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Gene Expression Profiling by RNA Sequencing in Mature/Immature Oocytes of Chicken
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ABSTRACT Chicken eggs undergo various physiological changes during egg maturation. To study genes associated with

the egg maturation in pre-ovulation (immature) and post-ovulation (mature), we compared gene expression patterns between
in the immature egg and mature egg using RNA sequencing data. Mature and immature eggs were obtained from a Heuksaek
Jaerae-jong of Korean native chicken. Total RNAs obtained from the eggs were sequenced by Illumina HiSeq 2000 platform,
and the generated sequence reads were mapped to Galgal4 reference sequence assembly using Tuxedo Protocol. From the
comparison of the RNA sequencing data, 315 genes were differentially expressed between mature and immature eggs, and
46 genes were only detected in immature egg. Further gene ontology (GO) analysis was performed for the differentially
expressed genes using DAVID, showing that 29 and 28 GO terms were independently clustered from mature and immature,
respectively. From those clustered GO terms, genes related to germ cell development, sex differentiation and defense response
to bacterium were mainly expressed in the immature egg, while genes related to regulation of apoptosis, steroid metabolic
process and lipid homeostasis were mainly detected in the mature egg. Our results could contribute to understand egg maturation
before and after ovulation, and develop genetic markers for improving egg quality and productivity.
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202 genes differentially expressed in immature oocyte >

Il
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Fig. 1. Expression level of the genes differentially expressed in mature and immature oocytes.
Black bars represent Log2 fold change values of 67 and 202 genes in mature and immature oocytes, respectively. The positive and
negative values of Y axis indicate specifically expressed levels in mature and immature, respectively and X axis represents the analyzed

genes in mature and immature oocytes.
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Table 1. Top 10 differentially expressed genes from mature and immature oocyte-specific genes

Specifically expressed genes in mature oocyte

Immmature

Mature

Fold

log2 gold

Gene ID Gene symbol Base mean oocyte oocyte change change P value P adjusted
ENSGALG00000011234  INHA 2,158.148 28.0600 4288236  152.82622 7.25575  6.77E-12  5.44E-09
ENSGALGO00000012327 INHBA 642.556 14.030  1,271.082  90.59887 6.50142 2.57E-11  1.87E-08
ENSGALGO00000006440 Novel 74.739 1.651 147.828  89.56247 6.48482  0.0011541 0.06531808
ENSGALG00000026790 DMRT2 99.193 3.301 195.085 59.09655 5.88500  0.0005208 0.034753973
ENSGALG00000001069  ZPD 5,044.867 202.194  9,887.541 48.90129 5.61180 6.32E-06  0.000941924
ENSGALG00000009844 ACTC! 1,777.151 74275  3,480.027  46.85308 5.55007 3.80E-09  1.41E-06
ENSGALG00000028102  Uncharacterized 237.626 12.379 462.873 37.39111 5.22462  7.71E-06  0.001101344
ENSGALGO00000016086 EGR4 454.898 28.885 880.912  30.49739 493061 222E-07 5.07E-05
ENSGALG00000013409  Uncharacterized  6,397.296 465459 12,329.133  26.48815 472727 0.0003139 0.023725287
ENSGALGO00000028841 Uncharacterized ~ 4,930.519 369.726  9,491.312  25.67121 4.68208 7.38E-05  0.007722

Specifically expressed gene in immature oocyte

ENSGALG00000016664 NEIL2 222.194 443.176 1.212 0.00273 -8.51469 4.96E-08  1.33E-05
ENSGALG00000011243  DAZL 232.922 464.633 1.212 0.00261 -8.58291 2.68E-08  7.60E-06
ENSGALGO00000000803  Uncharacterized 718987 1434338 3.635 0.00253 —8.62416 1.92E-14  4.19E-11
ENSGALG00000005842 GDPD2 251.079 500.946 1.212 0.00242  -8.69147 9.74E-09  3.24E-06
ENSGALG00000004665 KPNA7 1,078.590  2,152.333 4.847 0.00225 -8.79464 1.73E-15  1.32E-11
ENSGALG00000007055  Uncharacterized 331.131 661.050 1.212 0.00183 -9.09157 1.65E-10  9.70E-08
ENSGALG00000020819  Uncharacterized 753.868  1,505.313 2423 0.00161 -9.27880 2.93E-15  1.49E-11
ENSGALGO00000001721  Uncharacterized 591.920  1,182.628 1.212 0.00102  -9.93074 1.57E-14 4.01E-11
ENSGALGO00000008928  Uncharacterized 648.864  1,296.517 1.212 0.00093  -10.06338 4.13E-15  1.58E-11
ENSGALG00000002083  Novel 747.808  1,494.584 1.212 0.00081  -10.26849 6.40E-16  9.78E-12
2y e ddE fFHAER A Em(Fig 1), Wi 287¢] GO terme] o SEATKTable 4). 3 1<z}
% o] A&aia 7 vElA BHeE 94 2 W A% 5049l GO termE B]wa ¥ A3, GO termo]
ol ofaf & Aol o]FA|7] wie] FhHom AL sl Aok Fe A T = AATh(Fig. 2). LR
o] $AA} HhGE Ao o o= §47F 49 GO term 47} Mlellehi=e] WA 14

