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Differences of the Intestinal Microbial Flora Diversity and Composition in

IGF-1 Transgenic Superfine Wool Sheep and Non-transgenic Sheep
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Abstract: The study aimed to explore the intestinal microbial community changes after transfering
the IGF-1 gene into the superfine wool sheep, which would lead to potential problems in the
biosafety of transgenic sheep. Forty one individuals in IGF-1 transgene positive group (GP

group, female(GPF) 24 and male (GPM) 17), 43 individuals in genetically modified negative
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group (GN group, female(GNF) 25 and male(GNM) 18) and 29 individuals in non-genetically
modified group(NG group, female(NGF) 18 and male(NGM) 11) from clinical healthy sheep in
the same field were randomly selected. The rectal fecal samples were collected. The IIlumina
HiSeq high-throughput sequencing technology was used to determine bacterial 16S rRNA V3-V4
area sequence, and the bacteria community composition in fecal samples of transgenic superfine
wool sheep and non-transgenic sheep was analyzed. There were 17 phyla, 32 classes, 56 orders,
94 families, 228 genera and 185 species. LEfSe analysis showed that there were 10 biomarkers in
the GPF group, there were 5 biomarkers in GPM group, all of which were common colonization
bacteria of ruminant intestinal flora. The biomarkers in NGF group was Bacteroides BS11 family,
the biomarkers in NGM group was Firmicutes. They were the main dominant bacteria of
ruminant intestinal flora. Analysis of shared bacteria of intestinal flora in 3 groups showed that
the proportion of shared bacteria was as high as 91%-94% in 6 taxa of genus and family. It was
confirmed that the introduction of IGF-1 gene did not change the overall distribution of intestinal
flora in superfine wool sheep, and the transgenic sheep were biosafety and environmental safety.

Key words: IGF-1 gene;superfine wool sheep; gut microbiota structure; bacterial diversity; high-

throughput sequencing;genetically modified organisms(GMOQO) safety
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FEEREAR B ATCTH R A48 I A & T A
o A SE B L T — 80 CUKAE ¥ HRARAE .
1.2 ZEEHZA DNA ZESKN

fefi FH 264 35 IR 4 3R BGR 77 & (TTANamp Stool

DNA Kit, KA DP328, v [&) 4% B8 2t 5] & 13 B 45 $2
WCEFEMERE S R 4 DNAL R T 1 %0 35 6 88 5 e
P, SRS 00 At 2 ) 35 TR 4 DNA 5 & P, il ] 35 1
B ¢ HL K AR Ah 43 6 6 3 ( ThermoScientific) K

1 HiKEHERSA
Table 1 Grouping of sheep samples
26 ) PR3 A B o 4 BN 2 U
Group Gender Detailed group Number of sheep
B IGF-1 B [ (GP 4] GPF AL AN B (TIGF-1 B FL 16
IGF-1 gene positive sheep of GMO(GP group) e FL DB AN £ 5 2 (IGF-1 ) F2 8
GPM B BN AN A EUGF-1 D) 5 5
e3P 40BN - (IGF-1 ) F1 6
e B A E A (IGF-1 B F2 6
5 IGF-1 B B (GN 4D GNF B R PO AN B A (IGF-1 B 25
IGF-1 gene negative sheep of GMO(GN group) GNM % R 40 B A E (IGF-1 [ 18
JE L FE H 2 (NG 4D NGF A e i TR X HRHE 40 B B3 18
Sheep of non-GMO(NG group) NGM A5G FE R X OB H B A F 11
it Total 113
F2 HAGAMRARMERKE
Table 2 Composition and nutrient levels of basic diets %
i H Item /N 2E Male +}:2E Female B E ¥ Lamb
J5 B} Ingredient
E >k Corn 10.0 10. 0 27.0
Fi ¥ 1F Cotton seed meal 5.0 5.2 2.3
TR K Premix” 3.5 3.0 3.2
A ¥ Bone meal 1.0 1.0 1.0
LK #EHI Corn silage 26.5 26.3 15.0
i B2 @ Tomato pomace 5.0 5.0 5.0
B T 5 Alfalfa hay 45.0 45.0 45.0" "
3 #75% Cottonseed hull 4.0 4.5 1.5
A1 Total 100.0 100.0 100. 0
% 7K F Nutrient level
T# i DM 88. 57 88. 55 88. 48
HEH CP 12. 35 12. 34 12. 77
iR/ (MJ « kg ™' DM) ME 7.23 7.23 7.45
PR R i £ 4 NDF 34.87 35.13 33.16
PR P Uk U 4T 4 ADF 17. 52 17. 39 16. 41
5 Ca 0.75 0.76 0.81
P 0. 44 0. 44 0.45

CLOTURAR R T R AR R i A 2 A 300 TULZEAEE D, 420 TU, 4425 E 5 TUL A4 0. 16 mg, 72 R 4. 2 mg, MR 3. 6 mg,

2 mg. %k 22 mg.fif 20 mg.%¥ 16 me. fl 0.4 mg. @ 0. 13 mg. 4 0. 13 mg, " " . FRHRFENE R R . B IRAKFHER 1A
R VG B 3 8 SR KT g SRR A1 L LAY 38 g S

*. The premix provided the following per kg of diets: Vitamin A 300 IU, Vitamin D, 420 IU, Vitamin E 5 IU,biotin 0. 16 mg,
pantothenic acid 4. 2 mg,nicotinic acid 3. 6 mg,Cu 2 mg,Fe 22 mg,Mn 20 mg.Zn 16 mg.I 0. 4 mg,Se 0. 13 mg,Co 0. 13 mg.

