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Timescale of angiosperm evolution based on Ks distribution

JTAO Beibei, WANG Xiyin "

( College of Life Sciences, North China University of Science and Technology, Tangshan 063210, Hebei, China )

Abstract ; Estimating the time scale of species evolution is an important part of life evolution study. It is found that there
are significant differences in the evolution rates of different genes and species in recent years, which challenges the
molecular clock hypothesis to a great extent. Therefore, new methods are needed to re-estimate the evolutionary event
time. The whole genome sequence of angiosperms makes it possible to estimate the evolutionary time from the whole
genome perspective. In order to re-estimate the evolution time of angiosperms, an evolution rate correction model based
on genomic data is established according to the idea that shared polyploidy events or shared divergence events should
have the same Ks peak. The results were as follows: (1) Three common ways to obtain Ks distribution were compared
and analyzed, which showed that the best way was to extract the median of Ks values on collinear blocks. (2) The

change process of Ks distribution was simulated with time accumulation coefficient (v) of Ks values. When v was
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assumed to obey the normal distribution, the Ks distribution had a long tail phenomenon. (3) The correction process was

described in detail, which was conducive to the understanding and wide spread of this method. From the application of

correction method in angiosperms, it was found that the Ks peak before correction was not linear with time, while the Ks

peak after correction was directly proportional to time, indicating that it is very necessary to estimate the time of species

evolution events after correcting the Ks peak. It was also found that although the evolution rate of angiosperms was

significantly different, the evolution rate between different branches was still partially consistent. For example,

Magnoliids had the slowest evolutionary rate, followed by Eudicots and Monocots. When the environment changed

greatly, most species of different lineages of angiosperms had synchronous radial evolution and adaptive evolution.

Finally, a relatively reliable angiosperm evolution time axis was establish, which helps to understand the evolution

process and model, especially to understand the phylogenetic relationship and the causes of diversity and provides

