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Research on the characteristics of soil nematode communities in alpine meadow in

northern Tibet by using high-throughput sequencing

XUE Bei, HOU Lei,XUE Huiying”
Tibet Agriculture and Animal Husbandry University , Nyingchi 860000, China

Abstract: The goal of this study was to examine the diversity of soil nematodes in the alpine meadows of northern Tibet. In
August 2017, the changes in soil nematode communities at different soil depths were analyzed using high — throughput
sequencing to reveal the community composition and structural characteristics. A total of 990 operational taxonomic units
were extracted from five samples and were sorted into 3 classes, 7 orders, 25 families, and 30 genera. Enoplea was
dominant in the different samples at the class level. The Chaol index, Shannon index, and Ace index were used to evaluate
the alpha diversity of the samples, and the results showed that the 5—10 cm soil layer had a relatively high abundance. A
heatmap analysis showed the composition similarity of the community was 20—25 ¢m < 15—20 ¢m < 0—5 ¢m < 5—10 cm
< 10—15 em. A redundancy analysis of the soil nematode phyla and the chemical parameters in the soil showed that K",
soil water content, organic matter, and Zn”* were the most related to the soil nematode community structure. Differences
were noted in the species and abundance of soil nematodes at the different depths, which provides a basis for studying the

characteristics of soil nematode communities in the alpine grasslands in northern Tibet.
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2 S % 39 &

- HELR B S P R AR SO SR R E AR R R 2y Y R R 2R e
PEHIIRE(EFR) 45 Y RE A R RE R s 0 B R 22— | [ At B A $2 3t + 9 T 4 O L
RE RGBS R G P A A MR B B, 5 A P AR T

RGBS 257 85 %5 0 - HE AR A T A B S 0085 0 %, i HL %8 A BV B R AT Bl i 55 I, FERT AR
11 AN AR S P B A 100— 150 A~ H LR T B L AF ST A BB S L h LA 21 Al IOk B
— R A I R R ) R R F A S, A BRI 16S tRNA JEFEY PCR P24, B0 20 B 4145 0 558 R 90 8
PUE T BB AT AN 1 H AR RIS 00 L E AR RS R AT R 22 s v e W RIS MR 21
BRI = By E e TR

A, 3 R AL AU I A A 21 T — s R R T G A 2 e A MR b i XA £ o 22
PED MR NZE S REPE T AOBIFST DL 4 S L R S — P AR MR bR ST S T A R TE VI VD
ARG IR ZRVE ) BT IR AT FRAK A 28 s Ta) R A A5 m O R IR A 2 RE T S B
T o F A5 KT % 0 G 1) S 2 bl s Sie 21 A 0 30 ) e B A A

ARG T Nlumina MiSeq MJFEAR , 7E 97% (ALK T X BTl £5 )7 512647 OUT RIS A Y5 B 2
BT, BIFE A o 9 ) A ) - SR B 2 OB S MR AT, P A T 1 i 1 9 O ) AN [ R LR i Bk &2
FEVE it — BN R AN R SR AT - 984k s R I R i AR AL |

1 H#5F®

1.1 B HESL

S MR B PO K 2 — i R 2 G 7 R S i A 9 TR i AR S R 2 L F 5 3 7 (31°31738"—
31°32'02"N,92°04'03"—92°04"16"E ) , KA DX 38 4 Ay o 1l R ) ) M Bl A ) 32 A0S Ah S L A0 A 5
1175 % ( Kobresia pygmaea) %% K 9% ( Leontopodium nanum) JEA= & 5 (K. humilis) | 23 ZE 0% 2% ( Potentilla
bifurca) EIMEZB 3% (P. saundersiana) FLH T (Anaphallis lactea) aglio]
1.2 FEALCREE

2017 - 8 H , fESLK N E 3 NSTUEAEM (3 ANER) AR R 2.5 mx2.5 m, BNNHIERE
HEEE R T 100 m, 2017 4F 8 F 2R = R R AR, 400k % 0—5.5—10,10—15,15—20,20—25 cm5 M
JE 2 JFR ERE B ATCREREEAS T A VK&, T 12 h AT [ 5256 28 B T - 80°C VKA N AR 5 FH . K5 ke
i 2 RO [R) R BE 474 i 2 %5, 0—5 em 19 L4 AE 45 ZBCD1,5—10 em A9 - 3EHE 5 455 o ZBCD2,
10—15 em B HIEHE T 2054 ZBCD3,15—20 cm B9 3ERE S 405 0 ZBCD4,20—25 em 1 3R S 4 55
ZBCD5, £ HEah EK R PALME T R 1,