*. Alfalfa hay powder for lambs. ME, calcium and phosphorus are calculated values, the others are measured values in

nutrient levels



2390 = M

if:

E % W 51 %

W DNA K S e B S5 2l
1.3 16S rRNA EHE V3+V4 X PCR # #8574
iy

B PR IR 2 46H 5 DNA b5 5 1 & AL YR
AR ], W A Hlumina HiSeq ¥ & X} 41 & 16S
rRNA ZHF Y V3+ V4 X1 (338F ~806R) 414~
#al B Wy 8]k 338F: 5'-ACTCCTACGGGA-
GGCAGCAG-3', 806R: 5'-GGACTACHVGGGT-
WTCTAAT-3" W5 #yiftfr PCR § 45000, [ i 15
FFEE ITST X514 :5'-CTTGGTCATTTAGA-
GGAAGTAA-3",5'-GCTGCGTTCTTCATCGAT-
GC-3"; & W # ITSIF: 5'-AACCTGCGGAAGGA-
TCATT, ITSIR-3": 5'-GARCCAAGAGATCCR-
TTG-3'WE R & L. sk e f B gt 17 PCR ¥~
B AR R S UL, RN R &R 20 pL: PCR
Mixture(2 X ) 10 uL, L ¥#51 % A iFE 5 ¥ %
0.8 ul, £z DNA 0.8 pL (£ 100 ng), BSA
(5mg e+ mlL 0.4 pL,ddH,0 7.2 pl, KR 414
98 °C 2 min;9 C 10 5,50 C 30 s,72 C 30 s,30 MF
;72 °C 10 min, HAFEE PCR 3645 3 4~ P47,

4G 7 W) 38 o 3 RE B R B UK. TEA Ngel
Midi Purification Kit 5 & [n1 05, FH 48 {3l 2 48 b 43
6O BE RS B =L R Y = b IR A S TE
Hiseq /77 & #4705 .
1.4 HEHFALE

XF Hlumina 7 1 25 AR P65 Barcode B & X [L
FE & 9 25 Bk Barcode Fl5| 9 Fr 31 . 15 £ 45 R 50
(Clean data)., il GC & &, Q20 1l Q30 Jfi £ 1H .
Effective 25 S50 Bt 247 PFAR . ¥ H 97 %0
RLRE ) 8 3 2 FH T Wy b o 2R 9 #R A4 4 28 TR T
(operational taxonomic units, OTUs), & OTUs &

M 24 25 26 27 28 29 30 31

M. DNA FAX} 43 F B bRl ; 24~46. #843FF 5L PCR & 14 45

FxHEEA OTU 1 AR 2 57 41 8 B i s F
QIIME #k {448 #¢ & Chaol #58 %k . Shannon 5 % .
ERZHEM o ZHEMEME, 40T UniFrac 895 70 Hr kE
m) R VE 2 5 (B 2RO, ] LEfSe M
MetaStat Gt 1143 #1 77 15 X5 43 41 FE 5 19 g Fb 41 B A
Mxka i T 2R B EEGE, P<0.05 AR
#F.P<0.01 HESWEE.

2 # R
2.1 HEHERBE DNA FEHR 5 PCR ¥ 1 =4 5% K
B ik e

FEMEAE B DNA 28K I 57 09 2 2 A K
SR 3 IR K LL B EE R, PCR 734 7= Py
JiE fL Pk A ) & R (1,826 #E ;s TaKaRa 100 bp
Ladder) & 7%, PCR #" 3% = ¥ 4= & & #-°0, &6 4
PCR 4" 38 7= W) 58 I L VK 25 S &1 1 B
2.2 HmlFEREFSRERIE

TR ZE e 57 973 4% Clean tags, F 1Y
7eH 72 353 4% Clean tags, H 1 GP 4 Clean Tags
k72 591,GN 41k 71 973,NG 41 72 587, i
JPit K 414 ~418 kb, £ & 17505 B an 3k 3 i,
3 YRR AT RO B F B35 90. 6 %0 LA B DU
B 1H Q20 bases rate (%) .Q30 bases rate (%) 4341
K97 Y0 A 94 Y6 LA L I 5 SR Al A S i £ 2B B AR
ORERIE CYSIN

A REAR S — AL B 3 ZHAEAR () Venn [ 2
AE2) .3 MHIAH OTUs 2 2 455 4, GP LGN Al
NG H A 1) OTUs 351 F 5.1.8 4>, 3 41k
OTUs %5 43 OTUs &80/ 98.55% (2 455/
249D, K WA 1) OTUs B4 5 OTUs 2%
0.562%(14/2 491), KAl ZEFEH OTUs 41 it

9 40 41 42 43 44 45 46 M

M. DNA marker DL-1500; 24-46. The PCR amplification results of partial samples

1 #B4 PCR 3% 7= 497 5% B B2 vk B
Fig. 1

Gel electrophoresis of partial PCR amplification products
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Table 3 Statistics of effective data for sequencing of samples

= BRI S NG 4 >GP 41 >GN 41, fH % 5~
.