phylogenetic and evolutionary support for plant research.
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Table 1  List of the 44 angiosperms involved and the genome data sources
Yy H =t Hdi R I
Species Order Family Data source
TeimE TeimE H ToimeE R https; //ftp. ncbi. nlm. nih. gov/genomes/all/ GCF/000/471/905/
Amborella trichopoda Amborellales Amborellaceae GCF_000471905.2_AMTR1.0/
W R i it 3% H EER} https : //phytozome-next. jgi.doe. gov/info/ Ncolorata_v1_2
Nymphaea colorata Nymphaeales Nymphaeaceae
g Ak A2%H AZF https : //www.ncbi.nlm.nih. gov/genome/45466
Liriodendron chinense Magnoliales Magnoliaceae
LR FEH iy https : //www.ncbi.nlm.nih. gov/genome/57158
Cinnamomum kanehirae Laurales Lauraceae
HE Dy BAARH g AR https: //ngdc.cncb.ac.cn/search/? dbld = gwh&q=
Aristolochia fimbriata Piperales Aristolochiaceae Aristolochia&page = 1
Ao e A s H e MR} https : //www.ncbi.nlm.nih. gov/ genome/820667 genome_
Chimonanthus salicifolius Laurales Calycanthaceae assembly_id = 1651656
E 10 5 H PRy https : //data.jgi.doe. gov/refine-download/ phytozome? organism=
Spirodela polyrhiza Alismatales Araceae Spolyrhiza&expanded =290
IKFE AAH RAF} https : //phytozome-next. jgi.doe. gov/info/Osativa_v7_0
Oryza sativa Poales Poaceae
b3 AAH B RE https : //phytozome-next.jgi.doe. gov/info/ Acomosus_v3
Ananas comosus Poales Bromeliaceae
i tEhE H TERE R The genome draft of coconut ( Cocos nucifera)
Cocos nucifera Arecales Arecaceae
THkE =3 NEl ERE R https : //ftp.ncbi.nlm.nih. gov/genomes/all/ GCF/000/442/705/
FElaeis guineensis Arecales Arecaceae
IR RE %*H AR https ; //www.ncbi.nlm.nih.gov/genome/? term=HE813975%E2%
Musa acuminata Zingiberales Musaceae 80%93HE813985
A A fisk KIT&H = https : //www.ncbi.nlm.nih. gov/genome/41833
Dendrobium chrysotoxum Asparagales Orchidaceae
AT KIT&H PNRES https : //datadryad. org/ stash/ dataset/doi ; 10.5061/dryad.
Asparagus setaceus Asparagales Asparagaceae 1¢59zw3rm
ik LfEH G 0 R} https : // genomevolution.org/ CoGe/ Genomelnfo.pl? gid =56569
Ceratophyllum demersum Ceratophyllales Ceratophyllaceae
bus IR H FER https://ftp. ncbi. nlm. nih. gov/genomes/all/GCF/000/365/185/
Nelumbo nucifera Proteales Nelumbonaceae GCF_000365185.1_Chinese_Lotus_1.1/
EA= BAERH A AL http : //gigadb.org/ dataset/view/id/100657/File_page/5
Trochodendron aralioides Trochodendrales Trochodendraceae
WAL )R EEH BEE https : //data.jgi.doe. gov/refine-download/ phytozome? organism=
Aquilegia coerulea Ranunculales Ranunculaceae Acoerulea&expanded =322
JH B AR ArTH T AR L https://ngdc.cnchb.ac.cn/search/? dbld = gwh&q =
Simmondsia chinensis Caryophyllales Simmondsiaceae GWHAASQ00000000
R ARk FAg 46 H TR ftp : //www.whiteflygenomics. org/ pub/kiwifruit/ A_chinensis/
Actinidia chinensis Ericales Actinidiaceae Red5/v1.0/Red5_genome_v1.0.fa.gz
aN: RS AE H A AS AL RE https : //www.ncbi.nlm.nih.gov/genome? LinkName = hioproject_
Rhododendron simsii Ericales Ericaceae genome&from_uid = 588298
Mk BI¥H AR} https : //www.ncbi.nlm.nih.gov/genome/? term = Olea+europaea
Olea europaea Lamiales Oleaceae
KEE4 el TEERE https : //datadryad. org/stash/ dataset/doi; 10.5061/dryad.b9m61cg
Ipomoea trifida Solanales Convolvulaceae
Hf e WHHH =N https : //www.ncbi.nlm. nih.gov/genome/? term = Coffea+canephora
Coffea canephora Gentianales Rubiaceae
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Species Order Family Data source
a1 % H 5F} https : //safflower.scuec. edu. cn/download. html
Carthamus tinctorius Asterales Asteraceae
T3 B0 iAE I B http : //celerydb.bio2db.com
Apium graveolens Apiales Apiaceae
ik WA E AR http : //www. grapegenomics. com/ pages/ VvCabSauv/download. php
Vitis vinifera Vitales Vitaceae
L5g-J)IN e H R https : //figshare.com/ articles/ dataset/ Genome_assembly_of_
Cucumis hystrix Cucurbitales Cucurbitaceae Cucumis_hystrix/13377671
¥E 2 H 2R https ; //www.ncbi.nlm.nih. gov/genome/? term=Phaseolus+
Phaseolus vulgaris Fabales Fabaceae vulgaris
GION:S TxH TR https : //www.ncbi.nlm. nih. gov/genome/12874
Tripterygium wilfordii Celastrales Celastraceae
SR Wtk H L https : //www.ncbi.nlm. nih.gov/genome/? term =Malus+domestica
Malus domestica Rosales Rosaceae
el PNL R} & RREH Rk https : //www.ncbi.nlm.nih.gov/genome/? term=Populus+
Populus trichocarpa Malpighiales Salicaceae trichocarpa
T M | HeA R} https : // genomevolution. org/ CoGe/Genomelnfo.pl? gid=35080
Betula pendula Fagales Betulaceae
Tk T 3% 7 H [ https://ngde.cncb.ac.cn/search/? dbld = gwh&q=
Averrhoa carambola Oxalidales Oxalidaceae GWHABKE00000000
CIIR ) iz H B Rt https : //www.ncbi.nlm. nih.gov/genome/? term = Theobroma+
Theobroma cacao Malvales Malvaceae cacao
KA k4R H k4 IR Bk https : //www.ncbi.nlm.nih.gov/genome/? term = Eucalyptus+
Eucalyptus grandis Myrtales Myrtaceae grandis
3y TETH ToB TR http : // gigadb. org/ dataset/ 100610
Acer yangbiense Sapindales Sapindaceae
HEAR 4w H WE SRR https ://ngde.cncb.ac.cn/search/? dbld = gwh&q=
Davidia involucrata Cornales Nyssaceae %20PRJCA001721 &page=1
1A SR A +4E H SER R https : //www.ncbi.nlm.nih.gov/genome/? term=GCA_
Bretschneidera sinensis Brassicales Akaniaceae 018105755.1
R RHEEH HEHRE hitps://doi.org/10.1111/nph. 16798
Cercidiphyllum japonicum Saxifragales Cercidiphyllaceae
DI 458 452 H SR https ; //github. com/yongzhiyang2012/Chloranthus-sessilifolius-
Chloranthus sessilifolius Chloranthales Chloranthaceae genome/tree/ main/ Annotation
e HHH R https : //phytozome-next. jgi. doe. gov/info/Dalata_v2_1
Dioscorea alata Dioscoreales Dioscoreaceae
TR [ S5 R https : //www.ncbi.nlm.nih.gov/genome/? term=PRJNA703828
Acanthochlamys bracteata Pandanales Velloziaceae
HE H #ig H wAHRE https : //datadryad. org/stash/ dataset/doi : 10.5061/dryad. cjsxksn6d
Buxus austroyunnanensis Buxales Buxaceae
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