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Abstract An oversupply of nutrients (crude protein and phytase) in broiler diets reduces the feed
efficiency and increases nitrogen and phosphorus excretion in manure. Therefore, the environmental
load is increased. A study was conducted to reduce the environmental load due to the excretion of
nitrogen and phosphorus by increasing the nutrient utilization rate with the content of feed ingredients
suitable for the growth stage of broilers. In this study, the gene expression patterns and response
pathways of significantly differentially expressed genes (DEGs) according to the addition of crude protein
and phytase in the feed for 36 broiler chickens at one week of age were analyzed by transcriptome
(RNA-seq, edge-R) and a functional study. The expression of 131 DEGs related to the energy metabolism
decreased in the cecum of one-week-old broilers as the amount of phytase (from 1000ppm to 500ppm)
added to the feed was increased. These DEGs help generate ATP energy through 1) protein
autophosphorylation and 2) oxidative phosphorylation by kinase, which is the reverse reaction of
phytase. In addition, gene expression was activated in the glucose synthesis pathway through 3) the
phosphorylation of monosaccharides (fructose or mannose) by kinase. These results will provide
information on how the function of energy metabolism is regulated and how the growth is affected by
the use of nutrients according to the level of phytase addition in the feed of one-week-old broilers.
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365000 Thste] Al ) et QUkRe|EA A7t
o] mE JYLEe DEste] 37 1HEHER/2)
A2, ZF 5 12999 W Alas sisitiFig. 1).

ZF 7IAE g Alm25E RNAS
TruseqTM RNA sample preparation kit(illumina
San Diego, CAYE Ar8sdt] cDNAE T4
RNA-seq o] B2 E #5550t 755 Zo|HH
£ Illumina Hiseq 2000 Z3E2 ARE5lo] paired
end 2x150bp= RNA A|#4 sttt oldl, 84 157
3659] 7+ WA MEutct 6.0GbolAHE §-4A 1.2Gb
o] sHY), & 216GbS] RNA-seq raw datas AJ/dstod
W A ALRAE st

2=

ZZ39A4 llumina

kel
>

Control group(HH)
- Dietary Crude protein: 22%
- Additional phytase: 1,000ppm

Treatment group I(HL)
- Dietary Crude protein: 22%
- Additional phytase: 500ppm

Treatment group II(LL)
- Dietary Crude protein: 20%
- Additional phytase: 500ppm

Fig. 1. A control group HH and two treatment groups
of HL and LL according to the nutritional level
in the feed for 1-week-old 36 broiler chicks
(12 chicks in each group)
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FASTQC
Quality check of RNA-seq raw reads
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RNA-Seq data read

o210
¥ ¥
FEATUREGOUNTS(V2.0.0)
$
EDGER(v3.26.8)

Results of differentially expressed
genes and transcripts

¥

FUNCTIONAL STUDY

Fig. 2. Program process used for differentially expressed
genes analysis using RNA-seq data.
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DAVID(database for annotation visualization and
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A& & u, EASE(Expression Analysis Systematic
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ZAZBP)E= p-value ¢ 0.1 7]&, KEGG pathway=
p-value < 0.12 A7Asto] $=8Pst94H24].

ot

e

Eolad ol wet d2FHE)T 270 A LHL,
LDE W A5 FPoisict. o, 24 152 4 12
T MAEE FE=EAKFig. 1). dxol] gl A=
W Zhd S=KCP, Crude Protein)< 22% ©]il <1
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FrEolnh. oo well, AT 1(HLS 2ad 3
22%E FAsHE, AR EA HIHFE 500ppmlE
2FHh Fig. 1914 Hi= vie} Zo], & A2+ 2(LD)
= oAy QAR a4 ghefo] ZhAs Alm(Reh
A SF 22%01A 20%2 F 2%dA, QAR aA
1,000ppmellA 500ppml& % 500ppm ZHE A
FH ootk 1378 SA £A 3659 BRIA FE5T
RNAE o835t AAKA HolE(RNA-seq)E /35t
o} o, Zt A W WEuitt 6Ghold, 3650041
% 216Gb9] paired end transcript readsE A%
ot A2 FA(Quality control € Trimming)< F

