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Phylox: An automated system for identifying plant DNA barcodes
from Second- and Third-Generation sequencing data

LIU Zhenyu'*, ZHENG Yuhao', SONG Yongzxiv', YU Yan'*

(1. Key Laboratory of Bio-Resources and Eco-Environment of Ministry of Education; Southwest Bio-resources R&.D
Key Laboratory of Sichuan Province ; Joint Laboratory for Ex Situ Conservation and Resource Utilization of Mountain
Plants, College of Life Sciences, Sichuan University, Chengdu 610064, China;

2. Chengdu Botanical Garden, Chengdu Park City Botanical Science Research Institute, Chengdu 610083, China;
3. State Key Laboratory of Plant Diversity and Prominent Crops, Wuhan Botanical Garden, Chinese Academy of
Sciences, Wuhan 430074, China)

Abstract: To address fragmented assembly and limited automation in conventional plant molecular identifica-
tion when complex taxa and large high-throughput sequencing datasets are processed, Phylox was developed
as automated software for plant DNA barcode extraction and identification using both second- and third-
generation sequencing data. A unified local Rust computing engine was used, a local hierarchical reference da-
tabase covering 216 angiosperm families was built, and a cross-platform graphical user interface (GUID) was
provided. For second-generation Illumina data, a weighted De Bruijn graph-based targeted recovery work-
flow consistent with GeneMiner 3 was used. Three assembly modes (standard, single-copy, and ploidy-
aware) and three data types (whole-genome, target-capture, and transcriptome data) were supported, reduc-
ing misassembly caused by paralogs. For third-generation Nanopore long-read data, UNOISE3 denoising
was used to directly produce observed sequences as zero-radius OTUs (zOTUs). Contaminant and chimeric
sequences were removed through genus-level consistency checks, and closely related taxa were identified by
multi-gene analysis weighted according to variable sites in ITS and psbA-zrnH. In tests of 28 samples from
closely related Apiaceae species, genus-level and species-level classification accuracies of 100% and
92.86% , respectively, were obtained. The reliability of multi-marker separation and identification was fur-
ther confirmed using third-generation single-marker and mixed-marker samples. In benchmarks using simu-
lated second-generation amplicon and third-generation ONT datasets with known ground truth, target bar-
codes were recovered for all 10 sample-marker pairs. A one-click workflow {rom raw sequencing data to a
species identification report was implemented. The installation guide, detailed documentation, and source
code were released on Gitee Chttps://gitee. com/sculab/phylox). The software can be used for plant re-
source surveys, biodiversity monitoring, and molecular identification of complex taxa.

Keywords: DNA barcode; high-throughput sequencing; molecular identification; ITS; psbA-trnH
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Tab.1 Identification results of the second-generation sequencing test dataset

Phylox % 5& 45 varKoder % 5 45 5

Aegopodium podagraria (0.997 9, 1)

1 Aegopodium podagraria

Aegopodium alpestre (0.978 7, 3)

Aegopodium podagraria

Conioselinum schugnanicum (0.972 1, 1)
Angelica acutiloba (1.0, 7)

2 Angelica acutiloba

Angelica stenoloba (0.998 5, 1) Angelica

Peucedanum morisonii (0.9880, 1)

Angelica decursiva (1.0, 2)

3 Angelica decursiva

Heracleum hemsleyanum (1.0, 1) Angelica

Angelica gigas (0.983 7, 1)
Anthriscus sylvestris (0. 998 1, 65)

4 Anthriscus sylvestris

Ferula licentiana (0.996 3, 1)

Anthriscus sylvestris

Torilis japonica(0.995 2, 2)

5 Bupleurum chinense

6 Chamaesium paradoxum

7 Cnidium monnieri

8 Coriandrum sativum

9 Cryptotaenia japonica

10 Cyclospermum leptophyllum

Bupleurum chinense (1.0, 26)
Bupleurum yinchowense (0.997 1, 4)

Bupleurum scorzonerifolium (0.996 5, 3)

Chamaesium paradoxum (1.0, 81)
Chamaesium jiulongense (0.990 1, 19)
Cnidium monnieri (0.9957, 1)
Pimpinella sp. YX-2018 (0.9917, 1)
Kitagawia terebinthacea (0.981 6, 1)
Coriandrum sativum (0.998 9, 6)
Oreocomopsis aromatica (0.951 7, 2)
Conioselinum tataricum (0.949 6, 2)
Cryptotaenia japonica (1.0, 12)
Sanicula serrata (0.9909, 1)
Cryptotaenia canadensis (0.973 4, 3)
Cyclospermum leptophyllum (1.0, 4)
Trachyspermum ammi (0. 926 5, 1)
Seselopsis tianschanica (0. 904 4, 2)
Daucus carota (1.0, 43)

