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Abstract

The nutrient composition of feed plays a crucial role in regulating gene expression in animals,
thereby affecting growth, metabolism, and immune functions. In poultry, the optimized use of
feed additives such as crude protein and phytase can enhance nutrient absorption, improve
feed efficiency, and reduce environmental waste. In this study, we investigated the transcrip-
tomic changes in the blood of forty-eight one-week-old broiler chickens fed diets differing in
crude protein and phytase content. Using RNA sequencing and bioinformatic analysis, a total
of 44 differentially expressed genes were identified in response to dietary variation. These
genes were primarily involved in immune response, regulation of cell morphology, glycolytic
process, and glycerolipid metabolism. Functional enrichment analysis revealed significant as-
sociations with cytokine—cytokine receptor interaction pathways, which regulate lipid metabo-
lism, cellular proliferation, differentiation, and inflammatory responses. Moreover, decreased
levels of crude protein and phytase were linked to alterations in protein autophosphorylation,
amino acid biosynthesis, and energy metabolism pathways. These findings indicate that
dietary modulation of crude protein and phytase levels can significantly influence metabolic
and immune regulatory mechanisms in early-stage broilers. The appropriate feeding of feed
additives (such as crude protein and phytase) not only improves nutritional deficiencies and
feed efficiency issues in livestock, but also contributes to sustainable meat production, includ-
ing the reduction of nitrogen and ammonia emissions, thereby supporting environmentally
responsible poultry production.
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Table 1. Experimental design of dietary treatments and nutritional levels (crude protein and phytase) for
1-week-old broiler chichens (n = 48)

Group Crude protein (%) Phytase (ppm)  Number of chicken Description
HH 22 1,000 12 Control diet
HL 22 500 12 Reduced phytase only
LH 20 1,000 12 Reduced crude protein only
LL 20 500 12 Reduced crude protein and

phytase

Group HH (22% crude protein, 1,000 ppm phytase) served as the control diet, whereas groups HL, LH, and LL represent diets
with reduced phytase only (HL), reduced crude protein only (LH), and simultaneous reduction of both crude protein and phytase
(LL), respectively.
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Fig. 1. Program process used for differentially expressed genes analysis using RNA-seq data.
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Table 2. Summary of RNA-seq and read mapped to the reference genome from chicken (Galgal6)

Mapped reads rate (%)

Group  Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 Sample8 Sample9 Sample10 Sample 11 Sample 12

HH 95.80
HL 95.68
LH 95.15
LL 95.52

95.68
95.25
95.53
95.57

95.71
95.44
95.65
95.51

95.69 95.67 95.62 95.79 95.70 95.37 94.96 95.21 95.77
95.49 95.74 95.33 95.44 95.60 95.35 95.64 95.45 95.72
95.68 95.53 95.63 95.33 95.26 95.60 95.65 95.45 95.35
95.41 95.74 95.61 95.85 95.49 95.52 95.65 95.61 95.59

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

88 | http://www.jbtr.or.kr

https://doi.org/10.12729/jbtr.2025.26.4.85



Choi et al.

(A)

o factor(Treat)
0 HH
. H

02

-02

00 02

(B)

factor(Treat)
0 HH
0w

(©)

factor(Treat)
0 HH
o

Fig. 2. Similarity between samples. Multidimensional scaling (MDS) plot according to the difference about decreasing (A) phytase (from 1,000 ppm to 500
ppm) content of control group HH vs treatment HL in blood. (B) Crude protein (from 22% to 20%) contents of control group HH vs treatment LH. (C) Crude
protein (from 22% to 20%) and phytase (from 1,000 ppm to 500 ppm) contents of control group HH vs treatment LL in blood.
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Fig. 3. Gene expression profiling. A volcano plot (p-value<0.05) of differentially expressed genes (DEG) according to decreaing (A) phytase content (from 1,000
pp to 500 ppm), (B) crude protein (from 22% to 20%) and (C) phytase content (from 1,000 ppm to 500 ppm and from 22% to 20%) contents in feed for blood.
Both is (log2 | FC | > 1 and FDR < 0.05). Significant is p-value<0.05.
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Fig. 4. The results of gene ontology (GO) and KEGG analysis using 731, 1,025 and 1,08 differential expressed genes (p-value<0.05) of blood with
the decreased phytase and crude protein content in treatment groups HL, LH and LL compared to control group (HH). Only biological processes (BP)
functional groups are reported with EASE < 0.1 in KEGG. EASE, expression analysis systematic explorer.
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Table 32 THZF(HH) thH] Z- H=Z(HL, LH, LDIA Td &olE Yetfe f24
(p-value<0.05) 7317}, 1,0257, 1,0847}& th4 22 Gene Ontology, DAVID & &
sto] ZEH AHESHY 7]5E4(EASE < 0.05)2 gelstelet. 11 23 HY §-3-(immune
response) I 2071 AR}, A3 HQFO] 2 (regulation of cell shape) T 147 3-A#}, 3
G2 (glycolytic process) 67 FHAL, SEIMEAE A 2 (glycerolipid metabolic pro-
cess) 47 FAAF7E Fof Tt

