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Abstract: As the deepest oceanic trench currently known on earth, the Mariana Trench breeds unique bacterial community
structure and diversity characteristics due to its deep-sea extreme environment such as oligotrophy, high pressure, low
temperature, and low oxygen. In this study, oligotrophic media were selected for liquid co-culture of seawater and surface
sediment samples from the Mariana Trench, and the samples were taken at different culture times for high-throughput

sequencing, in which way we analyzed the dynamics of bacterial community structure composition and diversity as well as
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explored the possible interactions among microorganisms. The results showed that a total of 19 phyla, 34 classes, 76 orders,
131 families, 227 genera of bacteria were detected in the liquid co-culture samples, among which Proteobacteria and
Bacteroidetes were the dominant taxa, followed by Firmicutes. Compared to the others, the seawater sample collected from
1000 m below sea level had the highest bacterial community diversity and the higher relative abundance of Cyanobacteria.
The bacterial richness, diversity, and community structure in the co-culture samples all changed with culturing time, and
there was especially higher bacterial community diversity in the middle stage of co-culture samples. In the surface sediment
samples, Halomonas occupied a dominant position in the late stage of co-culture probably due to its strong competitiveness.
Gene function prediction and metabolic pathway enrichment showed that with the increasing time of co-culture, the
abundance of metabolic pathways associated with microbial growth decreased significantly, while the abundance of metabolic
pathways related to microbial interactions increased significantly. The diversity of bacterial community detected in co-culture
samples was much higher than that of the isolated culture samples, and only a small number of bacteria genera were
identified by both culturable methods and liquid co-culture in common. In conclusion, there are microbial interactions such
as competition and mutualistic symbiosis in the bacterial community of the Mariana Trench, and the liquid co-culture
method is beneficial to reveal the bacterial interactions. This study provides a theoretical basis for the composition and
maintenance of microbial ecosystems in extreme environments like hadal environments and deep-sea, and also provides

scientific guidance for the further study on the survival strategies of extremophile.

Key Words: Mariana Trench; bacterial diversity; microbial interaction; liquid co-culture; high-throughput sequencing

BRI, — B FE 1000—6000m (177, 7 M BRIEE7E AR 75% "), 6000m LA (14 18 5 DUl Bk A T8 UK 2
B BB T W SR A N M S R R (R BB, TR R LA AR i A . S IR KR R R
SEFR T FE SR A IR T G R R A M R AR RN S AL 2R, LA AR T R
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(A 238 FR H 5 AR R BE O 10915—10920m ™™ ) | 1 &b 2 i Bk 1 B € A9 M 05, B PR A “ PR AR B UK (the
Challenger Deep) """ | 1ZIX JURWI IR LA 2%, =BG IR BT AR WA 5 K Ll s A A A 4 3 ) 4 T A 45
U B TR A SRR SR R IR K RS A, W2 X 1 A 252 S A X sk AT AR KA

Bifi 5 16S rRNA I SSU rRNA W5 | 7 J PR 2000 P AR 1) 2 Jié 9 8 b BT A Vg V) e A 0 O e 245
FEA —& T, 0 BTN AT D 0 3 B B SRR AA R R 25 11, CARGE 1Y 7T 43 B G 2 VR 11
BRI R T /N T4 T A 0 2 RE A A T 3] ) B P B OR A AE K G B Y R B 55 332E W0 ( Unculturable
microorganisms) , AEEIEHE YRR REH 0 T AL YA F-BoAG I 2] (FRBERS Al = BeEw " BUA 5
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FEARH ;@ LR E IR ;@ K R A2 RS CA7 BXE o B 409 10 04T A k4 43
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FARIREE FP R W 2 18] AR AR, b 22 18] 1 B 38 e BELIBT , S 3O i R T 5 520 AR, 4
KB AL PR I O XL R AR 77 e 13 e AR B AR P R o7 45 Fh R B >0 3 M B4 F Bl
R ) H AR (Microbial interaction) , A= ELAE 43 A F6Ad | 5 4 RN 35 Az = K261 AT AR G b A R oK 4% 97
UAEI A, ST AR BE SR U E D o s e e B B % . BT U Y BEAE I K248 h THUE Y R
HRERGEAE ) Sl i > A R e A AR S5 TR 25 F T A LA o A DL AR, SO SO 0o 5 LI 4
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WA THROARSE RS 3% | ¥R 50 S L 9 I FE AR JL RS F2 41 22 REVE sh 28284k M Hrp P 2 I U W EAE S &R I
EURIGIAEE T IE A 25 R G W S AR R B S 4% | o b — 25 i 9 o 2 0 2 A7 SR W AR (R 27
55,
1 #Rl5H*®
1.1 SZIM R

