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ABSTRACT

Aims: Soil invertebrate communities are of extremely high diversity but still poorly studied in DNA-based diversity
assessments. Since traditional morphological identifications have trouble in completing thousands of taxonomy
assignments accurately with limited time, more and more biodiversity surveys turn to molecular taxonomy assignments.
To promote biodiversity surveys on soil invertebrates, we made a comprehensive comparison for five popular taxonomy
assignment tools (VSEARCH, HS-BLASTN, EPA-NG, RAPPAS and APPLES) targeting on different molecular
markers (COI, 16S and 18S). Four soil invertebrate groups (Collembola, Acari, Clitellata and Chromadorea) were
selected in the comparison representing three representative phyla of varied body-sizes.
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Methods: The databases of four soil invertebrate groups using three molecular markers were built with a filtering step.
The commands of five taxonomy assignment tools were integrated into a script which would finally output the
taxonomic information of query sequences. All of assignment accuracy, running speed and memory usage of five tools
were estimated and compared.

Results: Our results indicated that EPA-NG performed best in accuracy for most cases, especially for COl. VSEARCH
and HS-BLASTN remained high accuracy and showed similar accuracy performance when utilizing 16S and 18S
markers. Moreover, shorter running time and lower memory usage made VSEARCH more popular applying in 16S and
18S than EPA-NG. RAPPAS and APPLES showed unstable performances in accuracy and were often too conservative
to identify some species at generic or familial levels.

Conclusion: This study concluded that molecular taxonomy assignment could accomplish identifications of soil
invertebrates in an accurate and efficient manner. COI marker is the most recommended marker applied in molecular
taxonomy assignment for soil invertebrates because of its abundant repositories of reference sequences reflected in all
of species, genus and family levels. When COI is utilized as marker, EPA-NG is the most recommended tool unless the

reference database is too large. When 16S or 18S is utilized as marker, VSEARCH is most highly recommended.
K ey wor ds; taxonomy assignment; soil invertebrate; bioinformatics tool; identification; biodiversity
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24X FF1-scoreffprit, EPA-NGHK [HIRFFE &
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®1L BDEECOI. 16SMISSSHEHEET M. BB T HE
Table 1 The biodiversity showed in databases of different groups for COIL, 16S and 18S

K Taxa S Fhnic Markers YIF#H Species number  JE#(H Genusnumber  FHH Family number
#Z4 Collembola COI 1,211 157 22
16S 387 81 18
18S 163 79 19
B 4N Acari COI 1,675 460 190
16S 456 76 28
18S 635 459 220
HreN Clitellata COI 1,297 255 39
16S 972 214 28
18S 342 203 42
744 Chromadorea COI 939 249 86
16S 170 64 28
18S 1,042 430 135
AN KBS I Merged CoI 5,122 1,121 337
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Fig. 1
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B SR 4) FE 1Z 48 A5 T B9 R ILE B 7 HS-BLASTN A
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0.03. 0.76 + 0.047510.71 + 0.05) LAER AR 3547 J 465
—, HRJEVSEARCH (0.77 + 0.05. 0.84 + 0.03. 0.72
+0.044110.70 + 0.05)FTHS-BLASTN (0.75 + 0.05. 0.83
+0.03. 0.73 = 0.047510.68 + 0.06) (Kl2e-h, [ff5¢4).
223 18SHiEREE

