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ABSTRACT As an important indicator of sexual
maturity of hens, age at first egg (AFE) is significantly
associated with reproduction performance. In this study,
400 hens were divided into 6 groups based on AFE to
analyze the difference of reproduction performance,
reproduction hormone levels and the characterization of
the hypothalamo−pituitary−gonadal axis in chickens.
The results showed that the egg production of the hens
in the late-maturing groups was significantly lower than
that of the ones in other groups and the precocious hens
had a lower egg production rate. The hens in late-
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maturing group had a lower fertility rate, LH levels and
shorter duration of peak of egg production (PEP), the
precocious hens had lower PRL levels. In addition, the
characterization of the hypothalamo−pituitary
−gonadal axis showed that the individuals with normal
AFE had higher GNRH, GNRHR, ESR1, KITLG, and
CYP11A1 expression levels than late-maturing and pre-
cocious individuals, which indicated that the chickens
with normal AFE advantages on reproduction regula-
tion system.
Key words: age at first egg, hens, reproduc
tive traits, sexual maturity, mRNA expression
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INTRODUCTION

The normal reproduction ability is one of the impor-
tant characteristics of sexual maturity. In hens, begin-
ning to lay eggs is a signal of sexual maturity
(Jambui et al., 2017), therefore, the age at first egg
(AFE) is an important indicator of reproduction traits
of hens. In animals, the puberty plays a key role in regu-
lation of sexual maturity and reproduction capacity
(Palmert and Boepple, 2001). As the transient period
for animals to reach sexual maturity, puberty is regu-
lated by various genes and pathways (de Vries et al.,
2014). During this period, the growth rate and metabolic
rate increase and the second sexual characteristics
appear, gonads develop rapidly and produce mature
gametes, animals start to have fertility (Ei and L., 2016;
Vijayakumar et al., 2018). The hypothalamus−pituitary
−gonad (HPG) axis participates in this process of
puberty to sexual maturity and multiple reproduction
hormones with different effect are involved in this mech-
anism (Kuohung and Kaiser, 2006). The upregulation of
gonadotropin-releasing hormone (GnRH) is considered
as the main cause of HPG axis activation in prepuberty,
the secretion of the luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) are increased by
GnRH, which induce the trigger of puberty
(Abreu et al., 2013), GNRHR is the receptor of GnRH.
However, as the inhibitor of GnRH, RFamide-related
peptides (RFRP) could suppress the expression of
GnRH and KISS-1 gene (Tan et al., 2020). Moreover,
ovarian function is regulated by KITLG, CYP11A1, etc.
genes (Shih et al., 2011; Deepak et al., 2015).
Precocious puberty, which is pathological status of

sexual maturity, caused by early activation of pulsatile
GnRH secretion (Carel et al., 2004). Precocious puberty
has a negative effect on reproduction function of ani-
mals. In humans, diet, genetics, and environment, etc.
could all be the triggers for precocious puberty. Preco-
cious puberty can affect the development of bones and
lead to shorter height in adulthood (Gohil et al., 2020),
which also increase the risk of breast cancer and repro-
duction disorders in women (Klein et al., 2001). Prema-
ture estrus will reduce the conception rate of female
cows and reduce the milk production. In the milk indus-
try, hormone treatment is usually used to improve
estrous detection rates, synchrony of estrus and the
pregnancy rate of artificial insemination
(Dejarnette et al., 2001; Kim et al., 2003). In pigs, age at
first estrus is significantly related to reproduction lon-
gevity, which also has effect on the body weight and
reproduction traits of sows and early puberty individuals
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have better reproduction performance than late ones
(Patterson et al., 2010; Tart et al., 2013).

Delayed puberty also has negative effect on reproduc-
tion system. In humans, environmental contaminants
could suppress the function of HPG axis to delay the
pubertal development in girls (Selevan et al., 2003).
Delayed puberty is induced by the primary gonadal fail-
ure and hypergonadotropic hypogonadism in females
(Layman et al., 1997). Previous studies proved that the
rats with delayed puberty might have reproduction dis-
orders (Zhu and Chan, 2015). However, whether the
delayed puberty cause the poor reproduction in hens is
unclear.