AT R K A 5 A AEETE ) 4 AREAS O« TR R R 536 287 B i i B Ui R A DA gfe « gk 2%

SRFEMT 2018 4E 12 H 12 H X 2019 4F 12 H 5 H & 2019 4F 12 H 7 H W E:REFTE kS R TS15, H
HRFEE R LR 1,

x1 BETHEABEKERELBUERERER

Table 1 General information of seawater samples and surface sediment samples from the Mariana Trench

HEA LS HURE b A5, HURE H E2358 i R FEm A
Sample 1D Sampling position Sampling date Longitude/ ( °E) Latitude/ (°N) Depth /m Sample type
S1 MBRO4 2019.12.05 142.23 10.82 5842 REDRY)
S2 MBR02 2018.12.12 142.20 11.33 10900 RKETIRY)
wi MBR04 2019.12.07 142.23 10.82 1000 3K
w2 MBRO2 2018.12.12 142.20 11.33 10900 K

S1: RHTUEPIEEA 1 Surface sediment sample 1;S2: FHTIFHIEEA 2 Surface sediment sample 2; W1 i 7KEEA | Water sample 15 W2, i 7KEE
A2 Water sample 2
1.2 SEg Tk
1.2.1 MR SRR

1/10 2216 E+I5 5305 (J5 SCRFR E) < T 2216E WARRE IR 5 (F B I AV ARA R A F]) 3.76g, @ALHN
30.00g,2¢/L fl R BRI W (SR AR 0. 1g, 2285 7K 100mL) 2mL, I A £ B T /K EARE 1L, 121C & JE K
% 20min,

1/3 R2A+HEFREL (JG SCRTFR R) - i R2A W IRSE F 2k (5 B AE W R R A PR A R ) 1.08g, S fb4h
30.00g,2g/L filf B2 49 %5 W (A FR AP 0. 1g, 285 77K 100mL) 2mL, A £ B T /K ERZE 1L, 121C F JE K
% 20min,

1.2.2  WRIRE SR

FERE S AT A P AR ek R ER SR AR R 107 (DL 0.2g RIZUIBIAEA +900 L X I G F= 56460 1071) , B
ImL B BV AN T 50254 OmL X 2l B 3G 32 3519 15mL B0 48 & 3 41, a4 3 AW FHE
BFPRIR,28C IR FE . KigR 2d .3d .5d B B G R 250048 8 3 AR A A R R O 2 —
BT FE R AR A DU AR B B O A A R, BT - 80°C AR AE, LA TR LRI BRI . %
IREEET I, % L IRFE G DL R SRR SRR SRR _ s AR A A a4 W E RS T 2 R
OB ST FE b am 242 S1_E_2; [Rl—HFF SR VR | [R]85 37 F (0 55 55 B ) AS [R) A LA it T B A — A “ e 4
1.2.3 RNA 420 PCR 9"

PARTE 2 125 AR R AT AR 2R AT . ki e JEURE L PR BE O TR ) DNA R BT, AR TF
FER RS B EE I RNA J1 5054 5 4 ¢DNA i il NanoDrop2000 Xf ¢DNA #E47 A, Bk o fE 4l ¢ %
PE, EHANTE 16s rRNA V3—V4 B8 X AE R H E@}#Ex i F 5149 338F (5'-ACTCCTACGGGAGGCAGCAG-3")
55 806R (5'-GGACTACHVGGGTWTCTAAT-3") #£47 PCR ¥ 44'% . PCR 1K & M. 5xFastPfu 2% MK 4pl,2.5
mM dNTPs 2L, 5549 0.8 L, J5 514 0.8 uL, FastPfu AR 0.4pL, BSA 0.2pL, f4i DNA 10 ng, #b ddH,0 2
20 wL, PCR S Z&F 0 . TR ME 95°C 3min, 28V 95°C 30s, 1B 2k 55°C 30s, $EfH 72°C 455,29 MG ;72°C 4iE
i 10min
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1.2.4  SCBER P R bn Ak B

