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The application of DNA metabarcoding in the study of soil animal diversity in

Taibai Mountain

SONG Yang, HUANG Yuan "
College of Life Science, Shaanxi Normal University, Xi'an 710062, China

Abstract: Abstract; DNA metabarcoding which couples DNA barcoding with high-throughput sequencing technology
enables quick and easy identification of species in a multiple sample, and has become a reliable method for surveying
species composition and richness of a community. Taibai Mountain is the main peak of the Qinling Mountains. It is a well-
preserved natural ecological system, and is a key area of biodiversity protection in China. Surveys on the diversity of soil
meso-microanimals in Taibai Mountain will enrich the data of soil fauna composition and provide scientific basis for
biodiversity protection in China. In this paper, we used the metabarcoding approach to analyze the diversity of soil meso-
microanimals in 5 different habitats of Taibai Mountain in the Qinling Mountains. These habitats include alpine meadow,
coniferous forest, deciduous small-leaved forest, deciduous broad-leaved forest, and farmland. We set 3 plots of 10 m x 10
m in each habitat, and 3 soil samples were collected randomly from each plot, the sampling depth was O—15¢m under
ground. A Tullgren funnel was used to separate soil animals from soil samples. Soil animals from the same plot were
transferred to 1.5-mL centrifuge tubes and the total DNA was extracted. The universal primers for the fraction of 18S rRNA
and COI genes were used to amplify specific barcoding sequences. Sequencing of PCR amplicons was performed on a MiSeq
[llumina sequencing platform. Raw data was analyzed using the Qiime and Mothur software to obtain the OTUs list and
species list. Ecological analysis was performed using software R. A total of 199 families from 28 orders, 9 classes, and 3

phyla for soil animals were observed. Community composition analysis showed that habitat changes have some effect on the

ESTE . B H R A e K A Zob (R S 2124058 (31172076) 3 36T S 2H 50308 ) 000 H S 3 RO IR 40 24 58 (31372192)
YRS HHA:2014-12-12; ) 45 i iR B #A :2015-00-00
# W IRAER Corresponding author.E-mail ; yuanh@ snnu.edu.cn

http ://www.ecologica.cn



2 S % 36 &

soil animal community composition. Alpha diversity analysis showed that the highest community richness index for soil
animals is the coniferous forest and the lowest is the farmland; in addition, the highest community diversity index for soil
animals is the coniferous forest and the lowest is the deciduous small-leaved forest. The community similarity analysis
showed that the soil animal community composition in alpine meadow, coniferous forest, and farmland has a high similarity.
The soil animal community composition in deciduous small-leaved forest and deciduous broad-leaved forest greatly differed
from that in alpine meadow, coniferous forest, and farmland. The difference between the soil animal community composition
in deciduous small-leaved forest and deciduous broad-leaved forest also differed greatly. The results of cluster analysis was

in conformity with the community similarity analysis.
Key Words: DNA metabarcoding; Taibai Mountain; soil animals; biodiversity

DNA 84 5 AR ( metabarcoding ) & —Fh45 4 7 DNA S5 4 A T s 388 8 0 e F AR i bRk S 2 TR A
FEA IR 5 DNA SRIBAS 8 A8 1 — By A9 DNA JF 8100k % 5E M1 Ff, B Hebert 45 AT 2003 4F4
W ABGE ) Sanger M HBEXT B— A9 DNA 23 HEATI0 2, 1 7o 3 Sl e 5 R ] AR BIXHE A DNA A g4
—% DNA - FEATINIT . PR AR 1045 G i2 T AT LIRAS IR A BEAR Hh KB 1 G 40 25245 B DNA | B
FE 3, 9K JE K 3 26 7 3 55 305 A 50 I L o) BRIV el ff e AR R 2 . Bl el s P B AR R & R 5 43 bt
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EA RIS ] B SCF 1A W) AP AR B AR 22 S REBL 22 M TSR AN TE 4 . DR FP R SC g, o 38
W) ZREE IR R AL T B Y
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14 # KRG % .DNA B G 5IUAE K A 1L 58 sh B Z e pEar o v i s 3

S A TEURE , BEAABEIEE 10mx 10m (1 3 NEET , FE BN RE T INBEFLR B 3 0 - FE , RAEEEE N 0—
15em, B AR RS2 8628 1 Tullgren I SFFEAT20 85 (40W FIBUCT 4355 48 /NIE) o Bl 3 i 3 Sh 115 A7
TE 100% 2 1T DNA P93, FEMiEanfE B 0 1,