11 Daucus carota Daucus littoralis (1.0, 2)
Daucus virgatus (1.0, 2)
Anethum foeniculum (1.0, 9)

12 Anethum foeniculum Apiaceae sp. EM372 (0.9956, 2)

Anethum graveolens (0.983 2, 1)

Bupleurum chinense

Apiaceae

Apiaceae

Apiaceae

Apiaceae

Apiaceae

Daucus carota

Anethum graveolens
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FEA G >

A S E LR

Phylox %5 5 45

varKoder % % 45 5

13

14

16

17

18

19

20

21

22

23

24

26

27

28

Hansenia phaea

Heracleum candicans

Hymenidium davidii

Ligusticum jeholense

Nothosmyrnium japonicum

Oenanthe javanica

Oenanthe linearis

Ostericum grosseserratum

Pastinaca sativa

Peucedanum japonicum

Pimpinella diversifolia

Pternopetalum trichomanifolium

Pternopetalum vulgare

Sanicula chinensis

Saposhnikovia divaricata

Torilis scabra

Hansenia phaea (1.0, 3)
Hansenia litangense (0.989 4, 2)
Hansenia forrestii (0. 988 5, 4)

Heracleum candicans var. candicans (0.9957, 5)

Semenovia malcolmii (0.964 3, 1)

Similisinocarum pimpinellisimulacrum (0. 964 2, 1)

Hymenidium davidii (1.0, 2)
Pleurospermum franchetianum (1.0, 6)
Pleurospermum cristatum (0. 998 6, 4)
Ligusticum jeholense (1.0, 12)
Conioselinum anthriscoides (1.0, 8)

Conioselinum tenuissimum (1.0, 2)

Nothosmyrnium japonicum (1.0, 6)
Nothosmyrnium zizangense (0. 980 6, 3)
Trachyspermum podlechii (0.972 6, 3)

Oenanthe javanica (1.0, 11)
Oenanthe sp. JC-2015 (1.0, 51)
Oenanthe sarmentosa (0. 986 4, 3)

Oenanthe benghalensis (0. 994 0, 1)

Oenanthe javanica subsp. javanica (0.989 9, 13)

Oenanthe linearis subsp. linearis (0.9859, 2)

Ostericum grosseserratum (0.9957, 7)
Ostericum mazximowiczii (0. 981 2, 10)
Angelica anomala (0.976 9, 14)

Pastinaca sativa (1.0, 6)
embryophyte environmental sample (0.998 1, 1)
Pastinaca lucida (0.996 0, 1)

Peucedanum japonicum (1.0, 9)
Peucedanum dissolutum (0.990 5, 1)
Peucedanum medicum (0. 9895, 1)

Pimpinella henryi (0.998 6, 1)
Pimpinella diversifolia (0.997 9, 7)
Pimpinella valleculosa (0.994 5, 1)

Pternopetalum trichomanifolium (1.0, 3)
Pternopetalum monophyllum (0. 9810, 1)
Pternopetalum vulgare (0.979 1, 6)

Pternopetalum wulgare (1.0, 6)
Prernopetalum trichomanifolium (0. 9739, 3)
Pternopetalum monophyllum (0.973 8, 1)

Sanicula chinensis (0.993 0, 1)
Sanicula giraldii (0.989 6, 1)
Sanicula europaea (0.986 2, 1)

Saposhnikovia divaricata (1.0, 3)
Ledebouriella seseloides (1.0, 2)
Cnidium dauricum (1.0, 1)

Torilis japonica (1.0, 15)
Torilis africana (0.956 8, 1)
Torilis scabra (0.954 1, 1)

Hansenia

Heracleum

Apiaceae

Apiaceae

Apiaceae

Oenanthe linearis

Oenanthe linearis

Apiaceae

Pastinaca sativa

Peucedanum

Pimpinella

Apiaceae

Pternopetalum

Sanicula

Saposhnikovia divaricata

Torilis

T IR0 0 > 7 S 25 R TR AR R IR . Phylox %€ 25 455 NI PSR , 20 AR A H BLAST LX) B £ )7 51— B (Tdentity) B
By R A FE RS A5 4T 100 437 F8 6 35 1 51 T i 300 98 248 X 490K

Note: The correct molecular identification results are displayed in bold. For Phylox identification results, the two values within the parenthe-

ses represent the best sequence identity (Identity) from local BLAST alignment and the absolute frequency of the species among the top 100 candi-

date sequences in the alignment score.
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2.2 =RNEFKEEREERIZEESRERIENIBEE

EER

AHFFEHE— A PEE S A =AU R e A, Ho At
A 1~3 2 B USG5 B O BbR e i A B IR A AR e R
A A~8 R ARG IR A ARICHEAS , T A FEA 40
ITS 5 psb A-trnH WA A5 ic , X FH U5 19 = AR B
(UNOISE3 zOTU £k #4703 56 UF , 25 5 WL 5%
2, MHAAEW S T ILZRR R TR ORBE N EE
b HE R AL E R A R A B SR R
TAEP2EHE