1 AT EEAREAMER

Table 1  The basic physical and chemical properties of experimental soil

A9k &
s Sél]k?f H Co/ o N/% P/ Y% K/% f*ﬂﬁﬁ
1 ater rgani
Sample \Info or wale b (mg/kg) (mg/kg) v v v ganie

content/ % matter/ %

ZBCD1 10.48+5.55a 7.08+0.10e 49.45+£6.67a  51.39+16.11c¢ 0.23+0.06a 0.04+0.01a 0.15+0.06a 7.04+4.18a

ZBCD2 9.54+3.24b 7.17+£0.09d 41.64+4.54e  52.35+11.26b 0.19+0.06b 0.02+0.02a 0.10+0.01a 6.29+0.73b

ZBCD3 6.88+1.75d 7.28+0.11c¢ 42.29+3.73d 51.24+1.33d 0.18+0.05b 0.03+0.01a 0.09+0.03a 4.72+2.98¢

ZBCD4 6.24+2.02e 7.34+0.07b 45.98+6.22b  52.83+18.08a 0.15+0.02b 0.03+0.01a 0.09+0.02a 2.35+0.30d

ZBCD5 7.40+0.11c¢ 7.40+0.11a 45.73+3.66¢ 42.06+4.17e 0.12+0.03b 0.02+0.00a 0.12+0.02a 1.67+0.48e
ZBCD AR M DU B B P RERTS ; RSB/ NG FREAR R 3R 2R M1 22 57 B3 (P<0.05)

1.3 DNA #hi#&51 PCR ¥ 34
HIE E.Z.N.A.® soil ilk#]£ (Omega Bio-tek , Norcross, GA, U.S.) Ui A7 5 DNA filifit , DNA ¥ 5 fnal
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11 BEAE AF T Rl B B T S ey S ) A () TR B - MR SR AR 20 A R 3

JEFIFH NanoDrop2000 AT, F FH 19 35t I A58 e FEL VKRS I DNA 48 IS 3 228 SCRK[ 10, SR NF15'-
GGTGGTGCATGGCCGTTCTTAGTT-3' 1 18Sr2bR 5'-TACAAAGGGCAGGGACGTAAT-3' 31y, %% ik [ 20 ] ik
17 PCR 974
1.4 Illumina Miseq ¥

ZoAL BT AR B 25 BHEA PR B FH lumina 23 7 89 Miseq PE300 &5 3R 70 7
1.5 $dEab B R 5B

LR AW E AR A R A F =6 LT EL 53 B (www. i-sanger. com ), FC A ECHE Ak 2R
SPSS20 B4, I3 #5ds e X B 4 o NCBI(NT)

2 EREH

2.1 WFEdESTT K& OTU 4L/ #r

WP EAE ST an 25 2, N3& 2 FTLLFE H il ad Xt ) AN [RIGR A5 R it 4k O SE BRI 5 A
AR IR LR T HNAECR (1826124463 ) 7%, JIT45 7 91 BB (182164+977) 4%, 27742 990 4~ OTU,, Hirft ZBCD2(5—
10 em) BEG T OTU 522,353 T 214 4> OTU,ZBCD3(10—15 em) BES ) OTU Fe/b AU 157 4,

®2 HRENFEELT

Table 2 Sequence data statistics of samples in different fermentation processes

FEA S 5 JE R P51 4 B 55 OTU %kt

Sample \Info Original seq_num Quality control seq_num Number of operational taxonomic units
ZBCD1 40410+5127a 40299+5152a 214

ZBCD2 36759+5976d 36683+5971¢ 234

7ZBCD3 35885+4510¢ 35813+4538d 157

ZBCD4 38856+3139b 38779+3106b 198

ZBCDS5 33459+5097e 33369+5134e 187

A1 Total 185369+4463 1849433977 990

) B ES i /N S B ) e )2 8] 22 5 135 ( P<0.05)

