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ABSTRACT

Antibiotics had been used for prevention from pathogenic bacterial infections as well as

common growth promoters in livestock industry. Excessive usage of antibiotics growth

promoters (AGPs) not only caused environmental antibiotic resistance gene dissemination, but

also caused problems with residual antibiotics in meat products. These problems could be

directly associated with human health. For these reasons, many countries including South Korea

banned the use of AGPs, which, on the other hand, led to increase piglet mortality rate. Although

a number of studies have reported development of AGP-alternatives in recent years, mechanisms

by which antibiotics enhance growth of livestock animals have not been cleared.

In this study, we investigated the effects of AGP, tylosin, on swine gut microbiota.

Although the use of tylosin didnlt increase weight gain, tylosin fed swine showed constant

increase of Fimicutes/Bacteroidetes ratio, which was previously referred to as an obese type

microbiota. While relative abundance of Firmicutes was constant, the use of tylsoin gradually

reduced relative abundance ofBaceteroidetes as host grew. In addition, significantly different gut

microbiota was observed between control and tylosin-treated pigs during finisher growth stage

(p<0.05). Our results suggested that the use of tylosin may not cause weight increase, but shifts

swine gut microbiota to higher Firmicutes/Bacteroidetes ratio, a preferable microbiota for weight

gain, during later growth stage.
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INTRODUCTION
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HAXMETIX (Antibiotics Growth Promoters, AGPs)Z2 AFEEZ|O{LtCt 0|23t SEHoZ 9

K&z AR AHg2 HOof7E 28 R

rir

D7|0f 2K 7t FHF S (Prats, El Korchi, Francesch,

Arboix, & Pérez, 2002), &= H Ol DM Mg FHAE AL A= O E=S0| EXHA 280
CERE 49 SdA WE fTA 2Y0[2ts 2t X5ty QoA XEHez Fes
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Lol MEF A dZE=E FT| fotol Uiy 528 MEBAZR dANSS

DNA == U 165 rRNA ST X} AR A

=3 Lo EX5t= U0/ 4= DNA 2273 € S SEUZIY S AN 7IRGEHZ U=

0z

= H 2F 10mg 2 257 E MOBIO Power Fecal DNA isolation kit (MOBIO Laboratories Inc., CA, USA)S

o

&0t

2

Z=Z5}RALE. Polymerase Chain Reaction (PCR)2 O =1F 1M 2[ 165 rRNA 5 X} L Of

I

M Sh= OHHE R (Variable region) & V4 region = S=A|7|7| {1 AFHESFRAL} (Kozich, Westcott,

i

Baxter, Highlander, & Schloss, 2013). Zt ME 25 =3t DNA 2 ;0 E PCR 2 ol AHR2SIF 2O,
Maxime PCR PreMix Kit (iNtRON Biotechnology Inc., Gyonggi, Republic of Korea)& O|&35}0{

3EoZ +AHSIRACL PcR BISZE=A2 95°COIM 2 Z2F 7| EXNe[ot £, 95°COflA 20 =

55°COIAM 15 X, 72°COlAM 1 &

r\J

¥ 30 3| ghEstn, OtX|2Holl& 72°COA 5 & BHSA|ZACE

PCR AFHE-2 Exo-AP PCR Clean-Up Mix (DOCTOR PROTEIN Inc., Republic of Korea)2 HX|3}% o,