HF AR P Mlumina MiSeq, X} i& PCR F=#) 547 5 i 0 1 5 3R 75 Miseq Il ¥ 752 A9 PE reads
J& , f#H fastp A ( Version 0.19.6, https : //github.com/OpenGene/fastp ) 1 A 5 & 5 51, 3+ F FLASH k{4
( Version 1.2.11, https://ccb.jhu.edu/software/ FLASH/ index.shtml ) #4322 X0 571, 1 S AR 5 1= e 1) s 75 2004k
J5 . BARBRZ T E S SEANT . i 8 reads EFFFTE(E 20 LA F 9883, 58 50bp YT L, WAL 1 A Y
P BRI T 20, N DT AR S IRl , s B8 545 )5 S0bp AR A9 reads, ZBR & N BHILAY reads; @ AR
P& PE reads Z [A]#Y overlap J¢ 5, BN} reads $F4% — 25 7 91, /)N overlap KR 10bp; @ PF4% ¥ 51 #Y
overlap X FLVFAYF RES L FLE R 0.2, T AR S 751 ;@ ME 5 R Wi ) barcode A5 14 X 23K &, I
JHREFFH 77 1), barcode FLVFRIESTCECN 0, e K5I ISEBCECH 2,

L 16S rDNA MILJE >97% 1Ek OTU 2hnifi , i | UPARSE (14 ( Version 7.0.1090 , http ;//www.drive5.
com/uparse/ ) XARALIF I HATIRIE IFAER K b LR &1, BARRISLITRNT . @ XHEA 7 51 2 Bk
HEFY) A TREAR ST ] AR TUAY A & (http ;. //driveS. com/usearch/manual/ dereplication.html ) ;@ 2%
B B E T (http . //driveS.com/ usearch/ manual/singletons. html ) ;@ %18 97 % AR LX) & & 741 (A
TP #AT OTU 2K FERE LB b LR A4 153 OTU BREITF 51 ;@ #FT A LALIF 51 map & OTU
REFH, 2 1 HREFIARINETE 97% UL 751, A OTU Rtk
1.2.5 IR ANE 2R

K H RDP classifier( & 17 B B{H 0.7, Version 2.11, https ://sourceforge. net/ projects/rdp-classifier/ ) DI -1y
FEYERT 97% AR OTU ARSRFFN AT 733700 b7, T o0 AE & A o3 24K (B A T 4 B B R
) 5 Silva 4% ( Release 138 https://www.arb-silva.de/) He X, GoiT 456 5 I BEVE DI R4 A, i FH Mothur
§kﬁ:( Version v.1.30.2, https : //www.mothur.org/ wiki/Download_mothur) A A RE Y Alpha ZRETEFREL Kok
S WS 3 & BE ( Community richness ) 48 %X Sobs | Chao | Ace ; )2 BEBE V% Z2 £ P ( Community diversity ) B 48 %X
Shannon , Simpson ; 5 7% 7 55 % ( Community coverage ) II$8 4L Coverage 55, FFHEEEAL 1Y OTU ALK
BEN 97% . 18] LESSe 4 (Version 1.0) M 4573282 2H SONAEAS $ie BEAS ] 9 53 20 2% A 0 A7 2R 40 51 o3
(LDA) , FRH RS REA ] 237 A W 3 M 22 S 52 i i RE PR ) A, {81 PICRUSH R4, ( Version 1.1.0, http://
picrust. github.io/picrust/ ) X OTU =FJE R IEFTARUEIL  ARIE OTU FEEIE L IHEZN R | IF45 4 KEGG %X
P b A% AR ) B o 23 RO AR L 16S tDNA B4l #4743 R D RE S, ] jvenn 34 (hitp://jvenn.
toulouse. inra. fr/app/example. html ) #F 17 76 9 K 2> il il B S 3 o ff B R 244 ( Version 3.3.1) 55 Adobe
Mlustrator CC 2018 51,

