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Analysis of microbial diversity in the drinking water of

karez well, Turpan, Xinjiang
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crobial flora in Karez Xinjiang. Methods: Four different kinds of
drinking water from Karez in Turpan, Xinjiang were collected,
and they were sequenced using Illumina-Hiseq high-throughput
sequencing technology. Majiorbio Shengxin Cloud Platform was
used to analyze the diversity of microbial community structure.
Results: After quality control, there were 446 700 effective bacte-
rial sequences and 407 376 effective fungal sequences. A total of
2 586 OTUs were obtained based on 97% identity. At the
phylum level, Proteobacteria was the common dominant bacteria
phyla of the four samples. At the genus level, the common domi-
nant bacteria of the Amur karez well (sample A) and the Awut
karez well (sample T) were belong to the genus Hydrogenopha-
ga , which accounted for 34.31% and 57.66 % , respectively. The
dominant genus of Say karez (sample S) was Curvibacter, ac-
counting for 36.33%. The dominant genus of Miyim aji karez
(sample M) was an unclassified_of Comamonadaceae , accounting
for 34.84%. Ascomycota of fungi was the common dominant
phyla among the four samples; the dominant bacteria of samples
S, M, and T were Olpidium, accounting for 15.77%, 31.84%,
and 16.38% , respectively. The dominant genus of sample A is
unclassified_k_ fungi, accounting for 27.68%. Conclusion: The
four samples have similarities in bacteria and fungi phyla, genus,
and species levels, but also have the differences. Although fungi
diversity is higher than bacteria, the species abundance is smaller.
Keywords: high-throughput sequencing; drinkable water; mi-

crobes; diversity
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FEBEMURR By 2K BT ANES GE B B2E W T AR Y AR B BE Y T
B4 33—t b PAT 1) B B A R X — 5 O K B R
Bm g, ARSI R KRR AR AEH 25 .

H A P9 4026 F 3R L 19 WF 5% 32 248 v A X K R
SIBETT R kEgRA AE FETOVRAE AR R RO 5 e 4
T AB 3 SROL S B A W 22 4 1 D7 T R BIF 5 8 R DL A E
BT R A ) AR 5T 2 UA L FH S L He K R DR S i E R AR
A LA ] B AT e ik XU 0 i T EL RGBT L T
F 7K s Al R R K R & 0 . (EaX — R BRI RGBSR 7 T
TR o 118 B A 0 34 2 3ROL IR K 8 B A2 5 3ROL IR K B
A A5 52 Wil T 141 2% T o i 3 0 THT 38 oK UL AE GBI SR A E
WESE 0L LA etk 8 35 LI K S DF 5 4 42, 3 Tllumina
Miseq #l J# 43 1 SRIL I K o i 3 A= W e v 2 6k dkJL
FEOK & BN ] KB 22 A e 4R AR BB A
1 eSSk
L1 5 XE
L1 FEAORIE

T 2020 4 9 A 11 A, FE & 43 1R B TR R SOLIE
RLT & F e B 2 o B 5o W R IROL T
(AL T EF W4 S B BN, BRERKIUF (LT
T A 2 OB RD R AR AR BT SOLIE (6 Tk &
TR S WRAD R AR ILER D, BAFELAR10 L
HEANTCH KRR Y [ S B ARAE T 4 °C . A HE
A3 AT GE A IR TE 0.22 pm LT 4EVE IR | E 4R
WY TR o MUS AR IR TR E 0 E T T E A
JIEE 5% Wb B, 26 9 37 B AE CTE — 80 °C WK AR VR A7, JH TR
[BEX7/E2=2 N
112 EEMREH

B HL: Eppendorf 5430R 1, & B 3 A #5 B 22 {0 2%
ARAHE

HCE 3% )8 B 3T : NanoDrop2000 &, 3€ [ Thermo
Fisher Scientific 2\ & ;

iR AL : BioTek ELx800 &, 3% i Biotek 2\ #] ;