I

HoIQULH 2 E MEO| pcr AH=0| 5Lt

Qubit (Invitrogen Inc., USA)2 2 PCR ME2| 5 &

SEZ ZSEEE 15mL FEO| 20t LZROILIA[RE A (llumina sequencing) platform & SfL}QI

MiSeq AR F=HZ s OFZ7 (Seoul, Republic of Korea)Of| 2|Z|StFH 2, 23t MiSeq

AMEE ZOHE fastg LHHEHE|Z RIQUCE =M EfO[24 M| RF0| E YLD =SE



MiSeq A|EAE O ZEUSHENE (NCB)OIM 2HSH= Sequence Read Archive (SRA)O|

S 28}0] Bioproject H1Z PRINA304066 S £ 0] EEQtC

ML HOIH Z2HH X &M

MiSeq A|HH 2282 E 22 AR A H|O|E|{ = Operational taxonomic unit (OTU), 2FHA
AsEF, Oldz =4 Hld, SAZM 52 242 ?I5iM T2 2212 d0M F22 HSE2
U “Mothur’2t= 2 Z E Q0| £ 0| &StC}. paired-end A2 MiSeq AR HS ZFE ZF MEOICt
2 12| fastq LY 2 2 o= U2, 0|2t fastq L L= “PEAR (Zhang, Kobert, Flouri, & Stamatakis,
2014)'Et= AIZEQ|O{E 0|23} Asssembly IS AKX ZtZ SILEQ| fastq LU E S X|A|
SHRALE Mothur IHO|Z 2} (Schloss et al., 2009)0] [IF2} fastq LY 2 A IPHO| AHE & 5+ U=
fasta IFPZ BHSIA|FHAF AU OD, SILVA rRNA Cl|O|E{H[O] £ (Quast et al, 2013) &3 FAtSH
A2} aligne 24, HetIHE I} £[X| = AEAE MAHSEE screen 2, A|E A L{Of| 2t
2|0 A= ZEE MASH: filter IES TASIULCH A[E Y 21 SOM AH 2=z W7|=
of 2] A|A A E M 73| 213HK Mothur ‘pre.cluster’ M 2R EIRIS AME SR 2O, 7| M 2} (Chimeric)

A2 A= UCHIME (Edgar, Haas, Clemente, Quince, & Knight, 2011)2 0| 85}0{ X|HSIRA L 27 SHA

2

A& =27+ Ribosomal Database Project (Cole et al., 2009) training set version 10 = O|&73}

k-

TSR, 0|F S DMz X HHZ0t2 ZREX = AIBAE MA & + UA=E



=70t Mothur A EFEIQ ‘remove.lineage’E 0| &350 A|AHSIGILCH S HAH EMZ 57|

O| 0| 2 & singleton A|AAE M73tE A0 240 O[5ttt EAE0 M2} 22 Gy =

Mothur MEZEl ‘splitabund’'E O| 250 =St ALCtH (Degnan & Ochman, 2012). Operational

taxonomic units (OTUs)= Mothur ‘cluster.splitt A/ EFElZ 0| 8310 97% FAFI S 2 A AMSIF O,

HH otus 2| ASEFE ‘classify.otu’S 0| &0 +=ASIRAC MSof e 22 JZTA O S35

4

U MES2 EIO|ZA M2 FFEE Mothur MEZEl ‘merge.groups’= 0|30 A EZ}E
SIRACE O] EIO|2A X2| F70 et HESIHA ZLHD| S ME] SAHSO0| O{E A BHot=X|

Yue-Clayton theta coefficient 7|9t 2 IE7F HIFAFEZ ALMSID Mothur A|EZRE

‘tree.shared’ S 0| 25} Dendrogram & LIEFLY AL},

ZLHO| 4 =4Elf Bl =4

EtO| 241 X2 S JETA0 wet o= el BotE =ASH| 50 2t ME2

AEAE 97% FAMEC| oTu 2 LHE 2, 1 oTus HE-E Mothur ‘merge.groups’, ‘tree.shared’

x

ERE =22 M25t A5 YWD SESYENS Dendrogram 22 LIEFLHRID 28 OF7F

L0 ZME X}O|= Yue-Clayton theta coefficient & O|&23}t0] Al ASIRALE Nonmetric multi-

dimensional scaling (NMDS) plot 2 ME7H MZ2AE 2 KM 2 =20l & 5= JU=0| Mothur

‘distshared’, ‘imds’ A|EZEIS 0|83t0] 2t MESO| FITEE A 4HSH0} LIEFLYIOH, 0|2

r

10



)
s
rn
B
H
o
K
’_F
Q

3
=<
4>
AN
|0
Hu
AT
3
rn
o
0z

=9| Abundance AFO|Q| MEtEAHZE Mothur

(@]

o

N

x

(0]

(7]

>
T
Hu
rm
|0
Hu
A%
0
Ok
2
_H')_r
s
H
o
02
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0| &3t0] LIEFLY QAT Mothur ‘LEfSe’ MEREI2 2t A5 RO/ 22 &2 Abundance & 7+