In chickens, AFE is regulated by duration of light,
diet and genetics factors (Lewis et al., 2008). However,
there is little study about the effect of early-maturity
and late-maturity on reproduction traits in chickens. To
study the effect of AFE on chickens, the present study
investigated the difference of reproduction performance,
reproduction hormone levels, and the expression levels
of related genes based on different AFE.
MATERIALS AND METHODS

This study was conducted in accordance with Chinese
guidelines for animal welfare and was approved by the
animal welfare committee of the Animal Science College,
Zhejiang University, the approval number is
ZJU20190149.
Grouping and Egg Production Rate
Calculation

A total of 400 Zhenning yellow chickens (340 d) used in
this study were obtained from Poultry Breeding Center
of the Ningbo Zhenning Animal Husbandry Co., Ltd in
Zhejiang province. Every individual was from the same
hatching batch and was fed under the same condition. All
birds had free access to feed and water and were kept in
single cages to facilitate the statistics of the number of
eggs with a 8- to 16-h dark-light cycle, and the environ-
ment maintained 60% humidity and 21°C temperature,
feed is supplied in accordance with NYT33-2004 stand-
ards. All hens were divided into 6 groups based on age at
first egg (AFE) which including group A (134−138 d), B
(139−143 d), C (144−148 d), D (149−153 d), E (154
−158 d), and F (>159 d) (Table 2). The egg production
rate (EPR) of every chicken was calculated according to
records using the model: EPR = EP/ (Age-AFE), the
EPR higher than 70% was considered as the peak of egg
production (PEP). The EPR curves of each group were
drawn respectively. The age at that half of the total indi-
viduals started laying eggs was considered as age at first
egg of population (AFEP).
Evaluation of Reproduction Traits

Reproduction traits of all chickens were evaluated
including fertilization rate (FR), hatching rate of
fertilized eggs (FEHR), hatching rate of hatching eggs
(HEHR), egg production at 340 d of age (EP340). In
addition, 10 chickens were randomly chosen from each
group based on AFE respectively, a total of 60 chickens
were slaughtered to collect tissues which including hypo-
thalamus, pituitary, ovaries, and granulosa layer for
investigating the expression levels of different genes
mRNA, and the quantity of hierarchical follicles (HF)
and small yellow follicles (SYF) were counted after ova-
ries were extracted. Furthermore, the blood samples for
hormone levels detection were collected from jugular
vein when 60 hens were slaughtered.
Determination of Reproduction Hormone
Levels

Serum was isolated from blood samples by centrifuga-
tion at 3,200 £ g for 10 min. Levels of follicle-stimulating
hormone (FSH), estrogen (E2), luteinizing hormone
(LH), and prolactin (PRL) were analyzed using the
ELISA kits (Zeyu Biological Technology Co., Ltd.,
Jiangsu, China) according to the recommendations of
the manufacturer.
RNA Extraction

Total RNA was isolated from frozen tissue samples
using TRNzol-A+ Reagent (TIANGEN, Beijing, China)
according to the instructions. The RNA purity and qual-
ity were evaluated by spectrophotometry and agarose
gel electrophoresis. The qualified RNA was stored at
�20°C.
Reverse Transcription PCR

RNA reverse transcription was performed using a Pri-
meScript RT reagent kit with gDNA Eraser (TAKARA,
Beijing). Following the manufacturer’s instructions,
each reaction mixture A was assembled to a total of
10 L, which contained 2 L of 5 £ gDNA eraser buffer,
1 L of gDNA eraser, 1 L of total RNA, and 6 L of RNase
free water. This reaction was preheated to 42°C for two
minutes. Each reaction mixture B was assembled to a
total of 10 L, which contained 1 L of PrimeScript RT
Enzyme Mix 1, 1 L of RT Primer Mix, 4 L of Prime-
Script Buffer 2, and 4 L of RNase free water. The 20-L
total reaction mixture was incubated in a PCR amplifi-
cation instrument (Eppendorf AG 22,331, Germany) in
a PCR tube for 15 min at 37°C and 5 s at 85°C and was
subsequently held at 4°C.
Quantitative Real-Time PCR

Real-time PCR was performed on a StepOnePlus
Real-time PCR System (Applied Biosystems, Foster
City, CA) using TB SYBR Premix Ex Taq II
(TAKARA, Beijing). The 20-L reaction system included
10 L of SYBR Premix Ex Taq II, 0.8 L of PCR Forward
Primer and 0.8 L of PCR Reverse Primer, 0.4 L of ROX



Table 2. Grouping based on age at first egg and population
information.