F1 HHMFERER
Table 1 Detailed information of sample plots

H: 3% Habitat KA M A5 Sampling position W3R Elevation/m £ Remark
1% Alpine meadow 33.95785°N, 107.76079°E 3604 o L1 )
33.95935°N, 107.76438°E 3598 IR X
33.96813°N, 107.77204°E 3602 |
EFIEAR Coniferous forest 33.97859°N, 107.76949°F 3334 KL A
33.98616°N, 107.75208°F 3066 L LR AZ AR
33.99572°N, 107.73326°E 2904 L LA AZ AR
HALINTS S 34.01117°N, 107.72562°E 2726 i iz MER
Deciduous small-leaved forest 34.01562°N, 107.71668°F 2742 Fe Bz HEAK
34.01762°N, 107.70982°E 2517 FAR S
P K 34.08043°N, 107.69726°E 1326 GIRLSE TN
Deciduous broad-leaved forest AR = - BivhHRAk
34.08844°N, 107.68707°F 1171 T JZ AR
4< H Farmland 34.88408°N, 107.68707°E 1171 ok
34.04218°N, 107.34136°E 1169 ZILH
34.09689°N, 107.65855°F 856 W

* RREI 4 GPS ok

1.2 3 DNA $2H

B — D B RN TA RIS IR G A —A 1.5mL .08, i/ 40 i/ 412 %léﬂ DNA $HL
A B (RARE AR R F]) JEF7 8 DNA 421, £33 15 436 DNA, CKRAifpAE BT 3 3 &L DNA 54745k
FEIRA B TJA%E PCR 9 5 /35 DNA
1.3 PCR ¥

PCR JZ AR Z M 25uL, f$5 2xTaq PCR StarMix with Loading Dye 12.5uL, K #4E/K 9.5uL, 1E H 5|9
(10uM) 1.0pL, S 5147 (10pM ) 1.0pL, & DNA 1.0pL,

18S rRNA HE:HER 73751 ( K# 350bp) B@Tfiaﬁﬁﬁmrﬁ%w%% 5'-GYGGTGCATGGCCGTTSKTRGTT- 3’ il
KI5 H#5_RC:5'- GTGTGYACAAAGGBCAGGGAC-3'M" | o T [l i %f Z2 AN REA JEAT I, 76 N REAS Y 1F
514 5 50 1T 7bp (4 barcode J¥81 , I TG 2240 B IX 43 P 51k AR AEAS, PCR ITEIAER Y 7y :95°C
10min; 10 MEFR:95C 10s,57°C 30s (M EHFEMK 0.5°C ) ,72°C 60s;30 NMEH . 95°C 10s,55°C 30s,75%C
60s ; B 5 7 72°C T ZE Smin,

COI 3 K &8 43 J¥ 51 (K 2y 313bp) W4 34 ff A 1E 19 51 ) mlCOlintF; 5'-GGWACWGGWTGAACWGT
WTAYCCYCC-3'" FIZ [ 514 jgHC02198 ;5 -TANACYTCNGGRTGNCCRAARAAYCA-3' (I N B4 1 )5
SR 1) o FIREEREDNFEAR B IE R 519 5" E T 7bp B9 barcode ¥ %1, PCR FITEIAEEF M. 16 G,
95°C 10s,62°C 30s( FEAMIEIREAL 1°C) ,72°C 605325 PEH:95°C 10s,46°C 30s,72°C 30s; fJ57E 72°C T Ik
£ 5min,

By 5 DNA 738 3 W, 88574 3 4 PCR =55k IR A o PCR =978 A Nllumina MiSeq V-5, 2K
FH 250PE 75w, i IR AR v A R A IR F 580,