o llDsg iR 1R B A3 -y GC GEGRd
Group IAEEAIL QR A 1L QR A (R I F g Adlkse A /bp HE/ N Q20/% Q30/% B/
PE read Raw tag Clean tag  Effective tag  Average length GC Effective
GP(n=41) 79 222 76 831 72 591 71 846 415 52.55 97.10 94. 55 90. 689 5
GN(n=43) 78 537 76 169 71 973 71 160 415 52.67 97.12 94. 58 90. 607 0
NG(n=29) 79 059 76 757 72 587 71 739 415 52. 60 97.13  94.609 90.738 6
P {§ P-value 0.8421 0.764 7 0.797 3 0. 865 7 — - 0.9352 0.9616 0.926 8

Q30. I EAE KT 30 FAEEL R /NT 0. 1%) 5 Q20. Bl IE B &{H KT 20 P F4EEF/NTF 1%)

Q30 means base mass value is greater than 30 (sequencing mismatch rate is less than 0.1%); Q20 means base mass value is

greater than 20(sequencing mismatch rate is less than 1%)

GN GP

2455

NG
2 HRPHARHIEXZMMEE OTUs 1 Venn &
Fig. 2 Venn diagram representation of shared and exclusive
OTUs from bacterial community in different samples

x4 BEMREFEHN OTUHER Alpha BT

2.3 BEHEMEFEH e SHEMMARERSH

M 4 ATAL 4 OTUs 335 2 445 AP E L 3%
ARG L DR PHAPE 2 (GP 41 (BA 4L (GN 41 KR 75 3%
4l (NG 2 5 4 1) iz 38 o B 2 B B2 A oL
OTUs,ACE 4841 Chaol #5575 .3 20 [a) BE V% AY
FTEE LR F 2% (P >0.75), Shannon X
Simpson $§ 8% 7~ 3 41 [ AE & BEE T W R E s R
PPy 5 B TC i 3 25 55 . 7 35 R I 7E 99 % L
BB 3 ZHAEAS BN R AR A B T AR iy A
R s, GPLGN Al NG 41 i) 78 i 18 1 B
G EHTEE. A ZEERERY TR %

e

Table 4 OTU number and Alpha diversity of fecal microfloraina groups

24 5] Group GP GN NG P {f P-value
BE 2ot OTU 2477 2 467 2 479 0.783 2
BEPE w45 % ACE 1799.075428.751 1 808.345429.124 1 827.934429. 286 0.751 3
BE 7 LA 7K 45 3L Chaol 1820.312434.743 1 829.277+36.132 1 850.522+34.574 0.801 7
VK 2 B 45 %X Shannon 5.778+0. 203 5.77519+0. 2381 5.784440. 2485 0.680 5
FEVE Z R 8 %L Simpson 0.009+0. 004 0.009+0. 004 0.009+0. 004 0.496 8
7 5 % Coverage 0.99540. 004 0.99540. 004 0.99540. 004 0.582 7

Shannon 2 # ¥ 4 W Bl 2k (B 3) B Y
FEASIU P80k 5 000 B il 28 1] 7 52, A 3 56 B A
W5 476 78 000 LA I+, Shannon #5 % ith 2k € ik 3|
AW OTUs R A B 4k 38 0 img 3 1<

FRWIRE i 7 51 B A BT 5 4 A P 4 R 2R R W)
k.
2.4 BHEFEEHELAPSHESNT

BT UniFrac g9 AL 3 A b5 o0 B FL2R8 1056 2



2392 oM OB OE ¥ R 51 %
LRARTAMNL
Multy samples Shannon curves

6 GNFI — GNF4 — GNMS5 — GP1F3 — GP2F7 — NGF3

- GNF10 — GNF5 — GNM6 — GP1F4 — GP2F8 — NGF4

~— GNF11 — GNF6 — GNM7 —— GP1F5 — GP2M1 — NGF5

~— GNF12 — GNF? — GNM8 — GP1F6 — GP2M2 — NGF6

~— GNF13 — GNF8 — GNM9 — GP1F7 — GP2M3 — NGF7

g ~— GNF14 — GNF9 —— GPOM1 — GP1F8 — GP2M4 — NGF8
£ 44 — GNF15 — GNM1 — GPOM2 — GP1F9 — GP2M5 — NGF9
§ ~— GNF16 — GNM10 — GPOM3 — GP1M1 — GP2M6 — NGM1
g ~—— GNF17 — GNM11 — GPOM4 — GP1M2 — NGF1 —— NGM10
% ~— GNF18 — GNM12 — GPOM5 ~—— GP1M3 —— NGF10 NGM11
gﬁ?_ ~— GNF19 — GNM13 — GP1F1 —— GP1M4 — NGF11 — NGM12
i — GNF2 — GNM14 — GP1F10 — GP1M5 — NGF12 NGM2
g2 24 — GNF20 — GNM15 — GP1F11 — GP1M6 — NGF13 — NGM3
g ~— GNF21 — GNM16 — GP1F12 — GP2F1 —— NGF14 — NGM4
~— GNF22 — GNM17 — GP1F13 — GP2F2 —— NGF15 — NGM5

