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Characterizing the aquatic biodiversity of the Qinling Mountains using DNA

metabarcoding approach
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Abstract: DNA metabarcoding, a technique based on next-generation genetic sequencing, enables the rapid
characterization of species composition in bulk biodiversity samples or when analyzing environmental DNA, and thus
facilitates comprehensive, large-scale biodiversity assessments and monitoring. The Qinling Mountain range, extending in an
east-west direction across central China, includes a series of valleys traversed by mountain streams of various sizes. Although
these streams potentially contain an array of aquatic organisms, the complexity of the environment and the presence of
small, cryptic, rare, or poorly characterized species makes studying the aquatic biodiversity of these streams a challenge.
The goal of this study was to use DNA metabarcoding to examine the composition of both the aquatic fauna and of the aquatic
communities as a whole in the Qinling Mountain streams, employing alpha diversity, beta diversity and cluster analyses to
evaluate differences in biodiversity from samples collected from different locations. For this purpose, 10 samples containing
both zooplankton and zoobenthos were collected from downstream and upstream locations of five streams ( Jin Longxia, Shi
Bianyu, Feng Yukou, Wutai Mountain and Meridian Valley) in the Qinling Mountains. The cytochrome ¢ oxidase subunit

I (COT) and 18S ribosomal RNA (18S rRNA) genes were selected as barcoding sequences. Following DNA extraction
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and PCR amplification using degenerate primers, the amplicons were sequenced on an Illumina MiSeq platform, and Qiime
and Mothur software were used to analyze the raw data and to obtain an operational taxonomic unit ( OTU) list. Ecological
analysis was subsequently performed using Excel, R, and Qiime software. Analysis of the fauna composition revealed that a
total of 89 orders, from 48 classes, and 10 phyla were identifiable in the total group of samples using the two gene markers.
Individually, 52 orders, from 42 classes, and 9 phyla were identified using the 18S rRNA sequences, and 36 orders, from
11 classes, and 5 phyla were identified using the CO I sequences, demonstrating that the two gene markers together
resulted in a higher rate of identification than either marker alone. With regard to community composition, analysis of CO I
gene sequences revealed that the Arthropod orders Diptera, Trichoptera, Ephemeroptera and Coleoptera were the most
common taxa, with lower occurrences of Protozoa and Rotifera. Analysis of community composition using the 18S rRNA gene
sequences, on the other hand, indicated three main groups in the samples, namely the Arthropda, Mollusca and
Platyhelminthes. Both the fauna composition and community composition analyses showed that the number of groups in the
downstream samples was higher than that in the upstream samples. Moreover, alpha diversity analysis revealed that the three
sampling plots (Jin Longxia, Shi Bianyu and Feng Yukou) most intensively affected by human activities had relatively high
values of community richness and diversity compared with the two more natural sampling plots ( Wutai Mountain and
Meridian Valley) , suggesting that aquatic biodiversity may be improved if a location has a certain degree of external
interference. Finally, beta diversity analysis demonstrated that, although community variations may be very obvious when
samples collected from different environments are compared, such variations may not be so obvious in samples collected from

similar environments, with cluster analysis showing that community similarity values in such samples are relatively high.
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Fig.1 The venn diagram for CO | gene in the species level (1 and 2 represents the downstream and upstream of all the sample plots,

respectively )

HRAE OTU F1 LA venn B, G0 1 FIE 2 fis, CO T SEES3.01 5 J2 IE Y FMEUE 218, 556 WAL
4331 212 F1152;D1 5 D2 i YR EUR 236, ¢ A MR s 95 F1 1165, W1 5 W2 i3 Y b dio
88, FEAT WA RS IR 214 F1 170521 5 72 WA YFRVEUR 122 RA YR g 3o 153 #1208 F1 5 F2 (4t
YRR 265, KA PIAVEC N 80 T 123 5 T BURE AT e 5 U AT MR EOR: 628, R PR £y