1.4 Fdnab
1.4.1  JEbAERE b HE
AN 1 1Y Shp B TS GO E T 4R i 2, SOR T 1 R iscE -2 B = Q20 , (R T M Bk 7 51 .
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SRJE# FH FLASH (http :// ccb.jhu. edu/software/ FLASH/ ) X i i Ji & 1 958 00 e ) B AT B0 4% . QiimemJ X
PHER SN E— i3 08, &5 N 3L K <150bp barcode A 55 Be A5 | 045 BL B 3L R0 1 HOFFS, i
mothur' ! £ #1517 1) ,ﬁﬁaiﬂﬁﬁ?ﬁéiﬁﬁ%l?ﬁﬂ o
142 OTU Kk

i Qiime 4542 AHLUE 0.97 2JEA OTU ( Operational Taxonomic Unit) B SEEEEAS OTU K15
TERRFITFH, A5 18S rRNA LK COIHEK 1y OTU ARERIFF43 51 5 Silva' > Bt FE (115 Ji) Al BOLD'> 4
P (MR 1EF Release 5.00-v1) #EATELXT, FRAS A4 OTU 402845 B I HBANFRIC Y OTU 81 245 s il
I RIG AT, MEARE T LS 28 HE . [ Excel 22 HKF L AOBEE A8 A o L ERLEL, i R
B AH: VennDiagram F2£ 76121 Venn &,
143 o ZFHESHT

i R 21 vegan F2FAIXT £ HEAN Y Chaol & FEFE AL, ACE £ & FEFE %L, Shannon-Wiener £ #1445 %K
F1 Simpson ZAEHEFE AT
1.4.4  HEEAMIES AT

fEFH R A vegan 2 57 A X} £ A A 22 ] 1) Bray-Curtis 5 25 9471158, SR J5 i ape #2 /% 1 3E T Bray-
Curtis 5 B X REAR VAT A6 AR 53T ( Principal Coordinates Analysis; PCoA)
1.4.5 R340t

WRAEYI RS H] R B4 pheatmap R P LA BLKF- 702645 B AT R0 M T 22 Heatmap 51,

2 #HR

2.1 JRIREIEA S OTU Rk

Z i wl Y B I S P SR 15 5] 611959 J7 1], Hivh 18S rRNA 2K 309167 4%, COL 3£ 302792 &, 4
Qiime 5 mothur #F—5 i1 U8 515 B H T IR 2253 #0975 , 4k 437313 5%, Hor 18S rRNA JE[A 211436 4%, COI 3
225877 %, HHEIFHIERIS)E,18S rRNA KL L4551
1653 1~ OTU, COI FE R 53] 2138 /> OTU,
2.2 FhARHAL

ARSI Sy 2 S RO [ 5 sh PR &R E
deylel o gEAr U E B S 3 7] 9 40 28 H 199
FE,H P 188 rRNA JERISEES] 2 177 8 49 23 H 101 F,
COI LM ER 3117 40 16 H 128 BE, Wi A % E
#2164 12 B 31 R, milFEMAE 21 H 136 £,
Rtk 20 H 141 B /N EAMRE S 21 B 122
Bl IS ARG S 21 B 138 B AR A 23 H 132
Fho S AL BB S 45 BB S AEA TP T & )7
G ZE LI %

XF B FEA Venn B (E 1) A5, & REALERLKOF
A BB 84, # = Ll w ) E AR T /N Ak E1 SEAERKEH Venn E
TE R AR A 4 [ SR RERR BT 4R 6. Fig.1 Venn diagram for families of samples
76% 59.57% 68.85% 60.87% 63.64% . 15111 L5 f A5 A)?% 11 # A rer?reiints alpine meadow, B )jﬁ I # represents
EIFIOS 0, AR 6 2 IR T B R T
RO 13, 5 HUER R 9.22% ; 7% /N Aot A 2k
REBCH 7, 5 H R RERL 5.74% ; 35 - i i pkot A il 2

[ represents farmland
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14 14 KNG 45 DNA S5 ZI A A 1 LD S s ) Z2 R e 5 P i) B T 5

FEECH 10, 5 FLEEBEE 7.25% s A A W 2RBEECh 7, 5 LR RHEEL 5.30%
ilﬂl“él2@?%,&@7K¥£,E%H\§$%H$ﬂﬂﬂ%ﬁ B EEE mEH mEHE CESIE]