~— GNF23 — GNM18 — GP1F14 — GP2F3 — NGF16 —— NGM6

~— GNF24 — GNM2 — GP1F15 — GP2F4 — NGF17 NGM7

— GNF25 — GNM3 — GP1F16 — GP2F5 — NGF18 — NGM8

01 ~—~ GNF3 —— GNM4 - GP1F2 —— GP2F6 —— NGF2

T T T T
020 000 40 000 60 000
R P 2 2K

Number of sequences sampled

& 3 Shannon L MHIEHHREMLE

Fig. 3 Rarefaction curves of Shannon index

G 3 3 B 1 BTk 343 51 2 20. 54 %6 .12, 52 % Al
8. 73 % (Il 4) i B PR P4 / B 1k 4 0 Al 5 5 DR 4
113 A REAR SBR[ A JE AR 4% . PC1-PC2 , PC1-
PC3 il PC2-PC3 Ak b5 R 34 Jo ¥k 56 & 40 I . A0 45 BF
F/ 3 HREAES A R R R R A S, Ul
L AN B E A AR L I A B R S A
B AHA

WE 4A iR ,GNF.GPF fil NGF 414> fii #a # [t
BT . GNM, GPM #l NGM 241 43 1 #a 3 A 42230 5
WA 4B ff7s .GNF .GPF #1 GPM 41 43 15 #4 35 He 45 32
UL GNM.NGM FlI NGF £ 53 1 ¥4 # He B 422 301 5 4 &
4C FF7n »GNF.GNM FI GPM 41 43 15 #a # L 3 $E 30
GPM.NGF il NGM 4 /3 1 #a #5850 453

P T 5 K BT 045 2H 4 9 R AR AR R P Y
BB R BE L B KB /MBS 5w 1A R T RUR
Student’s t-test G i1 J7 ¥ K 46 9 W0 4H (] W Fib B 22 4F
P25 WoRY 3 AR B BRI BT B E XS,
2.5 BREBERERNAEFLEMSN
2.5.1 Wy RS B X OTU #4749 b v B
193 B 8 A AR T T B RHE Rl 6 A2 w9 2H B
HEEY L FETT KK B, GP 41 17 AT, Hop
GPF 40 16 47, GPM 4 16 ©[1;GN 2 17 1], 1
o GNF 241 16 4N T,GNM 20 17 ANT5NG 2H 17 1,

Ho NGF 4 f NGM 4135 17 411, £ 532K F
1.GP 4 32 A4, Hp GPF 41 31 4~49. GPM 41
31453 GN 21 32 4. GNM 41 32 495 NG 21
32 MY, Hidh NGF 41 NGM 5 32 M4, 78 H 4
FIKF- bGP 4 56 A~ H, H GPF 41, GPM 4
534H:;GN 4 56 A~ H. K GNF 4 56 4 H.,
GNM 4 54 ™ H ;NG 4 57 A~ H  Hrp NGF 20 57 4
H.NGM 4 54 1~H. EFRKFE EL.GP 4 94 4~ Ft,
Horf GPF 41 94 4, GPM 41 90 4~} GN 41 94 4~
Bl Hrp GNF 4 94 B GNM 4 91 2B NG 4
95 B, Hh NGF 41 95 4%+, NGM 4 90 4~}
FEJE K 1 GP 4 226 A& . b GPF 41 226 4~
GPM 41 221 4~ J&; GN 41 228 4~ J& , GNF £H 228 4>
J&:NG 41 225 4~ J& . NGF 41 226 4~ @, 78 Fp K F
I-,GP 41 184 4~Ff, GPF 4 184 4~ #h; GN 4] 183 4~
Bl GNF 2H 183 4N Fh s NG 4 184 A, Hirh NGF 4
184 /NP, NGM 41 180 4~Fi .,

YR B b R R 4r OTUs &R AT DL R
FEAKF L. 7ET T BRHEF 6 A2 L B2 45
Y BEE B T8 R B R B T A E F R
FEM. IA GPLGN I NG 4 N ik A T & 43
JE A Y A0 B 43 300 o B R ) 0. 185%6,0. 174 %
0.217%,
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PC1-Percent variation explained 20.54%

T ABAR2-NAE i 22 5 Y DTN 12.52%
PC2-Percent variation explained 12.52%

GNF. SR FITEBES s GNM. BN BIPE 2 3 s GPE. B S N Bk B 3 s GPML B JE I B 2 3 s NGF. JR 8 eI BE 35

NGM. AR5 N 28

GNF. Transgenic negative ewe; GNM. Transgenic negative ram; GPF. Transgenic positive ewe; GPM. Transgenic

positive ram; NGF. Non-transgenic ewe; NGM. Non-transgenic ram

B4 EF OTUKFERFEREY PCoA (ML E 4-ER) 53 #7

Fig. 4 UniFrac weighted principal coordinate analysis (PCoA) of the intestinal microbes at OTU level

2.5.2  JmiEERERTTKF 0 A TETTIKAF L
GP.GN Hil NG 41 LA BE B ] (Firmicutes) | fILFT
W 7 (Bacteroidetes) &y &, & 2 18 € & ]
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Fig. 5 Box diagram of difference analysis of B diversity among groups
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Table S Flora classification and names of microflora at the phylum level of superfine transgenic sheep and non-transgenic sheep