Skl Akl Blste] iAoz 22 GO terme]
2. D|g=ghnt M=k Alolo| So|Hel wel FTAL2 dEuE AHE E9E 5 Sk ol vFEel ndsd
7lsY =4 qr BolH o wdste B fAEC] 54 7lss

Reda) 1G] WA fANEY N5 BAs  dekenl WEE0) e AL 22d & 9o

7] Slete] Asdat vgdsdoA ol or wiste & nd&del|x] SolA o g wdshs FHAEY BE 7

Azt thste] GO EA gk 23, g dol|A] Soldog
Ash= 67709] Akl A 2970 GO termo] &l S-5] 1 31(Table
3), s tellA] SolA o waete 248719 F-l Aol A

.l

oo AR YAz Oed &

ment, gonad development, odontogenesis, reproductive structure

HAE germ cell develop-

development, sexual reproduction, female gonad development,
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Table 2. Specific expressed gene in immature oocyte
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Gene ID Gene symbol Base mean Immmature oocyte Mature oocyte P value P adjusted
ENSGALG00000024381 Novel 426.670 853.341 0 3.66E-13 6.22E-10
ENSGALG00000027772 NANOG 373.027 746.054 0 3.41E-12 3.47E-09
ENSGALG00000007618 BTG4 281.008 562.016 0 3.05E-10 1.66E-07
ENSGALGO00000016465 ZPAX 280.183 560.366 0 3.18E-10 1.68E-07
ENSGALG00000012762 SYCP2 268.629 537.258 0 5.97E-10 2.85E-07
ENSGALG00000011345 Novel 266.153 532.306 0 6.84E-10 3.17E-07
ENSGALG00000015968 ESRPI 245.521 491.042 0 2.19E-09 8.58E-07
ENSGALG00000015406 MOS 233.555 467.109 0 4.40E-09 1.56E-06
ENSGALG00000012100 Novel 217.049 434.098 0 1.18E-08 3.75E-06
ENSGALG00000003320 CCDC180 214.986 429.971 0 1.34E-08 4.16E-06
ENSGALG00000015106 Novel 188.989 377.979 0 6.84E-08 1.77E-05
ENSGALG00000012145 TBPL2 181.975 363.949 0 1.09E-07 2.63E-05
ENSGALG00000011052 SLC38A411 162.993 325.986 0 3.97E-07 8.32E-05
ENSGALG00000021198 HAUS3 146.075 292.150 0 1.34E-06 0.000262
ENSGALG00000001206 Novel 140.298 280.596 0 2.04E-06 0.000363
ENSGALG00000001293 IGF2BPI 139.885 279.770 0 2.11E-06 0.00037
ENSGALG00000014762 Novel 139.473 278.945 0 2.17E-06 0.000376
ENSGALG00000003904 MLPH 129.569 259.138 0 4.58E-06 0.000736
ENSGALG00000000394 SLC6A417 127.919 255.837 0 5.19E-06 0.000817
ENSGALG00000024136 Novel 127.506 255.012 0 5.36E-06 0.000835
ENSGALG00000010376 Novel 125.855 251.711 0 6.08E-06 0.000919
ENSGALG00000021452 Novel 123.380 246.759 0 7.35E-06 0.00106
ENSGALG00000019041 NOBOX 113.064 226.127 0 1.65E-05 0.002113
ENSGALG00000027373 Novel 112.238 224.476 0 1.76E-05 0.002237
ENSGALG00000028666 CCDC175 103.160 206.320 0 3.63E-05 0.004199
ENSGALG00000023693 Novel 97.383 194.766 0 5.80E-05 0.006333
ENSGALG00000006438 MNXI 95.320 190.640 0 6.87E-05 0.007341
ENSGALG00000016032 FBX043 95.320 190.640 0 6.87E-05 0.007341
ENSGALG00000003403 ZNF385C 89.130 178.261 0 0.000114 0.010867
ENSGALG00000004401 WNTI1B 87.067 174.134 0 0.000136 0.012364
ENSGALG00000019896 Novel 79.640 159.279 0 0.000253 0.020579
ENSGALG00000027489 Novel 79.640 159.279 0 0.000253 0.020579
ENSGALG00000012297 GRM1 77.989 155.978 0 0.000291 0.022563
ENSGALG00000016268 CXorf22 77.576 155.153 0 0.000301 0.023125
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Table 2. Continued
Gene ID Gene symbol Base mean  Immmature oocyte Mature oocyte P value P adjusted