DISCUSSION
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Fig. 5. The cytokine-cytokine receptor interaction of 40 differential expressed genes (in Fig. 4) within treatment groups LL (crude protein 20%,
phytase 500 ppm) according to the decreased phytase and crude protein content in the blood of 1-week-old broiler chickens (p-value<0.05, using
1,084 DEGs and EASE < 0.1). It is used TNF receptor superfamily member 21 (TNFRSF21), interleukin 10 receptor subunit beta (IL10RB) and interleukin 6
receptor (IL6R) genes. EASE, expression analysis systematic explorer.
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Table 3. The overlaped biological processes of gene ontology (GO) analysis with the decreased phytase and crude protein content (p-value<0.05)

GO ID Description Count Percentage p-value Genes
CX3CR1, SMAD3, LY86, IL18, CXCL13L3, SMADS,
G0:0006955 Immune response 20 1.90 1.9E-03  CX3CL1, CTSS, IFNG, CCL4, SCAP, DMA, TLR7, CCR7,

CCR6, CCR5, CCR2
ANXA1, PLXND1, HEXB, ARHGAP18, MSN, ARHGAP15,

G0:0008360 Regulation of cell shape 14 1.33 9.5E-03 LIMD1, RHOBTB2, FGR, DNMBP, FES, CDC42EP4,
CDC42EP1, PLXNC1

G0:0006096 Glycolytic process 6 0.57 1.6E-02 PGAM1, ALDOC, BPGM, ALDOB, HK2, HK1

G0:0046486 Glycerolipid metabolic process 4 0.38 1.2E-02 TBCC

It is according to the difference about decreasing phytase (from 1,000 ppm to 500 ppm) content of control group HH vs treatment HL, crude protein (from 22% to 20%) contents of
control group HH vs treatment LH. Finally, it is according to the crude protein (from 22% to 20%) and phytase (from 1,000 ppm to 500 ppm) contents of control group HH vs treatment
LL in blood.

EASE, expression analysis systematic explorer.

23k, ofuiAobuiedl A hAeh Wel i 28 Bl ARt folsA Astsknt. ol
A7ET} UL v chewt 2 ol
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w2 9 QIAHE S| B A o RIS} T ) o] 8oy Tl Adkaoftt 9FE = A
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Hsto] T2 DEGset H 9 tiAl ARE 8= Aol 71€ A5 2dste 2]
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=t
2 Aol Y oA IEE DEG 9 BEEHAF A}, sidaby, QlitolicAlE of
A}, cytokine—cytokine receptor interaction )= ©]2|3F X2] 5 WS} MAF o2 AA
H 7FsAol At alE 501, A4 diA L SEAIEAE tiAF ¥ DEGse= 7F 22]0]A]
BrHE A4 that A2 H3H24]9F ®aFAd o] YX]|5HH cytokine—cytokine receptor interaction
73 =20 o o}— TNFRSF21, ILIORB, ILGR S-& 7+& 2 oA B 1% Hol.9j= gl of
Al A A 24 71423, 2813 AZE S o 2 Aqhs Y AR 24 5H37]
i, }\E]X]] 5 59 24 oA vEiue AEA #aldl: A4 E, Amas, &
TFZ 9 Y u|PE §J‘_—7g’ 2 NNH; &% 5)2 A 02 =24351A] 55 A7} 9
FF E AFof|A E% N DEGs ¥ BE2E 7Ifte 2, 7+ 4148 5 thet i&‘«l
{/\]'Xﬂ 9 Ak, A A 174 A #H} B EAsto] Kk A-A Q1 A eHs oJulE 1
] ‘IJr H 2o 325 A 7] A7k, ofr| it E A AAE A4
o] Bkt Ae Aa H%ﬂ Yro} TS S0l BAHda BEXE FAIY 4= AHH18,
25, 26]. ¥ A4 913t immune response, glycolytic process, glycerolipid metabolic
process, cytokine—cytokine receptor interaction 5= 0|23t 2+4-EX] 74 ko] 27| A&
A A9 A4l thA W 2 S F6 AEE 5 s AARITE 9], @9 A=
Aguto 2= HHE S4Jo] 7hs sttt oA 2k QAR a4 w0 ;q‘j:}q A &
s 2710 EYEHHD 5 Ue 783t Hio] 2upA A1
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2 AFolME A 159 480l disf Al U 429 T At Ak
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