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Abstract: [Objective] Soil eukaryotes are key indicator organisms for soil health in ecosystems,
and changes in their diversity and community structure can effectively reflect the evolution of soil
quality. In high-throughput sequencing-based studies on eukaryotic diversity, the selection of
amplification primers directly affects the number of sequences of detected taxa, thereby determining
the accuracy of biodiversity assessment. However, the impact of primer selection on the assessment
of soil eukaryotic diversity remains timidly explored. [ Method] This study focused on soils from
seven typical urban land use types in Ningbo City. Amplification was only conducted for two pairs of
widely used 18S-rRNA gene V4 region primers (NF1F_18Sr2bR,
TAReuk454FWD1F_TAReukREV3R). The study systematically compared the effects of different
primers on the assessment of soil eukaryotic community composition and diversity, and analyzed the
differences between two bioinformatic methods: Amplicon sequence variants (ASVs) and operational
taxonomic units (OTUs). [ Result] That the proportion of amplification in eukaryotes for the
NF1F_18Sr2bR primer was significantly higher than that of TAReuk454FWD1F_TAReukREV3R.
Different primers exhibited a preference for specific soil eukaryotic taxonomic groups. Specifically,
at the ASVs level, the NF1F_18Sr2bR primer preferred fungi, protozoa, nematoda, arthropoda, and
annelida; at the OTUs level, the TAReuk454FWD1F TAReukREV3R primer preferred protozoa and
arthropoda, while the NF1F_18Sr2bR primer preferred nematoda, and annelida. Among the primers,
NF1F_18Sr2bR was more appropriate for detecting rare species. The rare species of fungi, nematoda,
and annelida amplified by this primer accounted for 12.09%, 38.31%, and 58.33% of their total
sequences, respectively. In contrast, TAReuk454FWD1F TAReukREV3R was more suitable for
detecting shared species, as it detected 804 shared species OTUs across different land use types, which
was higher than that detected by the other primer. Both primer selection and analytical methods
collectively determine the differences in « -diversity assessment, but they do not determine the
variations in B -diversity or the effects of environmental factors on community structure. In terms of
a -diversity, for both primer pairs, the differences in « -diversity among different land uses were
greater at the ASV level than at the OTU level. With respectto B -diversity, the explanatory power of
the OTUs level for community diversity was higher than that of the ASVs level. [Conclusion] This
study revealed the critical impact of primer selection on the assessment of soil eukaryotic diversity. In
future studies, primers and analytical methods should be selected appropriately based on target taxa
and research objectives to ensure the accuracy of community structure and diversity assessment.
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rRNA 1 v4 X A7 0 . 7 3 89 51 % 4 4 5 8 NFLIF_18Sr2bRM Al
TAReuk454FWD1F_TAReukREV3RIM, Jg Wik Z: 0.5 X TransStart FastPfu ZZ % 4 uL, 2.5
mmol-L-*dNTPs2 uL, EJ#514) (5 umol-L2) 0.8 uL, F¥iF514 (5 umol-L™*) 0.8 uL, TransStart
FastPfu DNA 4 0.4 ul, #5248 DNA10Nng, MR RN E 20 ulo FH8FEF 1R : £ 95 C
WES NP 3 min, 55 ‘CiBK 30s, 72 CREfH 30s, HHAT 27 MEH, &JG1E 72 CHHAT
FaE LEAH 10 min, FIGEE R EH R BE R 4 CLRAE . PCR /=N 29% 1) 35 G Bl eI 2
0, )5 AxyPrep DNA BERFEEGAF & (AxyPrep Biosciences, Calif, 35[E) 4lifk, {ifi
Fi TruSeg®DNAPCR-Free & il #3877 & (Illumina, San Diego, & [E) il &M S, MRS
]38 7 A U B AE ] Quantus™2¢ it (Promega, 35D #HATSCEERTE, 1 Qubit %)%t Ek
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AREH S SRS TFECE T b AR 2 BT (PCoAD J& 55 T4 B -] 5 i 5 25 (Bray-
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(438%) . ZEHl (58%) . TN (3.2%) LAY (0.9%) bl m T
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TAReuk454FWD1F_TAReukREV

3R Sy M JFE A AN (67.4%) Hefilm T NFLF_18Sr2bR

5%, 1M NF1F_18Sr2bR 5|94 4 it HAR 2 Lu 4 75 T TAReuk454FWD1F_TAReukREV3R

S5 (RD .
=1 ARSI BNER. REEY.

