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In light of the complex interactions between the host animal and its resident gut microbiomes, studies
of these microbial communities as a means to improve cattle production are important. This study
was conducted to analyze the intestinal microorganisms of Holstein (HT) and Jersey (JS), raised in
Korea and to clarify the differences in microbial structures according to cattle species through next-gen-
eration sequencing. The alpha-diversity analysis revealed that most species richness and diversity in-
dices were significantly higher in JS than in HT whereas phylogenetic diversity, which is the sum
of taxonomic distances, is not significant. Microbial composition analysis showed that the intestinal
microbial community structure of the two groups differed. In the both groups, a significant correlation
was observed among the distribution of several microbes at the family level. In particular, a highly
significant correlation (p<0.0001) among a variety of microbial distributions was found in JS. Beta-di-
versity analyis was to performed to statistically verify whether a difference exists in the intestinal
microbial community structure of the two groups. Principal coordinate analysis and unweighted pair
group method with arithmetic mean (UPGMA) clustering analysis showed separation between the
HT and JS clusters. Meanwhile, permutational multivariate analysis of variance (PERMANOVA) re-
vealed that their microbial structures are significantly different (p<0.0001). LEfSe biomarker analysis
was performed to discover the differenc microbial features between the two groups. We found that
several microbes, such as Firmicutes, Bacilli, Moraxellaceae and Pseudomonadales account for most
of the difference in intestinal microbial community structure between the two groups.
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DNAS] EH(fragmentation) =5 &<213}7] 913l 0.8%
agarose gel A7 95 S F3sF o, H&3 dsDNA &
=5 =A3%17] 93l Qubit 4 (Invitrogen, Waltham, Massa-
chusetts, USA) FZF40E o] &3t &5 49
+ Nanodrop One (Thermoscientific, Waltham, Massachu-

setts, USA) T332 5AE 0|83 Absaconn/Abs230mm, AbSzgonm/

Absyonm ratios S 3+] metagenomic libraryS A 2}3}7]

913 DNAS ZAAAE S8ttt

16S rRNA REXL library HZ

W A Re| nmlo] A FEuto]lg A& 913 16S rRNA
metagenomic library A 2+e] 22 342 [lluminaitoll A A
T3 16S metagenomic sequencing library preparation
guide [8]° wet AAEHJT EH AEZREH F=3
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Fig. 1. Comparison of microbial composition at the phylum, class, order and family levels. Composition less than 1% were

grouped into others.
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Table 1. Relative abundance of the most preponderant fecal
microbial communities at the taxonomic level

Ta’;‘;z:lmlc Taxa HT (%) IS (%)
Firmicutes 55.38 34.08
Proteobacteria 2591 57.91

Phylum  Bacteroidetes 12.43 5.59
Actinobacteria 5.71 2.02
Others 0.57 0.40
Gammaproteobacteria 25.01 57.85
Bacilli 34.79 16.39
Class Clostridia 18.86 16.68
Flavobacteria 6.25 2.32
Others 15.08 6.76
Pseudomonadales 25.01 57.84
Bacillales 24.56 13.80
Order Clostridiales 18.85 16.67
Lactobacillales 10.17 2.57
Others 21.41 9.12
Moraxellaceae 24.69 57.82
Planococcaceae 15.81 5.27
Family Paenibacillaceae 5.40 7.08
Carnobacteriaceae 10.03 2.44
Others 44.08 27.38

£ A2 YEYt(Fig. 1, Table 1). Nguyen 52 I+
AA15]00 o3t FAW P Feid o] ko] &2 A
A F9] Yol A Pseudomonadaceae, Moraxellaceac2] &
Z7F =& Zo® W3R vk o] AR F] AW Pseudomo-
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o2 Yeid 2 A5 A} FA3Ee Pseudomonadales
92 Moraxellaceae (g_Acinetobacter)7} 247} A4slE o
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Proteobacteria 52| Pl &Eo] FEFOZE I} B
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Table 2. Information about valid reads remained after trimming

SAPE B4 o] Bl o] ALR 5 e R acled o3k AU
A= W3l 2o FaEud Bl 2] A e
i E4o] FUHH o ® FFojof & Ao w AdkdT