WAEIDE G QuantiFluor™-ST #Y, 3 [ Promega 2\ ) ;

x1 BEERER

Table 1  Sample information
TR IR FEfgs MR E pH /T
N42°70.69"
BT A JR HL I A £88°78.02" 7.43 22
. N42°59.232"
PRI S A L, 7.32 18
E89°14.557
KAK A BT 7 IR N42°00.212"
M . 7.38 19
JLI E89°05.401"
N42°55.647"
RERILIF T 7.33 17

£89°13.943"
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HLPKAL DY Y-6C B, JEHR — AU 5

PCR % : ABI GeneAmp® 9700 %, 3£ [ ABI A # 5

M 4Y : Hlumina Miseq %, 3& [H Illumina 23 7 .
1.2 HEENF RS
12,1 gl 0 I

BB A s DNA 32 > &3 &R 3l 3 Kk~
PCR¥F ¥ 5 st >PCR FH LT 53—k
PE L& — il &2 5
1.2.2 DNAZHCYE  FEb S DNA & BCSERS - fa il
I 1 0 Be B 5 g e K BRI B IR 2 DNA., 785 2 #
A 2Z T, LK I 8 £ — 20 CH

% M TransGen AP221-02; TransStart Fastpfu DNA
Polymerase, PCR #3415 16S rRNA [ V3~ V4 X , ¥
B 26S rRNA B TTS X 2 7 A T4 7 9 1 1] 5 | 49
R Im 5144y 3 A 338F Al 806R.ITSIF Al ITS2R , 41 H
FEE I Y5 EWME 2 frn. H ABI GeneAmp. 9700
PCR XT3 . PCR 48 RN FE P Qe 3 s .

PCR #" #5815 . 2 #F PCR 7 ¥R ll AxyPrepDNA
B Jie a1 Wi 300 & #E A7 1. T Tris-HCL % B . QuantiFlu-
or™-ST # (5L E it RGHATHN E 7 . Z 5 4% g4
FEA TR I 7 45 5K AT AR R L 481 1) 3R 20 IR 58 B S
W SCESEATIN Y . SCEE MR HS 1 HLI Y I R 2
[ 56 75 A W R 2 BB A IR B 58 .
1.2.2 W5 B 08  f#H fastp Chttps://github. com/
OpenGene/fastp, version 0.20.0) & {F XF J& 46 I )5 )5 1) #F
70, Fl FLASH (http://www. cbeb. umd. edu/soft-
ware/flash, version 1.2.7) 34 XF & 4~ # &t 1 Reads #E1T
Praz, 15 209 )7 31 8 UG Tags B8 9F 8219 3 19 R
1 Tags B4 » 485 o 38 193 3 & IR (9 Tags $088 (Clean

X2 AE.EEHRESIMIIR

List of wpecific primers for bacteria and fungi

Table 2

X% HAREEE 5133 (5-37)

16S 3 K (V3 ~ ACTCCTACGGGAGGCAGCAG

Bl
V) X3,

GGACTACHVGGGTWTCTAAT

26S 1TS CTTGGTCATTTAGAGGAAGTAA
X3, GCTGCGTTCTTCATCGATGC

®3 PCRYHERNEERF

Table 3 PCR amplification reaction procedure

A 0 % 52 P RY

95 C 5 min,95 ‘C 30 s,50 C 30 5,72 C 30 s,
30 MEE
95 °C 5 min,95 C 30 5,50 C 30 s,72 °C 7 min,
35 MBI

T

HE
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Tags)., Z B Qiime (V1.9.0, http://qiime. org/scripts/
split_libraries_fastq. html) A9 Tags Bt & & il i 72, #F 17
Tags B A BE i U85 AT 25 bRtk & K7 51 R AL 28, 4 T
UPARSE #f4 (http://drive5.com/uparse/ , version 7.1) ,
MR 97 00 1 A L BE X P 5 #E 4T OTU R 2K 5F 5 Bk ik
Bk,