TR 20 5] P gﬂng_/% 20 5] oN ﬁjﬂ?/% 20 5 e gﬂq:rg/%
Phylum Group The relative Group The relative Group The relative
abundance in GP abundance in GN abundance in NG
JEEETR ] GPF 49.702 943. 801 2 GNF 52.447 1£3.723 9 NGF 52.772 543. 804 6
Firmicutes GPM 55.769 34£3.189 7 GNM 55.713 5£3.159 8 NGM  56.496 7+2.585 6*
-4 52.736 143.494 6 54.080 3£3.441 9 54.635 14£3.215 8
PR GPF 33.471 9£2.760 5 GNF 34.384 6£3.208 9 NGF 35.410 24£3.393 5
Bacteroidetes GPM 34.191 7+2.315 9 GNM 34.466 7+3.021 8 NGM 32.227 3+2.839 4
T 33.831 8+£2.538 2 34.425 7£3.115 4 33.818 8£3.116 5
B e GPF 6.547 34-2. 800 4 GNF 4.481 042.058 0 NGF 4.392 141.265 2
Spirochaetae GPM 3.226 1+1.981 5 GNM 2.886 5+1.412 3 NGM 4.495 9+2.599 9
D] 4. 886 742.391 0 3.683 8+1.7352 4.444 041.932 6
PETL A ] GPF 3.137 44-1.345 5 GNF 2.659 240.797 0 NGF 3.019 84-0.798 6
Verrucomicrobia GPM 2.089 7£0.830 1 GNM 2.178 0£0.936 8 NGM 2.169 1£1.051 6
Sy 2.613 6+1.087 8 2.418 6+0.866 9 2.594 540.925 1
REERET] GPF 1. 265 6+0.478 8 GNF 1. 683 44+0.585 3 NGF 1.461 040.519 2
Tenericutes GPM 1.393 8£0.401 8 GNM 1. 635 940.572 8 NGM 1.571 440.508 5
S 1.329 740. 440 3 1. 659 740.579 1 1.516 240.513 9
AR ) GPF 3.374 542.325 6 GNF 1.817 4+1.820 4 NGF 0.712 440.378 54
Fibrobacteres GPM 1.110 14£0.934 2 GNM 0.704 240.499 4 NGM 0.818 540.749 84
T4y 2.242 341.629 9 1. 260 841.159 9 0.765 540.564 2
TIEE] GPF 1.477 0£0. 602 2 GNF 1.588 140.915 3 NGF 1.316 84£0.511 4
Proteobacteria GPM 1.236 24£1.077 2 GNM 1.385 0£0. 991 3 NGM 0.965 440.281 5
Ty 1.356 640.839 7 1.486 610.953 3 1. 141 14:0. 396 5
FHEERIL FE 1] GPF 0.472 040.309 0 GNF 0.323 040.224 4 NGF 0.287 240.230 1
Lentisphaerae GPM 0.143 240.091 0 GNM 0.153 7+0.095 4 NGM 0.260 740.195 2
R &) 0. 307 640.200 0 0.238 44-0.159 9 0.274 040.212 7
BT GPF 0.092 640.090 4 GNF 0.180 24:0. 157 4 NGF 0.147 440.094 4
Saccharibacteria GPM 0.247 1£0.146 8 GNM 0.239 14£0.108 7 NGM 0.311 6£0.269 2
Ty 0.169 94-0.118 6 0.209 740.133 1 0.229 540.181 8
W) GPF 0.163 440.128 4 GNF 0.144 340.100 54 NGF 0.153 240. 143 04
Cyanobacteria GPM 0.181 140.105 6 GNM 0.206 640.158 0* NGM 0.278 340. 327 9%
Sy 0.172 34:0.117 0 0.175 54-0.129 3 0.215 840.235 5
Fhm g GPF 99.704 6 GNF 99. 708 3 NGF 99. 672 6
Accumulative total GPM 99.588 3 GNM 99. 569 2 NGM 99.594 9
Ty 99. 646 6 99.639 1 99. 634 5

R FEE NGFAH, BA 1 MEYHRIEY W BS11 gut _gruop); NGM #H HA 1 MAEWFRiEY 1
LDA {5 =4, U & #LFT 5 BS11 Bl (f_Bacteroidales _ LDA {>4.5, Il K JE& B 5 ] (p_Firmicutes) ,
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Table 6 Flora classification and names of microflora at the genus level of superfine transgenic sheep and non-transgenic sheep

GP @ FE /% GN#HFJE/% NG HFE/%
Jai K T 413 - 415 - 21 3 -
) The relative ) The relative ) The relative
Genus level Group Group ) Group
abundance in GP abundance in GN abundance in NG

PR & Bl RCY 2 7)R GPF 10. 142 842.134 0 GNF 10. 282 142.694 6 NGF 9.733 7+2.211 8
Rikenellaceae. GPM 9.652 4+2.180 4 GNM  10.65274+4.1210 NGM  10.895 1+5.975 1
RC9_gut_group Sy 9.897 642.157 2 10.467 4+3.407 8 10. 314 4+4.093 5
RIERE R UCG-005 & GPF 7.113 2+1. 062 1 GNF 8.133 54+1.325 0 NGF  7.892 7+0.991 2
Ruminococcaceae. GPM 9.173 5+1.507 6 GNM 8.926 041.935 8 NGM  9.129 9+2.052 6
UCG-005 Sy 8.143 4+1.284 9 8.529 841. 630 4 8.511 34+1.521 9
Bk R UCG-010 J& GPF 6.613 1+1.479 6 GNF 5.751 741.438 2 NGF  5.506 6+0.901 0
Ruminococcaceae. GPM 5.867 8+1.188 5 GNM 5.430 241.423 8 NGM  4.679 8+1.790 8
UCG-010 Sy 6.240 5+1.334 1 590 9+1.431 0 5.093 241.345 9
Christensenellaceae_ GPF 4.151 6+0.921 8 GNF 4.538 9£1.155 8 NGF 4.928 4+0.840 1
R-7_group GPM 5.488 1+1.083 5 GNM 5.382 14+1.570 5 NGM  6.267 3+1.742 4