X T 18SHEUHE FE, 24K Hsensitivityfs bR,
EPA-NG (F}: 0.84 £ 0.06. 0.69 £ 0.06. 0.91 + 0.04
F110.83 + 0.04; J&: 0.45 £ 0.08. 0.30 = 0.05. 0.49 +
0.06£10.55 £ 0.05), HS-BLASTN (£}: 0.86 + 0.06.
0.68 + 0.06+ 0.91 £ 0.04f10.81 + 0.04; J&: 0.46 +
0.08. 0.31 + 0.06. 0.48 + 0.06410.55 + 0.05)F0
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VSEARCH (%}: 0.84 +0.07. 0.67 + 0.06. 0.92 + 0.04
#10.81 + 0.04; J&: 0.43 + 0.08. 0.31 + 0.06. 0.50 +
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IR LIRS 2 T4 ST S VP A
APPLESEISE NZ 1. 24K HsensitivitydBhr i,
FHE 44 5 7 4R 2 EPA-NG (B 0.90 + 0.02; J&@:
0.71 £0.03). HS-BLASTN (%}: 0.79 £ 0.03; J&: 0.62
+£0.04). VSEARCH (£}: 0.76 + 0.03; J&: 0.58 +
0.03). RAPPAS (#}: 0.73 £ 0.05; J&: 0.53 £ 0.05)F!l
APPLES (£}: 0.65 + 0.07; J&: 0.49 + 0.06) (/3a, [ff
S4)e YK HF1-scoredB AR, 4% HE 44 T 4K IR 2
EPA-NG (#}: 091 + 0.02; J&: 0.73 £ 0.03).
HS-BLASTN (Bl: 0.82 + 0.03; J&: 0.64 + 0.03).
VSEARCH (%}: 0.79 £ 0.03; J&: 0.61 + 0.03).
APPLES (£}: 0.76 £ 0.05; J&: 0.62 £ 0.05)HIRAPPAS
(F}: 0.77 £ 0.04; J&: 0.58 £ 0.05) (KI3b, [ff34).
23 HAELSAMEITRERLLER

AR 53753 ST 3R A B SR BEIR(N A
FIBAT I ] R E R 5+

BATHEHS-BLASTNAE BN R FE RS 58 R 7,326 %
H A5 T 51 B 1 3B 5 R B TR RS, %k RE A5 E B[]
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/AN, FIE), HKFZEAPPLES (60 MbAII120 Mb), &
XX R R B A A o5 P 2 B A A R 1
B n(E4b, d, BésE3). RAPPAS 5 K 775
K (3 GbAl6 Gb), EPA-NG (1.1 GbAlI5 Gb)Al
HS-BLASTN (1.2 GbA11.7 Gb)I N7 5 e v (B
4b, d, PH33).

31 TIEFIRI S F AT

TGV IR A 2R, WHATE 3 K54 e
FIAS PO B 0L o . AERF LR 78 22 R TR A AN
Mo D BT DGV B P = BRIV AL, 2 LIS
Z FEPERE 78— B DASK & 75 i P 11— AN B R H AR
B HEE, 2018). FETZEAAE AR 5152k
OO 6t B AN K g - 38 3 4 1 A R Ak e R
TS B R T OHT IR Y (Kirse et al, 2021). {H2& 40
o] ) FH 23 43 S TR0 58 g 4 A b 35 A= 3 5 4 (1)
RAE IR, WIRRA K AT FR W
B, R H3FR G F AR e B AT RIS 7K
TOO KA AE 3 B 8L FH A 0 43 TN AR AT
THRF .

FEAB T, RATEA T 75225 508 e s/ B
PR s LIRS AT A T, dRK
LRI R AR IR FIATIE N, S T2 S T A #8
RE KB o 38 % 2 R BY Jo (bt 54). {2
TSR0 PE sl Z 55 H bs At B @ Ryoe, A
B W @ B G R S R A SRR E TAE AN 58
H (W, 2007) R H S ESFESR, K
WS 3 J& B 76 I b A 2 — s R B Tk B B R
B oG i Lo BR AR FT AL, A A RUEE (2017)
Hardulak % (2020) F1 Wang 2% (2018) 73 K 73 1 73 2%
TR A s e, R e R ] 5 A Rk SR T X
KM e . BARUL 70150 TN Re % i
iff v 80k B FH T 2 28 5080 2R [ = () - 3 Bl W Ak,
WA H bR 2225 500 B b sk Z )R, wr DUE AR
SFRIIIN B J& B R T