FH RDP classifier (http://rdp.cme.msu.edu/ , ver-
sion 2.2) X R4 JF SN HEAT M A5 281 B L il i Mothor J5
X Silva 168 rRNA $Ofi 4 (i X B 9 7006)
PAFIER A3 HKF LWE R, B Qime BAFIHE
Sobs.Chao. Shannon, Simpson. coverage %5 £ #f 1 +8 % .
I RERAF (Version 2.15.3) 2 il # B i1 2k & Alpha Z# 1
E AR £ 550, Eid Qiime 4 (Version 3.3.1) 1t
8 Unifrac, 338 i R B4 2047 9 Fh 20 553 S Beta Z2 4
PR $5 B 20 18] 25 57 00 A
2 HR G
2.1 HEMEEFNEERSHESH

3 % AR WY B AT PF L B )R
HARAFANR 16S rRNA FIELE 26S rRNA A 805 751
JEA - 453 B 1 40 B R GG 8 D 4 583 710 Ak HLE
716 621 k. JRIRIF S HEAT U DL AL DR RS B 3k RS
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OTUZK- F1SobstE %
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I bt
Sequencing data volume
(a) 20K

HEAHSN - XWE FHBUHEFHRILHFRAKPHENSHEEDT

BT HI N AN 446 700 4% HH 407 376 4. ET 97%
— X OTUs #4718, 645 5] 2 586 4~ OTUs, Hrf
M 1456 > OTUs,EH 1 130 4~ OTUs, Fi Feith £k
T8 2% L 1 00 5 R de e B L R 0 ) A K AT fiE
R0 208 B 2 A R L A 1 TR L BE 3 RE A 1R 0
T, 4B R E B sobs Hi 2k 2R 1 T, U W RE R BEYS PR
P4 ) o ol A 00 30 I H 5% 7 e, U T R DL EAT LR
DR EI R T

W 20 Bis  FE &L T 76 B A b b 09 5 B 22 L H i
A1 G BE R B A bR L R PR R, R RR T W) R E
i 5 AR 1 T 2% T 30 R B R A A A
W 2(h) Fis B T WD Z B g, T AR & b f
STEH BT L BIAR L 2RI,

LU TN S R U R v e = N 1 R
E RS AR M 1Y Sobs #6405 Chao 48 #w Ik, U A #F
i AREES M A YT E R ERAM, S T W
Sobs 8§ #(5 Chao 8 £ & » v B2 AR & 00 T A W e 9% =R
R R, SN, MRS Z AR EZ
FEE TG 225 . Coverage 48 B BT A BE 4 1) B 26 %
BIAE 0.99 LU 3 B R /KSR AT 3R 50 45 BE A B A Y
20 T R LT R SR 2 L BT A BN T A
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Figure 1
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Figure 2 Rank-Abundance curve
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*x 4 Alpha LM E
Table 4 Alpha diversity index

Sobs 7 % Shannon 48§ %%

Simpson 5 %

Chaol 8%k coverage T8 %{

‘o
Wi Tawm mm mm &m @@ A& 4@ A @& AH
A 296.3 51.0 2.886 2.279 0.123 0.087 380.51 54.5 0.998 1 0.999
S 426.0 64.3 2.726 3.311 0.176 0.058 513.33 67.0 0.998 2 0.999
M 265.3 50.7 2.927 2.273 0.378 0.252 347.12 51.2 0.998 1 0.999
T 695.0 351.7 2.290 3.601 0.355 0.069 773.15 352.8 0.997 0 0.999

2.2 WA S

mE 3Ca) AT, A0 FH 4 HAESIEAE 173 MO
OTUs,#£ 5 A T4 105 4~ OTUs. #£ & S B A 91 4
OTUs K M BlUA 45 4~ OTUs #E 8 T 2 A 487 4
OTUs, KU T HHEMAEYBHERHAATE.