MEfSHN X B & B2 82 L2 LIEIL = Chao 2t CtY/d 2 LIEILf= Shannon’s diversity,

-_—

inverse Simpson = Mothur 22X EQ 0| & 0| &350 A LR, Eot 2t MEO| coverage (G) =

Ml

Mothur 2ZEQ|0{ S 0|85 A Lot =0, ME OtCE Z25t A= Singleton AR 2 = ()&

AEQ| THM AEL 2= (N2 L 24S 1 0f = Y22 A LHEAC

G (Coverage %£) =1 —n (Singleton A| E A =)/N (A AR A )

EFOIZA M| 77 S MS 7|8e SZEAO Mt Lie 38 Wol Je ZE M

Ml

0l

EZoStD U= otus & O|ESIH 2MS5HRY =0, Ol Consensus OTUs 2t1l BFCE Cytocape

2 Z EQ0] (Shannon et al., 2003)= 12{2} Consensus OTUs & U ERT MO =2 LIEILHZ| {5HK
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HX|o] ME5S7IQt HMLUO|AZ9| Abundance B} 7 AEEAZE pearson’s p-value £

>

==

7|tz ZASIRAC ELO|24 K20 E NSS7h SLHDE=dEl #a), Firmicutes 2t

Bacteroidetes H| 2+ T-test 2 ZESIYU 2, consensus OTUs & I} (Family) TE2E £/

A7 FeB oz X0|7F JE=XE ZASH?| |80 Metastats (Paulson J, 2011)E A S RALCE
MEfStX X|HE HWE42 ANOVA (analysis of variance)E 7|HIC 2 F3USIALD, O ZHEH

KXol E =2QIBH7| 250 Mothur MEFEl amova’S AFESH0] AMOVA (analysis of molecular

_

variance) 7| Bt 2 G 9|42 AH™SIFCL,
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RESULTS AND DISCUSSION

MENSHA X| 5=(Ecological indices)2} H| F ZH 422AH &M

= AOA EFO| 24 M| & HIAM2| OF 2t B0l 20 SUA2LE SHEE0AM
X XHO| S LtEtLIX| AU=H (Fig 1), O[O EFOIZ4 M2|of (2 T HT g utof 2t

— =

Hot 2 ZAWE LtEILHRACH (Holman & Chénier, 2013; Van Lunen, 2003). & 3,327,834

mjo

s

—

I

sequences & ¥ A2, Mothur LtO|Z2}QI ZMA = 2,422,598 sequences 7t HRUALC

BEHME S 2N AlBL 71 23,842 reads 2, 0|5 0|8310] LY Al £5 Zefdtn 9le
MESO| ABL 5 EESHAIZCH (Table 1),

Eto|24 XM2| 8L HM2| OF 7tol| YLiojd=2] SFEE HEIE Chao index 2f

CtY¥ S LIEILHE Shannon index & ZE2ot= MEfSH™ X4 (Ecological indices)S H| w5t

=k

|0
I
4n

A0 R/ X 2 Xto] = BIRALt (Fig 2 A, B). OFXA| 2, M S 0| 2t SEHEFAE Lt

4ar
N

& WOl Blus) = 21, FLojd=2 SFE0ME 72/H el Xpo[7F LIEFLEX] REQEX| T
gUoldEel tgdol fAHo2 JI5ts AlZ|7F M AS 2SR EHo|24

H| X 2| 2 0f| A= 60~80kg Ofl A 80~100kg 22 HO{7t= S 7| MECHA| 0| A LY O] A 20| CHFA{ O

Fe¥oZ FIt StULt EfO|24 X 2|0 M= 20~40kg Ol A 40~60kg L2 EHO{7t= =7
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MEYCHAOAM RN E FI7ISHAULCt (Fig 2¢, D). Ol ERO|Z4 XN2| I& LHOA =7|0f

EtO| 24104 of5 FLHO|d=2f Bt E-g0| Z20k0] LiEFHH Zap2tan FEhEICE

—

® Control
- A Tylosin

754
704

654

Weight (kg)

0 i 2 3 H ‘ 6 7 I H 10

Week

Figure 1. Weight gain during this study. Black circles (e) and triangles (A) indicated

control and tylosin groups, respectively.
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Figure 2. Ecological diversity indices comparison between control and tylosin group gut microbial

communities. Chao index (A) and (C). Shannon index (B) and (D).
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Table 1. Number of reads and ecological diversity indices obtained in this study. Sample names
were shown for individual animal indicating feeding condition (C1-3: control, T1-3:tylosin-fed)

followed by week (W0-10: 10 weeks).

