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Abstract Bacteriophages play important roles in maintaining the host intestinal microenvironment. Few
studies have reported intestinal bacteriophages in sheep. In this study, we comprehensively explored intestinal
bacteriophages in Awang sheep using metagenomics. We identified a total of bacteriophages, mainly from
11 families, 225 genera, and 1 050 species. Most bacteriophages belonged to Siphoviridae, Podoviridae, and
Myoviridae, accounting for 29.9%, 12.8%, and 9.1%, respectively. Among these, 34.4% were bacteriophages
that were not classified into families. These 225 genera were mainly Cequinquevirus (2.8%), Vaccinivirus (2.8%),
Parapoxvirus (1.8%), and Friunavirus (1.1%). Among the 1 050 phages, Caudovirales_phage (9.4%) was the
dominant species, followed by CrAss_phage (3.4%) and Bdellovibrio_phage (1.3%). Significant differences
were observed in the structure of the bacteriophage community among the different breeding models of Awang
sheep (family: R = 0.853, P < 0.01; genus: R = 0.832, P < 0.01; species: R = 0.840, P < 0.01). Significant
differences were also noted in the alpha and Shannon diversity indices among all the breeding models. This
study revealed the community structure characteristics of intestinal phages in Awang sheep and the significant
impact of feeding models on the community structure of intestinal phages, providing a new perspective for the
prevention and control of diseases using intestinal phages as well as an important theoretical basis for ensuring
the intestinal health of Awang sheep.
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Table 1 Details of the samples collected
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HEATDNATEEL. HRICE TR 4% f i 7] S DNATE I
W55 B3R AT. FRASIIDNABEAT BRI, 6 0& #
JE 1K R S A28 ) (oe-biotech, Inc.) 4TI, I
F-4 Alllumina Hiseq il F 4.
1.3 HIERIE

i FH1SeqPrep (https://github.com/jstjohn/
SeqPrep) # 23" 15"y 1) Barcode, [ i 5 B A i
B (K < 50 bpal il R {H< 208 H N
%) (https://github.com/najoshi/sickle) , [Ff 2 4
i e R EE 4. 8 % T-De bruijn-graph(f]
-4 #% SOAPdenovo (http://soap.genomics.org.cn,
Version 1.06) 451, FAFEARK-mersi
1£1/3-2/32 [H). {REEK 1500 bplfiscaffoldifffr
Gt ier, AT AR B 7 AE 1 scaffold (1) i &

peais  penl i o BRR e pen ew g R g g g IR
Sample ID Gender Age (mikg) Sample ID Gender Age (mikg) Sample ID Gender Age (mikg)
aw_fm_01 Q 1 20 aw_bs 01 3 2 30 aw_qgs_01 Q 2 28
aw_fm_02 Q 2 19 aw_bs_02 Q 2 28 aw_qgs_02 Q 2 33
aw_fm_03 Q 2 20 aw_bs 03 Q 2 32 aw_qgs_03 Q 2 39
aw_fm_04 I 1 10 aw_bs_ 04 3 1 28 aw_gs_04 Q 2 43
aw_fm_05 3 1 18 aw_bs 05 Q 1 33 aw_qgs_05 Q 2 37
aw_fm_06 Q 6 18 aw_bs 06 Q 1 33 aw_gs_06 Q 2 31
aw_fm_07 Q 1 20 aw_bs_07 Q 2 65) aw_qgs_07 Q 2 38
aw_fm_08 Q 6 20 aw_bs_08 Q 2 26 aw_gs_08 Q 2 39
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%31 Table 1 (continued)