We AN, AHIE TR B 43 43 2T = EE L T
FEHTUNDIEAR o Bl 5 DR 4 2 A0 e AR AN I
J&, 53T KT GG Lo AR B R A Atk
IR 4H 2% J7 1) % & o Vogler [ DA fHIF 7t 36 W R 75 2
PCRY™ 48 ) % 28 R 1A JE [R 21 5 7 2 T A EL R4 0L

FSEEE R ey B HER A FEEEEYE R, B
o PR ol A DN 6 LA B R 2B 25 RN Th 6 22 R M I 3R b
W IR TR B R K B TR T, (R B A
5 i (Arribas et al, 2016; Gomez-Rodriguez et al,
2017).
32 SFHRICHYIERE

TIEG A LR EE, (HHEAE
B e R AN e, Bz KE P (Decaéns, 2010).
BACKYL, XTFYRMOKT, COIZHEdlEFE+ &
e X TR AMAKF, COILMISSS 25 £ dE FE 1)
F 5 FEHR A 6S T iy o X TR — 25 A0, AN RBE
Fw FEATAEZ S B, SR SSEE
FEE AR FEAM SRS, FRATT 910 16S Eds g ==& B
A AR SRR S

S TARC IR RR KFERE e T2 58
B AR BRI 25 B (Clarke et al, 2017). 7E31¥)
gt WEEWEEZ SR ERNZSHT, 658 bplh
COLF Bt AV NFRHEDNA S Y (Hebert et al, 2003;
Rodgers et al, 2017). 28T, Deagle5(2014)1IA N COI
Jr BOS AR B AR A7 1 2 F 30— He SR 5 Ok REBUE W)
Tl ) A7 AE AR IR ARABL I, DR bt — S 90 23 ) o
TRAF I 16SE18S Jv BUE A 73 AR L #EAT ¥R Ft(Yang,
2013; Elbrecht et al, 2016). {EFRATIBF R H, 1EMN
FH16SHET, 25 AN B A 4 2 T P 7 A Fig b A 40 L
B, XAE—E R LR R BL16STE4r 8T 1 1)
s . SR, fEFR JBAIRIBA K b, 16S25 TS
F & FE#+4r B = (Braukmann et al, 2019).

SRR, AE RSP 7 4 TR R, B
D BURF R R (I 2 RS TR B MESh D, e
COIFRICRA R, s AT HadH 5| WA 53
8, DR 2T 724 18SAE A4 FARic; Ahmed
et al, 2019)4h, M ICHEECOIZKIEILAE N2 THrit.
F4b, ChestersfliZhu (2014) K BLKH Z M5 FFrid
FEACFH BN 2 T AR BE X 20 BE 2 I, 5 2R F 7L
SEAUESE [ COLS HoAth 7y 71 20 & A Y A A
COI} HERf T4 B 151 (Chesters et al, 2015). K, a5
TBSRE E e, 7T LA CoT s HoAth 4 T FRid
IR R
33 ML

AN TR BAE T (R HERF VAR AE 25 7, A TR AR AEAS
] % 2% A BB TR 2R B I 5080 P b A A TR
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)2 B (Brandt et al, 2021). {Ef# FH Al — 2 4 A4S
BEmS, R SERATIE MR & BTE AR 2R B R
MAFAE 2 5, (R e RAIEA R SRR p B A
— 8. B AR 2 RAEA R SRS A A A R
FERE IR 25 B A ) () HE R P 22 57 7E COT 26 A Y
R . ENHCOIZIEIDES, EPA-NGTE & FF}
AKE R HER M L LA R A R AR, X R
115 5 7] INF 2% B 7E sensitivity A1 F1-score§ > 16 5 I,
B EPA-NGTE . F COL 2% & A5 i) [ B L 24 A1 1)
BT AME P . APPLESYE sengitivity$5 4 R
HS-BLASTN I VSEARCH, {H7£F1-score % I Lt
HS-BLASTNAIVSEARCH®E H 5 (T 7 ). X
AT T APPLESTE N F CO12% T AL I 411 A e A% i AR
FH 14 (Balaban et al, 2020)FI%% & R FIME, X AT 6E
HEMRFWEZEAR, IE5HIEE R RBAR
Gyl Fr 5% e BURBY 6. R Ah, fESHHEE IR
(R8O, APPLES IS 1 R ™ B A TR E « 7EM
FH16S 2 TR, A Ta) F o i 2 2 S S S % o7
COIRY . 7EA# H sensitivityfa #xi}, EPA-NGTE & FF}
AKE E R HER R DR B e, RS F AR A
72 PRI N FH COTR KR ek /)y 7 48 ] F1-scored& b