No. of

Sample raljvofe(;iis trirI:argsed Coverage I(\I)%[(J)Sf Chao SI gf)rsi)en Shannon
C1-Wo 113576 52469 0.990 666 903.3 22.8 4.16
Cl1-w1 62202 43358 0.992 616 779.5 12.68 3.86
C1-w2 38854 28662 0.995 464 555.2 10.53 3.68
C1-W3 60332 44222 0.992 581 782.9 12.19 3.76
C1-w4 37903 27910 0.994 573 679.1 14.27 3.97
C1-W5 48228 37397 0.995 492 579.8 95 3.47
C1-Wé 93552 73673 0.993 523 706.2 941 3.35
C1-W7 47553 39769 0.994 504 615.5 6.22 3.14
C1-W8 41359 34813 0.995 492 608.3 5.74 3.14
C1-W9 43300 34245 0.994 544 677.2 9.43 3.53
Cl1-W10 42515 34208 0.994 579 700 16.92 4.14
C2-W0 43194 31809 0.993 594 707.7 11.18 3.77
C2-W1 52467 40890 0.994 465 569.5 5.99 3.07
C2-W2 43645 32615 0.995 456 540.8 5.7 3.22
C2-W3 34601 26939 0.995 531 606 13.69 3.95
C2-W4 38670 28341 0.995 541 605.6 17.02 4.11
C2-W5 65249 49905 0.997 304 364 3.82 2.63
C2-W6 44431 32183 0.994 541 632.8 19.93 4.07
C2-W7 44946 32933 0.994 584 690.9 21.06 4.12
C2-W8 37550 28057 0.995 684 746 32.87 4.55
C2-W9 34863 27023 0.995 559 626.8 14.5 3.98
C2-W10 51285 38672 0.995 642 707.3 39.88 4.55
C3-W0 88167 34041 0.994 511 601.5 10.78 3.65
C3-W1 82158 32648 0.994 448 554.1 5.59 2.96
C3-w2 44997 25956 0.994 581 670.3 8.76 3.57
C3-W3 41100 37256 0.995 516 580.8 8.85 3.65
C3-W4 39186 27253 0.994 536 633 8.5 3.45
C3-W5 57945 51228 0.992 600 767.8 1341 3.78
C3-W6 39815 49038 0.995 533 610.7 9.95 3.8
C3-W7 53398 37906 0.993 616 754.2 11.19 3.82
C3-W8 38782 31921 0.994 495 606.1 7.32 3.29
C3-W9 51296 26401 0.993 699 845.1 61.11 491
C3-W10 36450 41852 0.995 623 702.1 2933 443
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Table 1. Continued

T1-W0
TI1-W1
TI1-W2
T1-W3
T1-W4
TI1-W5
T1-W6
T1-W7
T1-W8
TI1-W9
T1-W10
T2-W0
T2-W1
T2-W2
T2-W3
T2-W4
T2-W5
T2-W6
T2-W7
T2-W8
T2-W9
T2-W10
T3-W0
T3-W1
T3-W2
T3-W3
T3-W4
T3-W5
T3-W6
T3-W7
T3-W8
T3-W9
T3-W10

52712
42028
42639
47710
36952
51814
44342
33470
37142
40100
32023
63414
70751
37211
37350
44512
64835
40382
98531
35719
37172
38184
93540
79359
68173
42069
37632
79613
38793
44360
42242
42581
36910

38576
33248
31455
37186
28444
38673
32372
27030
27728
29502
23842
43384
51776
27958
28037
34578
47791
30063
76144
27266
31245
29203
50134
57506
48741
31132
29533
57873
28743
33781
32241
33028
28792

