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Transcriptome sequencing identifies potential regulatory genes
involved in chicken eggshell brownness
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Abstract: Brown eggs are popular in many countries, and consumers regard eggshell brownness as an important
indicator of egg quality. Brown eggshell color is controlled by polygene. However, the responsible genes and detailed
molecular mechanisms regulating eggshell brownness have not been defined. In the present study, we applied the
RNA-seq technology to analyze the transcriptome data of the shell gland epithelium of hens and investigated the can-
didate genes associated with eggshell brownness. The results indicated that 8461 genes were expressed in the shell
gland epithelium, of which 34 genes were differentially expressed in hens laying dark vs. light brown eggs. Functional
analysis revealed that two genes, ovotransferrin (TF) and heat-shock protein 70 (HSP70), as well as the oxidative
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phosphorylation pathway were involved in the synthesis and transport of protoporphyrin IX, which might influence

the formation of eggshell brownness and result in different shades of brown.

Keywords: chicken eggs; eggshell brownness; transcriptome
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Table1 gRT-PCR primers of seven selected genes that are differentially expressed

ID (5'-3) (bp) ()

1 ENSGALG00000021142 F: GGGAGTAGTGGCAGCTATG 110 60
R: GAGAATCGTGAAGGGATGT

2 ENSGALG00000016667 F: GAGGAGCTGATTGTGATGG 197 60
R: TAGGCTGGAATAGGTGGC

3 ENSGALG00000006453 F: AGATGCCATTAGCTTGGAC 109 60
R: GGTTGTGGAGCCTTCAGTA

4 ENSGALG00000011715 F: AAGTGCCAGGAGGTGATC 102 60
R: AATCGGGTTGCAGAGTTT

5 ENSGALG00000023622 F: CATAGACAGGAACGGGAAGG 199 60
R: TGGGAGGAATATCACAAGCA

6 ENSGALG00000015079 F: CAGGCTCCTTAAAGACCA 193 60
R: CACATCCCAATGACCACA

7 ENSGALG00000008661 F: ATCTACCAGAACGGCGAAAG 242 60
R: GAAGCGTCCAGACCAAACTC
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Table 2 Comparison of the egg quality between dark
and light groups

(n=4) (n=4) (n=281)
20
Q 55.47+0.65¢ 69.82+0.43" 62.83+3.43°
97.34%~98.11% Q30 90.76%~93.15% (L)
(9) 5.54+0.34 5.46+0.38 5.75+0.51
59 726 276  clean reads reads (kglem?) 3.623+0.701 3.629+1.029 3.752+0.75
SOAPaligener/SOAP2 clean reads
(Gallus_gal- (mm) 0.316+0.015 0.311+0.009 0.313+0.023
lus-5.0/galGal5) 53 603 423 1.28+0.05 1.28+0.02 1.27+0.07
reads 85.06%~85.70% mapped reads (P<0.01)
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Table 3 Statistical analysis for sequence quality and alignment information of eight RNA-seq libraries
D1 D2 D3 D4 L1 L2 L3 L4
Clean reads 60257704 60273550 58638156 58994468 60089014 60018234 59460176 60078908
Q20 97.61% 97.62% 98.06% 98.11% 97.55% 97.55% 97.34% 97.52%
Q30 91.43% 91.45% 93.04% 93.15% 91.25% 91.28% 90.76% 91.19%
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reads( ) (57.22%) (55.73%) (56.74%) (56.91%) (57.82%) (56.81%) (57.91%) (57.41%)
6024755 6564483 5396515 5775790 5424119 5768515 5364764 6014128
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Table 4 Summary of differentially expressed genes between dark and light groups
D RPKM RPKM log, RPKM( o
( ) ( /
ENSGALG00000001136  — 2.37 0.87 1.44 0.97
ENSGALG00000002988 (PHGDH) 2.22 1.11 1.00 0.96
ENSGALG00000005903 (NRIP3) 0.87 1.90 -1.14 0.87
ENSGALG00000006453 (TF) 10.18 33.83 -1.73 0.90
ENSGALG00000007226 (OSTN) 10.47 4.47 1.23 0.94
ENSGALG00000007374 (YPEL4) 2.16 1.07 1.02 0.97
ENSGALG00000008661 (CYR61) 1.68 0.66 1.35 0.97
ENSGALG00000008713 (BIRC5) 4.00 1.90 1.08 0.98
ENSGALG00000011551 (1GJ) 25.88 11.16 1.21 0.97
ENSGALG00000011715 70 (hsp70) 212.15 568.41 -1.42 0.83
ENSGALG00000013575 12(1SG12(2)) 2.26 0.98 1.21 0.97
ENSGALG00000014616 (MT1) 1.32 0.65 1.03 0.97
ENSGALG00000014900  — 1.35 0.55 1.30 0.95
ENSGALG00000014955 26 D(FAM26D) 0.54 1.42 -1.40 0.86
ENSGALG00000015079 (UPK1B) 0.41 4.69 -3.53 0.97
ENSGALG00000015914 (CALB1) 3.21 1.39 1.21 0.96
ENSGALG00000016667 B- (GAL10) 12.15 5.79 1.07 0.98
ENSGALG00000017052 A1(CCNA1) 1.22 0.59 1.04 0.97
ENSGALG00000019061  — 5.43 2.17 1.32 0.97
ENSGALG00000019470 (MSC) 1.94 0.78 1.31 0.98
ENSGALG00000019793 - 11.62 4.71 1.30 0.98
ENSGALG00000021142 - 2.28 0.89 1.36 0.96
ENSGALG00000021404 (N- 3) 1.06 0.38 1.48 0.97
(GCNT3)
ENSGALG00000021627 a 27 2(IF127L2) 15.69 6.40 1.29 0.92
ENSGALG00000022234  — 1.23 0.02 5.68 1.00
ENSGALG00000023622 (AVD) 15.72 6.84 1.20 0.97
ENSGALG00000024372  MHC | (BFIV21) 25.26 56.32 -1.16 0.87
ENSGALG00000026666  — 1.44 3.10 -1.11 0.86
ENSGALG00000027133  CD83 1.93 0.85 1.18 0.97
ENSGALG00000027427  — 142.99 60.03 1.25 0.97
ENSGALG00000027587 0-2- 1(LRG1) 1.65 3.98 -1.27 0.94
ENSGALG00000027594  HIST1H2B7 4.03 8.55 -1.09 0.96
ENSGALG00000027887  — 17.28 8.43 1.03 0.97
ENSGALG00000029149  — 5.63 12.42 -1.14 0.87
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Table 5 The list of genes selected for gRT-PCR validation
ID
1 ENSGALG00000021142
2 ENSGALG00000016667 B- (GAL10) (2
3 ENSGALG00000006453 (TF) [13,14]
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Table 6 Pathways that are enriched by differentially expressed genes

ID log, RPKM( P
map00190 7A2(COXT7A2) 0.62 0.98
(oxidative phos-
phorylation) 0.69 0.97
0.68 0.97
0.70 0.97
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