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S e P R e B o AR B B AR 15,
2017 4%, Yuan SEUFE A [ 2= 45 A A [ AN T3] 4 1X R
R IEURE L Ay B M E T 480 BRIE VR TR, H b
P T R o5 R B R R Y 58.8%, TEMR N
J& T8 R 25 A FF, 5¢GIRCR I TE (Pseudomonas
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BT SRS DN Y DR R, b R MR LS N 3
6% = 2 9 Bl A 0 S5 00 T A TR 2R ) 22 R BE 5
J U AT S SR FH 2 i DR 2 I R A ]
b i X RS AR A 37 ) AN () 243 4 380 i 2L R 2
B RE AT A Z B B, TR B e v T
P S T, W A 1% 07 VB v I 2 BTG ek TR
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B AL RETMR A} A& 3 4 Sk =385 |
B MFL . OB WIREYIRE (R 2B RE R AR 5
AN Bk A BT b s X S RS 95 4 356 Y

A :MOBIO PowerSoil® DNA 42U 7 &
S MOBIO 7% &) ;KAPA Library Quantification
Kit,KAPA 7% 7 ;TruSeq DNA PCR-Free Sample
Prep Kit,NovaSeq Reagent Kits(300 cycles),Illu-
mina 23 1] ;NEBNext Ultra 11 DNA Library Prep
Kit,New England Biolabs (NEB) 7\ H] ;Agilent
DNA 1000 Kit, %[ % HERFHH 27 ; Agencourt
AMPure XP,Beckman Coulter 23 #] .
12 UHFEH5EE

Covaris #8 7 J§ B ¢ 1L | Covaris 2% ] ;ABI
9700 PCR {¥ ,ThermoFisher /A 7] ;ABI StepOne-
Plus Real -Time PCR System,ThermoFisher;No-
vaSeq =i &7 4GP, Mlumina 22 7],
1.3 RBH=E
131 FERCRE B 50 mL B.04 . REEET
121 “CK i 20 min, TMR 4R0RF 4= 5 5 £ 4 B 500
g TIRW R, Sk =885 U7 % I BmtE )
WEWIFELE ST I 30 min Z N HL 50 mL % 0 B 50
KPR A BT 80 CIRRIRAT
1.3.2 FESLAE DR 2 4R AR R AR

Ay A D2 4R W7 12 2 [ PowerSoil DNA - Isola-
tion Kit (MoBio Laboratories, Carlshad, CA)I",
FE A T 1% 30 W BE IS FL VKA I DNA #2032
FI5E A, Qubit D56 E f AXT DNA e & JEAT 4
B B, 5 DNA e BE A4 EE 5A% (4 £ A7 76-20 C
TR | AL,

133 @AW KA DNA K& Co-
varis &8 75 U7 B R SCKE FE D 2 DNA Bl HILFT B a4
JE2 300 bp 243 W/ B, AR B I A R
P 4k | gl (PCR 43 45 20 BRS¢ R A 3¢
PR 45 o SCEER A S LS i Qubit2.0 #4TH) 25
ER, B SCE % 2 nglupl, BEJE A Agilent
2100 X SCPE B4 A 7 Bes AT R, 4 A 7 BT &
TS 1 F Q-PCR J7 1 % SCHE I A 80k B A 7
YA A ik (SC P AT 20 BE>3 nmol/L) , LA PRAIE SO
it SCPEBT R SR JS | A [R] SCE % B 200k 2
Lo H AR T HLEE & 79 7 5K pooling J& 7E Tllumina
NovaSeq4000 - &5 I 708191

1.3.4 885 Hr 4 ¥ Ilumina NovaSeq4000 T
ML IR K | 14 F Trimmomatic (v0.36) 3k A4 3£ 17
J7 B B BT 4R K A B 1Y & B P 8 clean
reads fi 1725 2 N 41 A8/ MEGAHIT (v1.0.6)P"
XF DU PP AR AR HEAT A2 ORI P 5l L 30 4 2 Y
contig J¥ 51 i Bt b LLVTAR 20 2% 33 72 v veads ) H
2 RH prodigal P4 X 2 2645 2| contig J3 41| #F
1T ORF (Open Reading Frame) Tl , i ffj CD-
HITEA A X6) F 4 5 e 31 L 0.95 AH B i 17
FBRICA 15 B4R TU A% & H 4 1 2R T Bowtie 15k
AR I e A 5+ A ) R TC AR e AR AT LU X
Gt A B TERRIREA R FREAE R, JFR ek
b et S B B R R W i WS Y
T3 B LR P %ok g ol 2L AN T L X A 43
J& LT reads fili 1 diamond™ He XF nr £ 8 15 45 A
megan6 i B 47 9 Fh 28 1 53 B A S T reads
) MetaPhlAN L& X 73 #7 , DL BR 7 # gl
MetaPhl AN 53 #7 5 B 2 SN2 36 T nr T BE A 45
R