0.995
0.997
0.994
0.996
0.995
0.994
0.994
0.995
0.995
0.994
0.995
0.992
0.992
0.995
0.995
0.994
0.992
0.995
0.993
0.995
0.995
0.995
0.993
0.992
0.993
0.994
0.995
0.992
0.994
0.994
0.993
0.994
0.995

418
317
475
428
634
484
537
549
553
584
627
535
507
544
591
499
659
634
626
556
497
552
490
604
545
529
559
578
610
547
706
659
592

494.2
367.4
602.4
497.6
707.9
623.4
637.9
626.6
619
669.8
703.9
736.7
728.5
614.8
656.9
636.7
842 .4
704
793.2
628.7
578.8
627.2
686.3
756.5
702.1
636.8
653.6
835.7
705.1
692.3
813.8
746
668.6

4.19
5.01
7.14
3.8
31.1
4.84
18.37
269
19.61
29.1
45.7
5.46
524
6.28
17.22
5.82
21.43
38.65
25.23
25.97
6.4
13.22
7.99
7.33
7.68
11.82
12.31
9.37
16.48
9.11
17.74
30.02
26.27

2.82
2.77
342
2.81
4.48
3.06
4.13
4.38
4.06
4.34
4.66
3.14
3.12
3.46
4.23
3.23
4.36
4.63
431
43
341
39
343
3.54
3.59
3.81
393
3.73
4.09
3.73
4.19
4.49
4.37
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FLiold4= Z&of Efo| 2 40| O|X| = = 1}

Firmicutes/Bacteroidetes 2| H|&2 O|F H|PIAFOA H|BtS L&Y = Ues SO
XNHEZ AIES = ALt HENE| R O (Ley, Turnbaugh, Klein, & Gordon, 2006), 10j [t} EFO| 2 A
X 2|7} Firmicutes @F Bacteroidetes 2| H|- 20| O[St HSIE OF7| A|7|=X| ZAFSISILCE EFO| 2 Al
HIX 2] 2E0 M= ME Dt Firmicutes/Bacteroidetes 2| B|& ZH0f| & 2t2tA|7F F£E6HA 2 £ X
AUASLE EO| 24 NE| AF M= Zot S| M2t A E LIEt = A S = 2I5HRALC (Fig 3). Ol=

— _

EtO| 2104 2|8l Firmicutes/Bacteroidetes 2| H|&0| Z7t34Ct= A2 LIEFW T, O|& O|FMO| E1

ﬂJl

ERE B2 FL 0SS HE QF FAISICHE A2 LEEFHHEL (Murphy et al., 2010; Turnbaugh et al,,

2006). 124 Lt M1 HLHO| =X SH= Firmicutes 2t Bacteroidetes 2| H|& ZH0|| 2 2t2tA| 7t QiC=

B ESHLER D QT (Fernandes, Su, Rahat-Rozenbloom, Wolever, & Comelli, 2014; Hu et al., 2015).

Firmicutes 2} Bacteroidetes 2| H|=0| 2ot abtk|= ARXZAN7F ENgn Q= 7120, 2

A0 A 1 H|=Z 0| Firmicutes 2} Bacteroidetes = 0= O|’"4= & (Phylum)0i| 2|3t F2O| I ELO|

0| X| =X| ZALSHRLE S X| 2| M &S 70| HE Firmicutes 3 Bacteroidetes 2F 2 2H2HA & AL 2

At EfO| 2 A M2| DE0|M Bacteroidetes 7t Firmicutes 2Lt 2ASHAH ZAsts A4S 20l

ULt ELO|Z 410 oJshA D2t Ql Firmicutes 74 B0l ZiA & Zio[2t O &MLt

Lo| st

Bacteroidetes 7} Tl B0| ZtATF HCHe SOI22 Z0E 20 &

ot

ULt (Fig 4). EtO|=210]