2 HR

2.1 JEERIERE S ANTR Alpha ZFEMESTHT

SE RO B 9T VA 4 A REAS (W1 . W2 . S1.S2) 2 FPid% 33 (E \R) 3 M5 FeT] (2d 3d .5d) 3t 24 ffydt
BEFRRE i B Z2REERE A, Ho W1_R_2 FE i ZREVEAR TR I R, SCHh 0% e Bd . 3k 1272544 5%
HRARAT I P H B 426bp . JRIREIEI T & 2 NCBI $0¥8 /4 , 101 H K2R 5 PRINA844887 ; % 5
5 SRR19631964—SRR19631986, £ 97% AL K- X OTU MEATRISTERE, 45 41N 19 N1 .34 4
76 ™~ H 131 DEF 227 A& 419 A OTUs, #5FE b ZAEPER R IR 28 5 B At £ 32 S B Se s o 5 328 7 V- 2% 11 4
B, BRGNP RS ST 99.9% (3% 2) , FRWARE S H0 k il B2 sy 05 508 &5 3, M P 45 1 2
VIR BREEA i 248 R 2 B A W 2 FE RIS S .

W 2 s, S FEM A 3—327 A4 OTUs, fE (i E 8537 L MRE S AL R T S1_E RS, AR S
2R OTU BB 37 B [ BN n 5 6 A R BE g SL00RE S dl b BR T S2_R AR dL, AR 4l iy oTU
B BERT ] S TR R
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Fig.1 Variation of o-diversity of bacterial communities in liquid co-culture samples from the Mariana Trench

S1ARMTURIAEA 1592 RMPIIAEAR 2, W1 BKFEAR 1, W2 KFEA 2;E: 1/10 2216E+1557 5 R 1/3 R2A+H5 74

L Ace F8UHI Chao F8EOTAL & FE S AN AW F 5 B, KB W1_E \W2_E S2_E 3= & B Bl 155 7= B[] 3 fin
TN, S1_E f6 = 5 3 00 Bifi 15 5% ik (e 48 Jin i A ; W1_R \W2_R .\ S1_R (93 & ¥ T = IR FRAK, S2_R #y=F
WSS BT, K ST W1 AR A ] R BE SRR ANTE s B R MR T ] E Ry
By, W2 RES A A B, S2 RES A = 22 R AR,

L) Shannon 5401 Simpson 8 EPTAL £5 4 b 41 TR 9 A6 X LA AR A AL Z AR PR S5 WI_E (W2_E (S2_
E 0 40 B 20 B PR R R SRS ) 3G NG 3G 0, ST_E v (3% 20 B8 22 1 D) B 5% 5 Bsf () 386 I i B EK; W1_R (S1_R
(20 TR 2R P SETHIE B, W2_R F R 20 TR 2 A4 Bt 5 35 B (D388 T i 4, S2 R 14) 200 BR7 22 A0 1 ) i 355 5 o) [
BEIREAR, B b WA AL W1 ST CBRINAE SL A W2 S2 Kl ) 15 i 4 T AR 55 R 3d AR
(ERER TN R I E2
2.2 FESANBEYI RN AT SRR i HL B S AT