2Bl T3 AA T AW ¢ nAdE £Xo B
HHAAE 3 FFAA EHT A3 S2ES] FoA=
Bifidobacteriaceae 2} Lachnospiraceae, AC160630 f (o Bac-
teroidales)2} Ruminococcaceae, Ruminococcaceae®} Lach-
nospiraceae”’} 0.8 ©]°42] %o F#:AA A< (r, Pearson
correaltion coefficient)& WEFY O™, A A] Fol A= Cori-
obacteriaceac®} Lachnospiraceae, Coriobacteriaceac2} Erysi-
pelotrichaceae, Erysipelotrichaceae$} Lachnospiraceae, Cori-
obacteria®} Peptostreptococcaceae, AC160630 f2} Rumino-
coccaceae, Peptostreptococcaceae$} Lachnospiraceae, Plan-
ococcaceae2} Paenibacillaceae, Ruminococcaceac?} Lachno-
spiraZ} 0.9°]/¢2] ko] AF&TAl, AC160630_fe} Moraxel-
laceac”} -0.94882] 9] AFAAAE YEIH A o] F 1A
& Ztol m§ E2 BX AT UERSTHELE. 2).
AC160630_f9} Ruminococcaceae, Ruminococcaceae} La-
chnospiraceae= &2~EFQl F3} A A F HFA £
HBAAE HetWl o, o]9 o] mAET FHaA = A4
o] Foll we} ztel7t A= A= YEFStH(Fig. 3). oF4
7HA A4 A A E] B FRBAC e A7t
A A o2}t A=t FHBA o gk Llo] BEH 8t
ARE, ket A o] FAAM "o FF G 4o 59
of e Be Fo ARERE ATARE
A 28 A M E 2R T2l g o)l
2 7199 & de ALE JigEn.

2 o
Ry

EAE F11 HX| F9| ZLH O|ME CILM 2M

S2ERR] F9 AR Fo AU VA E g NS
sl trimminge AT F S2ERQ] FolM= H
69,880.33712] F&E AVIMES dAS Ae
B 74917.2270¢) 8 G7ALES

read?] 71 U E OFAE BAES 3 BAHE S
k2] BA43517] $38l Good's coverageE AHE3IATH S
EFRD FolME B 99.62%, AA FAAE 99.68%= L
Elgton], AAABNAH 99.20% oldUS FFAstT

(Table 2). &2=E}R] T AX| Ff A vABE A
vl #A435H7] 9l & 6719 § 5% 9 T OFA,

F @54 A5E BASHOH, F 0] AT ol

Contents HT IS
The number of samples 18 18
The number of averaged read 69880.33+12384.74 74917.22+11367.08
Averaged read length (bp) 462.50+£3.55 465.17+4.59
Good's coverage (%) 99.62+0.11 99.68+0.09
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Fig. 2. Scatter plots to show the strong correlation (r > 0.9 or r < -0.9) among the fecal microbiota in two dairy cattle, Holstein

(A) and Jersey (B) species.
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Fig. 3. Pearson correlation (r) matrix showing the relative abundance of dominant microbiota at family level in two dairy cattle,
Holstein (A) and Jersey (B) species. The color is according to the Pearson correlation coefficient distribution.
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2 dAgte] A=A T A M E T 58 A ES
327t 7] fEo g AT 7 24 Fo| HA A
A E T FEo FoE Zol7t A=A B4 e #8)
Beta group set-significance PERMANOVA £41-& 4=3)3}
Row, 1 Ax} pvalueZ} 0.0001 T FHO 2 YER} F

Table 3. Permutational multivariate analysis of variance (PERMANOVA) table showing the significance in comparison with

dairy cattle species on fecal microbial structures

Test

PERMANOVA

Null hypothesis (Hp)
Alternative hypothesis (H;)
p-diversity distance metric

Sample size

Group size

Permutations
p-value
g-value

Microbial distributions of population is same (pi=[L2)
Microbial distributions of population is different (pi#u2)