1

2SS0l tiet g S 220 ALK LM A2, suchodolski 2| A7 B0 2|SHH EHO|2 4
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Melof et 2z Mo

o =

§|

SI= Fusobacteria, Bacteroidales, Moraxella 7t ZA25t= ZA20|

LIE}rol, 2k

O o o

EN

o

§|
OF

b= Enterococcus, Dietzia spp.”t S7tetCtes 217 URUCH

—

(Suchodolski et al., 2009). & 10| A EESH EFO|Z 41 K20 9|ty CHE20| Jz2 7o =2

ML Q= Bacteroidets 7F 12N 7Ol Firmicutes ECF BEO| ZEA El 2~ QICt= {2 o] &t

7 UAACE.
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Figure 3. The correlation analysis between weight and Firmicutes/Bacteroidetes ratio
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Figure 4. Abundance of Bacteroidetes (A) and Firmicutes (B) according to increasing of weight

during this study. Black circles (@) and triangles (A) indicated control and tylosin group,

respectively.
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EtO|241 X2 8 HX2[zZe] ME S7to| WE It (Family) +=T0A FLUO|E=2

to

0x

FERHEAIS FOPH 22 ZAPSERICE O Zat, EFO[2 4 HIK2[Z oAM= 5 7He| It A

oftl
I
ok

or
2
g
X

|£ LIEISH=0| Desulfovibrionaceae, Lachnospiraceae, Coribacteriaceae Of LCHSH =2

0z
i
r

tAE  LIES D, Sutterellaceae, Deferribacteraceae Of CHSHIA= Q| AEIAAE

LIEFLHRACE. EFO|Z2 A ME2|ZO0|A= Ruminococcaceae, Oxalobacteraceae Off CHSHAITH QF9|

SEEA S LEIHRUACE HSS7tet It (Family) +=E0M S53 7te] SaEAE EO[= 7749

mun

1t = Lachnosporaceae 2F Ruminococcaceae S M| 2|5t LI X| I} (Family) = ©XA| AIE A 9|

1%7F EX| AUCH TH A[BAQ| 1%7F EX| A= 1 (Family)E M 2ISt Lachnosporaceae,

Ruminococcaceae 2t HMN&SZ7t 78 MHUAUAE rFig 5 O LEFHRACE  Lachnosporaceae,

HT

Ruminococcaceae O &£ot= O/d=Z2 & L2 |AAAFT=H 5% qg% al

rot

Yatin]
E|R} O (Biddle, Stewart, Blanchard, & Leschine, 2013), EtO| 241 M 2|20 A= =W X[ 7t H 2o
b2t 224St Ruminococcaceae 7t S7t6t= A& LIEFH S L}, H| X 2| 20| A= Lachnosporaceae 7t
LAste A2 LIEHRCH 2 Zits AEH7IHEMN EFO|Z240| EfX|o| & =20] & =+

A

XAFAZCZMN MAZEIO| 2™ME 0l Zat ”

i

OJE == ACt

rir
mjo
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(A) y=1915+-13x, R?=0.352
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Figure 5. Significant correlation (p<0.001) based on consensus OTUs between read abundance and
host weight among the family level. Abundance of Lachnospiraceae in control group (A),

Abundance of Ruminococcaceae in tylosin group (B)
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OTUs 7| o] FLin| Y= SEl HlnE A

EtO|24l XM2| RF0| a2t dESHHAM oTus distribution Off 0ot FeE O|X|=X|

Mothur MEZEl “|Efse”E 0| 2510] TALSI Figure 6 Off LIEFLY AL} (p<0.05). Heat map S =2

OTUs distribution & LIEFLY = Z1F, EFO| 24 X2t v[X 2|2 7t SEEHAEZ X0[7} L=

Cluster I, IS ZE&9t F J7HQ| SHAHE =QISIRULt (Fig 6A). Cluster I = XS 80~100kg

AHO[O A = 1Z7F OTUs distribution 2| XI0|E E =0, EFO|2Al HINZ|ZA E0|Ho=z

20| LIEFLF= Cluster 1-A 2 EfO|2A X 2| Z0|A EO|FHSZ BO| LtEtLEE Cluster 1 -B 2

Lt= o QUARACL Cluster T= S0 mh2t EO[24 X2 AF0M JLHH 22 B2 oTus 7+

g @t HOR &9l

m
£Q
o
+

N

) MO 2 Zf Cluster Ol CHSH Taxonomy £ Z=ASHY 0| EFO| 24
HIXM 2] AE0AM MLHAM S Z BF2 OTUs distribution = LIEHH Cluster I -A Ol A= EfO| 241 X2
JE0| B3 Firmicutes = 2F 2.3 H 0| ZE&SED UAX| Bt Bacteroidetes = 2F 13.4 Hi TEO|
Zotots A= LERXC (Fig 6B). EtO|Z4l M2[ AFO0|A B2 OTUs distribution =