. TR, FTEIR T IE TSI (ASVs) HEF

FERES BT (0TUs) HEURENSSEEZEMRIELES]

Table 1 The average number of amplicon se:

quence variants (ASVs), average number of operational taxonomic units (OTUs),

and their respective proportions of the total eukaryotic community for fungi, protozoa nematoda, arthropoda and annelida

amplified by different primer sets

NF1F_18Sr2bR  TAReuk454FWDIF T NFIF_18Sr2bR  TAReuk454FWD1F
(MAs) AReukREV3R(MAs)  (MOs) _TAReukRER(MOs)
FLI Fungi 18427(43%)b  296+11(52%)a 289+7(39%)a 189+6(17%)b
6k AW Protozoa 187+10(44%)a  162+13(28.6%)b 334+10(45%)b  755+18(67%)a
il Nematoda 25+1(6%)a 15+1.32(2.6%)b 31+1(4%)b 41+1(4%)a
2 Arthropoda 14+1(3%)b 18+2(3%)a 2021(3%)b 29+2(3%)a
Sz Annelida 4+0.3(1%)a 1+0.2(0.2%)b 3+0.3(0.4%)b 7+0.5(1%)a
427+14b 567+20a 742+15b 1120£23a

SR EAZAE W) Total eukaryotes

TE: BUEATHEAAREIRZE (n=64) 5 H5 WEHE N R FALAEY T4 ASVs L HAI°TE) OTUs £ H & SR BN
Ll RAT A FNS FREROR AN R 5 A R 2 A B2 2 5 . MAs: P2 ASVs, MOs: “F#J OTUs. FIF. Note:

Data are presented as mean =+ standard error (n = 64); values in parentheses represent the proportions of the mean number of

ASVs and mean number of OTUs of individu

al eukaryotic taxa relative to the total eukaryotes. Different lowercase letters within

the same row indicate significant differences among different primers under the same analytical method. MAs: Mean ASVs, MOs:

Mean OTUs. The same below.

NFIF_I18Sr2bR-ASVs NFIF_18Se2bR-OTUs
z 2 2
2T - I
3
-4 -
0 5000 15 000 25000 0 5000 15 000 25000
TAReuk454FWDIF_TAReukREV3R-ASVs TAReuk454FWDIF TAReukREV3R-OTUs
2 8 | £
Y @ r ol
5

E®

0

5000

ASVs ¥ E ASVs Numbers

15 000

25 000 0 5000 15 000 25 000

OTUs 85 OTUs Numbers

K1 ARG 18 ASVs 5 0TUs Misi 2k, ARPIOLFNREN AT EE

Fig. 1 Rarefaction curves of asvs and otus amplified by different primers, lines of different colors represent the richness of