I 3Cb) AT, Hm 4 4l ff 2 E 13 A o
OTUs, Kt f A A5 48 A~ OTUs, K& S A 56 4
OTUs BEfh M A 52 & OTUs BE & T A 868 4
OTUs, R T PR HAEYREBRIIRAFT.
23 AAHSEAEMEFEEKELNEREST

& 4 Ca) AT, 4 AL AR 5 48 TR A b 3 B Y ST, 45 A
A PRI — &, AN ST, R ES AL R
X MTEME AN L EAREER,

H & 4Ch) AT, ok E ik 2 T A 3 4 AR A A 2R

(a) ZHIE

HEHE—E AT ENEG S ERATFE—-ENE
o M A GHAM 3 HREARIER AT HAMEES,
HEVR A B ST . 4 ZERE T R R I8 A RS R T DL Ao
2 FPRAL AN MUT.S3HMEBEES R 3 HEMNWE
VA 7R 2H AR . 3K 3 FIRE i A A DK T B BE I A TR )
(Olpidium) 5y ) 5 31.84%,16.38%,15.77% K £ F 14
PR R AR BUR R B R X BN, HAMEE A A
SrARA ST, R B S A, AN A A B E, R
2 1Y) BT B 2 A ) 22 S AR,

24 WEYBEZEHNIWRREBER

2.4.1 RIFEFEMPABERES AN LR ERE AT
BFFERE i i Pl 28 1 22 B PR AR R X A RE A RUF 3
HEATHRZE, DL 97 % 17 5 *ﬁ{u/ﬁﬂé’rﬁﬁu%*ﬁiﬁ OTU
CRI AR 43 28 B0 50 AR Y T Rl ) B IR B2 4 #r . 45

S M

(b) HW

B3 OTUK-F Lt Venn B 4541

Figure 3
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Figure 4 PCoA of different samples based on weighted Uni Frac distance



&M | Vol.37, No.10

7R A FEE ST 16S rRNA 38 2 3] 40 417, BB 1 1)
(Proteobacteria ) J& 46 %F ¥ & 7], & #§ 87. 48% ~
94.90 %0 , Hotk /& BLAT & '] (Bacteroidota) 15 i 0.49% ~
3.7000 . PRI 5.

FeT 16S rRNA 4347, A 4 FhEE S i L0 1L 537 A~ 24

J& . o i S W JE (Hydrogenophaga) 7 R #0 J& , 3
ﬁ%*%mﬁ’ﬂ%%ﬁlﬂ@ W J& (unclassified_ f_Comamona-
daceae) .M ¥ B J8 (Curvibacter) . {15 28 i 7 J& ( Pseudo-
monas) (FEWFE 5),

RS A PREE R JE b 8 S W B (Hydrog-
enophaga) i 34.31 % s K8 i S T FEA BB E b il #F
T )& (Curvibacter) i 36.33 % s #8f M R AR AT S
N RS E 1) 22 B I B (unclassified _ f_ Comamona-
daceae) 5 34.84 % ; FE fiv T HRe A 1 H 3418 g ok 1 S TR
J& (Hydrogenophaga) 5 57.66% . PL¥ Bl GEk A H T

HEAHSN - XWE FHBUHEFHRILHFRAKPHENSHEEDT

PO 7K B I 119 £ 38 rp 9 0 A 90 o HG RO G 34 19 it P ]
REJE UL IR AE 3 T 5 3 4y /K 2R 356 A1 0F 8 01 O 52 oh 7

&Pﬂé”‘ﬂtﬁﬁﬁfﬂﬁ,/c BEEAE LT R E M, XL R
H SRR AL 15 i — 2 05T
x5 INKkFELEFERAFHENSE(FIIET L)
Table 5 The relative content of bacteria in each sample
at the phylum level (proportion of sequence) %
WSS e A BRSNS BER M BEE T
A 11 (Proteobacteria) 87.48  94.90 94.87 93.22
HUFF B 17 (Bacteroidota) 1.63  2.62  0.49  3.70
B (Patescibacteria) 0.34  1.30  4.20  0.69
FHERE 1T (Myzococcota) 5.09 0.0  0.00  0.08
B ] (Verrucomicrobiota) — 4.27  0.20  0.00  0.16
LW 1T (Actinobacteriota) — 0.15  0.47  0.24  1.06