Sy 4.819 941.002 7 4.960 541.363 2 5.597 94+1.291 3
BIFT )8 GPF 3.698 541. 065 0 GNF 4.244 241.052 5 NGF  3.900 0+0.895 7
Bacteroides GPM 5.386 341.489 0 GNM 5.185 14+1.021 6 NGM  5.251 9+1.952 8

Sy 4.542 441.277 0 4.714 74+1.037 1 4.575 941.424 3
FEIER NK41A136 )8 GPF 4.230 941.166 7 GNF 4.242 84+1.198 0 NGF  4.486 4+1.411 1
Lachnos piraceae_ GPM 3.880 84+1.214 7 GNM 4.25514+1.617 8 NGM  4.060 540.915 4
NK4A136_group Sy 4.055 941.190 7 4.248 941.407 9 4.273 5+1.163 3
S R 2 GPF 6.342 04+2.751 9 GNF 4.334 34+2.084 1 NGF  4.249 5+1.228 6
Treponema_?2 GPM 3.156 441. 957 0 GNM 2.834 841.403 7 NGM  4.448 34+2.600 0

Sy 4.749 24+2.354 5 3.584 641.743 9 4.348 9+1.934 3
[HEANEE 138 5 e 2 )m GPF 2.229 540. 667 7 GNF 2.434 140. 639 8 NGF  2.690 9+0. 760 6
[ Eubacterium]_ GPM 3.106 340. 705 0 GNM 2.896 740.829 5 NGM  2.946 3+1.122 4
coprostanoligenes_group Sy 2.667 940. 686 4 2.665 440.734 7 2.818 640.941 5
RE RS 1 GPF 2.387 04+1.072 3 GNF 2.782 741.243 9 NGF  2.8555+1.165 1
Ruminococcus_1 GPM 2.513 94+1.173 0 GNM 2.434 141.089 0 NGM  2.492 3+1.287 1

Sy 2.450 54+1.122 7 2.608 4+1.166 5 2.673 9+1.226 1
Alisti pes GPF 2.782 94-0. 882 4 GNF 2.571 640.700 6 NGF  2.831 3+0.863 7

GPM 2.567 740.603 9 GNM 2.515 340. 615 3 NGM  2.137 940.659 5

Sy 2.675 340.743 2 2.543 540. 657 9 2.484 64+0.761 6
KRBT E GPF 3.853 442.223 7 GNF 2.591 241.334 6 NGF  3.726 0£2.193 6
uncultured_rumen_ GPM 1.296 8+0.577 6 GNM 1.051 540.530 9 NGM  1.15514+0.571 8
bacterium Sy 2.575 341.400 7 1.821 440.932 8 2.440 641.382 7
ERE R UCG-013 J& GPF 2.082 240.720 9 GNF 2.411 340. 849 1 NGF  2.544 7+0.795 7
Ruminococcaceae. GPM 2.654 041.051 2 GNM 2.785 840.994 9 NGM  2.461 4+1.066 5
UCG-013 Sy 2.368 140. 886 1 2.598 640.922 0 2.503 140.931 1
BIFTF B BS11 1% GPF 1. 851 140. 605 9 GNF 2.354 7+3.155 6 NGF  2.340 84+1.403 9
uncultured_bacterium_f_ GPM 2.147 5+1.408 5 GNM 2.155 24+1.784 1 NGM  1.912 8+1.288 0
Bacteroidales BS11_ Sy 1.999 341.007 2 2.254 942.469 8 2.126 84+1.345 9
gul_group

(#TF% Carried forward)
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(£ 6 Continued)

GP @ F /% GN#HFEE/% NG #HFE/%
J& K- 2H 5 2H 51 21 5
The relative The relative The relative