different samples
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2.2 T AXI5|404 18 ASVs F1 0TUs BRI ENHEM S R AR At HIE EAE MEE R
SHFIE
P 5109 39 %) OTUs 7 HIAE v MG VDM 7 T A W35 R3S, 46 K2 % OTUs 7411t
S IR AR R T 10%, T ASVs (R 2) o SIWIGAN R EAZ A YA B
HRENmIATE, £ ASVs KT L, NFIF_18Sr2bR 5|#4 M E . JEA LY. 2hd, 1Y
e shn. Vs R A R S EE BN 7.81%. 3.62%. 10.59%. 10.66%. 20%, ¥ T
TAReuk454FWD1F_TAReukREV3R 51#7; fE OTUs /K*¥- L, NF1F_18Sr2bR 5|49 141 K
Bo. & B N 1209% . 38.31% . 58.33% , & F & T
TAReuk454FWD1F_TAReukREV3R 5|4, Pisk51904 1) OTUs 1EAN R FH -z Rl Hi >k
MEEEEAEYEEMEZE S THET ASYVs AR EEEZEY (H 2) .
TAReuk454FWD1F_TAReukREV3R 5|9 14 LI HAZ LW T 41, 4 DADA2 ZBEIRASH)
T FFAAR R (ASV)  FEAN A R 2R B ) (1) 3 B8y 158 4~ 4 UPARSE 7.0.1090
B (97% FLUERIE) RIS ERES KT (OTU) HAHHBITHN 804 4, & T
NF1F_18Sr2bR 5|4
R 2 FEEIMYEBOER. BEEY. %h, BESY. FEURBEBEEEZEYNKEEMEE
RESEB LK ERLLS)
Table 2 Number of rare species of fungi, protozoa, nematoda, arthropoda, annelida, and total rare eukaryotes amplified by

different primers, and their proportion relative to the number of their respective groups.

NF1F_18Sr2bR  TAReuk454FWD1F_T NF1F_18Sr2bR  TAReuk454FWD1F_T

(ASVs) AReukREV3 ( ASVs) ( OTUs) AReUkREV3R( OTUs )
H& Fungi 253 (8%) 194 (4%) 179 (12%) 118 (9%)
R4 44 Protozoa 108 (4%) 58 (1%) 120 (7%) 309 (7%)
% Nematoda 50 (11%) 29 (6%) 95 (38%) 70 (19%)
T Eh Y Arthropoda 34 (11%) 43 (8%) 28 (14%) 50 (16%)
A4 Annelida 10 (20%) 1 (3.85%) 7 (58%) 10 (38%)
BAFAEZEY Total rare eukaryotes 512 (7%) 462 (5%) 437 (11 %) 664 (10%)
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Bl 2 ARG 36 ASVs 5 0TUs FEAN R F b [A] ) H &
Fig. 2 Overlap of ASVs and OTUs amplified by different primers among different land use types

2.3 ETAxT 5|44 A0 ASVs 0 0TUs 3BT ER o ZHEMIEL

MARGERER, VK FESARRGIYILRE R T A SRR R R AR A o 25
PR R ZESR . ST PRSIy TS ASVs 5 OTUs Bdiit H82If& 4 (Shannon)
fad, PTMASA R AV RBFEAF 2 )z 5 (B 3b) s Xf TF+&EE (Richness) ¥
Ak (Simpson) FIIAJFE (Pielou) #5%t (& 3a~F 3c) , 7E ASVs /K EIAF IR FAEA
() FH b 1) ) 22 53 K T-7E OTUs 7K~ B il 45 1 22 5 . NF1F_18Sr2bR 5|47 m] 15 55 2 1 F

zER (E3)