PAZAEVEFR BN sobs (RAESZ PRI 2] ) W Fp g H ) s Bt Zean &l 1, DI 1 AT, 5 A 5 0 3R B it
LA TE T2, GBS 7 91 ] JEAS S B S PR v - IR ORI 2540

ANTA] X2 - 4k eV OTU FRIE AL 2, LM &A1) OTU Seit 45 R Wk 2., I 2 af 50,5 HEA
FLEE 135 4~ OTU, Hod ZBCD1(0—5 em) JiA 23 4~ OTU,ZBCD2(5—10 em) #1145 21 4~ OTU,ZBCD3 (10—
15 em) A 11 4> OTU,ZBCD4(15—20 cm) JiA 25 4~ OTU,ZBCD5(20—25 cm) JH4 28 4~ OTU, 7351 15 B 4%
F OTU BBy 14.56% .13.46% \1.53% 15.63%F1 17.18% .,
2.3 FESIE]) Alpha ZFEVE ST

B FES T Alpha ZREMEFEPRANFR 3, M3 3 ATLLE Y, ARG Bk BBV FE i (] Alpha ZFEHESE T
i) Chaol 5%  Ace 5412 7 k% (P<0.05) ;Shannon $5%(7E ZBCD1 Fl ZBCDS5 [H] 22 55 A i 3 (P>0.05) , TMIiX
W2 FEAS A H A = 2H 22 6] Shannon $5%(2% 5 .3 (P<0.05) . Shannon {H 5% &5 A ZBCD2(5—10 cm) FEMHER T
BAB SRS 2 LIS, H Chaol 8RN Ace 8451120 285.27+£17.71 1 294.47£30.96 , HA B & 11
K EE,
2.4 QKA FEAR LR R BEVE A 1]

K AEAS 32k URETE A R &l 3, ML 3 BT, 7E ZBCD1,ZBCD2 ,ZBCD3 ,ZBCD4  ZBCD5 H il
W5 4% (Enoplea ) & 0 3 - 8 4 RV, 43 1) o5 B 25 FE AR L U BEVR 19 72.13% . 80.51% ,76.79% . 54.72% Fil
77.90% ; Hik J9 0,7 240 ( Chromadorea ) , 7E ZBCD1 ,ZBCD2 ,ZBCD3 .ZBCD4 .ZBCD5 H1/43 51| /5 3|4 REALL e %
1 17.54% . 12.04% . 12.62% . 28. 13% 1 16.92% , s T2 3 3 i & 78 K 70 25 10 £k B 40 (unclassified _p _
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Fig.1 Rarefaction curves of soil nematodes communities in different soil compartments
ZBCD - AL F b DUE DS 1 R S
Nematoda ) , 7£ ZBCD4 HAHXS & S &, M 17.15%, ZBCDS

25 FAE LRI 412k s i o i

HAKF- A 132k R oA R A& 4, IR 4
AR TE 5 ADFEA R T R dun e H 20wl e o 4
H (Dorylaimida) .#7J] H ( Tylenchida) , AR 43JE L L H £BCD4
(unclassified_p_Nematoda) ., = H ( Triplonchida ) . /MT
H ( Rhabdtida ), % ®§ H ( Enoplida) #1 # & H
(Araeolaimida) X 7 A~H . Hr P4k H (Dorylaimida ) 7£ 5
AR S B e R, AR ZBCD2 Hp AR
il 79.49% ,FUAE ZBCDA T AR X B AR, 2 i h

ZBCD2
25

48.13% ; J|W& H ( Enoplida ) 7£ ZBCD4 H AT BE Ry ZBCD1 ZBCD3
FHIIR 22.72% ; = 7F H (Triplonchida) 7£ ZBCD4 Fi H2 REEELESHEE OTU 58
ZBCD5 qj*ﬁxqzﬁgﬁl%—,é\ﬁﬁ%Uﬂg 6.59% 7 7.83% Fig.2 OTU Venn diagram of soil nematodes communities in

different soil compartments

%3 #HME Alpha SEMELT
Table 3 Alpha diversity in different sample

FEA G5 Chaol F5%% Shannon 5%k Ace FREL

Sample \Info Chaol index Shannon index Ace index
7ZBCD1 253.27+20.22b 2.81£0.04b 247.87+23.38¢
7ZBCD2 285.27+17.71a 2.99+0.10a 294.47+30.96a
7ZBCD3 237.94+13.18¢ 2.24+0.40d 257.15+1.24b
7ZBCD4 220.47+47.52e 2.69+0.38¢c 222.97+45.13d
7BCD5 221.68+34.50d 2.81+£0.37b 221.38+27.50e