O HEAE A A FABRERS  JU R LGS0 b TAE SRS

T IR 64.62% , 65 B 7E Ll R ) B IR WEDEH  WEDEH  WEUEH W ANH

RIS ERER RS, TA0E N RRURI A EIEEE  ©pmi aAomn oamd oo
6. P FER L) Bob sk e e TR TR TR A
T T PR B XU F e —
R B BT 4 B 13 61.04% , A LA 2 E P ke oo |
{6, Z&CHBE FIAE SR S s , W5 F A o o
BB AR B R B,
2.3 o ZREPESIT 70 |
B BNV IRETS Chaol 51 BEFRHON - 50T
> B4 /N> B b > 85 L 26> 4 15 ACE =
BRI - AR TR B> #5156 > S0/t o so |
MSAH 5 Shannon-Wiener 22 FE 448 BUM < £ 0K > &5 1L
) >R > 7 I R bR > 3 i/ AR Simpson 2 FE P
SEHOH B RS T LB > I SVERE RO AR >P5 0N 0 |
AR, A R B 2
2.4 RERARMUE BT
Bray-Curtis B0 1] BAFE o 67 BE 5 ORI RLPE RO S 10 |
%, Bray-Curtis BT /I, 287 A BE A G T 94 2 0
AL, 3 3 WA FEAR Z (8] 1Y Bray-Curtis B 25, MR 4G4
FEARZIE] 4 Bray-Curtis FHE, 0] LU PCoA 73H, FEA
BOADIRE R, 117 PCoA P8 oA B 2 I, 1) 3
AR YR A AEARNE] 1) Bray-Curtis B2, 56 BTk R i K19
EARFRAL AT PCoA P, [l 3 iR S R v
ARSI FEOPAR P SRS ORI
% ,%ﬂ‘l‘/ﬁﬂ‘l‘?ﬁ(%ﬂ%ﬂf IE‘I IH‘M E@i%fﬂ%ﬁ%ﬁﬂﬁil—?ﬁ Fig.2 Percentage of sequence aboundance of taxa for order in
SAVEBEROAR B, J5 N SR ARZ I oo sanple
) - B T 94 AL B L A

80

60

40 |

20 F

forest
A H

forest I
Farmland

LR

Coniferous forest

[
Alpine meadow

LA

Deciduous broad-leaved

PR YINU g7

Deciduous small-leaved

x2 BEEZHEEER
Table 2 Diversity index of each habitat

He Chaol 8% ACE F5%k Shannon-Wiener $5%( Simpson $§%{
Habitat Chaol index ACE index Shannon-Wiener index Simpson index
Ll H ] Alpine meadow 151.33 157.90 2.63 0.87
t Ak Coniferous forest 174.83 165.70 2.81 0.89
P& /N AR Deciduous small-leaved forest 162.60 149.29 1.67 0.57
V&R AR Deciduous broad-leaved forest 157.71 161.09 1.92 0.62
A H Farmland 145.57 146.03 2.52 0.84

2.5 RAENHr
Heatmap P& T DL X HEE B B0 /N AT €6 TR 28 s HE R [T R R MR i 7 0K B0 017 4 i sl e AR
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] FRAR USRS o 18T 4 S i R g AN B R SRR IE T VR 9 Heatmap 8], SR B T BKF- 25 AR HEA
FHEEA , RIRHBAER KX AR A BT 7RIS, al IA 2, m il ) S 5 R e 2 R AR IR,
ORGSR RIS fo e S v /AR R

*£3 HHEAZER Bray-Curtis B85

Table 3  Bray-Curtis distance between each sample

v el AU WINU RN AN
1:#2!;1 Allﬁ.”[[ﬁ'@j C fﬂﬂ—)ﬁ: ] Deciduous small- Deciduous broad-
ample pine meadow oniferous forest leaved forest leaved forest
£ Ak Coniferous forest 0.4030
V& /NH K Deciduous small-leaved forest 0.7639 0.6910
V&I [ K Deciduous broad-leaved forest 0.6550 0.6169 0.7784
4% [l Farmland 0.5268 0.4367 0.7602 0.6449
N L 0.5 -
3 Fig5itig o oD
MIHEIEAT A FARC R BRI o 03 ¢
SEAHR W LA S B 2SR AT 31 B, i 18S & 02
rRNA J R B %5 3] 70 ), COL LR s 25 97 = Obr
o NI Ny - ot
v N o (N B S RS eyt 3 g I P N =P S oC
NS P - — 0.1 - E
PR S E B A AR R DO, X R TR o oA ©B

S FrRic il S I EA RS P iy 8 ae AR S 03 -02 -01 0 01 02 03 04 05 06
Kt 2R )7 5 AN ) s B A ST R o Bl — X(43.96%)

i FARICH L EREAS h 3 (0 AR 2 i O 2 E3 PCoA £
FRAERA , [ AR P 22 205 T B e i ) S8 RS Fig.3  PCoA analysis