http://pedologica.issas.ac.cn



+ B R
Acta Pedologica Sinica

FAFEH Shannon index

FEH B4R Richness index

AR Fo AW Fa AP JERX R TWX T ki G ERcH
a) NFIF 18Sr2bR-ASVs NF1F 18Sr2bR-OTUs TAReuk454FWDI1F  TAReuk454FWDIF
TAReukREV3R-ASVs TAReukREV3R-OTUs
FLIA Fungi
7 6
be 60 . b ab 7 él & ﬁj
6%] T bba 5‘?‘%@ = ?? 5 é Q
5 abc c?bc $ ig EI ab??é 6 4 ab 2 ap g@
40 ;________
FoFaPRI GH FoFaPRI GH FoFaPRI GH FoFaPRI GH
R Protozoa 3
Ty 7tbe==s 8| = —
R i (R
i ab 3 e Z ab a 2 ab ab
T — 3
FoFaP RI GH FoFaP RI GH FoFaPR1I GH ! FoFaPRIGH
2% 11l Nematoda
i éé; ‘B B 4Q bab abéabb%’
3l* ep abg 3 a7 ac, acab 3t abb ab $ =
ol ® ab gy ab @ i 2 aE#E Q
FoFaP RI GH FoFaPRI GH ! FoFaPRI GH FoFaP R I GH
4 YIS Arthropoda
YR T . Y
3 ab
: :ﬂ¢$E ?$g$ mﬁ ofa Eé%ﬁ 2E$ bﬁg
0 o 1 (1) ab
FoFaP RI GH FoFaPRI GH FoFaPRI GH FoFaP RI GH
AT Annelida
% aactbe e | i ) 20
151 b ) @ 2 15 ﬁ
10 fg 10/ 10 é
05 i " 05
0.0 0.0 s e ) s S ’
FoFaPRIGH FoFaP R1 G H TofaPR1 GH "’ FoFaPRIGH
3 SR EZA Tgotal eukaryotes
b 8
7%%@? bbe 7 ab%,c%]b be - Ep labo 7 b,
6 ac ‘E . acﬁ . 6 abca
2 b 5 i ab spe acabe
5 4 4
FoFaPR I GH FoFaP R I GH FoFaPR I GH FoFaPRI GH
M Fo KM Fa AP FERXR  TAX T gk G ERH
b) NF1F 18Sr2bR-ASVs NF1F 18Sr2bR-OTUs TAReuk454FWDIF  TAReuk454FWDIF

TAReukREV3R-ASVs TAReukREV3R-OTUs

HE F 00ungl
300} |a
250 abe ;5)3 = . 400 i l?l ﬁ é
2001 be a | ac - b 300 B
150 aé?%g 250 $ S =I= o é? = 150
100 200
FoFaP R I GH FoFaP R I GH FoFaP RI GH FOFaPRI GH
JRAEAEY) Protozoa
acd 400 1000
400{° Eﬁ#lbw 5000 f abababab o
b 200 g 700|152
wi PLjed bRl
FoFaP RI GH FoFaPRI GH FoFaPR I GH FoFaPRI GH
#§ 11 Nematoda
60
40} a
40 50
309 b 2 Fabab® ab%Cbc 40 g é égé
50 = ﬁtl:lél 30 Q 20 $
= 20 & 20
FoFaP R1I GH FOFaPRIGH FoFaP R I GH FoFaP RI GH
iKEE)¥) Arthropoda
40 30 aa B b 120 80
30 e 25 E] . & 90 60
20 ébc abe éa %(5) 3 601 4 40¢ m|
it él o = a 30$gi’£2’é$ 20} H
FoFaPRIGH FoFaP RI GH FoFaPRI GH FoFaP R I GH
ﬂ%’ijﬂ% Annelida
10.0
7.5} |a ] acac be, a ac acbc bC 75 10 ﬁ
5.0 dﬂm 50 é $¢E
2.5 é 53 o 25 é 5 é
0.0 0.0 P o [ =] =] =]
FoFaP R1I GH FOFaPRIGH FoFaP R I GH FoFaP R1 GH
SR Total eukaryotes
6004 aarhy a Zonp 4 1400
500 b 70014
4ooﬁEﬁB$ : Bonuhes iR,
300 a 200 1000
L . T o Hiinan (e o
FoFaPRIGH FoFaPR I GH FoFaP R I GH

FoFaPRIGH

http://pedologica.issas.ac.cn



+ B R
Acta Pedologica Sinica

P FRIEEL Simpson index

4151 £ 454 Pielou index

Rk Fo

& Fa
c) NF1F_18Sr2bR-ASVs NF1F 18Sr2bR-OTUs TAReuk454FWDIF
TAReukREV3R-ASVs TAReukREV3R-OTUs

