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Correlation analysis between semen quality and fecal
microbiota in York boar

SUO Yunpeng, LI Xiaotong,LI Yansen,SHEN Dan,LI Chunmei "

(Research Center for Livestock Environmental Control and Smart Production, College of Animal Science and Technology,

Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] The objective of this experiment was to study the microbial composition , testosterone and endotoxin content of
feces,from boars with different semen quality, and analyze the correlation between semen quality and fecal microbiota, testosterone
and endotoxin. It will provide a basis for improving semen quality by regulating gut microbiota in pig production. [ Methods ]
According to semen quality parameters of all boars in the three months before the experiment,33 York boars of similar age(479.33+
2.85) and body condition were selected and divided into low semen quality group( LSQ,n=12)and high semen quality group( HSQ,
n=21). Fresh feces of experimental boars were collected to detect the content of testosterone and endotoxin, and the microbial
composition of feces was analyzed by 16S ribosomal RNA gene sequencing technique. [ Results ] The fecal testosterone level of boars
in the HSQ group was significantly higher than that in the LSQ group( P<0.01) ,and there was no significant difference in endotoxin
levels. There were 3 differential bacteria on family level and 5 differential bacteria on genera level in the boar fecal microbiota of the
HSQ group and LSQ group. At the family level,, Eubacterium_coprostanoligenes_group was significantly enriched in the LSQ group
(P<0.05) , Atopobiaceae and Akkermansiaceae were significantly enriched in the HSQ group( P<0.05) ;at the genus level ,g_norank_f._
Eubacterium_coprostanoligenes_group and Faecalibaculum were significantly enriched in the LSQ group (P<0.05)and g_norank_f_
Atopobiaceae ,Akkermansia and Clostridium _sensu_stricto_6 were significantly enriched in the HSQ group ( P<0.05). There was a

significant negative correlation between Eubacterium_coprostanoligenes_group and sperm motility and sperm density ( P<0.01) , and

75 B #5.2022-08-24
E€UA . EK A AR EETH (32072781)
CBEEE . TEME, B LA SIE W5 1) A S A A S SR8, Email ; chunmeili@ njau.edu.cn,



124 [EZI S S A NI S 841

there was a negative correlation between Eubacterium_coprostanoligenes_group and fecal testosterone levels( P=0.11) ;there was a
significant positive correlation between Atopobiaceae and sperm motility, sperm density and fecal testosterone levels (P<0.05) ;
Akkermansiaceae significantly positively correlated with sperm motility ( P<0.01 ) and sperm density ( P<0.05), and positively
correlated with fecal testosterone levels (P =0.09). [ Conclusions ] The results showed that there were differences in the fecal
testosterone level and microbial composition of boars with different semen quality, and there were different degrees of correlations
between boar fecal microbial structure and semen quality,fecal testosterone levels. The results provide a new theoretical support for
improving boar semen quality by regulating gut microbiota.

Keywords : boar ; semen quality ; testosterone ; endotoxin ; fecal microbiota
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Table 1 Boar sperm quality indicators within 3 months before the trial(x+SE)

ity RSV 40 TR 2H P{H

Ttem Low semen quality ( LSQ) High semen quality (HSQ) P-value
H5 W/ mL Sperm volume 318.49+11.72 313.45+7.05 0.64
A5 7% 1 Sperm motility 0.48+0.03" 0.83+0.01* <0.01
TR/ (108 mL™") Sperm density 3.05+0.15% 4.88+0.13" <0.01
I FHFIE 4/ % Abnormal sperm rate 34.20+1.68" 22.47+0.73" <0.01
FRAEFEH /(108 mL™") Functional sperm count 431.16+44.95" 1 221.32+39.87¢ 0.01
SRS TFECH/(10° mL™") Total sperm count 815.90+66.44 1 459.29+44.68 0.37

T P ARNG FRAUR 225 B3 (P<0.05) , EARARRIRE FRURZ M B E (P<0.01)
Note : The superscript different small letters represent significant difference ( P <0.05) and the superscript different capital letters represent
extremely significant difference (P<0.01).