% L8419 A AXA(Transcriptome) 48L&

2/ A (Galgalo)oll B A3 86.7%~96.0%= 7
| tHTable 1). AA|FOE JFEE 90%ol 3ol
gl HAKA datags SESIIC

Fig. 2004 Hi= Hiel Zo], dAE BEAZ=8S
AR&Sto] Fig. 39 AR A& X9 siqith | &
B A AE(Galgal6)T} 9414} 47 E(gene annotation)
2 Hel Wi AAEY HolHE fAIAF, Aol AAA|
T2 ojdiEE] sio] 3R B HFsH(quantification)
Stick(Fig. 3). ThEHARE AAA (transcriptE Bt
SHnormalization) St} °oJHfi, 307 read countE

Table 1. Summary of RNA-seq reads mapped to the reference chicken transcriptome (Galgal6)

Mapped reads

Group Samplel Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 Sample8 Sample9 SamplelO Samplell Samplel2
HH 94.72%  87.96% 91.84%  92.62%  95.31%  95.48% 86.66%  95.58%  95.70%  90.04%  95.08%  95.21%
HL 95.88% 94.13%  95.65% 94.96%  95.20%  94.58%  94.23%  94.31% 94.95% 94.55%  92.84%  95.98%
LL 95.58%  94.69%  95.25%  94.52%  94.64% 94.79%  94.01%  95.32%  94.55%  95.14% 94.62%  88.39%

Note: A control group of HH(dietary crude protein 22%, added phytase 1,000ppm) and two treatment groups of HL(dietary crude protein
22%, added phytase 500ppm) and LlL(dietary crude protein 20%, added phytase 500ppm) according to the nutritional level in the feed

as Fig. 1.
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RNA-seq reads
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Check quality of data
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Map to the reference
genome/transcriptome

‘«

Get quality count data

«

Identify DEGS

«

Test for enriched
categories/pathways

8-

Biological insight
Fig. 3. RNA-seq data analysis workflow in the study.
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L 1CEC_L_2_7_countixt
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.
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1_CEC_LL 9 2 counttite factor(Treat)

1.CEC_HH 122 counttt  1.CECLL 42 contbdt | & HH
|_CEC_HH 12 2
1.CEC 1L 3 2 countt® U
1_CEC_LL 6 2_count.txt

1 GEC HHi 6 2 cntht 1.CEC_LL 5% contta

22 1_CEC_HH_3-2_count bt

1_CEC_HH_8_2_count txt

1_CEC_H H‘_B_Z_Count.m

1_CEC_HH_5.2_count it
s 1.CEC_HH_4_2_countbit
L

-050 -025 000 025 050

Fig. 4. Multidimensional scaling (MDS) plot according
to the difference about decreasing (a)
phytase(from 1,000ppm to 500ppm) content
of control group HH vs treatment HL and (b)
crude protein(from 22% to 20%) and phytase
(from 1,000ppm to 500ppm) contents of
control group HH vs treatment LL in cecum.
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Fig. 5. A volcano plot(log2 | FC | ) 2 and p-value <0.05)

of differentially expressed genes(DEG) according
to decreasing (a) phytase content (from
1,000ppm to 500ppm) and (b) crude protein
(from 22% to 20%) and phytase (from
1,000ppm to 500ppm) contents in feed for
cecum. When significant genes are indicated
by blue dots and up & down regulated genes
are indicated by red dots.
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500ppmAa)ell w2t -F-24 0 2 (p-value €0.05) 5,647
N frRiAte] daztelE S0 5 AAdtHFig. 50)). ©I 801 3566 1.781
oA 4,04270 e} o] 2 ofe] S715HA DEGs pegs DEGs

