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Abstract: Soil nematode is a sensitive soil organism. In order to understand the effects of heavy metals on the alpine
meadow soil nematode community in the Tibet Plateau, this study based on the differences in heavy metals content from
highway sources in the Bangjietang grassland used the high-throughput sequencing technology to analyze the influence of
heavy metals on the diversity and community structure of the alpine meadow soil nematode community. In August 2019, we
collected soil samples at 0, 5, 15, 30, 50 and 75 m away from the highway in Bangjietang grassland. Cu, Pb, Zn, Cd were
determined by flame atomic absorption spectrophotometry, and the community composition and structure of soil nematode
were determined by high-throughput sequencing technology. The influence of heavy metals on soil nematode community was

discussed by redundancy analysis. The results showed that the Shannon index, Ace index and Chao index of the soil
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nematode community in the samples with lower heavy metal content were smaller than the samples with higher heavy metal
content (P<0.05). The increase of heavy metal content changed the community structure of soil nematode in alpine
meadow, and the dominant soil nematode communities of Chromadorea and Rhabdtida under the natural conditions were
transformed into the dominant soil nematoda communities of unclassified_p_Nematoda and unclassified_p_Nematoda. Cu,
Pb, Zn and Cd were positively correlated with Nematoda and Enoplea, but negatively correlated with Chromadorea. The
proportion of Cu, Pb, Zn, Cd to the variation explanation of Chao index decreased successively. The study shows that soil
heavy metal content has a great influence on the diversity and structure of soil nematode community in alpine meadow of the
Tibet Plateau, but it is still necessary to conduct a systematic investigation of soil nematode in alpine meadow and enrich the

database of biological information of soil nematode.

Key Words: soil nematode ; biological diversity; alpine meadow; heavy metal ; high-throughput sequencing; Tibet Plateau
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-0.15 mmi , SR FH “ AHR- U AR - o R T A IR R EA T I e, SR FH KA DT 40 D66 B 7 (F-AAS) T 42
i Cu.Zn . Pb Cd, 55— AR F LA E 1 564k B IE RRAE
1.3 b HEZk RO ) e T
1.3.1 DNA #i#2F1 PCR ¥ 34

HRYE E.Z.N.A.® soil k74 (Omega Bio-tek ,Norcross, GA , U.S.) VB A5 EF T4 DNA i , DNA ¥ 5 Fnali 7|
FH NanoDrop2000 #f 47 & W, F H 1% B g W% % B f ¥k & 0 DNA Jf BR B &, R H NF15'-
GGTGGTGCATGGCCGTTCTTAGTT-3'F1 18S12bR 5'-TACAAAGGGCAGGGACGTAAT-3'5|¥)#1F PCR #4110 |
1.3.2  Illumina Miseq ¥

FIFH 1 55 5 A Y B2 25 BHEE A BN R Miseq PE300 V-5 #4700 F .
1.4 Bt

FIH 25 AR W B 2R A RS W) 257 5 (www.i-sanger.com ) ST T HEL M BE VR e H 5 HIE T 4 R >
KR, HHAF G mothur 4, 3T OTU KF 31T 2 REVEHR 0 Hr, A045 Shannon $5 48 Ace $5 £
Chao #6858, MIRUES BT LE [ — 7K LiEAT, S BT B AT 4/ . SR one-way ANOVA BEATZE HUEE 1 48
ARG, DB HE X BOE 2 NCBI(NT) . RDA S04 A R 15 vegan £, I T4 H ik ik 5 &
SR ARSENE SR FHEREE D HE i 2k 1m0 05 204 2 4 i R b - Bk s B 2 REME AR SR B RR LB,
SPSS 20.0 #fo At etk 2= v B e 2 vk

2 HREHS

2.1 B

SR LIS FTINER 1, AT WL Cu Pb Zn Cd DU 4 )& fe/ME A BTE R ) P6, H P6 ) Cu,
Pb.Cd 5 P1—P5 75 & (P<0.05),Zn 5 P1 P2 2% B % (P<0.05) ,/H5 P3 P4 P5S 2R A0E, B,
pH & HRBETE Po 23 5 HAMEEA ) 22 57

x1 HEEFER

Table 1 The soil chemical properties

FEAR i Cu/ 5% Zn/ Y Ph/ & Cd/ , AN/ /.F”Mﬁ
. WP/ % pH Available P /
Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
(mg/kg)
P1 134.96+2.13¢  13.45+0.77¢c  28.3320.55d  0.57+0.00bc  0.20+0.0lbc  5.06+0.07b 0.38+0.01¢ 45.40+2.98a
P2 137.52+1.6lc  12.25+0.50bc  24.60+1.59bc  0.54+0.05bc  0.22+0.02cd  5.03+0.09b 0.45+0.00e 42.67+5.86a
P3 134.79+3.75¢  11.00+1.38ab  25.37+0.91¢  0.52+0.02b 0.2420.01d 4.72+0.05a 0.42+0.01d 62.25+1.38ab
P4 122.51+3.45b  11.42+0.63ab  23.59+0.07bc  0.54+0.04bc  0.19+0.01b 5.07+0.16b 0.33+0.01b 37.45+1.33a
P5 123.30+2.62b  11.96+0.26abc  22.95+1.13b  0.58+0.00c 0.19+0.00b 5.05+0.28b 0.3620.02¢ 29.29+2.58a
P6 42.72£0.56a  10.41£0.39a  12.53£1.23a  0.44£0.02a 0.13+0.01a 6.07+0.21¢ 0.03+0.01a 99.69+65.93b