101
T Hydrogenophaga norank_f_Simkaniaceae
& unclassified_f”_Comamonadaceae SWB02
e § 0.8 Curvibacter Phreatobacter
H E Pseudomonas unclassified_c_Gammaproteobacteria
r & 061 unclassified_f__Sphingomonadaceae Rhodoferax
g5 norank_f_ Micavibrionaceae Ramlibacter
= % Limnohabitans emticicia
;ﬁ_ < 04 Brevundimonas Methyloversatilis
% 4’::; unclassified_f~_Oxalobacteraceae F l(‘wol)ucterium
O norank_f_Oxalobacteraceae Shinella
- “:i 021 norank_f_norank_o_norank_c_Gracilibacteria Ideonella
g norank_f_norank_o_BIfdi19 Azospirillum
ol Caulobacter others
B
Samples
B5 @i /EKFER% Bar B
Figure 5 Bar diagram of the horizontal community of bacteria

X4 R ROLIEAK P B Al T AT e BT A SRR WL TR 16S
rRNA [T7KF I B85 ACS ML T o i A 35 3 171 3 2 25 T
W T (Proteobacteria) s 53 5l 5 87.48% +94.90% ,94.87 % ,
93.22% . TEJBAT B, B AT R G R 2 08 S W R
(Hydrogenophaga) >4y A &7 34.31%,57.66 % ; B fh S
B & 2 1 AT 5 8 (Curvibacter) 15 36.33% ; #£fir M
A AT R R AN TS E Y 22 B HHE 1A 8 Cunclassified f
Comamonadaceae) » i 34.84% . TEFIKN L, FEM ALS,
T i 345 B Al 2 AS ] 256 %2 19 8 &L & Pl Cunclassified g
Hydrogenophaga) » 7 15 32.02% ,23.69% ,57.53% ; ¢
i MR AR A TR R R R S S Y 22 T PO B AP Cunclassified
f_Comamonadaceae) s 5 34.84% ,
2.4.2 ARFES D EEREE ST AT S T
ITS WP A 4 Fpke Lo T 12 411, F R T (As-
comycota) J&: EELMBAG T, &5 P 44.59% ~61.07 % , Hy
2o % WO Olpidiomycota ). 1 F n
(Basidiomycota ) . A % 5 W9 B 1 '] Cunclassified _ & _

Ffungi) FABE T EFE<SHGFEILE 6.

JETFITS 0 H7 .4 Bk i 390 S 568 A~ BT & L H
W AF 8 (Olpidium) AW E  H e R 5L E B B
J& (unclassified_k_ fungi) W18 JE (Clados porium) (L
6,

®6 NAKFEZREREEENIE(F AL
Table 6 Relative content of fungi in each sample at the
phylum level (proportion of sequence) %

LS Fed A K S FEM M FER T

TR (Ascomycota) 56.76  61.07 46.92  44.59

WA 1 (Ol pidiomycota) 0.00 15.77 31.84  16.38

HF W 1] (Basidiomycota) 12.68  12.04  12.27 20.21

unclassified_k_ fungi 27.68 5.44 6.25 7.70
WA H 1T (Mortierellomycota) 2.59 0.45 0.00 4.97
B2 E B 1] (Rozellomycota) 0.16 2.42 2.40 1.69

A5 1) (Chytridiomycota) 0.14 2.81 0.29 3.33
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Oipidiu Gibberella
unclassitied_k_Fungi unclassified_o_Glomerellales
Clasosporium llyonectrla

Cordyceps Solicoccozyma

Aspergiléus unclassified_o_Pleosporales
Acremonium Cyphellophora
Colletotrichum Trichoderma
unclassified_f_nectriaceae Saltozyma

Fusaium Fllobasidium

Alternaria Pyrenochaelopsis
Penicillium Comoclathirs

Loweomyces Vishniacozyma

Mortierella Cutaneotrichosporon
unclassified_p_Rozellomycota Tetracladium

Trechispora unclassified_c_Sordariomycets
unclassified_p_Chytridiomycota Nigrospora