Genus level Group Group Group
abundance in GP abundance in GN abundance in NG
KRB TR IE BR B GPF 1.970 340. 368 0 GNF 2.321 740.447 2 NGF  2.45594+0.527 7
uncultured _ bacterium _ f GPM 2.705 6+0. 447 5 GNM 2.604 440.353 5 NGM  2.380 940.507 4
_Ruminococcaceae Sy 2.337 940.407 8 2.463 140.400 4 2.418 440.517 6
JERE B UCG-014 & GPF 1.787 240.537 5 GNF 2.234 740.772 4 NGF 2.014 74£0.767 7
Ruminococcaceae._ GPM 1.959 0+0. 757 9 GNM 2.323 3+1.061 1 NGM  2.264 740.620 1
UCG-014 Sy 1.873 1+0. 647 7 2.279 040.916 8 2.139 740.693 9
KEFZEIEEE GPF 2.120 64+0.532 8 GNF 2.219 140.593 4 NGF  1.961 240.363 4
uncultured _ bacterium _ f GPM 2.254 340.560 5 GNM 2.178 5+£0.514 8 NGM  2.2258-0.607 5
_Lachnospiraceae Sy 2.187 540.546 7 2.198 80.554 1 2.093 540.485 5
T H K KH UCGO03 J& GPF 1. 988 8+1. 046 0 GNF 2.087 6£1.052 7 NGF  2.360 240.876 1
Prevotellaceae UCG-003 GPM 2.307 740.585 1 GNM 2.571 340.899 1 NGM  2.261 8+0.5117
Sy 2.148 3+0.815 6 2.329 540.975 9 2.311 040.693 9
AR 41 GPF 1. 640 2+0. 395 0 GNF 1.530 6£0. 395 6 NGF  1.665640.376 1
Phascolarctobacterium GPM 1.293 2+0. 399 4 GNM 1. 265 8+0.475 4 NGM  1.068 440. 205 0
Sy 1. 466 70.397 2 1.398 2+0.435 5 1. 367 00. 290 6
JHE Je 35 e $7 1R GPF 1. 630 240. 804 7 GNF 1.575 940. 632 3 NGF  1.466 50.496 4
Phocaeicola GPM 1.374 240.487 9 GNM 1.545 940. 893 5 NGM  1.017 6+0.535 8
Sy 1.502 2+0. 646 3 1.560 9+0.762 9 1.242 140.516 1

WHRIKREHE UCG-004 & GPF 1.093 50. 448 3 GNF 1.402 94-0. 550 4 NGF  1.367 34:0.376 2
Prevotellaceae UCG-004 ~ GPM 1.535 47420. 349 7 GNM 1.552 440. 582 3 NGM  1.216 60.347 3
S 1.314 540.399 0 1. 477 740. 566 4 1.291 940. 361 8
ESiIPsw il GPF 75.203 7 GNF 76.288 5 NGF 77.558 6
Accumulative total GPM 75.635 2 GNM 76.040 4 NGM 75.534 5
T3 75.419 5 76.144 5 76.546 6

B Unclassified
B Others

W Alistipes

®
<

B Ruminococcus 1

B [Eubacterium)_coprostanoligenes _group

=N
<

B Treponema_2
B Lachnospiraceae NK4A136_group
B Bacteroides
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it
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20 51 Group
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7 GPF.GPM.GNF.GNM.NGF % NGM A # & 5 H Kk FaLb 5
Fig. 7 Comparison of bacteria classification at genus level for GPF, GPM, GNF, GNM, NGF and NGM groups



2398 K OB

E % & 51%

GP F1 NG 410 50 9 5 Fh (49 3E 1k 23 18
(K 9), GPF 4 # 12 jig f& H (Spirochaetales) . 12 ji¢
B} (Spirochaetaceae) \ B2 HE(R 2 J& ( Ter ponema
2) 1 £F 4 ¥F B H (Fibrobacterales) . £F 4 T & &)
(Fibrobacteraceae) M 2T 4i #F & J& ( Fibrobacter)
FEE T H A4 (P<<0.05); GPM 4 K E H
(Clostridiales) .98 B ¥k & Bl (Ruminococcaceae) | J&
B Bk W J8 UCG-005 Ff (Ruminococcaceae  UCG-
005), RIFFMWE Bk H UCG-005 J& Cuncultured
bacterium _g Ruminococcaceae UCG-005) i 2 = T
Hofl 2 (P<C0. 05) s NG 21 1 JE BE B[] (Firmicutes)
MILFFFE R BS11(Bacteroidales Bsll gut gruop) it
ERT GP 41(P<<0.05),

I GPF

p_ Firmicutes

3 W i
3.1 IGF-1 BEERAMNBHEFHEARTREZN
=1

AR BIF 5 A AR ) B 55 R4 4 BRAR S IR A
AMIR TGF-1 e PR % 56 DR B / B 1 4 B 2 5
HENEHBEMAEYIRR SN ES ., CAWRE
iR e st /L I o R TR sl N G 1| I
It B A IR B R 3 AR e R A R,
3 20 2 o 2 B A W %) R 9 5 R R R R AT L O ) R PR
HIEEBERBEES RS TAEWEER.
TGF-1 & R0 8 40 6 5 38 1A= 40 40 o B s 2 /) 2
JI R M A58

3 GPM EERINGF EENGM

f_Bacteroidales_BS11_gut_group I S S

¢_Clostridia
0_ Clostridiales
f Ruminococcaceae

g Ruminococcaceae UCG_005 [ ]
s_uncultured_bacterium_g Ruminococcaceae UCG 005 _

p_Spirochaetae
¢_Spirochaetes
o_Spirochaetales

f Spirochaetaceae
g Treponema_2

g Fibrobacter
o_Fibrobacterales
p_Fibrobacteres
c_Fibrobacteria

f Fibrobacteraceae

(=) —

—
[\
w
~
wn

LDA SCORE (log 10)

F bR T LDA B (LDA score) R T B (B GBRINBE By 4. 0) B B Bl L A bR AT A < B2 X 22 3 W il ) 52 ) /)

The figure shows the species whose LDA score is greater than the set value (default setting is 4. 0), the length of the bar

chart represent the impact of different species
8 LDAEHmAER
Fig. 8 Histogram of LDA value distribution