Group Period Mean Mode Quantity 1AFEP

A 134−138 135.43 134 42 /
B 139−143 141.39 142 36 /
C 144−148 147.52 148 61 /
D 149−153 150.59 149 126 /
E 154−158 155.68 152 68 /
F >159 162.09 159 67 /
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Reference Dye (50 £), 2 L of cDNA, and 6 L of dH2O.
The entire process contained 2 stages: 30 s at 95°C for
predenaturation, followed by 40 cycles of 95°C for 10 s
and 60°C for 30 s. All primers of 10 genes were designed
using Primer-BLAST (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/) from the National Center of Bio-
technology Information (NCBI) based on chicken
genes sequences (Table 1).
Total 134−167 150.47 148 400 151
1AFEP = age at first egg of population.
Statistical Analysis

All statistical analysis for factor measurements of the
difference between groups were conducted using
ANOVA analysis available with the SPSS 20.0 (SPSS,
Chicago, IL). The data were presented as means §
SEM, and the P < 0.05 was considered statistically sig-
nificant.
RESULTS

Grouping and Population Information

As shown in Table 2, 400 hens were divided into 6
groups based on AFE. Age at first egg of population was
151 d, the mode and the mean of total individuals was
148 d and150.47 d, so hens in group C and D were consid-
ered as the individuals with normal AFE, group A were
considered as the precocious individuals, hens in group F
were considered as the late-maturing individuals.
The Effect of AFE on Reproduction
Performance

The EPR curves of each group were shown in Figure 1,
the beginning time of PEP of all groups was around 183
d. Hens in group C had the longest duration of PEP and
group F had the shortest PEP. The result of reproduc-
tion performance comparison among groups was showed
Table 1. Primer of genes for QPCR.

Primers NCBI NO Sequences

GnRH-F NC_052553.1 CGGGAAGAGTT
GnRH-R CGGGAAGAGTT
RFRP-F NC_052533.1 GGCCGAGTGCTT
RFRP-R CTTCCCGAATCT
GnRHR-F NC_052541.1 GGTACTGGTTCT
GnRHR-R CATAGGTGATGG
RFRPR-F NC_052537.1 CAATGGCAGCTG
RFRPR-R CAGGATGTTGCC
FSHR-F NC_052534.1 GCCTCTGTGAAG
FSHR-R CTGTGAAAGCTC
LHR-F NC_052534.1 GGGCTTTCCCAA
LHR-R TGGTGTCTTTAT
PRLR-F NC_052572.1 AGGAGTTACAGC
PRLR-R TCACATCAAGGG
ESR1-F NC_052534.1 GCGACATGTACG
ESR1-R AGGCTGCTTGAC
KITLG-F NC_052532.1 AGCGCTGCCATT
KITLG-R ATCTGTCACTGG
CYP11A1-F NC_052541.1 CGTGGACACGAC
CYP11A1-R GAGAGTCTCCTT
b-Actin-F NC_052545.1 CATTGTCCACCG
b-Actin-R AGCCATGCCAAT
in Table 3. The EP340 of group A, B, C, and D was sig-
nificantly higher than that of group E and F (P < 0.01),
group B had higher EP340 than group A (P < 0.05) and
group E had higher EP340 than group F (P < 0.05). The
EPR340 of group A was lower than that of other 5
groups (P < 0.05). The FR of group F was lower than
that of group A, C, D, and E (P < 0.05).
Effects of AFE on Follicles Quantity and
Hormone Levels