I5f, EPA-NG. VSEARCHFTHS-BLASTN#} £ IAL 5,

HZEFEAR /N o 75 18S 2R FERD I, 4% B A e Aff 1k
# 53t — 5% /. EPA-NG. VSEARCH fll HS-
BLASTNWR I+ 821k, 7218 F F1-scorefg #rhy,
RAPPASHIER &L T E 1.

SR, EPA-NG ) #ER I 22 BLE AR [F 4 1
Fric ke, A RFEE R mMHERTE, JCH 2
TEAE I COISE NI, P B EML A . [ HAd
R LUV AL ) 45 SR —FF (Brandt et al, 2021,
Hleap et al, 2021), BLAST (A B 50 ffi F HS-
BLASTNAL#, HS-BLASTN /2t it 4 [{) BLAST;
Chen et al, 201 5){EA A7 FHRic FIZEHF IR 4G ¢
AR AR (Bik et al, 2021; Hleap et al,
2021) » 1E N USEARCH [ & it & JF 95 & 1R,
VSEARCH () #E#fi Pt SBLAST+ 20 85k, R
PEBE =T BLAST (Edgar, 2010; Rognes et al, 2016).
APPLES I H VAT Re LU AR 57, BE3&E TR w4
FKF(H K H LA E) RAPPASTEHERATE R ILFFA
R, FHAE X F5 RS AR 78 i ok 2
A TR

34 EfbMaERELERAITE

TEIBATHFE b, AR ReE £ 2 5o 8h
W58 RT3 27 AN Ay SR . G 2
VSEARCH. EPA-NG#IHS-BLASTN, 7fZk#E 2%
fE oL, of DA e s Kt E e . H,
VSEARCH ) IZ AT FE e bR, Bt HAE S B
fiL# (Rognes et al, 2016). BRRAPPASZ4b, HABK
P IEAT T B AR I A R R (3 I ik, (2 4258
HOKT 160}, BATH RGN A B3 . RAPPAS
R PR A T BRI AT B AR SR, B RiE
A7 T8 R 2= Bl A A3 RPN B )3 It gt k. B
5 H0 PR T BV EE N, A RTINS AT I
B 2 9812 (Hleap et al, 2021), LA IEF AL H ik
AR AR LB T Rk B AL B JIE MR8 1T H
TFER N, RS S B E L RN, T REK
B ALE FIE A AT BRI 2R .

ENAE R b, VSEARCHI N A 5 /b,
e APPLES, ‘BRI ATF di Iz /N T H A3 3 A,
JEEATE A o5 F 2 Bl 5 26 8% 1R 3G 0 14 hn
EPA-NG 4 225 £045 22 /N RT3 I P9 A7 7 A K
RIGNN, 3X A HE 2 R A K2 s e S A i &
. BREPA-NGH, FARRKAR1E S 2 508 2 K/
K& RSE ARG T, WA KE—
LA, X155 T HVEAE T B R IR SR L AN
At