3.2 3HAMABERHMESHEEST

Shannon 7§ %% . Simpson 1§ %£{. ACE } Chaol
BT LR 3 HHABF 2 E E W B 22 50 24
P53 B B . 3 21 18] 114 Jigp 18 TR R 235 A8 0 22 A o W
W22 5 (P>>0.05), 3 HFEA i i W AF Y 5 % NG
H>GNYA>GP A . HEBFEERF(P>0.05, W
PRI W)l B 22 FE R 22 5 20 s 3 4H ) B 2 4%
PRI W3 25 5 . JO B B 2 Y bR E v (NMDS) 43 By
SR WK 3 H B REAHS HAT A [ A B A S Ul W]
GP.GN FIl NG 2H 530 2E W 21 0 L B A A

3.3 3AMAPBEREEEITKE LNHEEK

7 KA reads 53 J@ 17 DNTT(GR 5) . JEEER ]
(Firmicutes) £ 3 drp F ¥ N . 5 T8 1
K45 R M Bl GP. GN 1 NG 4 4» 51 4
52.736% ,54.080% ,54. 635% , 7F 113 {3 & & v
Yk 53.735% . $UFFE ] (Bacteroidetes) ££ 3 4
FE W ZPTL 4y 0 B 33.832%, 34.426%,
33.819% (& 5), 7 113 iy B &h b BT & Le 1) Ky
34,054 %0 5 1 287K b A6 40 TR A 6 = B =>0. 1 % By Rip
10 AN TRy BBV X 32 BE 7 177K BB X A 3=



10 TR i IGF-1 3 [ R 40 T 2 5 =l s 35 R 2 P 36 306 0 T 0 2 M T 20 A0 2% S 40 M 2399

B GPF Cladogram
3 GPM p_Fibfobacteres
B NGF ¢_ Fibrobacteria
Bl NGM

€_ Clostridia
h

p__ Firmicutes

mm a. f Bacteroidales BSI11 gut group
mm b: g Fibrobacter

mm c: f Fibobacteraceae

mm d: o_Fibrobacterales

=3 e: s uncultured bacterium_g Ruminococcaceae_ UCG_005
B3 f: g Ruminococcaceae UCG_005
== g: f Ruminococcaceae

=3 h: o_Clostridiales

B i g Treponema_2

mm |: f Spirochaetaceae

== k: 0_Spirochaetales

PEA 2 ST N AN R B BRARER T i T = Al 9 3 2R G 5 7R AR TR 4 26 9 L A B — A/ BB AR R OK S TR B — Ao
e NE B RN GHEXN FEINRIE] TR FEERNYFRE GO hEO

The different circles from inside to outside represent the classification level from phylum to species; Each small circle at

different classification levels represents a classification at that level; The diameter of the small circle is proportional to the

relative abundance; Species without significant difference were uniformly colored yellow

B 9 GP 1 NG 40718 B B LEfSe 43 #7 #t 4k 4> % &
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D FEE 1 BRI R (LA 30 AN .36 N AD L G
HJE A 3R E Bk B UCG-005 i 2 90 1 vk 25 7
YFh . NGF 4104 Y bric ¥ & S0 % BS1L &L, ok
i FE Y22 R YA GPF 4/ A bR ic ¥ 43 ) o 45 4
FRE Tl 499, B B 8 e iR 1. 40, B FBH 8 &
SA-EA AN R W R YR B2 AR
KBRS 3 e T R P SR AR SR 2 B
Yyl 38 P H L S T

3.6 JEFEABERENEEZESM

(R ESE VR TN Y L SN SR N TIE S =S BT
B RAR— B BB DU X 3 LK 2 5 4R G L T 2
T LB A 4 M e LA EH % IGF-1 PR H g 38 B
TELEF AT (R I L X 113 AN FE L A 1] 7K 3L
EWAOM BN AERE 17 AR A AT R
I, Hf, GPM 4 & A& 4 3 1] (Chlorobi) ,
GNF F1 GPF 2H A& # i SR1_[ Absconditabacteria ][],
B A AR XT3 R 0. 000 1% ~0.002 8% . J5 &1
AR 2 BE R 0. 000 3% ~0. 006 8% » 34 e A% = i
I3 . TIKFIA L ZRE L H) 94, 12% .,

X113 A2 i @ A IR B o B A
Y 228 @A 214 AN B R, Hih 6 Mg
£ GPM .GNM NGM 4 ¥ KK i, 2 8 7E NGM
HAK M1 ADNEAE GPF.GNF AR H .1 8
£ GPM . NGM I # Kk th, 1 4@ 7 GPF 4 Kk
1A JE#E NGF gk k. 1 A& £ GPFLNGF
AR . B KA S L] 93.86%, Xf
113 A~ 2 il TR Rl oK CSE SR =2 T8 404 s s BT R Y
185 AN EAp A 174 ANEFCH LR, Hop 3 N
e GPM,GNM,NGM 4 ¥ £ ¥ 1 . 3 4~ B Fl 78
GPF @ KKz th, 2 NP AE NGF gl K&K . 1 AR
FifE GNE.NGM 0¥ K4 .1 AN AP 7E GNF 41
R .1 AR E NGM 4R K . 5 F oK F 4
AR A 94.05%

XFETAT ZERE S T T B BHE P 6 AN 432K L
o T4 R 4% 43 2K b L R P o L A6
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