F2 XAABREMBERANREFER(KFER)

Table 2 The basic diet composition and nutritional composition of this experiment( as-dry basis ) %
JEURHH % Ingredient component EFEH Y Nutrient component2>
FK Comn 30.58 T4 1LBE Digestive energy® 13 229.81
/INFE Wheat 20.00 FHE I Crude protein 15.50
WK Barley 30.00 HMLAEW Ether extract 2.40
HH(43%) Soybean meal 6.97 ML 4E Crude fiber 3.80
FEAEHK Sunflower meal 5.79 PRI AF 4E Neutral detergent fibers 14.26
1t 45 Fish meal 3.00 45 Ca 0.90
AR E 45 Calcium hydrogen phosphate 0.58 B Total P 0.56
£1 8} Limestone 1.51
S ALEH Sodium chloride 0.28
R IR IR LR (70% ) Lysine sulfate 0.49
PR (98% ) Threonine 0.06
{52 (25% ) Tryptophan 0.02
UL JHER (60% ) Choline chloride 0.12
Tl Kl Premix") 0.60

T 1) BRR A AT 78 HARSRAE .5 000 TU 4E2E 2 A5 1000 TU 4E24: 3 D, ,48 mg-kg ' 4i4: % £;2.5 mg-kg ' 4E/E % K;4.8 mg-kg ' 4 &
B,;3.2 mg-kg ' 4EH: & Bg;7.5 mg- kg MR ; 88 mg - kg™ K ( thmk]z%) 20 mg- kg™ ]%I_l( TR ) 590 mg - kg™ B (EALER) ;
0.3 mg-kg™' WCEARREN) . 2) BEFRABCHIIEME, 3) HAREAN R kI kg™ .

Note: 1) Premixes are provided for each kilogram of diet:5 000 U vitamin A ;1 000 IU vitamin D, ,48 mg-kg™" vitamin E;2.5 mg-kg™' vitamin

K;4.8 mg-kg™" vitamin B, ;3.2 mg-kg™! vitamin Bg;7.5 mg-kg™' niacin;88 mg-kg™" iron(ferrous sulfate) ;20 mg-kg™" copper( copper
sulfate) ;90 mg-kg™! zinc(zinc oxide) ;0.3 mg-kg™! selenium( sodium selenite) . 2) Nutrient composition levels are calculated. 3) The unit

of digestive energy is kJ-kg™'.

1.3 RBRRESH

B ML B R F 2 BT ( computer-assisted sperm analysis, CASA ) F14F % 53 M1 K 14 Magavision
Magapor , Zaragoza FI Spain K AR BT i, W€ 8 PR ARG W B K 105 ) K IR R ANG T3 R, S
RO B80KE BRI 11538 2 BORE 85 = WS T ok %% B2 5 A 50K 0 = WS VR I ok 2% B ok 1
WA,
1.4 HEEFEZRMASEZSERN

TRA FEEAREAS J5 RG2S R AN N B R 5 2, HSQ 44 3 MREARIR A, 1SQ 44 2 MEARIRA .
1.4.1 BEEEMMHERSNE SRS BV AP A2 MmUM R B 0.75 ¢ FEME T 10 mL 5
D FR A S mL ¥R JE A 90% (1) A, 2% 1 min, BT 60 C/KBEHH 20 min,2 000 r+min™ &0 10
min, ;EIHW, T-20 CREAEH, AR C YR B S SE R ELISA 250 Sk 1 7 52 16 7K -

FE, FARSRAEL BEAR G B A T

14.2 HEXNSEMHIBSNE 56N RRBOTEAE Clark 25050 RER Y 9 3ERE 1 RYVE S . 38
EFEATIA TG PBS S, it 10 g-mL™ AR RUR B, 1 200 ¢ B0 10 min, FHELT 0.2 pm JEHTE,
JEVR T 20 CORAERH . R ] 2 0 A= BB 28 7 P B 2R i X700 6 (A o f o 6 o vk ) )
FENTER T, TEAERE LIRS UL A i HFEM Y8 TN B R IE
1.5 16S rRNA ERAE

B RAFREARTR A HSQ 4% 3 MEARIR A, L4558 7 MR AEEA ; LSQ 4145 2 MEAR S, 53 6 4~
TRGFEA AR D P 20 98, X6 I A7 2 A o P IO B DR 28 DNA JF ARG I FL 4 B | e B fn e e v 4
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16S tRNA [ V3-V4 &8 X, 5145k 338F (5'-ACT CCT ACG GGA GGC AGC AG-3')/806R(5'-GGA CTA
CHV GGG TWT CTA AT-3") ., 7£ 55 CHIRJOREE N 4T 27 MEA, L Malinss Hem a5 R, A,
W] PCR 779 H 1 4545 RO/ IERG W B G, AT A7 )5 22300, 78 T 50 58 5 # 17 PCR IE K5,
PCR 1% : ABI GeneAmp® 9700 %, PCR /=¥ F T SCIE MM , 1 13 55 35 A2 4 F A BR2S =AY 2 R
V5 LaEAT R T 5 . A T B A EE A2 2 NCBI B 1, 6554 PRINA8S1983,
1.6 HEHZITSHH