X FE B FE R A P A R R TE TR A KO AT o0 e R A SR R ZE T 1K B (| 2) | ERE SRR v
R AR IE T T ( Proteobacteria) FIHEFT B 1] ( Bacteroidota ) AU ANTR , S1_E #£ &k 2 A, $UAF & T T A AR XS 3=
JEE B 55 7 B () 3 M0 3G, 8 T8 TR T A R 3 B D28 i B2 AP s W2_R AR i rh, W2_R 2 IR T TR A TR 1R
1T, W2_R_3 W2_R_5 FIPLIGR T T 4 FF B 1] 5 FEA e S b AR T TR 1 B0 PR3 , A X = B 56.99% —
99.99% A% 7 W1_E_3 \W1_R_3 WI_R_5 Ffi 1 JEEER ] ( Firmicutes ) 15 10% DA BRI 52 78 W1
R_3 A& R RIS T 11.09% 15 A0 1] ( Cyanobacteria) 429, W1_R_S H K 2] T 0.04% 1 W 40 ; S1
_R_3RESASTIE] T 0.29% B WEANEE . K - W1_R_3 S1_R_3 K gk | 1 i A ) 2 Re i es , S48
Shannon F8 0% Simpson $8 5% A4 UM AHAT
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®2 DEUTMBAFRAEARGLEFERARSHEESHT
Table 2 Statistics of the Alpha diversity indexes of each liquid co-culture sample from the Mariana Trench

ABUFH Shannon 54X Simpson 5%

A S Sequence OTU % Ace 1550 Chao 750 Shannon Simpson BE
Sample ID OTUs Ace index Chao index . . Coverage
numbers index index
SI_E_2 57591 27 67.80683 36 0.396492 0.834715 0.999844
SI_E_3 54462 14 16.03333 15.5 0.725494 0.538531 0.999945
SI_E_5 54224 7 0 13 0.123327 0.950887 0.999926
S2_E 2 34520 9 9.784 9 0.437029 0.805261 0.999971
S2_E_3 35238 11 31.40496 14 0.459163 0.765197 0.999886
S2_E_5 36526 17 20.94957 19 0.525836 0.73488 0.99989

WI1_E_2 46273 4 4 4 0.059262 0.980964 1

W1_E_3 59936 9 10.2 9.25 0.420352 0.759927 0.999967
WI_E_5 58681 19 23.31177 20 0.717391 0.587603 0.999949
W2_E_2 60769 11 17.24 14 0.019603 0.995497 0.999934
W2_E_3 61174 13 27.0127 23 0.026598 0.993379 0.999918
W2_E_5 53136 46 51.62842 50 0.07566 0.980373 0.999831
SI_R_2 64097 54 124.9464 129.6 0.051664 0.987876 0.999563
SI_R_3 57113 162 196.5402 205.0435 0.94295 0.603657 0.999212
SI_R_5 61318 4 13.26852 5 0.00169 0.999674 0.999967
S2_R.2 42399 25 31.06827 28.75 0.265141 0.906536 0.999858
S2_R_3 42726 3 4.125 3 0.001235 0.999766 0.999977
S2_R_5 39521 3 4.801749 3 0.002 0.999595 0.999975
WI1_R_3 54311 327 330.5931 330.3913 2.43063 0.240922 0.999761
WI_R_5 58743 163 194.3434 183.5833 1.66014 0.28316 0.999336
W2_R_2 63671 4 4 4 0.001698 0.999686 1

W2_R_3 65369 6 13.6 9 0.002822 0.999449 0.999954
W2_R_5 62070 5 11.78 6 0.003987 0.999163 0.999968

S1_E_2.F ¥FRIIEFF 2 K S1AEA S1 sample cultured in E medium for 2 days; W1_R_2: R 3 IR HEHE TR 2 K W1 FEA W1 sample cultured in

R medium for 2 days; i

TEJEZK - b 2), B R A X = B v 1 4 TR R 2 3R M B 8 ( Halomonas ) | 8038 B B0 1 )&
( Pseudoalteromonas) . FALARE & ( Zunongwangia) . 5B B & ( Muricauda) B % 1 J& (Alcanivorax) , {545 FE i
H AR A AL T S 8 I AR, S1_R (S2_R EESh 4, 680 M B 7 =85 35 i [l 44 S AF
PR S2_E FE AL BRI R AE 2d 3d B BB 15% (A 7E 5d BRSO X5 R A 2ERE, 7 1L 85.20%
S1_E F 2 v 55l R B R 0T = it 5% 7 ) 38 100 00 5 0, 25 e T s AL X =4 32 D) i 5% 7% s [ 3 iy g s W
_E_2 AT I ( Marinobacter ) 4 48 %t $JEHE (199.04% ) , W1 _E_3 H (5 38 5 B i 14 J W) O 16 4 2 B
(86.12%) ,W1_E_5 T IRHT & ( Erythrobacter ) WA ILHIEHE (72.74% ) ; W2_E FES A OB TR 78
AKX R XA 8 s W2_R_2 (BRSBTS LSS, W2_R_3 \W2_R_5 ", il 2
B R U A A XS, iR b B ST R_3 WI1_R_3 WI1_R_5 ZREVEAfr . w55 J7 0 i 40 1 20 Rk B
Fr SR A AR AT S R BSSRE E E R T BRI TE AR T XA S AR A R e TR
[Fi) o Ja 200 P R A () S i B SR S i A R B 22 5 | D) R AT T3 W R 0 5 HAB A s e O BE ) 22 57