ZBCD : AL # M RO DUEDEE B T EA S s FZIER /NG TR IR 1R ] 22 5 B3 (P<0.05)
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Fig.3 Frequence of Class level in soil nematode communities
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2.6 EENHT

JE K25 FEAS + 1Lk TS TOPSO0 FAEI A ULIEL 5, DAIED S A it ] Ja 7K 7 SR KOG & W, ZBCD2 il
ZBCD3 B & 2 2 AR, ZBCD5 . ZBCD4  ZBCD1  ZBCD2 1 ZBCD3 Hf v 19 2 AR AT — A 1 49 1)
O MER LB R 30 N L R, 0 Melenchus ( 81 B # T1 )& ) . Meloidoderita ( JC Xt I ¥ 3C) |
Ecphyadophora( & W& J& J& ) | Prismatolaimus (¥ WA J& ) . Tylenchus ( ¥ 71 J& ) | Clavicaudoides ( JC X} I 1 3C) |
Tylencholaimus (¥WHJE ) \unclassified_p_Nematoda ( K5I &) Acrobeloides (FATN 5 )& ) | Paravulvus ( TTX}
MHSC) Aphelenchus (¥ 71)& ) . Odontolaimus ( ¥ WHJ& ) | Hoplolaimus ( 41757 J& ) . Paratrichodorus ( ¥4 & H| J& ) .
Filenchus( 22J8#J1 &) \Alaimus (TG & ) | Aphelenchoides (251 T1J& )  Merlinius ( #RAKJE ) | Dorylaimellus ( 7 WK
J&) Meloidogyna ( HREELL MR ) | Pratylenchus (J1KJR ) | Longidorus (K41 &) (Acrobeles (T 2 )& )  Aglenchus ( BF
ANET]J&E ) | Cylindrolaimus ( 76 WA J& ) | Ditylenchus ( Z£J& ) . Belonolaimus ( §| J& ) . Proleptonchus ( Ji 2l 147 J& ) .
Ecumenicus (A5 )& ) .Rhabdolaimus (¥FWAJE ) . Tylencholaimus (3 WHJE ) 7£ 5 AFEA H A X 5 557, ZBCDS
FERHNIE) 30 4~J& ,ZBCD1 ZBCD2 ,ZBCD3 1 ZBCD4 43 I3 1] 23 24 119 22 4M&
27 ZRMBEE S B AR IR G R

Pl 6 Sy A [m] R BE AL o fe) 38 1 AT U Wi 5 RIS bR (R 1) R S — RS — 5t £
SELR RV AR X 2 B2 7 22 B LU 1) 53300 R 38.64% F1 17.18% , Wi SL A B 55.82% 1 )7 2278 4k, 45— T4
b K(KY) Rl HSL( E 7K 3R S 2520 [R5 A G R 8051 311 -0.81 F1-0.97, 2 5 2 (P<0.05) . 55 3%
B YIZCEHLR) B Zn (20 ) R EZ R K T A1 OC R K00 5028 -0.92 F1-0.91, 2257 A .3 (P>0.05) , 5
b SRR B AL R ) 3T PR AR DG PR ORI TR bR R KT S KOR A LSRN Zn*
K" 528 0] ( Nematoda ) A3 #5238 1EAH G 1, 5 T2 18 ['] (Ascomycota ) \ #5152 4 '] (Annelida) | ST 1]
( Phragmoplastophyta) 1+ F B '] ( Basidiomycota ) it A ¢ ; & 7K K 5 28 HU ] ( Nematoda ) . L #F B ]
( Phragmoplastophyta ) FI#H [ ] ( Basidiomycota ) 1EAH X, 5 FFE R ] ( Ascomycota ) FIFR 15 81411 ( Annelida)
FUAH I AL 52 H T ( Nematoda ) | 04T 1 1] ( Phragmoplastophyta ) F14H - [ '] ( Basidiomycota ) |, T %% 1 ]
( Ascomycota) IEA &, SR 1] ( Annelida ) 1A 5 ; Zn™ 5 $UFT 5 1] ( Phragmoplastophyta ) F14H 5 [ ]
(Basidiomycota) , T2 ] ( Ascomycota ) IEAHIE , 5F 4314 ] ( Annelida) JoAH &M, 528 HU1T ( Nematoda ) i1
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Fig.5 Heatmap of the soil nematodes in different samples
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(EPS
3 it 54£iR