Tausonia Gil'%ellulopsis

Coniophora Wickerhamomyces
Trichocladium Dactylonectria

Pichia Gemunibasidium
Naganishia Gandida

Talaromyces

unclassified_f_Aspergillaceae

Chaetomium Rhodotorula
Metarhizium Coprinopsis
Setophaeosphaeria Chordomyces
Agaricus others

unclassified_p_Ascomycota

AW EKTFA%E Bar A

Figure 6 Bar diagram of the horizontal community of fungi

FE A FEA B BT R O R % 2 1 FL R (unclas-
sified_k_ fungi) (5 27.68% ; FE & S F5 A5 1) L 3478 J& My 1tk
BB (Olpidium) 5 15.77% ; KE i M 45 A BIIE 3 8
AR BB (Olpidium) fi 31.84 % ;¥ fh T 454 RSB
J& i 4 T B (Ol pidium) i 16.38% . WL K 1)
R i Be oy | R I A% 9 Bl T8 Ak LT BR % 57 45 3 e 4
ok 0] JL AP A 38 30— 25 F 5% K T 43 AT L o B A e H v
% S 0T A 0 T Rk D HL G T R ARG I 5 I Y 4 2R A g
5 2 A

X4 FBOLIE K B BT AT o B 4 R R B L TR 268
rRNA [TKF F L FES ACSIMUT R 34 1135 5 7 9
17 CAscomycota ), 4% W &5 56.76%, 61. 07 %, 46.92% ,
44.59% . TEJEACE B A PR R R A R E M E
B )& (unclassified_k_ fungi) . 5 27.68% ; ¥t S\M, T
D3 B JE Ky A B R (Olpidium) 4y 3005 15.77% .,
31.84%,16.38% . FEFPIAKT L. AEd A PR B F R &
W E [ HL T A Cunclassified £ fungi) . 5 27.68% ; K& M
S ML T HAL 4 T F J2 3 a8 T F COLpidium sp) 5300
15.77%, 31. 490, 16. 380 . ML 4 if 4% i Candida .
Pichia \ Mortierella . Aspergillus . Alternaria % J& , VA
LB e E D OB AT RE R A% B R TR R 5 XLk 1 B
K Gt F2 LY )  Candida  Pichia %)@ 0 2 5165
R ORI L 1 ¢ W 2o F 7 HL 2 AL R A R b
BT, Candida I K BEYCRHT HE R v 1 B 1)
Z— CESITIER A R B IR A CO, 1Y [ I 21 24 3%
FFAER L E T,

BT 7R S P A5 0200 8 SR R BT AC R IR LI K G 56: o o #
i A G I A% 8 1 R THT TAT R AT B2 W 2 M A3 T L 45
R BR AR TN Firmicutes \Ascomycota , 1455 % 511
B v AR LA BROARTE T OK A 3R ] A B2 7 Jm K P A

EARKIZEIE . 58 % 1% o1 ot m FAR L, IO K
AT Y A R W A H A R e,
AR« BOL I 7K v B 2R 91 I S i i VR U A 5 K T TR T
P e 0 A2 0 4 SR U AT i SR IR L K v R 8 i 4 B
Wi T AT 2 T aod v A A AR A 3, R e T R TR A 4
S PR I I R 2 B FLAR A, DA B T IR KUK

ASPE B TR A0 B T B R — AT AL AR 2 R
MK IGFEE V0TI ICTE | TR 1 55 . R 30 3 AR v ok A
POLI K R o ARG A ENMEYER . 46
GB 8537—2018( B M & E FEhrif KM RAKH LK)
H GB 5749—2006¢ A 1 1k I 7K A= b o ) 6f £ 5o T
KA I R
3 &

SR FH 120 38 T Y B R X i o R 4 R OR [ SROL
AR AT S A W BV AL I ZRE R i, SRR
A AEB KT 2R R, AR TS B 24 6
BP0 TR IR I AT TR B D 5 E R OK O R T S 1Y B
A R EARTTEE WL BREWF., XT
FLB 2R Oy e SR KOF b o R R R R
AT S5 5 (9 L 5 76 Al KOS i A 1 A A L R R
AT 45 W HL P A . E DT 3RO IR K BT 4 B8 Ak 2% 55 H A
TEFRAE AT A B R bRE Y R R BB 5 480 KO e TR
AN TR K R LR K R R Sk R N2
it B 14 5k 45 O i 22 R P — 2B IR AT .
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