1.3.5 Zoogityoath 2R R E R LR A
[EAE T AR ) 2 R, ol FH AR BT X AN R R 5t ]
AT O ST W T A A B AR L 43 B A R A
R
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2 RIER 61.49% ,TMR Y GC & 87F 51.73%, Ui 5
21 FREER BAL A Y S SRR AR AKX B, i

P IR 1.3.4 A5 g, ARG ME RS (raw  FEAR BT S EE Y Q20 HRAE 96% L) -, Q30 #7E
reads) PEATBCHR AL AL, 45 % 1 FFoR R EL s 1%Lk b BRI A
W GC & mTE 4% A, F &+ GC F s

x1 AEFERREER
Table 1 Quality control results of different samples

HARGBS FrdzJ& % reads 4 B GC 2 =/% Q20 Q30
B_90 36 008 323 44.34 96.83 91.59
F_90 32729 504 44.43 97.06 92.12

P_s 40 895 302 61.49 97.94 94.18
TMR 42575 139 51.73 97.42 92.81
ik s HE B 36 402 204 44.44 96.85 91.67

H: reads M ¥ A5 2 A — 57 PR A —4> Reads; GC 7 &b 4% 5 5005 G A1 C W RP B & A0 00 & 40 1L 5 Q30 i 45 s B ¥ Il i (K T
AT 30 MBI IE T 5 A9 E 4 E Q20 R S B T (K T AT 20 BB T & B9 E 43 L3 B_90:90 54+ 1EH FL ; F_90.90 54 R =i
W5, P_s: B8+ ; TMR . TMR 14} |

22 RERHEAAELER et e th L TMR AR} B DG 50 1) 36 PR 1 0 i
SR 7% 5 DR 4 21 2% 37 MEGAHIT (v1.0.6) %F di CTE 87% A I A&+ 52.11% , B 4R

W BEABEAT AL 2% i i P L2 45 R 500 bp LA R WAEYI A 2 RPE AR, HEH

THT B, IR BAREACR, 4R ER EREMEIME A,

90 “F 4T — 4 F 90 T AT — W5 1 IEH FL

x2 ATEHEMIHEESER
Table 2 Assembly results of different samples

HARG S 413 5 reads £ B IC At reads 4 B IT fie b
B_90 72 016 646 64 420 766 0.894526051657557
F_90 65 459 008 57 858 702 0.883892129865457

P_s 81 790 604 42 622 994 0.521123355440681
TMR 85150278 74342 124 0.873069656918795
ik s 4 B A 72 804 408 65 377 106 0.897982797964651

2.3 EFEFEHLM

FIH CD-HIT AR EHETCARFEF 4, 35
ANEEHEAEANFFES P FEE, SR0E 1
7N, S5 ANEE R A LR Ol 160 4, S AR R Y
ST ANRE SRR A I I T A S AR R AT
FEA 538 863 1>, ubHIZAE M th A F 2 A
B HEY .
24 AEAHSMEMESHEESH

P 2 fidi ] Krona 8159y b 13 B 45 R gE A7 7]
AL R | 15 B D PN 21 AR AR R AN ] 1 43 2 4%
B, R R B (Domain) | 1] (Phyium) . 49 (Class) . H1 RE#&ROEEFE

Fig.1 Gene abundance of different samples
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H (Order) . B} (Family) . J& (Genus) , Ff (Species),
S T 189 R /IR A [i) 49y ol 8 5 2R 1) AR RS L A9
JERLZL P AE T K NS TE B 1] (Proteobacte-
ria) JEEER ) (Firmicutes ) Ji 2 B ] (A ctinobac-
teria) ,90 ‘T A4+ Hl = LW 90 T A4+ {y =L )5 B IE
WL UIEE D FL b AR IR BT R &L A i
52.76%,57.20% ,61.96% , J&BE T 1] 19 o5 L2300
25.77% ,26.25% ,24.96% , FLL AT hi LAkl H
9.60% ,7.82% ,5.82% , M & B B (Pseu-
domonas) . W ¥ W (Enterobacteria) . A3 F
(Acinetobacter ) #5 2 JFURFFL A B9 32 05 YL G R 1T
BT, X L v T 7R Ve S 1z iy v Pt
1, B A 0 A i I kK e L b i 2 A