Generalized UniFrac
36
2
999
p<0.0001
¢<0.0001
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Fig. 5. Principal coordinate analysis (A) and UPGMA tree (B) showing of fecal microbial communities in Holstein (green)
and Jersey (red) based on generalized UniFrac distances.
A B Holstein B Jersey
p_Firmicutes 499 <0.0001 5538  34.08
¢_Bacilli 494  <0.0001 3479 1639
f Planococcaceae 471 <0.0001 15.81 5:27
o_Bacillales 469 <0.0001 2456 13.80
g_Planococcus 4.67 <0.0001 9.78 0.70
p_Bacteroidetes 453  <0.0001 1243 559
s_Planococcus_uc 437 <0.0001 477 0.33
s_Planococcus versutus 429 <0.0001  4.03 0.35
c_Acinetobacteria_c 428 <0.0001 5.11 1.26
p_Acinetobacteria 425 <0.0001 571 2.02
f Peptostreptococcaceae 425 <0.0001  6.60 2.37
g_Peptostreptococcaceae_uc 421 <0.0001 4.83 1.44
¢_Bacteroidia 395 <0.0001 4.95 2,79
f Moraxellaceae 5.19  <0.0001 2469 57.82
o_Pseudomonadales 5.19  <0.0001 25.01 57.84
¢_Gammaproteobacteria 5.19  <0.0001 25.01 57.85
p_Proteobacteria 5.18 <0.0001 2592 5791
g_Acinetobacter 5.04 <0.0001 7.88 31.07
s_Acinetobacter_uc 5.04 <0.0001 7.87 31.05
g_Moraxellaceae_uc 4.62  <0.0001 2.52 11.20
Relative abund
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effect size HT 1S
LDA effect size (log 10)
B Emm Holstein BN Jersey
Acinetobacter Acinetobacter_uc
Planococcus Planococcus_uc
Moraxellaceae_uc Planococcus versutus
Peptostreptococcaceae_uc - Bifidobacterium_uc
g Bifidobacterium L Psychrobacillus_uc
g Ruminococcus g2 8 Kocuria rosea
5] Clostridium (/)Q-‘ Ruminococcus_g2 uc
Paenibacillaceae uc Sporobacter _uc
Psychrobacillus Turicibacter sanguinis
Kocuria Planococcus kocurii
0 20 30 0 10 20 30

Relative abundance (%)

Relative abundance (%)

Fig. 6. LEfSe analysis revealed differences in the fecal microbiota between the Holstein and Jersey groups (A). The length
of the histogram represents the size of the different microbe (LDA effect size). The relative abundance at genus and

species level (B).
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=& : FL0IM AF=REl= Holstein A1 Jersey HAQ| [ D|ME M : HlwiF

St - MA[ - L5 - BME - o] - eH Y - 0|2HE] - M - A5 TS

(TR SALNETH)

=% TEY AU vAEY 17 == A4 gk AFAAE v R E o, 7S 559

zohﬂ U]"@E"ﬂ g A= wg Fasith B A T A ASFEHE A F F2E TH AA
T ZAxo A vAES BT AAY 9714 E B4S B3 A T o E A vAE £F T2
Zbol & St} SEATE A4l A ALY BHEYE AoE GHF F FHES F O AF 24
A7 fFEe FEE 9 gdAH A7t i/\E]'J T BT AR FolA Y3 FFELE & o=
Uebsk o, F 3o AlFsA ArlE Fatete] AE5 = phylogenetic diversity A7 @& A o0& UERS
o HAE X B4 A3 E2ERIF AR Fo —Er ‘“d A mAE R T2 OE A= UK
T FY AAoA FH(family) FF THEFE F = Zhe] B ZAAATE A= ALE eI oH,
53] AA FY A HAES &S vAE EX *]‘Oloﬂ Wl fFolg FEY FFAAV e AL
e F F9] A4 AU vAE F2 zFolrF JEA gl 93l beta-diversity 418 TS
™, PCoA #4137 UPGMA clustering ¥4} A3} F 152 cluster7} B &3] £2]5= 2& AA4F oz &<l
St o™, PERMANOVA &4 23 F ZF9o AU vAE v 727 BAZSE m9 {93 +F9
zlol7b e AL E Yetgth F 24 Fo] AU vAE 3 7= Aold 7|HstE A ES &3]
$3ll LEfSe ¥4& 433l9 2™, 1 A3} Firmicutes, Bacilli, Moraxellaceae, Pseudomonadales 52 “3th = <l
nAE EX zol7b F OET A mAE 3 72 Aol 7MY & 9FE vAE AR YEyT