LIEIEH Cluster 1-B O|M= EIO|ZAZ2 XN2|StHZ W Firmicutes (p<0.001)7} Bacteroidetes

(p<0.05)ELCH O §o|XMoZ Qo] Zetstn Y22 20ISIH 2O (Fig 6C), Cluster 11 A= HZ=

40kg O|ZE2E EFO|Z2A XM2| DF0M Firmicutes (p<0.01)7F ||X O 2 Bro| Zststn UCH=
A2 2SI ULt (Fig 6D). & ZIH=2 Firmicutes/Bacteroidetes H| & Z1tt FAFSHA LiEtG O H

A

EFO|2 Al X 2|0 L2} H| 2t ALY O| A S E 2 HS|SHT

—

njo
=
Rl
%
i

rir
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(A) Color Key

e
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Figure 6. OTUs distribution of control and tylosin groups using LEFSE (p<0.05). Differentially
abundant OTUs (A), taxonomic composition of Cluster I -A (B), I-B (C) and Cluster II (D) in the

phylum level.
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Figure 6. OTUs distribution of control and tylosin groups using LEFSE (p<0.05). Differentially
abundant OTUs (A), taxonomic composition of Cluster I -A (B), I-B (C) and Cluster II (D) in the

phylum level.



EtO|24 M| 770 mat SEoHEM GUO|SS e FAHSO0l B A BBH=X] Yue-

Clayton theta coefficient 7|2t 2 &F7t H|FAIESZ AHLSED, Tree dendrogram 2=

SHAHES ZAIBHA LIEFLHRACE (Fig 7). EFO| 24! K 2| 770f| &2H810| XSOl 40kg OISt RS

Mofl= AR SUDIYSHEIE 7HX= AS =elstRen, Efo|z24 X2| 60~80kg &0

H|X 2| 60~80kg 1

M
=
n
o
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o
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o
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mju
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ogt
0x
Ot
rir
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mjo
fot
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o
rir

A0l ofsiM 2Et i EA 27| LD Y= YEI 2 Hofottt= A4S LIEFL T, O] 2%t Sz

ol M7t SEETMZMN S StACHD =5 E[O{TCE

EtO|24 Me| A B2 Ao dFE=7F 72[HQl XtO[E LIEIU A= RERUAIT,

Firmicutes 2} Bacteroidetes 2| H| 20| H=@}otCH= Z40| = QIE Of| 2} OTUs (Operational Taxonomic

Units) 7|2t2| LY O M ZME BH3IE ZASIO NMDS (Non-metrics Multidimensional Scaling) 2 2

LIEFLHRACH (Fig 8). At H |G =0 £5t= ME (20~60kg)0ll A= Moll= EfO|Z 4! X2| &

-_—

HiX 2| 38 2t 20| = 4EN 7 XtO[ 7t S K| BF, AMOVA(Analysis of molecular variance) & & ©F

7old AEUM HIF=0| £5t= HMES (60~100kg)0M= FHQ XO|7t RACt= A=

2HQISHALE (p<0.001). B EFO|2 A M 2| S H| XM 2| 15 7H0f 60kg O| = Bray-Curtis H|F AtE X| 4=

(Bray-Curtis dissimilarity)?t S7t5t= A2 2QISIJA=M, A= X SE=9| A ELCH HI=

AlZ|0| M EfO[Z 41 X 2[of ofs YLD =YEN7t B = M CHs WS LIEFLRLCL. Ofof| ket

H
Z'_
fus
==
a
>

F (Family) &2 HE SEETO| T 0f 2 MU0 SMEf HSLE ZALSHO NMDS LH O
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St EE LIEFLQICE EIO|Z24 M2|#2Oo|M H|s=0 &ot=s HEHA = Clostridiaceae_1,