FIA WPS 2021 SEATHCHE B30 RS VR0 i 2S00 S2 1 Je (N 3 R AR Al i SPSS 26 A T LR T 2
(one-way ANOVA) 73T, 45 B DISEII(H + bR UETR (2 £SE) Fern K o = | 38 {88 52 1) A1 388 48 1 3 o
GraphPad 8 R Pearson FASEMESIHT , M IS BUH LADEAL B RY =F B 55005 1906 1 RS 7 B R S2 7 1] 1)
XM, P>0.05 #REFALE,P<0.05 FREFTE,P<0.01 FREFNEE,

2 HBRES

21 EEFEEME5NFTRSENT
FETRA K 27 22000, WZE S (& 1) thil L HY - HSQ ZH A 268 S K 38 3 T 1SQ 4H (P<0.01)
HSQ 2H A 2508 N 25 KK A T 1LSQ 4H (B LB EZHF(P=0.13)

03r A Hok 300 B

T .
B O L L
§ E’ 0.2 g/é 200
= S H— .=
B2 % g
¥ 8 01r % S 100+
é% 38 # q

X
0 0
LSQ HSQ LSQ HSQ
4341 Groups 4341 Groups

E1 AEBRRELAENEFEZM(A)FNSE(B)KTE
Fig.1 Fecal testosterone( A)and endotoxin(B)levels of boars of different semen qualities

** P<0.01

2.2 EFEFEEMN o0 B SHEEDN

K 168 rRNA K& PRI P H AR 43 87 AS 18] W 5T 5 3 J 28 08 T AFF 1) 2 i, 9T A 288 8 R A 3 075
464 3T3IMABUTI R BL, TR 9T %ARMUIMERT AR A P81 (A& HUF51) #E4T OTU &, Venn (4ERL) K 1
7~ LSQ ZH A HSQ AHALARTS 1 211 4> OTU, Hrh W ZH LA 1 069 1~ OUT, LSQ ZHF1 HSQ 2H 730 %85 i 53 4>
H189 MREA OTU, ZEMHRIHE o ZAEVE M TAE RE W] HSQ Y M -5 J& (Sobs  Ace , Chao $55) FIZ ¥
P (Shannon $5%%) ¥ T LSQ 4 B Z [ 22 7 A B3 (P>0.05) . B ZHEET I, F WUt B3k
W], P Z (RIS B R — 2 10 28 S0 ABAEAE RS 43 B, PCL AN PC2 Hlur 45 R (0 i B B2 4330 39.35%
1 17.44% , FT Weighted-unifrac B 25T HE AR B 2 4EHED] (NMDS) 70 B 7 | BE 25 25 {H Stress<0.1 £
W HA — o B S P ) T i e 25 55 (| 2)
23 EFEHARMERSH

HETF 168 rRNA U JFEE 44T, L HSQ 4URI LSQ 42 [MZE B AF Y 22 5 . 55Nl 3 Bz . #E 1 1K
S W ZH N B A TR AR S LB RE TR ] ( Firmicutes ) AEUFTHE 7] ( Bacteroidota) MR E B[] ( Spirochaetota ) L A%
JE T 1] ( Proteobacteria ) £k B ] ( Actinobacteriota) A 3 ; ZERI K [, LK T 1% & Abr e, A A
FEMB B EERA I 18 A FHFEME I E HERL, A Oscillospiraceae ( BRERE A} ) | Lachnospiraceae ( EIREF}) |
Peptostreptococcaceae ( 14 1t 8% BR B Bl ) . Streptococcaceae ( #E K IF Fl ) . Clostridiaceae ( #2 B &l ) |
Christensenellaceae ( 57, B 37 % % 16 B} ) | Prevotellaceae ( 3 85 ik < 1 £ ) | Spirochaetaceae (2 i€ {4& £} ) F1
Lactobacillaceae ( FLERFTF B R} ) 4 3 B Bemr . X HSQ ZH AN LSQ 41 B9 28 2= 5 B o0 A, ZERL K F , HSQ 4]
#J Eubacterium_coprostanoligenes _group ( =2 £ B H AT £l ) F B B F L F LSQ 41 (P<0.05) , HSQ 21
Atopobiaceae ( I FE AL ) Al Akkermansiaceae ( Bl 50 & L) 3= B 18 2 5 F LSQ 41(P<0.05) ; @K,
HSQ #H g_norank_f_Eubacterium_coprostanoligenes_group N Faecalibaculum ( T &) W FF B KT LSQ
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Fig. 2 Analysis of a and P diversity in boar feces of different semen quality
AWIRI Venn [ T3HT ; BRI ZAENES 3= 5 TR, Sobs FREURMIFI SRR SBRILIIME , Ace FEEUREMAI £ ¥, Chao 55 FW TN
& & , Shannon FEEUREDF ZHEM: ; C. AL E T 8507041 (PCA) ;D.JET Weighted-unifrac # 23 A93ERE it 2 4EHED] (NMDS) 43#7 ( Stress=0.095)
A.Species Venn diagram analysis;B. Species diversity and richness index,the sobs index represents actual observations of species richness,the ace
index represents species richness,the chao index represents species richness and the shannon index represents species diversity ; C. PCA analysis between

the two groups; D. Non-metric multidimensional scaling( NMDS ) analysis based on weighted-unifrac distance calculation( Stress=0.095).