Feas  penl e g WRR L e p e g WU s e e g AR
Sample ID Gender Age (mikg) Sample ID Gender Age (mikg) Sample ID Gender Age (mikg)
aw_fm_09 3 1 15 aw_bs 09 Q 2 34 aw_qgs_09 Q 2 37
aw_fm_10 Q 5 25 aw_bs_10 Q 1 31 aw_gs_10 Q 2 35
aw_fm_11 Q 3 25 aw_bs_11 Q 2 28 aw_gs_11 Q 2 18
aw_fm_12 Q 3 21 aw_bs_12 Q 4 41 aw_qgs_12 Q 2 38
aw_fm_13 Q &8 30 aw_bs 13 Q 4 44 aw_gs_13 Q 2 41
aw_fm_14 I} 2 28 aw_bs_14 Q 2 29 aw_qgs_14 Q 2 30
aw_fm_15 I 1 15 aw_bs 15 Q 3 41 aw_gs_15 Q 2 33
aw_fm_16 Q 6 30 aw_bs_16 Q 2 35 aw_qs_16 Q 2 27
aw_fm_17 Q 2 24 aw_bs_17 Q 2 88 aw_qgs_17 Q 2 30
aw_fm_18 Q 3 33 aw_bs 18 Q 3 37 aw_gs_18 Q 2 55
aw_fm_19 Q 4 30 aw_bs 19 Q 3 39 aw_qgs_19 Q 2 27
aw_fm_20 Q 2 28 aw_bs 20 Q 3 45 aw_gs_20 Q 2 30
aw_fm_21 Q 5 25 aw_bs 21 Q 3 42 aw_gs_21 Q 2 45
aw_fm_22 Q 3 30 aw_bs 22 Q 3 37 aw_gs_22 Q 2 47
aw_fm_23 3 3 85 aw_bs 23 Q 2 46 aw_gs_23 Q 2 29
aw_fm_24 38 1 25 aw_bs 24 38 2 41 aw_qs_24 Q 2 27
aw_fm_25 Q 1 20 aw_bs 25 38 2 ) aw_gs_25 Q 2 &3
aw_fm_26 Q 2 28 aw_bs_26 Q 2 35 aw_qgs_26 Q 2 36
aw_fm_27 3 2 20 aw_bs 27 Q 2 44 aw_qgs_27 Q 2 54
aw_fm_28 3 1 25 aw_bs_28 Q 3 38 aw_gs_28 Q 2 32
aw_fm_29 Q 7 85 aw_bs 29 Q 4 51 aw_gs_29 Q 2 30
aw_fm_30 Q 6 33 aw_bs_30 Q 1 37 aw_gs_30 Q 2 40
aw_fm_31 Q 1 20 aw_bs_31 Q 3 44 aw_qgs_31 Q 2 30
aw_fm_32 Q 7 32 aw_bs_32 Q 2 41 aw_gs_32 Q 2 50
aw_fm_33 Q 5 35 aw_bs 33 Q 2 31 aw_qgs_33 Q 2 42
aw_fm_34 Q 1 15 aw_bs 34 Q 3 38 aw_gs_34 Q 2 29
aw_fm_35 Q 2 25 aw_bs_35 Q 3 44 aw_qgs_35 Q 2 28
aw_fm_36 38 2 35 aw_bs 36 Q 2 41 aw_gs_36 Q 2 30
aw_fm_37 Q 2 20 aw_bs 37 Q 3 47 aw_gs_37 Q 2 39
aw_fm_38 Q 3 20 aw_bs 38 38 3 41 aw_gs_38 Q 2 35
aw_fm_39 Q 2 25 aw_bs 39 3 2 34 aw_qgs_39 Q 2 28
aw_fm_40 Q 7 28 aw_bs_40 Q 3 39 aw_qgs_40 Q 2 43
aw_fm_41 3 2 85 aw_bs 41 I 2 41 aw_qgs_41 Q 2 36
aw_fm_42 Q 5 28 aw_bs 42 8 2 36 aw_gs_42 Q 2 47
aw_fm_43 Q 4 25 aw_bs 43 38 3 50 aw_qgs_43 Q 2 658
aw_fm_44 Q 4 30 aw_bs 44 38 2 37 aw_gs_44 Q 2 32
aw_fm_45 Q 5 &3 aw_bs 45 3 3 45 aw_qgs_45 Q 2 34
aw_fm_46 Q 1 20 aw_bs 46 38 2 41 aw_qs_46 Q 2 35
aw_fm_47 Q 7 88/ aw_bs_47 Q 2 ) aw_qgs_47 Q 2 44
aw_fm_48 Q 6 30 aw_bs 48 38 2 39 aw_qs_48 Q 2 35
aw_fm_49 3 1 23 aw_bs_49 Q 2 39 aw_qgs_49 Q 2 42
aw_fm_50 38 1 25 aw_bs_ 50 Q 2 44 aw_qgs_50 Q 2 34

YA “aw_fm_” JFL R FE bk B ot B BTHE 2 (ZE0 , “aw_bs_” RAEBM T &Elsn CEEED , “aw_gs_” kH 7T E i
RAEVBHEARAT (&6 . SMEMENE, QAGRMERE. SRV 0-18 WAL E, 2-8 5 NRAEANE. fmén 3 DA R 5y
&, bs4nE LS R FHEASTERONE, gsiiFLUBRITREA &
Samples starting with “aw_fm_" come from Awang Town, Gongjue County (pure grazing), “aw_bs_" from Jueyong Breeding
Farm in Changdu City (semi-house feeding), and “aw_qgs_" from Zangdong Biotechnology Co., Ltd. in Gongjue County (full
house feeding). & stands for the male, @ stands for the female. Age range: 0-1 years old for juvenile sheep, 2-8 years old
for adult sheep. fm sheep feed on plateau meadows, bs sheep feed on plateau meadows, green hay, and coriander roots,
and gs sheep feed on pelleted feed.
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Fig. 2 The most abundant family of phage in each sample.
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Fig. 1 The most abundant family of phage.
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Fig. 3 The most abundant genus of phage.
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Fig. 4 The most abundant genus of phage in each sample.
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Fig. 5 The most abundant species of phage.
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Fig. 6 The most abundant genus of phage.
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Fig. 7 Chao 1 and Shannon indices of phage communities for each breeding model. fm, bs, and gs represent
grazing, semi-house feeding, and full house feeding, respectively. ** P < 0.01, *** P < 0.001.
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Fig. 8 Venn plots of phage family for each breeding
model. fm, bs, and gs represent grazing, semi-house
feeding, and full house feeding, respectively.
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Fig. 9 The most abundant family of phage in each
breeding model. fm, bs, and gs represent grazing, semi-
house feeding, and full house feeding, respectively.
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Fig. 10 Venn plots of phage genus for each breeding
model. fm, bs, and gs represent grazing, semi-house
feeding, and full house feeding, respectively.
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Fig. 11 The most abundant genus of phage in each
breeding model. fm, bs, and gs represent grazing, semi-
house feeding, and full house feeding, respectively.
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Fig. 12 Venn plots of phage species for each breeding
model. fm, bs, and gs represent grazing, semi-house
feeding, and full house feeding, respectively.
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Fig. 13 The most abundant genus of phage in each

breeding model. fm, bs, and gs represent grazing, semi-

house feeding, and full house feeding, respectively.
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Fig. 15 Significant taxa in phages among three breeding models of Awang sheep. fm, bs, and gs represent grazing,

semi-house feeding, and full house feeding, respectively.
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Fig. 17 Significant taxa in intestinal bacteria among three breeding models of Awang sheep. fm, bs, and gs
represent grazing, semi-house feeding, and full house feeding, respectively.
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