.gov/nuccore/NC_035510
https://www.ncbi.nlm.nih.gov/nuccore/MW233591
https://www.ncbi.nlm.nih.gov/nuccore/MW233591
https://www.ncbi.nlm.nih.gov/nuccore/NC_037839
https://www.ncbi.nlm.nih.gov/nuccore/NC_037839
https://www.ncbi.nlm.nih.gov/nuccore/KJ576887
https://www.ncbi.nlm.nih.gov/nuccore/KJ576887
https://www.ncbi.nlm.nih.gov/nuccore/MN072395
https://www.ncbi.nlm.nih.gov/nuccore/MN072395
https://www.ncbi.nlm.nih.gov/nuccore/NC_053761
https://www.ncbi.nlm.nih.gov/nuccore/NC_053761
https://www.ncbi.nlm.nih.gov/nuccore/MK940484
https://www.ncbi.nlm.nih.gov/nuccore/MK940484
https://www.ncbi.nlm.nih.gov/nuccore/NC_027488
https://www.ncbi.nlm.nih.gov/nuccore/NC_027488
https://www.ncbi.nlm.nih.gov/nuccore/MN072397
https://www.ncbi.nlm.nih.gov/nuccore/MN072397
https://www.ncbi.nlm.nih.gov/nuccore/ON815612
https://www.ncbi.nlm.nih.gov/nuccore/ON815612
https://www.ncbi.nlm.nih.gov/nuccore/NC_067744
https://www.ncbi.nlm.nih.gov/nuccore/NC_067744
https://www.ncbi.nlm.nih.gov/nuccore/MF991901
https://www.ncbi.nlm.nih.gov/nuccore/MF991901
https://www.ncbi.nlm.nih.gov/nuccore/MN787503
https://www.ncbi.nlm.nih.gov/nuccore/MN787503
https://www.ncbi.nlm.nih.gov/nuccore/MW793907
https://www.ncbi.nlm.nih.gov/nuccore/MW793907
https://www.ncbi.nlm.nih.gov/nuccore/NC_050743
https://www.ncbi.nlm.nih.gov/nuccore/NC_050743
https://www.ncbi.nlm.nih.gov/nuccore/MN072396
https://www.ncbi.nlm.nih.gov/nuccore/MN072396
https://www.ncbi.nlm.nih.gov/nuccore/NC_025241
https://www.ncbi.nlm.nih.gov/nuccore/NC_025241
https://www.ncbi.nlm.nih.gov/nuccore/ON653412
https://www.ncbi.nlm.nih.gov/nuccore/ON653412
https://www.ncbi.nlm.nih.gov/nuccore/NC_060340
https://www.ncbi.nlm.nih.gov/nuccore/NC_060340
https://www.ncbi.nlm.nih.gov/nuccore/NC_058008
https://www.ncbi.nlm.nih.gov/nuccore/NC_058008
https://www.ncbi.nlm.nih.gov/nuccore/AF335993
https://www.ncbi.nlm.nih.gov/nuccore/AF335993
https://www.ncbi.nlm.nih.gov/nuccore/MN127985
https://www.ncbi.nlm.nih.gov/nuccore/MN127985
https://www.ncbi.nlm.nih.gov/nuccore/MN148452
https://www.ncbi.nlm.nih.gov/nuccore/MN148452
https://doi.org/10.1038/380615a0
https://doi.org/10.1038/380615a0
https://doi.org/10.1666/0022-3360(2004)078<0941:MTAEEO>2.0.CO;2
https://doi.org/10.1666/0022-3360(2004)078<0941:MTAEEO>2.0.CO;2
https://doi.org/10.1134/S0031030108010073


Page 6 of 6Wu and Zhang BMC Genomic Data           (2023) 24:46 

4.	 Misof B, Liu S, Meusemann K, Peters RS, Donath A, Mayer C, Frandsen PB, 
Ware J, Flouri T, Beutel RG, et al. Phylogenomics resolves the timing and 
pattern of insect evolution. Science. 2014;346:763–7. https://doi.org/10.1126/
science.1257570.

5.	 Avas P, Vikas K, David ACS, Stephen LC, Kaomud T. Gene arrangement, phy-
logeny and divergence time estimation of mitogenomes in Thrips. Mol Biol 
Rep. 2022;49:7, 6269–83. https://doi.org/10.1007/s11033-022-07434-w.

6.	 Wang Y, Engel MS, Rafael JA, Wu H, Rédei D, Xie Q, Wang G, Liu X, Bu W. Fossil 
Record of Stem Groups Employed in evaluating the Chronogram of Insects 
(Arthropoda: Hexapoda). Sci Rep. 2016;6:38939. https://doi.org/10.1038/
srep38939.

7.	 Zhang D, Gao F, Jakovlić I, Zou H, Zhang J, Li WX, Wang GT. Mol Ecol Resour. 
2020;20:348–55. https://doi.org/10.1111/1755-0998.13096. PhyloSuite: 
An Integrated and Scalable Desktop Platform for Streamlined Molecular 
Sequence Data Management and Evolutionary Phylogenetics Studies.

8.	 Katoh K, Standley DM. MAFFT multiple sequence alignment Software Version 
7: improvements in performance and usability. Mol Biol Evol. 2013;30:772–80. 
https://doi.org/10.1093/molbev/mst010.