2 (P<0.05) , 5K 7E g_norank_f_Atopobiaceae Akkermansia ( P 5% 1% J& ) Fl Clostridium_sensu_stricto_6 H)=F
BE I HSQ HEBE T 1LSQ 4 (P<0.05) , 7E LEfSe ZH P43 Mr4h b, [ #E 0] LIE H Eubacterium _
coprostanoligenes_group 7F LSQ 2 H i} 2 & 4E , Atopobiaceae Fl Akkermansiaceae 7£ HSQ 21+ i} 3 &
24 EEZREARFESHRRENEXESN

K Pearson FHICHEIM T 71203 BT 22 S R S5 RE TR BT i RO OC 2R, 1l TR /K F B R R BIE S, I =
SRR 30T DB 4 AT DU H 00 2006 FE 00 22 S TR 5 2 SRS MR i S0 SRR /K 2 R AR 05
B, Eubacterium_coprostanoligenes_group & 55116 /1 (r=-0.45,P<0.01) M F%)E (r=-0.48,
P<0.01) 1 3 M TOAH R OC &, 5 S MK P AP A G C R, BIF A 3 (r=-0.48,P=0.11),
Atopobiaceae 4 5K 1% J1 (r=0.42,P<0.05) K T % B (r=0.38, P<0.05) A =2 f{il K (r=0.57,
P<0.05) Z 61 B FEMIEA XK R, Akkermansiaceae £ JF 5K5 71% 71 (r=0.46,P<0.01) ¥§ T2 & (r=
0.43,P<0.05) A 2. 3 Y IE MG C R, 5 SR K P77 7655 IEAH G OC R (r=0.50,P=0.09) . [ I HE I
Eubacterium_coprostanoligenes_group . Atopobiaceae Fl1 Akkermansiaceae T BE X A% R i 10 & SCBEAE H

3 itie

SR R SEOALIR ST AR A, 7R A G R T R A U T AR A B v R B e 0 11 2
A6 52 JR 5 i s, S L R T SR AT RS T AR MR B TR RV ER], AN E T S Y
7 A 2L AR 2R S A IR SR, K B A P 2 2R b i B, S A e P 8 2R LR 3 g
A IREESF A T RE R R TN R R A MR G B TSR, SR S Y AR T IR
RT3 B FE M N 35 25 B TE 28 e, 4 DNk mT REJR S AB A M ML R — e O =X, A B4
TR B0 7 2R 5, N 3 R e S B 2
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Fig.3 Analysis of fecal flora species differences in boars of different semen quality
A. HSQ ZHA1 LSQ £H7ENT/KF- B4 RR LR ; B. HSQ ZHA LSQ HIERK T AR AL (5 > 19%) ;€. HSQ ZLA LSQ HTERHAIE 7k
b 22 55T, SR Wilcoxon FIGI0T7 2 KA B0 Bk 25 575 D. HSQ LA LSQ 40 X 43 18 35V FH A o2 W 2 BE A 0 31 43, LDA 34338
i LEfSe 1143 ( P<0.05,LDA>2) , * P<0.05,
A. Species composition of groups HSQ and LSQ at phylum level ; B. Species composition of groups HSQ and LSQ at family level, content>1% ;

C. Differences between groups HSQ and LSQ at family level or at genus level, Wilcoxon data sum test was used to test significant differences;
D. Discriminant analysis of microbial taxa with significant roles distinguished between the HSQ group and the LSQ group, and the LDA score was
calculated by LEfSe(P<0.05,LDA>2). * P<0.05.
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Fig. 4 Correlation analysis of fecal differential microbiota abundance with semen quality and fecal testosterone level
A. Eubacterium_coprostanoligenes_group FE 5K K TR | S2 WK -2 18] SRR KOS F B, Atopobiaceae FESHETIEL BT
BEIE SRR K- 22 18] SIS IR C. Akkermansiaceae 3 50 T35 1 RS T35 1 | S2 I /K SF- 22 18] SCIE R H0US E
A.Scatter plot of the association between Eubacterium_coprostanoligenes_group abundance and sperm motility, sperm density, testosterone level ;
B. Scatter plot of the association between Atopobiaceae abundance and sperm motility , sperm density , testosterone level ; C.Scatter plot of the association

between Akkermansiaceae abundance and sperm motility, sperm density , testosterone level.
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