http ; //www.ecologica.cn



19 ] BN A DNA 25 RIETEEORIT T R K A s Z e 6107

272 f1155;D . F J W Fl Z [ B Rh 50 52 . 683 733,800,560 F1 605;18S rRNA K155, 11 5 J2 ik
HYIFEUE 154,58 WIREU R 65 F147;D1 5 D2 BIEAA WIREBUR 158, 4544 MRt 5oy 5k 74 Fn 28, Wi
5 W2 A PR 131, 5 MRS R 56 F1 67,21 5 72 A M AR 160, G MRt sy 5 49
1 68;F1 5 F2 (3G YR EUE 139, KA BR800k 43 T 535 Fira BURE &5 T e 5 i i 0 P gio=
305, FE A IR A B 11 F0 1050 .D W . Z Fl F G PR B0 140, R BR800 3.2.9.2 #10,D F
J W L Z 0 SRR o )2 1418 374 420 375 i 437,

2 18S rRNA EEZEFKF £ venn E
Fig.2 The venn diagram for 18S rRNA gene in the species level
Pl e 10 2 43 SRR AT JBORE s 0 TR L3 T D VW L Z R A3 AR e A SBORE Hb L3R I () R

AR OTU F13 , w LUHAE S FEAS 432K (1 T 49 B FH B ) F YRR 2 Bl L B O, Sf S A PEAS )
YK EIRETE SR . CO T NH K B4 R anfd 3 iR :D1.D2 F1 . F2 J1.J2 F1 W1 Host# H (5 &
ABRT R, T 53 N 45.2% (46.3% 46.9% 27.1% 83.1% .53.9% F1 48.9% ; W2 &M H 1 &8 5,
JIt o5 LG R 56.6% ;1 AR H A & f s, B i Lo 29.3% 5 22 s B A A X BT O LG
45.3% . 18S rRNA MI'JKF B4 R ANl 4 s : D1.D2 J1 )2 W1, Z1 F1 Z2 5 sl P Ty & s AR
W HLAE A R 59.2% 84.5% 92.7% 65.8% 91.6% 53.5% F1 66.9% ; F1 I F2 FrERAASh ) ()& AR X
B, BT o5 EeAg 43 30 55.2 F1 58.6% s W2 HURIE s 1) & s AR X B BT o R 54.5% ., AT, CO T iR
AR AR TS AR R R ROE XA H B E JEIRE EE B SE 0 18S rRNA P A R A
A EEE ST ARSI T TRURIE ST T = A K0T,

3.3« ZFEMESHT

CO I 3L Y Chao Al ACE F85UE B J1.J2 1 F2 MO REVE 425 BEAHRT 8¢ R, 21 W2 1 72 19 DA %o A1
Simpson F1 Shannon $8443% B J1 .72 Fl F2 BYHETE ZAEMAR XSS, 1m0 J2 . D1 AT W2 B IIAEXS 44K, 18S rRNA
LY Chao F1 ACE $5E0R BT J1 D1 AN J2 AYREVE £ 5 BEARXS RS, 0 F1F2 A W1 A AR XA, Simpson Al

http ; //www.ecologica.cn



6108 £ ¥ i 36 &

m A H s WHIRE = %EH s HiH = ARMNH = WHH s KALH m Rk H
n EEH = @A = BUHH m WFH m BH = A = BHEA m R EH
= A = Jk#E = JEEEH = HEH = #8E = #EH = BWH = 2 H
= SIkFEH = JoHE JTREH = GRH HIRH FhiH iFvke B H HoAth
100
90
80

c\\° 70 F

&

5 60 |

&

=2 50

R

Tl
30 -
20 +
10
0

D2 F1 F2 J1 J2 W1 W2 Z1 72
FEAS Sample

3 COIERBKTELRZAME

Fig.3 The community composition diagram for CO I gene on the order level
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Fig.5 The PCoA diagram for each sample in the two most important factors that affect the community structure
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Fig.6 The heatmap diagram for 18S rRNA gene on the genus level
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