9.	 Ranwez V, Douzery EJP, Cambon C, Chantret N, Delsuc F. MACSE v2: Toolkit 
for the alignment of coding sequences accounting for frameshifts and stop 
codons. Mol Biol Evol. 2018;35:2582–4. https://doi.org/10.1093/molbev/
msy159.

10.	 Talavera G, Castresana J. Improvement of Phylogenies after removing Diver-
gent and ambiguously aligned blocks from protein sequence alignments. 
Syst Biol. 2007;56:564–77. https://doi.org/10.1080/10635150701472164.

11.	 Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effec-
tive stochastic algorithm for estimating maximum-likelihood phylogenies. 
Mol Biol Evol. 2015;32:268–74. https://doi.org/10.1093/molbev/msu300.

12.	 Guindon S, Dufayard J-F, Lefort V, Anisimova M, Hordijk W, Gascuel O. New 
Algorithms and Methods to Estimate Maximum-Likelihood Phylogenies: 
assessing the performance of PhyML 3.0. Syst Biol. 2010;59:307–21. https://
doi.org/10.1093/sysbio/syq010.

13.	 Minh BQ, Nguyen MAT, von Haeseler A. Ultrafast approximation for phylo-
genetic bootstrap. Mol Biol Evol. 2013;30:1188–95. https://doi.org/10.1093/
molbev/mst024.

14.	 Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS. 
ModelFinder: fast model selection for accurate phylogenetic estimates. Nat 
Methods. 2017;14:587–9. https://doi.org/10.1038/nmeth.4285.

15.	 Ronquist F, Teslenko M, van der Mark P, Ayres DL, Darling A, Höhna S, Larget 
B, Liu L, Suchard MA, Huelsenbeck JP. MrBayes 3.2: efficient bayesian phylo-
genetic inference and model choice across a large Model Space. Syst Biol. 
2012;61:539–42. https://doi.org/10.1093/sysbio/sys029.

16.	 Nylander JAA, Ronquist F, Huelsenbeck JP, Nieves-Aldrey J. Syst Biol. 
2004;53:47–67. https://doi.org/10.1080/10635150490264699. Bayesian Phylo-
genetic Analysis of Combined Data.

17.	 Brown JM, Lemmon AR. The importance of Data Partitioning and the utility 
of Bayes factors in bayesian phylogenetics. Syst Biol. 2007;56:643–55. https://
doi.org/10.1080/10635150701546249.

18.	 Drummond AJ, Rambaut A. BEAST: bayesian evolutionary analy-
sis by sampling trees. BMC Evol Biol. 2007;7:214. https://doi.
org/10.1186/1471-2148-7-214.

19.	 Drummond AJ, Ho SYW, Phillips MJ, Rambaut A. Relaxed phylogenetics and 
dating with confidence. PLoS Biol. 2006;4:e88. https://doi.org/10.1371/jour-
nal.pbio.0040088.

20.	 Miller MA, Pfeiffer W, Schwartz T. (2010) Creating the CIPRES Science Gateway 
for Inference of Large Phylogenetic Trees. In Proceedings of the 2010 Gate-
way Computing Environments Workshop (GCE), IEEE: New Orleans, LA, USA, 
November 2010, pp. 1–8.

21.	 Drummond AJ, Suchard MA, Xie D, Rambaut A. Bayesian phylogenetics 
with BEAUti and the BEAST 1.7. Mol Biol Evol. 2012;29:1969–73. https://doi.
org/10.1093/molbev/mss075.

22.	 Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA. Posterior summariza-
tion in bayesian phylogenetics using Tracer 1.7. Syst Biol. 2018;67:901–4. 
https://doi.org/10.1093/sysbio/syy032.

23.	 Bagnall RS. Fossil Thysanoptera I, Terebrantia Pt. Entomologist’s Monthly 
Magazine. 1923;1:35–8.

24.	 Bagnall RS. Von Schlechtendal’s work on fossil Thysanoptera in the light of 
recent knowledge. The Annals and Magazine of Natural History Ninth Series. 
1924;9(14):156–62. https://doi.org/10.1080/00222932408633102.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1126/science.1257570
https://doi.org/10.1126/science.1257570
https://doi.org/10.1007/s11033-022-07434-w
https://doi.org/10.1038/srep38939
https://doi.org/10.1038/srep38939
https://doi.org/10.1111/1755-0998.13096
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/molbev/msy159
https://doi.org/10.1093/molbev/msy159
https://doi.org/10.1080/10635150701472164
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/sysbio/syq010
https://doi.org/10.1093/molbev/mst024
https://doi.org/10.1093/molbev/mst024
https://doi.org/10.1038/nmeth.4285
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1080/10635150490264699
https://doi.org/10.1080/10635150701546249
https://doi.org/10.1080/10635150701546249
https://doi.org/10.1186/1471-2148-7-214
https://doi.org/10.1186/1471-2148-7-214
https://doi.org/10.1371/journal.pbio.0040088
https://doi.org/10.1371/journal.pbio.0040088
https://doi.org/10.1093/molbev/mss075
https://doi.org/10.1093/molbev/mss075
https://doi.org/10.1093/sysbio/syy032
https://doi.org/10.1080/00222932408633102

	﻿Extant thrips diverged in the early tertiary period
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data source and processing
	﻿Phylogenetic reconstruction
	﻿ML tree
	﻿BI tree


	﻿Divergence time estimation
	﻿Results
	﻿DNA sequence data
	﻿Phylogenetic analysis
	﻿ML and BI trees
	﻿Divergence time deduction


	﻿Discussion
	﻿Conclusions
	﻿References