P1—P6 /45 B A 8% 0.5 .15.30 50,75 m 1 8E ;P1—P6 refers to soil samples 0, 5, 15, 30, 50, and 75m away from the highway, respectively;

IR 9 e A [ % B (54 2 ] 22 5 . ( P<0.05)
2.2 OTU 4%

FIFHYI R 5 FEFE B sobs HIVERSREIIZL . QN 1 IR, S AEAR IR sobs BRI Zeta T 2%, B 3 s
XF OTU JCsZmi) , i BH AT A7 51 JE AR 0T LA S B S P 05 (1) - 394 e BE VR 2544

ANFIREAS 1k R PE LR A 19 OTU A 10 4>, i 2,P1 A 11 4~ OTU, P2 Bl 2 4~ OTU,P3 A
4/~ OTU,P4 B4 3 /> OTU,PS Jli45 2 4~ OTU,P6 Jltf5 9 4~ OTU,,
2.3 o ZHME

BHAR o ZREVETERANER 2, ARIFEA L dUiE TR AR PE & R 80 A AN [F], (2 B/ ME X ITE Pé.,
H:Ah P6 1) Shannon 16405 P1.P2 \P3 P4 57 ¥ (P<0.05) ,5 P5 223 AR B3, P6 I Ace 145 P1. P2,
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Fig.1 Rarefaction curves of soil nematodes communities
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2.4 LIEZE ARSI
2.4.1  HKF A HELR dUETE 2H

PRV T3 eI o0 A an 8l 3, 7E P1.P2 P3,
P4 PS5 i, — 2K K 4 24k H 4 (unclassified _ p _
Nematoda ) #2& IEEE UL ST | 5300l b AR AR 1826
TEIE 1 75.319% 68.90% . 70.30% .68.58% \72.54% ; H:k Ky
JHE 2 ( Enoplea ) , 43 9l 7 £ FE A + 18 28 OBE VK 1)
13.30% .18.59% .15.64% 22.41% .22.94% ; F{ K Ky 4,8
4 ( Chromadorea ) , 3 51| 5 45 FE A 1 HE 28 MU 75 19
11.39% 12.51% . 14.06% .9.01% .4.52% . {H7EFE /B
L P6, T IEL MBI IR 5 PL P2 P3 P4,
P5 A KA, 07 4L H ( Chromadorea ) 1§ R 1 #
LBV, 1 68.20%; HIR b — B R KL B
(unclassified _ p _ Nematoda ), i 31. 40%; 4| B 2K
(Enoplea) f:/>, { 5 0.40%, % 1., P6 HIPE#Lk AL

P2

B2 TE&EABE OTULRE
Fig.2 OTU Venn diagram of soil nematodes communities

OTU : 345 43J5 BAIT Operational taxonomic unit
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R2 TELHEE SHN

Table 2 Alpha diversity of nematode community

FEA Shannon $8%X Ace 85X Chao 1544

Sample Shannon index Ace index Chao index
Pl 2.02+0.41a 38.50+5.40a 36.75+3.36a
p2 1.90+0.11a 28.58+4.20a 28.25+5.06a
P3 1.80+0.16a 30.40+4.33a 29.80+4.28a
p4 1.86+0.09a 34.15£6.70a 33.78+6.77a
P5 1.65+0.50ab 37.15£12.80a 33.57+7.81a
P6 1.16+0.27b 12.84+3.18b 11.17+0.29b

[RIZ BN R s 22 5 B3 (P<0.05)

242 H/RF LI dUBFE 4N

H 7K 33k e A ikl 4, 78 P1.P2 P3 P4 P5 1, —28 K424k L H (unclassified_p_Nematoda )
SRS L B 0 5524 B R L BEF T 75.31% 68.90% 70.309% 68.589% 72.54% ; LUk 7 24
H ( Dorylaimida ) F1#+ 7] H ( Tylenchida) ,{H7E P3 KA AR, P3 #)/MF H (Rhabdtida) #HX £ . 5 P1—P5 Ik
BRI AN R 1Y PO, /M H (Rhabdtida ) S L #3882k RO V5, i 59.68% 3 otk y— 2R /r K4k il H
(unclassified_p_Nematoda) , i 31.40% ; #7] H ( Tylenchida ) /> , {4 5 8.52% , MAAHEATT N, H K P6 BYFL
P LR RIS S PL P2 P3 P4 PS5 ARARE, XAl g5 HH0R A 5,