I A0 e pe 3 B E 1 T R W TR 2R A jﬁ%} 1l % ) re]?resenls alpine meadow, B %7'# M # represents
SHIL 105 2 COL1BS A 2 e e
rRNA JE[H 822300

JAE SR A5 ) VR A B R 3k 2500 K LA | AR B
AR T R BLAE A AB NS FEARRE S A O 72 H KV Bl B 3R H Ak B 7 2% A 858 b i 5 g L
PR AR, 5 R ESE R RS 84 B TEAS A B 2RO BT b LU R 285 60% (TEET Ak rb oy
59.57%) ,iXF UK A /N SESh Yy b RS BERRE N AR, D300, 25 AR B & A AR U T 10% 1)
FEA 2R RN S A5 A 23 X6 K 1 Ll /NS A+ S S ) RV 28 1 il — o s IR, X 5 IR 5T
SRR

TE o ZRMEITH, BAR Chaol $8%05 ACE 8RN F 1 BEHEE, A ENTRYHR 25 R A0 0 22001
R /N AR Y 3B Z I RETE Chaol F8ECHETETE W ] AR AN &7 LU 5 fa) Z 107, T ACE $8 8CANHETE 1 9% i e i
MAE L F A Z )5, X ACE F8EURTTHR AP IA T —AE SC 3 JERERY B, iX > B TE vegan
PP N 10 25751, 10 Chaol FEETF AT BB BH U T LAHE WA /N AR+ S sh eV
P S LR LR & 7 5%i<10) . 7 DNA B & %S H R ¥ | Shannon-Wiener F Simpson Z 1
FRBUEIET — DB P IBO TR AR T — DB AMAEL, Carew S5 N 48 IE—MFEAS T
— AT SV R B EAR DG, (R 81 A AR5 AN R 58 3 1 S WL Rl 1 3% . Pimiol 25 N 5T
WERMAIZHE AR E S NA R, LA E AR ZE T 5ER, Rk, Shannon-Wiener 1 Simpson Z#EPEFE £ fE
VER—127%  FRATA BRI i X PSR B G (0 F) 8 1-SE S I i 2 e, 8 B n) LR H TR T T+
SIS BRAE

A Hl represents farmland
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Therididae

Asomsida
aimorins

taphylinidae.
caenidae

Trypochihonidae
Psychodida

iy
Batyaaiie 15000
Siphidne

Raphdophordas

lordeliidae 0

ridae
Scolopendridas
elidac
ryplophagide
phasiocerias

P N e L 7 S [ S

B4 BS54 Heatmap
Fig.4 Heatmap of cluster analysis
A NELIEA] represents alpine meadow , B 9%k represents coniferous forest, C 7% H /INHHE represents deciduous small-leaved forest, D 7%
I &8 I AK represents deciduous broad—leaved forest, E S44% [ represents farmland
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MASHEAR Z [8] 1) Bray-Curtis HES 15 PCoA EIRF , Btk iy 1 B4 1) S Sl Wy ik o 2 e o AR, B
MRS AR Z o BEEAR R Ll i) S5 T =3 14 - S A v 2L BCRR AL P2 v T /N I AR i - i o
PR - SR Sh I T 2 BT X = b AR B A RL PR B AR, 9 Pt/ PP o AR ) - 9 s Ay ke 2EL At DL 1
R, REDVIATE] 715 PCoA /T ARAT RUZE AL X AR A IE 1T RE -5 45 A 58 mb (9 T AN £ 1Y 1
PEAAFARDE" ) G RGeS

WRYE UL LSS T 5T nl R 7 — YA A rh 23 2 T BT A 3 sh Yy, B - SEsh & iR 2
SR XSG T IR E Y NI, X T HE R PREREAS WA R AR B [l R, TiTid i DNA K25 508
RIS WA PR S 3 i 1) S SO AR AR 1) 73 RS, SRS IR L A 4 T X R BRI L3 1
Wt ey 3 2 00 B AR A W A R A e A7 5 05 B AN T 58 38, DNA S5 2R T H AR 11 o Jl AR 28 i 0 22 TR o ok
ST ) R RURE M A= ) 2 R M A i T g
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