(c)total

JIg 105, 45 K 043 (9 an UHT 2L) 7 R B R fE 5%
T RLFLAE & 7K 1 32 B A )6 45 B R TR (Strep-
tococcus ) FLERE JE (Lactococcus ) S ER & (En-
terococcus ) A KT B @ (Bacillus )% , oo 2R/ FT
BT AR SR A9 AR AT BE ST, T 2 100 CK T 20 min
DL EARRIRYE , TEBOZ IR EL o B2 1% R B
0, TMR Bk T pH EEAR, A Y 2 FEvE R
—, BE B H R BT H S (Acetobacter) , 15 L
15 80%LA I A A AR TR FE AR
MR, 2MAEMRM RS | ZHERTF
W, TR R 2R S 676 B, AT
277 B, B ¥ AT B (Psychrobacter)54 Ff | Hovp 40 5
WA 5250 (Pseudomonas sp. 18AGIIL, Psy-

(b)B_90

il

j (d)TMR \
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Fig.2 Microbial diversity of different samples
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Fig.3 Heat map of strain abundance between samples at the taxonomic level of the genus
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/@;ﬁ){j(%@ (Marinobacter) \f&ﬁﬂ@@ R Z(fj]ﬂi AR %5 B_90 F 90 P s TMR total

W BRILZ A0 Bt iR 55 7.83% 0 8 R AL 269 433 639 368 194

H1,2.40%09 JE A 432 (8RR B R A R SRR Y

TG Y R A T E AR 7 TMR r

BE A E AR JF H 90 54 Sk = i AR 0 15
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m 3 Pron, AR ERKEIERT 676 i
BB B, 90 548 TE K L 90 5 2R 1 =400 s
fitt e S FL TMR Gk A= a8 0 i iR T
269,433,639,368, 194 Fi{E FAHIE , WE 4 4 676
TR P T 2 T AT e AR A T B B L R A
AFEFES TR, SR RES SR TAE
it 600 i B BA A T2 B v THECE RS, UATAR
SRR BRI EEE RS R B 5 R
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90 54 1E 7 FL W it W SRR LR M T Y L
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VIR
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1)1

P_s total
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HMIE (6%) . T & LA (4% ) 2 G M 5 T Sample name

(1%) ; J5RFFLIR AL b 1 PP M T 5 80 2 4 A1 B i TE AL C o3 R H ML R 6 3 e B 3L b oA A 2
T (82% ) . T 75 15 2 M B (2% ) . S L {5 00 i HE AR50 H i 5B D 43 3R 8 BFL 0 0 W B R L o

TR AN 2 o 2 i B i LU A
B 5 7R[E ¥ AR R A B 3K L )

Fig.5 Proportion of Pseudomonas species
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Fig.6 Abundance of Pseudomonads in different
samples based on high—throughput sequencing
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Microbial Diversity and Contamination Sources of Psychrophilic Bacteria in Raw Milk

and in Pastures Environment
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*Inner Mongolia Mengniu Dairy (Group) Limited by Share Lid, Hohhot 011517)

Abstract Excessive psychrophilic bacteria in raw milk can produce high levels of heat—stable protease and lipase, both

of which are important causes of quality problems when cow’s milk enters the shelf life. In order to explore the microbial

diversity of cows” living environment in pasture and different stages in the raw milk circulation process, the pollution

source of psychrophilic bacteria in the pasture was found out. In this study, we collected five samples in a large-scale

dairy farm in Hebei Province: TMR feed, cowshed pad soil, the first three milks, the normal milk after the first three

milks, and the raw milk in the milk tank, and analyzed the bacterial community structure, psychrophilic species, abun-
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dance of psychrophilic bacteria in all samples by using metagenomic shotgun sequencing technology. The results showed
that the mainly microbial were Proteobacteria, Firmicutes, and Actinobacteria at phylum level. At the genus level, the
main genera were Anaplasma, Streptococcus, Enterococct, Spirospirita, Bacillus, and Pseudomonas. The soil of the barn
contains 99.63% and 96.39% of the species of Pseudomonas in the normal milk and the total milk of the pasture storage
tank, indicating that the soil of the barn mat is a potential source of pollution of various types of Pseudomonas.

Keywords metagenomic shotgun sequencing technology; microbial diversity; psychrophilic bacteria; Pseudomonas ;

sources of pollution