SR SRR B YRR R 3 s, S1 AR A Sh i i A &, S1_R_2 S1_R_3 # | %
i @S2 BEfh AL SRR N A B, S2_R_3 . S2_R_5 . S2_E_5 # il B45A JE ; W1 BEA AL b AT S |
LEAUFT BB ( Bacillus ) (B ke )8 AR, W1_R_3 W1_R_5 il 214 2454 8 ; W2 FESh 4L, 2E 4T B s
JAA R, W2_E_2 W2_E_3 W2_E_5 W2_R_3 ¥ BREA )8, 8K b i H] E Rt B3R ] 5d pHe
aie, LA R S35 5E BRIt )0 3d ARE S U 4R () J8 SR U I 2 i &) th AR A 8

PAREFRIE N ) LESe Z ) Fh 22 5 R 0 A 48 R B (B 4) |, 288 BBl 8 H ( Alteromonadales ) 7E i
H E B FRIERE A b B 2 4 XA R 22 5 B R ik 3R HU BT L ( Halomonadaceae ) | E5 5.0 7 J& 768 FH
REGFRFE AL M dl rp 8 3 & 4R, XP 4L 0] 22 7 A 8 K otk #5 41 5 B ( Cyanobacteriales ) | % 20 B £}
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Fig.2 The relative abundance of bacteria community in liquid co-culture samples from the Mariana Trench
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Fig.3 Community composition similarity and overlap of liquid co-culture samples from the Mariana Trench (at the genus level)
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2R VAL R R M (0 R R T X I 2L S R A, L LIV 2 e A A S R R B A T T 5 TR (Y R R RN AL ) 2 S T 3 S
B 2T B8 A 5 4 05 K /N e E X £ 18] 22 53 14 BTIK ; Oscillospirales ; BMZIE B H ; Oscillospiraceae ; BB AE B Bl ; Colidextribacter ; Colidextribacter & ;
Peptostreptococcales-Tissierellales ; IKEEER B -2H 215 H ; Erysipelotrichales : P18 22 1 H ; Erysipelotrichaceae ; '} 3 22 [# F} ; Lactobacillaceae ; FLFZ FT
R ; Lactobacillus ; FUFF B J& ; Rhodocyclaceae : ZL 3 B B} ; Thauera ; & K 1 J& ; Alteromonadales : 38 2% 1 Jifd 18 H ; Enterobacterales : 3 ¥ 1§ H ;
Enterobacteriaceae ; BT i F} ; Escherichia-Shigella : KX BFT 1 15 % # )& ; Halomonadaceae : 3 BN B Bl Halomonas . 5 B i B J& ; Caulobacteraceae ;
HAFT L ; Cyanobacteriales ; 15 4l i H ; Cyanobacteriaceae : # 41l 7 £} ; Symphothece_PCC- 7002 : R ER # PCC- 7002 ; Desulfobacterota : Ji & B '
Zunongwangia : EAAR & ; Campilobacterota ; 25 {fi #7111 ; Campylobacteria ; 25 [if] 1% | ] ; Campylobacterales : %5 [if] i H ; Helicobacteraceae ; #2FT 12
Bh; Helicobacter : B2FF T4 J& ; Firmicutes : JEBE T/ ] ; Bacilli : 2 fi14T 14 4 ; Bacillales : 2F /4 18 H ; Bacillaceae : ZFH1FT B} ; Bacillus : 2F )& ;
Pseudoalteromonadaceae : % 3¢ % 51 §fl B £l 5 Pseudoalteromonas : 5% 3¢ B 5. i B J& ; Marinobacteraceae ; ¥ #1 B £l ; Marinobacter ; ¥ #T B J& ;
Oceanospirillales ; {12 B H ; Alcanivoracaceae : 1358 BB} ; Alcanivorax ; B2 7 J& ; Sphingomonadales : #5Ji§ HLHI 5 H ; Sphingomonadaceae ; # i 51
MIBEAR} ; Erythrobacter . 53AT W )& ; Muricauda - B B & ; Actinobacteriota: JAUZE B [T 5 Actinobacteria : i 2% B8 44 ; Propionibacteriales : PN 2 ¥ 78 H ;
Nocardiodaceae ; 2515 [C Bl ; Nocardioides : 251 F [CH & ; Pseudomonadales ; i 5.l 7 H ; Pseudomonadaceae ; 5 5 Jd B B} ; Pseudomonas - IR 5
Ji 7 ) ; Bifidobacteriales : XU AT 4 H ; Bifidobacteriaceae : U FF R ; Bifidobacterium : XU AT i &