NN

FRK R TokX I

ikl G BRBL H
TAReuk454FWDIF_

F(14 Fungi
e — =g b ]
0.95 a & a =
00| 2 b Ic 9t Ecacabcfrl ﬁc gig i ab%q}@ 09 iab a% ?E
3 ; 08
085 I 08 0.88 0.7
0.80 0.6
FoFaP R1 G H FoFaP R I GH FoFaP R1GH FoFaP R 1 GH
JFAE4W) Protozoa .
1.0 e o 107, — 1.0 i - _
BERETRT o.9$a?c TR 0.9 ey 09E%abgﬁ?a
09fpab ab abab -9l ab i
0.8 o L abc i o8 h
: 0.7 07t b o
0.7 06 0.6 e
FoFaP RI GH FoFaP RI G H FoFaP RIGH “FoFaP R1 GH
£kt Nematoda i
= b
08| T=HL 0.8 a=?a?q$ 08[F aby b 08 a¢5 3 B
abab aba a ab
06 ], ab 0.6 7 06 ?E 06l b b ab
04 0.4 0.4 .
FoFaP R1 G H FoFaP RI GH FoFaP RIGH FoFaP RIGH
0 W Arthropoda
o7l b 0.75 0.75 Q 0751k E_]
0.50f2 %ﬁ 0450 ¢| 0.50 al’a aby 0.50 H =
0.25 ab | gpab 0.25}° ba 0.25 0.25
0.00 0.00 ooob .. 1. .
FoFaP R1 GH FoFaP RI GH FoFaP RIGH FoFaP RI GH
1304 Annelida
1.00 ay, 100 Lo0|=
0.75 aa®h 0.75 0.75 0.6
o0s0f] b i%iE' 050 050 04
025 4 025 E] 025 02
0.00L ST T 0.00 000kl LIl T T 00k oo o o
FoFaP RI G H FoFaP RIGH FoFaP RIGH FoFaP RI G H
SR Total eukaryotes Lo
[ g g
095|7 2T & aCEI‘TJ 0.95 @ ?@ 09 (T abab h ) 0.9 fi?faﬁ
0.90 090 08 A 0.8 ab
0.85 22(5) 0.7 b 0.7
FoFaP R1 G 1 FoFaPR1IGH  "SFoFaPRIGH FoFaP R1 GH
M Fo KH Fa AP  FRXR TIWXI i G ERH
d) NFIF 18Sr2bR-ASVs NF1F_18Sr2bR-OTUs TAReuk454FWDIF_ TAReuk454FWDIF
TAReukREV3R-ASVs TAReukREV3R-OTUs
FLI# Fungi
0. 9 0.9 038
0.7 g#é
a spa ? 06 a %ﬁ % 0-8 ababHq 0.6# ﬁ?
07l b ab @ cb 07 0.5
0.4
0.6 0.3
FoFaP RI GH FoFaPRIGH FoFaPRI GH FoFaP RI GH
JFAEEY) Protozoa
0.9 b - 0.9f fpom - e
g I e S = = I 2 T
0.7 0.6 0.7 abab abab 0.6 ab
0.6 05 be 0.6 0520
0.5 04 05 QA R A
FoFaP R I GH FoFaP R1 GH FoFaP R I GH FoFaP R1 GH
2 Nematoda "
0_3% E 0.8 é 5 bba ab? p 0.8 b ab
?1{ ?Eé 0.6 *‘¢$$E DBy ] Q
06 ab ab ' 0.6 ﬁ 061 3 ab ab E]
04 04 04 04 abab
e o M S PP I S AABB
FoFaP R1 GH FoFaP RIGH FoFaP R1 GH Forab RIGH
Y3 Arthropoda i
0.75 0.75 0.75 é . é
: 0.6
0.50 QE’@? HE 050 EIE%Q ﬁa osoéI ﬁ 0 0.45 = B
025 0.25 025 02
000! . (11111 PR R 0.0
FoFaP R I GH FoFaP R1 GH FoFaP R I GH FoFaP R I GH
154 Annelida
1.00 1.00
0.75]3 Qé o7s{l |8 909 0.75
0.50 0.50 0.50 0.50{8 é
025 B 025 0.25 D E] 0.25
0.00 » 0.00 00 b =l 0.00
FoFaP RIGH FoFaP RI G H FoFaP RIGH FoFaPRIGH
bdbc i "—"ﬁiﬁ.f? ‘£ Total eukaryotes g "
0817 EIEI 0.7{e2 0.7 ‘b
07 abe a aTcac 0.6 é
. abc 0.6 abc 0'5 acabca é
0.6 0.5/ 0:4 aCabc
FoFaP R1GH FoFaPRIGH ToFaP RIGH FoFaP R I GH