As shown in Table 4, group D had higher HF than the
other five groups (P < 0.05).The LH level of group F
was lower than that of group B, C, and D (P < 0.05).
The PRL level of group E and F was higher than that of
group A (P < 0.05).
Expression Levels of RFRP and GnRH
mRNA in Hypothalamus

The mRNA expression levels of RFRP and GnRH in
hypothalamus were showed in Figure 2. The expression
levels of GnRH in group D were higher than that
in group A and F (P < 0.05). There was no difference
in the expression levels of RFRP mRNA among groups
(P > 0.05).
(50-30) Tm (°C) Product size(bp)

GGAGCGATT 60.11 142
GGAGCGATT 60.03
ATTTGCCT 59.75 177
CTGTGGCA 59.38
GTCCACGA 59.04 108
GGTCCAGG 59.23
GGCTAATG 59.61 151
GATCATGC 59.69
GCAGGATA 59.17 135
CCTTCGGA 59.68
GCCTACAT 60.03 133
TGGCGGCT 59.96
CTGGGATGA 60.27 124
CTCACGAAA 59.93
TGGAAAGC 59.91 145
CCAAAAGA 59.81
CCTTATGA 59.82 121
ATTCCCGC 59.82
TTCCATGA 59.96 175
GATGGCGG 60.04
CAAATGCT 59.76 108
CTCGTCTT 59.75

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
https://www.ncbi.nlm.nih.gov/tools/primer-blast/


Figure 1. Egg production rate curve of 6 groups during 160−340 d. The two vertical dotted lines in each figure represent the start and end time
of PEP. The curve above horizontal dotted line represent the EPR was higher than 70%. The number of days above the curve represent the duration
of PEP. Abbreviations: EPR, egg production rate; PEP, peak of egg production.
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Expression Levels of GnRHR and RFRPR
Gene mRNA in Pituitary

The results of GnRHR and RFRPR mRNA expression
levels analysis in pituitary were showed in Figure 3. The
Table 3. Effect of AFE on reproduction traits.

T

Group 1EP340(n) 2EPR340

A 116.4 § 1.475Ab 0.578 § 0.007b

B 120.4 § 2.176Aa 0.606 § 0.019a

C 119.6 § 0.873A 0.618 § 0.004a

D 117.3 § 0.791A 0.621 § 0.004a

E 113.4 § 1.206B,a 0.616 § 0.006a

F 108.7 § 1.409B,b 0.605 § 0.008a

a,b,A,BMeans of different groups at the same locus with the different upperca
letters was significant (P < 0.05); The difference between the same letters was n

1EW300 = egg weight at 300 d.
2EP300 = egg production at 300 d.
3FR = fertilization rate.
4FEHR = hatching rate of fertilized eggs.
5HEHR = hatching rate of hatching eggs.
mRNA expression levels of GnRHR in group F were lower
than that in group B, C, D and E (P < 0.05), moreover,
GnRHR mRNA expression levels in group A were lower
than that in group D (P < 0.05). There was little difference
in RFRPR expression levels among groups (P > 0.05).
raits (Mean § SE)
3FR 4FEHR 5HEHR

0.984 § 0.011a 0.949 § 0.019 0.947 § 0.021
0.973 § 0.013ab 0.966 § 0.015 0.937 § 0.021
0.985 § 0.007a 0.952 § 0.019 0.938 § 0.020
0.983 § 0.006a 0.940 § 0.011 0.929 § 0.012
0.987 § 0.007a 0.933 § 0.018 0.921 § 0.018
0.946 § 0.016b 0.928 § 0.020 0.897 § 0.020

se letters were extremely significant (P < 0.01), and the different lowercase
ot significant (P > 0.05).



Table 4. Effects of AFE on hormone levels and follicles quantity.