ENSGALG00000004545 WDR?72 75.101 150.201 0 0.000371 0.026993
ENSGALGO00000011349 Novel 73.863 147.725 0 0.000412 0.029224
ENSGALG00000027973 CATHLI 71.387 142.774 0 0.000507 0.034176
ENSGALG00000026761 LIN28B 69.736 139.473 0 0.000583 0.037895
ENSGALG00000019696 CATHL? 68.086 136.171 0 0.00067 0.042066
ENSGALG00000028207 ZBBX 68.086 136.171 0 0.00067 0.042066
ENSGALG00000003494 Novel 65.610 131.220 0 0.000824 0.049788
ENSGALG00000005361 Novel 59.833 119.666 0 0.001334 0.073347
ENSGALG00000008635 Novel 59.833 119.666 0 0.001334 0.073347
ENSGALG00000010137 TTC6 59.833 119.666 0 0.001334 0.073347
ENSGALG00000010500 NKX6-2 58.182 116.365 0 0.00153 0.079614
ENSGALG00000029089 Novel 56.944 113.889 0 0.001694 0.085996

Immature oocyte

Mature oocyte

Fig. 2. Comparison of gene ontology terms between mature oocyte
and immature oocyte.

reproductive cellular process, reproductive developmental pro-
3o v

¥ sex differentiation, epidermis development, oogenesis, female

cess, gamete generation 50| of|SE Ao, A

sex differentiation, development of primary female sexual
characteristics, development of primary sexual characteristics
B3 AR fAREe] B S ASAY. £
epithelium development, keratinocyte proliferation, keratino-
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autonomic nervous system development, tissue morphogenesis
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posttranscriptional regulation of gene expression 5 A} 2
A 717l #EE AR 2ol Sk 53] de-
fense response, oligopeptide transport, defense response to
bacterium, response to bacterium 5 &7|F 7= host defense
o #HE FHAEC] FTlete AS FAIATHTable 4).
whglel] %l Soldon WSt RS F
Z AEZ APE3 #AE positive regulation of programmed
cell death, regulation of programmed cell death, regulation of
apoptosis, positive regulation of apoptosis, positive regulation
of cell death, regulation of cell death, killing of cells of
S #aEHNeH, o9
sterol homeostasis, steroid metabolic process & &2+ FHH
kel o] kst S6] A dtiAkel = o] lipid

another organism, cell killing

homeostasis, lipid transport, lipid localization, cholesterol
homeostasis 5] 7152 A k] Fdo] F7FetA

T} 3 response to nutrient levels, chemical homeostasis,

response to inorganic substance & 9§ I A #A

H fFRAEC] T7kehes RS E1sSith(Table 3). o5 2
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Table 3. Functional categorization of specifically expressed genes in mature oocyte
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GO ID GO term” Genes P value FDR®
G0:0008202 Steroid metabolic process APOA4, ALPL, GC, NR5A42 0.002011 2.828952
GO0:0031667 Response to nutrient levels GALY9, CHRNA7, HSD3B2 0.004894 6.756377
GO:0009991 Response to extracellular stimulus GAL9, CHRNA7, HSD3B2 0.006804 9.276018
G0:0031640 Killing of cells of another organism GALY9, INHBA 0.01442 18.70611
GO0:0042541 Hemoglobin biosynthetic process INHA, ALB 0.01442 18.70611
GO:0006869 Lipid transport APOA4, VIG2, VIGI 0.01642 21.02612
GO:0001558 Regulation of cell growth WISP2, ALB, CYR61 0.018775  23.68008
GO0:0001906 Cell killing GAL9, INHBA 0.019182  24.13057
GO0:0010876 Lipid localization APOA4, VIG2, VIGI 0.01959 24.57907
GO:0003013  Circulatory system process CHRNA7, MYL4, ACTCI 0.02042 25.48422
GO:0008015 Blood circulation CHRNA7, MYL4, ACTCI 0.02042 25.48422
GO:0048878 Chemical homeostasis CHRNA7, APOA4, KCNMAI, NR542 0.022556  27.76727
G0:0020027 Hemoglobin metabolic process INHA, ALB 0.023922 29.19392
GO:0055092  Sterol homeostasis APOA4, NR5A2 0.033336 38.33163
GO0:0042632 Cholesterol homeostasis APOA4, NR542 0.033336  38.33163
GO0:0055088 Lipid homeostasis APOA4, NR542 0.047292  49.87996
GO0:0044057 Regulation of system process CHRNA7, APOA4, MYL4 0.047878 50.31781
GO:0003015 Heart process MYL4, ACTCI 0.051901 53.22822
GO:0060047 Heart contraction MYL4, ACTCI 0.051901 53.22822
GO0:0043065 Positive regulation of apoptosis INHA, ALB, KCNMAI 0.065413 61.88428
GO0:0043068 Positive regulation of programmed cell death INHA, ALB, KCNMAI 0.065413 61.88428
GO0:0010942 Positive regulation of cell death INHA, ALB, KCNMAI 0.066738 62.64785
GO0:0040008 Regulation of growth WISP2, ALB, CYR61 0.076267  67.732
GO:0042981 Regulation of apoptosis GALY, INHA, ALB, KCNMAI 0.078141 68.65306
GO0:0043067 Regulation of programmed cell death GALY, INHA, ALB, KCNMAI 0.081694 70.33256
GO:0010941 Regulation of cell death GALY9, INHA, ALB, KCNMAI 0.082594  70.74423
GO:0010035 Response to inorganic substance APOA4, KCNMAI 0.092424 74.90988
GO0:0042592 Homeostatic process CHRNA7, APOA4, KCNMAI, NR542 0.092776 75.04829
GO0:0043085 Positive regulation of catalytic activity CHRNA7, APOA4, MYL4 0.093535 75.34407