I, 1,06578 432 o] Zasilcy. tix+H(HH) of
H] ZF HFLHL, LA EdztolE Yefli= R34t ] . o

£ 42 =F Gene Ontology, Bioconductor, DAVID fig. 6. Z;E? ef:féargi;}fetrl;ilclzrsn]z;r_silie:ezo‘%t; Sgggtla(;?;
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Fig. 7. The Gene ontology (GO) analysis related to energy metabolism using 3,566 common expressed genes
with the decreased phytase content in treatment groups HL and LL, compared to control group(HH).
Biological processes (BP) functional groups with EASE at p-value < 0.1 are reported in KEGG.
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SRt o g HIFH o R Fo| HH oy oiAE A%
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ATP7} A= o] oJAIE ol&sHA Hrt. 7193
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o} QIR 71E5] Eof AAE &S = Ut &
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Table 2. The biological processes of gene ontology (GO) analysis related to energy metabolism using 3,566
common expressed genes with the decreased phytase content in treatment groups HL and LL.

GO ID Description Count Percentage(%) P-value Genes
MAP3K3, SRC, DYRK1A, EIF2AK3, CLK3,
. . . IGFIR, FGR, PAK1, FER, GRK5, CAMK4,
GO:0046777 Protein autophosphorylation 20 0.56 0.024 STK26. MAPKAPK2. KIT. PIM3. CDKI12,
MAP3K13, FGFR3, EPHB1, FGFR1
EPHBG, EPHA7, FLT1, MUSK, SRC, MSTIR,
X Transmembrane receptor protein NGF, IGFIR, FGR, FER, ERBB3, ERBB4, NTF3,
GO:0046777 tyrosine kinase signaling pathway 21 0.59 0.029 ERBB2, KIT, KDR, ROR1, ROR2, FGFR3,
EPHB1, FGFR1
Protein kinase C-activating
G0:0007205 G-protein coupled receptor signaling 5 0.14 0.038  CISH, DGKB, HTR2B, HTRB1, DGKZ
pathway
ATP6V1A, COX7B, UQCRB, NDUFA12,
COX4I1, NDUFB4, NDUFB3, NDUFB2,
NDUFBI1, ATP5C1, UQCR11, COX7A2,
ATP5G3, TCIRG1, UQCR10, COX7C,
GO:0006119 Oxidative phosphorylation 37 1.04 0.00066 UQCRFS1, ATP6V1H, NDUFA9, NDUFAS,
ATP6V1G1, ATP6VID, ATP6VOE1, NDUFV2,
NDUFA5, ATP5PB, NDUFC2, SDHD, UQCRHL,
ATP5J2, COX7A2L, UQCRQ, NDUFSG,
NDUFS4, UQCRCI1, ATP6V1B2, ATP6VOD2
GO:0006101 Citrate acid cycle 12 0.34 0.049 Cs, SUCLAZ, MDHI, IDH1, OGDH, SUCLG1,

SUCLG2, OGDHL, ACO1, SDHD, IDH3A, PCK2
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Fig. 8. Energy metabolism of oxidative phosphorylation
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Fig. 9. The oxidative phosphorylation response of 37 common expressed genes (in Table 2) within treatment
groups HL(phytase from 1,000 ppm to 500ppm) and LL(crude protein 20%, phytase 500ppm) according
to the decreased phytase content in the cecum of 1-week-old broiler chickens.
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Fig. 11. An interaction network of the common DEGs
with decreasing phytase content in the
treatment groups (HL and LL)
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Fig. 12. Schematic overview of Ran-dependent nucleo-cytoplasmic transport and the differentially expressed
genes (DEGs) within the treatment group2 (LL) according to the decreased crude protein 2% and
phytase 500ppm contents in the cecum of 1-week-old broiler chickens.
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