B3 HkFLELHEMSH El4 BKFLELZHRFENSH

Fig.3 Frequence of class level of soil nematode communities Fig.4 Frequence of order level of soil nematode communties

25 TIEZLAMESHESEMLER

LIS HIEE SR W CRWME 5, 5 — A5 = R R T 11K £ 4 BI85 A0 X 32 5
39.22% W77 2784k A B — AR T 24.84% 1) )5 25784k SR R T 14.38% M 7 22784k, Cu Pb,
Zn .Cd DUFhEE 4@ 44 548 U] ( Nematoda ) 1EAH G

TIEE SR AT HIEL AR OCR A 6, 55— TR — R T A9 KCF Ik dUE TR
AXTEFE 72.65% )7 22784k, Hoh 8 — Ml R 1 69.16% , 55 — Fhlif# B 7 17.18%, Cu .Pb Zn Cd VUFhE
LB A RIS, H—FH E A Cu A1 Pb J2 & F 2 A E 485 T, A2 RS5O -0.9933
-0.9979; 5 — F M I Cd B EE M E L S m N1, A E R EC -0.5553, DUFPE 4 JE 5 0 v 24
(Enoplea) Fl—2 K 70254k 49 (unclassified_p_Nematoda ) FE7% 1EAH S, 5 €48 24 ( Chromadorea ) #£7% A5

+ 328 dL Chao $880 5 3% B 48 Cu . Pb. Zn Cd MULRTE 45 RN 7, R KK M 0.648365.0.63319
0.55778 ,0.17770, Bt Cu XA s 2 By Chao 158525 5 M R EE K, Cd WUABREBE /)y, Cu | Pb  Zn X -3¢
2 W AP 1 S ) R X A
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Fig.5 Redundancy analysis of Nematoda and heavy metal

Fig.6 Redundancy analysis of class level of soil nematode

communities and heavy metal
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Fig.7 Regression analysis of soil nematode diversity and heavy metals
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R T AR A R I G e vk TR R B A Rk ORI 7E T R R I e SR A, SR A
FEINA Zn 5L AT ( Nematoda ) A 5858 B AR OCE >, Zn .Cu 5K L8 R BEE A DGR R L FETTKF,
AWFFEINN Zn  Cu 55 )8 5L AT (Nematoda ) A BRI IEARSC , 5 997K F-28 HUBE IS A BORM 56, 31X 5 58l
FIT TSGR 25 SR IR AR, RO #2240 | H KO- b 2k i 3 3 4 RS I O BIF 98 22 AR K 3 3 46 (o
FEEERFWITE— M = FE A MG 49 (Enoplea) 2k H ( Dorylaimida) 28 8 d5 #5447, Clarke 250N
—SEWRPERY Cu H1 Zn R He ORGSR 20k T 14 e R = 52 PRI s A 25 Ak 7 57 v it v € R ) PN AR A
XSl (8] ) ek IR 254 25 5 XM 22 Rl e SRR X R d G 8 A 00, MR ERIETH
WA R FE R AT RGN T IR R R A A T B IR AL ST

e 98w i e FE L) I H 5 8 Cu Pb Zn (Cd & ERMAEA T, L MR 4 S H &R & &
Cu.Pb.Zn Cd 8 EHAZFHE ,, E4E S EBMEEARLLE P 4 ( Chromadorea ) FIZMNF H ( Rhabdtida) 118
L FERE ISR A R & B AR AR DL — 28R 70 J 4 U (unclassified _p_Nematoda ) Fl— 2R 73 4L
HH (unclassified_p_Nematoda ) iy FZREVE KA JiIHE 48 & TH AR 1 e 2 ) 324k MK fnH
IR REE 258 ,{ﬁﬁ H SRR T B 807 4 ( Chromadorea ) Y E| ( Rhabdtida) it A e Lk i BEVR 6 A Sy —
AR B (unclassified_p_Nematoda ) \—22 K433k HL H (unclassified_p_Nematoda ) Pt 3+ 3528 HUBEVX
He® Cu,Pb . Zn Cd & X HHELL MBEIE o ZREM A0, 728 & )R & S BURAEA T, Shannon $5 %L,
Ace F8%  Chao $8 ¥ LT & )8 & B mAEARTYZL/N, H AR I Shannon $5% , Ace #6548 Chao FEEL 5 HE & B %
AR B (P<0.05) . E4JE Cu,Pb.Zn Cd 54 ] ( Nematoda ) FIHi| % 49 ( Enoplea ) 1EH1 K, {H
57 24 ( Chromadorea) FAHIC, HAS 7, ZE AT HE A A 48, Co X L e iUt 2 R H A
R Y FERELL ], Ph  Zn (Cd X728 S5 H M BRI U/ N . ASBIFTE R REAA SE A 7S Ui 4 L H BR824
OO F AR SRR B | AR T4 5 R IR OB A AR SORSS G OB 50 ey A ad
ST FE TR X 2 I 1, ORI A T d
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