* Gene ontology term, ° False discovery rate.
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Table 4. Functional categorization of specifically expressed genes in immature oocyte

GO ID GO Term® Genes P value FDR®
G0:0042742 Defense response to bacterium LYG2, GALI, CATHL2, GAL7, GAL2 3.11E-04 0.446358
GO:0009617 Response to bacterium LYG2, GALI, CATHL2, GAL7, GAL2 0.00237 3.353376
GO:0046545  Development of primary female sexual LHXS, TP63, WNT4, FST 0003897 5457431

characteristics

G0:0043616 Keratinocyte proliferation IRF6, TP63, FST 0.004396 6.135387
GO:0046660 Female sex differentiation LHXS, TP63, WNT4, FST 0.004865 6.769492
GO:0003006 Reproductive developmental process LHXS, TP63, DAZL, WNT4, PIWILI, FST  0.006205 8.556955
GO:0006417 Regulation of translation DAZL, PIWILI, IGF2BPI, IGF2BP3 0.006569 9.03678
GO:0048608 Reproductive structure development LHXS, TP63, WNT4, FST 0.014578  19.02757
G0O:0045137 Development of primary sexual characteristics LHXS, TP63, WNT4, FST 0.017715  22.65424
GO:0010608  Posttranscriptional regulation of gene expression DAZL, PIWILI, IGF2BPI, IGF2BP3 0.017715  22.65424
GO:0019953 Sexual reproduction ZP2, DAZL, WNT4, PIWILI, FST 0.020309  25.53774
G0:0048729 Tissue morphogenesis ACTG2, TP63, WNT4, RET, FST 0.022004  27.3685

GO:0008585 Female gonad development LHXS, WNT4, FST 0.026989  32.51102
GO:0006952 Defense response LYG2, GALI, CATHL2, GAL7, GAL2 0.028609  34.10871
GO:0048610 Reproductive cellular process ZP2, DAZL, WNT4, PIWILI 0.029218  34.69968
GO:0007548 Sex differentiation LHXS, TP63, WNT4, FST 0.0322 37.5245

GO:0042476 Odontogenesis LHXS, TP63, FST 0.037928  42.63308
GO0:0042475 Odontogenesis of dentine-containing tooth LHXS, TP63, FST 0.037928  42.63308
GO:0006857 Oligopeptide transport SLCI1541, SLCI1545 0.038313  42.9623

GO:0007276 Gamete generation DAZL, WNT4, PIWILI, FST 0.05527 55.8305

GO:0007281 Germ cell development DAZL, WNT4, PIWILI 0.060323  59.10701
GO:0008406 Gonad development LHXS, WNT4, FST 0.067383  63.30742
GO:0060429 Epithelium development IRF6, TP63, WNT4, RET 0.077126  68.44769
GO:0048477 Oogenesis DAZL, WNT4 0.087153  73.03211
GO0:0048483  Autonomic nervous system development TP63, RET 0.087153  73.03211
GO:0010605 Ilifiitsi:e regulation of macromolecule metabolic ?;;3 GHOX-7, PIWILI, GMNN, IGF2BPI, 0088825  73.73346
GO:0008544 Epidermis development IRF6, TP63, FST 0.090049  74.23615
G0:0030216 Keratinocyte differentiation IRF6, TP63 0.098975  77.63943

* Gene ontology term, ° False discovery rate.
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