RG], 7R e i Wi v AN R S AR S R IS AE 25 55 W2_R_3d \W2_R_5d ¥ it i R £ 34 it |
T NV AE R ER I G R ERIF I AE R R AL A R R I A Ak AR U i AL | R i AR A A U 2
AHIC ) D REFH =F BE 4301 s W1_R_Sd FESLH, BAG I AH G T RE R AU R H — 8 58, FFAA e Ak & s
AL BRACHRIRER I A S5 A i i LA N5 A5 W W e % 5 ST_E RS AL v | R X — R A 1Y = B B %
SRS 3G I K0, B e A FH o e o ik 1 = 8 0 i 355 7 s ) 388 o v 1 B
2.4 IR 5 B TS SR VR B A I 2 AT T

XoF B U 96 V8 25 FEAS 1Y 3L 85 95 165 tDNA ZHEVE AT 45 8 5 M b 43 BRGNS Vs 2R ER 22 5
ST H AT B R FH 22 b5 35 A A A TR PR A R AR5 R AR 5T 7 (PB4 A TR B9 S 4 ) SR 6 s
FRILIAT AR LI IR A I (CBUE AR & 38) M EL , SB35 3R FE 0 16S rDNA ZFEME BT RIS 1Y 15 4~77.30 4
.62 4~ H 117 R 211 AR R FTHH SRS B0 758 1A H 9 AR 19 A8 S b FR il v A AG I 3 |
H 53 B ARAT B D T IS

XF HUEAREAE T E R 85325600 00 B 35 IR U E ) 2R 25 1 (B R & 38 ) SR IEEE 3% 16S rDNA Z4EPE
SR () B A D R o B RO E S FR 16S oDNA Bk B A JE . 1 R 35
FRIENT 16S rDNA ZHEMESEIRTE S1.92 W A A i 4 KR & , [ E 553735019 16S rDNA 253
MIFE W2 HE AT AR 2R A R . ST AES AL AT R B | B R B A 8 5 S2 AR s Al b T e A R AR R

http ; //www.ecologica.cn



8132 £ ¥ M 43 %5
7000000
6000000
, 5000000 -
£ Il
S 4000000 |
O
<
£
H# 3000000 |-
2000000
I o
1000000 |- g
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 IQIQJ_ LN
PEERFEERERERIEEEEERERPEER
REBPLEFHRCLIPFL LTI NNEIRRIVGFA
ENENRKRE HFRNEENYNEIEELRHESR
KERTHYH HHETERHTWNSELZIREEE
B2 DESEBHEEEENE &Eg
o W IRda  EEED R R
® =E# HIXES NER =t
R = =% &, )
& EE @ ] 22X
= X e #H# =
= . . R .
; sy & =2 =
& ) & gl
i SN =3
Jauy X i
g =2
g
ThfE43>2 Function class

B 5 DETNEAFEFERLEFRER COG IREERSE
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