BEXF 3 FLAR IO i AREAS 3R G0 3 B0 A0 AR 1Y

AR, 4 R BLAST H X, A REA i) % 5E
S EREREEY S, BAERK 20TU 74
HARGWMIEFRE . T 5RO ITS 5
psbA-trnH FRIC TR A FRICHEAS | R G0l T 50 30 3
Tt X i A sk . 45 R BoR,IBRA W
TEAE S T 2 R 4 e o R 4R T, H BLAST
P e s RS HAE S RFEREE—.
AR ET A S LR ERIEGCOTU)
() S, E 95 A3 20 v IR = A0 K 52 B S 4t A i AL
Fy MRS R AR I B T AR Y 2 RE IR A %
ESRHE T @A RS W TR T R

F2 ZHRMKELEELR

Tab. 2 Identification results of the third-generation sequencing test dataset

FEAR G5 B S E LR

ITS % 451

psbA-trnH %52 45

Camellia uraku (0.9909, 1)
Camellia japonica (0.989 4, 32)
Camellia azalea (0.9717, 1)

1 Camellia uraku

Koelreuteria bipinnata (0. 991 6, 3)

2 Koelreuteria bipinnata

Ligustrum X wvicaryi (0.998 5, 1)
Ligustrum ovalifolium (0.998 4, 8)
Ligustrum tschonoskii (0. 996 8, 3)
Nandina domestica (0. 987 0, 4)
Caulophyllum robustum (0. 868 1, 2)
Thalictrum minus (0.853 7, 1)
Vitex negundo (1.0, 18)

Vitex sampsonii (0.997 2, 1)

Vitex agnus-castus (0.994 0, 7)
Zehneria bodinieri (0.998 8, 3)
Zehneria guamensis (0.996 4, 1)

3 Ligustrum X vicaryi

4 Nandina domestica

5 Vitex negundo

6 Zehneria monocarpa

Zehneria monocarpa (0.992 4, 1)
Prunus X dasycarpa (1.0, 2)

7 Prunus armeniaca

Pyrus uyematsuana (0 .989 2, 4)
Pyrus calleryana (0. 989 2, 38)
Pyrus pyrifolia (0.986 5, 4)

8 Pyrus uyematsuana

Koelreuteria paniculata (0.9907, 9)
Koelreuteria sp. Harder 5724 (0.9850, 1)

Prunus armeniaca (1.0, 82)

Prunus sibirica (0.998 6, 5)

Camellia uraku (1.0, 1)

Camellia japonica (1.0, 6)
Camellia polyodonta (1.0, 2)
Koelreuteria bipinnata (1.0, 7)
Koelreuteria elegans (0.951 6, 1)
Koelreuteria paniculata (0. 9495, 1)
Ligustrum ovalifolium (1.0, 9)
Ligustrum X vicaryi (1.0, 1)
Ligustrum foliosum (1.0, 3)
Nandina domestica (1.0, 7)
Aristolochia mollissima (0. 948 7, 1)
Aristolochia versicolor (0. 948 7, 1)
Vitex tripinnata (1.0, 1)

Vitex agnus-castus (1.0, 3)

Vitex negundo (1.0, 16)

Zehneria monocarpa (0.996 4, 1)
Zehneria tuberifera (0.992 7, 1)
Zehneria grandibracteata (0.9927, 1)
Prunus armeniaca (0.983 3, 12)
Prunus mume (0.978 8, 81)

Prunus mandshurica (0.978 8, 2)
Pyrus pyrifolia (0.987 8, 5)

Pyrus uyematsuana (0. 982 4, 21)
Pyrus calleryana (0.978 4, 5)

TE I8 60 2 T 8 25 T BRI IR o Phylox %858 25 545 5 9 B9 5B, 20 AR A S BLAST LR Y d ££ 17 51— U (dentity)

Fe Az R e XS A543 T 100 057 14 40 356 1 510 i i1 30 614 248 X400

Note: Correct molecular identification results are indicated in bold. The two values in parentheses within the Phylox identification results rep-

resent the highest sequence identity (Identity) from local BLAST alignment and the absolute frequency of the species among the top 100 candi-

date sequences in the alignment score.

2.3 BHBEEAENRS R XKML 5T

N AR GEVEAL B S MR R e A
1.2, 4715 Jr 3k 9 4 s o B8 400 K040 4 1 9 A7 o B
MEDN, 5 B T R . R ALY

B 5 AFEAR X2 bR i =10 M BEAR -4 il
%) b, Phylox 4= #B 10 XJ ¥k &2 H 5 5% JE % (I &2 %
100%, *F ¥ )% 51 — B 1 99.75%) , 1 Phyluce
(SPAdes"™ 41 % +probe [b Xt ) P&k & 9 XF (P& &
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Comparative Performance Analysis of Phylox and varKoder
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Fig. 3 Performance comparison analysis between Phylox and varKoder
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