Traits (Mean § SE)

Group 1HF (n) 2SYF (n) 3E2 (pmol/L) 4FSH (U/L) 5LH (ng/L) 6PRL (ng/L)

A 4.00 § 0.333b 12.00 § 1.838 95.12 § 5.650c 1.92 § 0.086 44.53 § 2.022a,b 44.11 § 3.353b

B 4.00 § 0.433b 10.90 § 1.418 96.19 § 5.468 1.71 § 0.106 49.88 § 2.623a 49.04 § 2.730a,b

C 4.60 § 0.221b 11.00 § 0.683 93.39 § 3.152 1.70 § 0.118 49.71 § 2.312a 46.53 § 1.711a,b

D 5.20 § 0.327a 10.90 § 1.069 93.08 § 5.202 1.90 § 0.099 50.22 § 2.146a 50.34 § 2.434a,b

E 4.60 § 0.379b 12.80 § 1.162 83.55 § 4.824 1.76 § 0.062 46.33 § 2.694a,b 53.33 § 2.276a

F 4.20 § 0.657b 11.00 § 1.807 85.83 § 5.626 1.79 § 0.097 41.23 § 2.825b 53.79 § 3.013a

a,b,cAt the same locus, the difference between groups with different lowercase letters was significant (P < 0.05), the difference between the same letters
was not significant (P > 0.05).

1HF = hierarchical follicles.
2SYF = small yellow follicles.
3E2 = estrogen.
4FSH = follicle-stimulating hormone.
5LH = luteinizing hormone.
6PRL = prolactin.

Figure 2. Relative expression levels of the GnRH and RFRP genes in hypothalamus of hens. Relative mRNA expression levels were normalized
with b-actin mRNA. Data represent mean § SEM. Bars with different lowercase letters were significantly different (P < 0.05). The difference
between the same letters was not significant (P > 0.05). Bars without superscript was not significant (P > 0.05). GnRH, gonadotropin-releasing hor-
mone; RFRP, RFamide-related peptides.

Figure 3. Relative expression levels of the GnRHR and RFRPR genes in pituitary of hens. Relative mRNA expression levels were normalized
with b-actin mRNA. Data represent mean § SEM. Bars with different lowercase letters were significantly different (P < 0.05). The difference
between the same letters was not significant (P > 0.05). Bars without superscript was not significant (P > 0.05).
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Expression Levels of LHR, FSHR, ESR1, and
PRLR Gene mRNA in Ovary

The results of LHR, FSHR, ESR1, and PRLR mRNA
expression levels analysis in ovary were showed in
Figure 4. The mRNA expression levels of ESR1 in group
D were higher than that in group B and F (P < 0.05).
There was little difference in LHR, FSHR, PRLR
expression levels among groups (P > 0.05).
Expression Levels of FSHR, LHR, CYP11A1,
and KITLG Gene mRNA in Granulosa Layer

The Expression levels of LHR, FSHR, CYP11A1, and
KITLG gene mRNA were detected in granulosa layer
cells. As shown in Figure 5, CYP11A1 gene mRNA
expression levels in group F were lower than that in
group B, C, D, and E (P < 0.05), the expression levels of
KITLG in group D were higher than that in group E



Figure 4. Relative expression levels of the LHR, FSHR, ESR1, and PRLR genes in ovary of hens. Relative mRNA expression levels were normal-
ized with b-actin mRNA. Data represent mean § SEM. Bars with different lowercase letters were significantly different (P < 0.05). The difference
between the same letters was not significant (P > 0.05). Bars without superscript was not significant (P > 0.05).

Figure 5. Relative expression levels of the FSHR, LHR, KITLG and CYP11A1 genes in granulosa cells of chickens. Relative mRNA expression
levels were normalized with b-actin mRNA. Data represent mean § SEM. Bars with different lowercase letters were significantly different (P <
0.05). The difference between the same letters was not significant (P > 0.05). Bars without superscript was not significant (P > 0.05).
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and F (P < 0.05), There was little difference in FSHR
and LHR expression levels among groups (P > 0.05).
DISCUSSION