Porphyromonadaceae, Methanobacteriaceae, Oligosphaeraceae 7t L0 S HEHO| B2 IS

OX= Aoz &l & on, Bt EfO| 241 H|XM2| 22| H| S = A NM £ sutterellaceae 7t

N

YUOIY S Qe Beto| ks 01X A= =0l £ UCh 27|83

0x
rn

FAO| £3t= M|F 20~60kg

LHOl M= EIO|Z A X2l G20 &2t8I0| prevotellaceae 2F Veillonellaceae 7+ 2L 0|4 =4 EHOf|

Fek2 0K = Ao 2 =Ql T ACH O MM AT 0| A O EHE - DM (Methanogenic archaea)2

MRE 2o Od=2 &2 FIAA XS FHAZICID ENE|YOH (Samuel & Gordon,

2006), SEot H|ZFEFRO| EiX| Q] Erhualian Ol A= Of2{St HEHY - 1 M|w0| OFEEFRQ| ZHX[ 2

Landrace 2Lt & L0 MCiE o= GHO| o0 QUCtD EDE|YUCH (Luo et al, 2012). E

o

ofl

=HE FEAZ FOAM clostridiaceae_1 2t Ruminococcaceae 7t &2 H|E2 AHX[SH

30
rir

rc

tHO| S0 WE2 #41n Ues FOAAM = Lachnospiraceae, Porphyromonadaceae,

Prevotellaceae S &2 HIEZ =0l |} =0l (Roesch et al., 2009), 0| = & A0 A E}O|Z 0]

olah B2 FUiO| = e J- g0 w2t S Bt A=

—_ -

R gUod=

mun

0l

ol

7t

uot

P& Uk

AE LtEFHCE prevotellaceae 2t Veillonellaceae = E-S=0{| A BO| ESL | QUL E0 EOf

Kl

2t EFO| 2 A K 2| of Ar2tQI0| 7| HEELA 0| A Prevotellaceae 2F Veillonellaceae 7t B2 A=

r

O/ X|= ZA0|2ta =& g 4= UL} (Frese, Parker, Calvert, & Mills, 2015; J. Kim, Nguyen, Guevarra, Lee,

& Unno, 2015).
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Tylosin 80 100kg

Tylosin 60 80kg

Control 80 100kg

Tylosin 40 60kg

Control 40 60kg

Control 20 40kg

Tylosin 20 40kg

0Control 60 80kg
|

Figure 7. Cluster analysis based on the distribution of operation taxonomic units calculated

according to the theta coefficient
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Comparison Bray-curtis p-value

Control 20-60kg <=0 Tylosin 20-60kg 0.19 0.256
Control 60-100kg <=[ Tylosin 60-100kg 0.38 <0.001*
C |
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o |
o
I
S
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-1.0 -0.5 0.0 0.5 1.0
NMDS1

Figure 8. Nonmetric multidimensional scaling (NMDS) plot. Biplot arrows indicate families with

significant correlation against plots (P<0.05) with abundance > 0.1%.
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EtO| 24 X2 R HIAZ| =X|e| 2+ & LH0| 2& ¥E0| SSH2 =2 =t Ql
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rir

352

OTUs £ Z0ISI A S, O|E Consensus OTUs 2t BCt Consensus OTUs & O| 8310 HEQA

Ao
iz
mjo
ofm
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Ok
=o]
Ot
Kl
30
rir
o)
_|
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(7]

1o
Ao
H
i
P

AFSHRCE (Fig 9). EfOlZ2 41 M2 & LHOf| 20~40kg

SEEA A= HXS2 CLHE WED SR A= oTUs 7+ AX3| Hits AS =0l

=/ -

Tuot

47}

UARULE O ot oTus 2| X0 2 QIsf O|2{gt AutE LIEFL=X|Of CHEH Metastats =41 (Paulson J,

2011)2 S |[LAFLE K07t U= otus E ZAlSHE Zat, EHO[EA M2l OF9
RIS CHAO|M  Clostridiaceae_1, Methanobacteriaceae, Spirochetaceae & =Z&ot= Od=

=3
=

H

w
OR

ot AX| L AS = & = AUCH (p<0.05). EfO|ZL AREO 2f3Y
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Figure 9. Network analysis based on operational taxonomic units using consensus OTUs
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