http://pedologica.issas.ac.cn




+ ok
Acta Pedologica Sinica

d: SRAEHE (Dunn) 5T 2 ER: ARG FRAELHFIFERM AR 2R BEME (P<0.05) . Fo: &k Fa: &K
M P: A R: JFRX: 1. LIX; G: £{bili: H: EEFi. Note:. The Dunn test was used for multiple comparisons:
lowercase letters indicate significant differences among land use types. Fo: Forest; Fa: Farmland; P: Park; R: Residential_area; I:
Industtrial_area; G: Greenbelt; H: Hospital.

B3 REBFAFESIY (NFIF_18Sr2bR F1 TAReuk454FWD1F_TAReukREV3R) LA K 3T ASVs 1 0TUs J5i5:4%
MrEE. FEASY. i, WY, sl SR B AV E MR SR 2 (Al o 2SR %
5

Fig. 3 Differences o diversity in fungi. protozoa. nematoda. arthropoda. annelida and total eukaryotes among different land
use types using two distinct primer pairs (NF1F_18Sr2bR and TAReuk454FWD1F_TAReukREV3R) based on the ASVs and
OTUs methods
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ANF G 5t IR B L AR 0 W 7 155 A% B B 2R R, =iy
OTUs # ASVs B B R (B4, B 5) « X mirh, JUFEIE sy SR
AR AR M AFREER, HFRERIARRES KRB ES . £TR
I3 W5 M N BT, ASVs ZKF b DLSSE X R 23 A v 3, OTUSs K EBATT RN,
FH 515 53 W 5 AN R0 PR DR -0 B AR A 2 AR B s
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Fig. 4 Principal component analysis (PCoA) of fungi. protozoa. nematoda. arthropoda. annelida and total eukaryotes in soils

under different land use types, using two distinct primer pairs (NF1F_18Sr2bR and TAReuk454FWD1F_TAReukREV3R) and
analyses based on the ASVs and OTUs methods
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¥ R Kruskal-Wallis £ 304N R F A2 [\ 2 7 (*P<0.05) ; OTUs 5 ASVs FIFAESH 7 —[F 2P. Note: The

Kruskal-Wallis test was used to determine differences among different land use types (*P<0.05); OTUs, ASVs, and
environmental factors are presented together. MMoisture, @ pH, @ Total carbon, @ Total nitrogen, & Total phosphorus, ©

Carbon nitrogen ratio ,@ Silt, Clay, @ Sand.
B 5 RHPIFAFSI ¥ (NFIF_18Sr2bR il TAReuk454FWDIF TAReukREV3R) LA 3T ASVs Fil 0TUs 75345
MAF B SRR FXEE. FAEEY. Ll WEIY. s R ek B YRR TR
J3MT (RDAD 5 HLFEXS Ri7p#r (CCAD

Fig.5 Redundancy analysis (RDA) and canonical correspondence analysis (CCA) of fungi. protozoa. nematoda.

arthropoda. annelida and total eukaryotic communities in relation to different land use types and environmental factors, using

two distinct primer pairs (NF1F_18Sr2bR and TAReuk454FWD1F_TAReukREV3R) and analyses based on the ASVs and OTUs
methods
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