TF 5% DX It b T 0 e S R by, LR A B AR ) X R B AR A AR A SR A e SR . R
TR S A A A 2 M R U R B P R il s, 0 M R W R R R AR AR AE L A
WFFE i i Nlumina MiSeq 74 A % 5 2 A58 L R FE R (BRI (g L R g ) ek dR IR B0s T
e 0 % 5 T B Ol L s ) B 2 49 6 B 38 AL AR e o 1L 86 7 2 AUV 38 R DL S
kAR

(1) o 08 A 00 PP 2 R WA s L R BRI ) 5 A Rl B (990£58) 4> OTU 38 T 1 47,3 4
2,7 4H,25 4F30 V&, HIYELY (Enoplea) | (7F 24 ( Chromadorea ) J2: fo-1b i L1 5 42 AT = B iz i 9
4, HH I 4K ( Enoplea) 78 ZBCD2 (5—10 em) H AR X 5 18 e i, 35 2] 80.51%, €4 9F 20 ( Chromadorea ) 7
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Fig.6 Redundancy analysis of soil nematode phyla and chemical parameters

ZBCD4(15—20 cm) & i im , i85 28.13% . M\ 0—25 em 4 5y HIEREA TR AL [E] &4 135 4> OTU, Hir
ZBCD5(20—25 em) M4 28 4N, BT 5—20 cmd MREAFA A OUT %4,

(2) AN TRI R B A o L R A I ) 4 VR S R AR DG PR ) - Ak~ b & K Bk 3 A LB RN
Zn*, Hp K E&7KR AHUR S H ] ( Nematoda ) 4 30k (IEAH 1 Zn®* 528 H117] ( Nematoda ) F 5 PR
s BRSO PR T 2R HR R A B T R RUR B T M L T L A R, o AT S R LR R
( Phragmoplastophyta ) Fl1#HFE& [ ] ( Basidiomycota ) 5 Hl— 22 i FAH

LA 1, X A2 7 ey S M, A T I A R A AR A Y SRR M Y b DX TR AR R R e Y AR
ARG, HA] )92 43 A0 () e 8 ) 28 b EL AT LR g XA R 3 | e v v s S 1 Sl fe AR R A AR B 2
X R A ARA AL RER A I RS R A AR AL T AR ST 2 T I TR SR A R T
A—E i 2= 4R (High—throughput sequencing ) #F 98 + 384k U, &40 0) H Lk U9 ik R i T4
L 1 5 58 R AT IS v (R 26 R TR I8 2540 S AR S0 R (AR G I 752 43 18 S 5 SR 4k IS 24 B
RS T HA R N A TR B AT B G FERTAE T AR S0 o3 B8 45 T B — EMELILE A4 TH 1 i 3F
BErp g AU RIS S5 A R AR S e &L 21 TR LK, DNA I 52 A BG4 A vk 28l 37— A% il 20 )7 168
rRNA JE RIAR A T BB R —Fh i T B A e RUE W i W b 2 R A8 AR A | A - 38 S e P 19 85 R0
%o il A EAA TR L AR T A s P A R I R A Ay 4 T R A ) S
MR MRS SO

S LA PR A A e 9 B T R T OBCAE Y - BE 2 U VR B 98 Ol Rl SR T NF1S-
GGTGGTGCATGGCCGTTCTTAGTT-3'#1 18Sr2bR 5'-TACAAAGGGCAGGGACGTAAT-3'5 |3 i [lumina MiSeq
WFHEA 78 97% WIARUK - T X FT AR5 4T OUT B Y5 27, LASRAS 3Lk b B 9% 70 A ) 1R i
B A I DL, IR LR T AR A5 A 285 2R 5 IR BE 25 (OKar & f A2 M55 ) AT A DG 20 T, R A TR B 1
L A R — B R N — DR R 8% DL RO R S 45T 1 R IR 25 A R 2 4
PERRIESR HE T I LA 1S3
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