SR, VSEARCHIIZ AT 8B B R, AT
F#%/INo EPA-NGTE S 25 £ 122 550 /N 8 47 B i) A
THE SR AR RUD, (B 9S50 R RO, X
BEHFE 2 BRFIEPA-NG ) K 4% . HS-BLASTNTES %
K 12 5 /N ELEPA-NGHR #E 5 2 (132 17 I (8] A i
O, B4 588 EBORN, B HEPA-NGH
R IBATI AR 5% U . APPLES N AF (5 /N,
{HIBAT RS . RAPPASYE A — FRAN 5 B4 55 1)
ET ARG KB EFERT A (Linard et al, 2019),
TEATEXSFFHIFR, WA T R 2 E 2 s T (A
FINAE 5 H A
35 REFRE

RS 5 ST — K, FE4N LIRSV KR
i, COIZHE IR E MMM EREZ, JBAFIK
P FEE IR, X2 1R 2 sh AR ) 7 sk T Y
W EHCOMEN T Fhrid i EEFH 2 —

20224F [30% | 1281 22252 551071



TR LB T S TS0 VP 1

R2 SROLTNIRHRIEFFERIFR

Table 2 The recommendation on application of five taxonomic
assignment tools

IR RTBAT AL H I

Tools Recommendation on application

EPANG  LICOWEN/ Fhrit L B% 4RI R K3 4 Ol
is used as the marker and the reference database is
small

VSEARCH  BL16SE.18SHE Ay 4> T Hric sl # 5% B PE oK 11

& 16S/18S is used as the marker; the reference
database includes thousands of sequences or more

HS-BLASTN  [A[VSEARCH, {HAL5EZ¢ A UVSEARCH Similar to
VSEARCH

APPLES A T B & By g 1) 3% & Predicting  higher
taxonomical hierarchy
RAPPAS H¥5)J7 41 A K B 22 {8 K 1934 When sequence

lengths differ greatly

(Braukmann et al, 2019). 7£ FHCOIZLTERS RS, EPA-
NGIHER P 53 T Hofh 43 A, S S5 5
PR/ BIBE TN, 384T B TR 45LFE AN PYAF o5 FH B R 2
P AR AR R . DR, 76525 500 AN K 1R
TN, Ex AN SR BB DI, EPA-NG
2 N COLZE TS I 1 foe A 1 3k, H M 250308 e 2 08
Pe KBS (B dn, & xS A B SR B 2 W), 18
AT IS TA) A A A o FH B S 4 1 2 T AR LS SRR IR 4K
fE 5 H 35 4+ f #(#2). VSEARCHAITHS-BLASTN
HERRE T e, (H2 i R EE AT (R I 2 7E
175 H _E, VSEARCHRIZRILAR S i f2(Rognes et
al, 2016). Ak, B 2 1R 7 26 TR B AR
FuAk &8 F VSEARCHR AR B BLASTHEAT 43 1%
(Cavaliere et al, 2021; Lanzén et al, 2021; Torrell et al,
2021). M4, VSEARCHIE [H 47— S8t g, Al
H—4L S5 TN BE(Rognes et al, 2016), FTLAAHE 5T [H
FEHER VSEARCHREUfXBLAST.

BANKIEIEA G © H SRR, Fih%E
fih 18] %) 40 & 456 FH A SEB & E AC D0 35 B AR BRVF 23 B
SR TSR TERG AR B R (K v8 55, 2017),
FIHNCOI + 16SELCOI + 18825 U4, 43170357
WITEERAR, BT RmAAHELEFEEM RS K
B RBCE S, HADE R T R Hok, Bilhn
FEF YL 22 B FE R Murali et al, 2018)5F. ¥R
T3S oy ST TT LAAS W 2% 5% 803 e 6 1) B
e BN, MUEEEM RS K E A EE L
fhEVEHEA B SIS, B REE T LA A
ARG AR, IR ST

FP, HlWEPA-NGHMVSEARCHIIH &%

ASCLEANVEAL T B BT LR ER B 5T 2K
T KA AE SRS N v RE, BRAR AR 2R
T A W BB A, EAERNS G T %
S TS S5 AR 1 - 38 50 ) R 2 R M DU — e fiy
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