In the poultry industry, AFE is usually regarded as
one of the important reproduction indicator in
chicken (Haiping et al., 2011). Although there are
many studies on the regulatory factors of AFE, study
about the specific impact of AFE on reproduction
performance of chickens is few. The present study
investigated the impact of AFE on reproduction per-
formance through the comparative analysis of numer-
ous traits and indicators.
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According to the EPR curves of each group, we found
something interesting that the PEP beginning time of
all groups was almost the same at about 183 d, the dura-
tion of PEP in group F was shorter and it indicated that
the ovulation ability of the late-maturing hens was poor,
which also implied that the ovarian function of late-
maturing individuals would aging earlier and it was not
good for poultry industry. It has been proven that the
delayed puberty has a negative effect on female repro-
duction system, especially on the ovarian function
(Han et al., 2016), moreover, the late-maturing hens had
shorter laying cycle, so that the EP340 of group F was
the worst. However, it seemed like that the EPR showed
an opposite situation, the precocious hens had lower
EPR instead of late-maturing ones, the main reason for
this issue was that precocious hens had a poor laying
performance at early laying stage (134−150 d) and it
was proven that precocious rats probably enter estrus
but not ovulate at the early stage (Risma et al., 1997).
We could speculate that the EPR of the precocious indi-
viduals was low due to the abnormal ovulation function
at early stage and such negative effects will affect the
entire egg production cycle (Fuqua, 2013). The FR was
also affected by AFE. Sperm quality is often considered
as the main factor affecting FR (Saacke et al., 2000).In
the present study, the FR of the late-maturing individu-
als was significantly lower than that of earlier-maturing
individuals and the difference of HEHR was also close to
statistical significance (P = 0.0515). We may speculate
that the hatching rate of the individuals with delayed
puberty was lower and the specific mechanism of the
impact needs further study.

The number of hierarchical follicles is an indicator of
ovulation ability, which has an important impact on egg
production, and it also indicated that hens with normal
AFE had advantages in follicles selection
(Waddington and Walker, 1988). In terms of reproduc-
tion hormone levels, LH plays a vital role in follicle
development and ovulation and it is also a crucial repro-
duction hormone that regulates the HPG axis and
affects the development of animal reproduction systems
(Demeestere et al., 2005; Cao et al., 2018). Previous
studies proved that PRL has a negative effect on the
function of the HPG axis. It has been proved that high
concentrations of PRL levels could cause a reduction in
the egg production of hens, reduce the synthesis of ste-
roids even inhibit ovulation (Reddy et al., 2002). In this
study, group F had lower LH level and higher PRL level,
which was consistent with the poor laying performance.

Finally, 10 related genes expression levels in four tis-
sues were analyzed separately. GNRH and RFRP are
synthesized and secreted by the hypothalamus, promot-
ing or inhibiting the production of gonadotropins in the
pituitary and participating in the regulation of the HPG
axis and affect the fertility (Lopez-Gatius and Garcia-
Ispierto, 2020). GNRH plays a key role in triggering
puberty and promotes the synthesis and secretion of LH
and FSH (Herbison, 2016). In contrast to GNRH,
RFRP could suppress the function of the HPG axis,
inhibit gonad development, and suppresses the trigger of
puberty by suppressing the KISS-1 gene (Tsutsui et al.,
2012). GNRHR is a key receptor for GNRH normal
physiological functions (Limonta et al., 2012). In the
present study, the GNRH and GNRHR mRNA expres-
sion of hens with normal AFE was higher, which may
also indicated that the hens with normal AFE (149−153
d) had better reproduction performance. In poultry,
granulosa cells had an important secretory function in
the ovary and participates the process of follicle selec-
tion, development, and apoptosis (Kunitomi et al., 2019;
Liang et al., 2020). In granulosa cells, there was no sig-
nificant difference in the expression levels of FSHR and
LHR. KITLG gene is a key regulatory gene for the devel-
opment of granulosa cells. The expression level of
KITLG gene in granulosa cells of apoptosis follicles is
significantly downregulated relative to normal granulosa
cells (Lima et al., 2012). The lower KITLG gene expres-
sion levels implied the follicles development is poor.
CYP11A1 is a crucial gene that mediates the conversion
of cholesterol to pregnenolone and it is further converted
to progesterone (O'Hara et al., 2014). CYP11A1 expres-
sion level of hens in group F meant that the late-matur-
ing individuals had weaker steroid synthesis ability and
reproduction performance. The characterization of the
hypothalamo−pituitary−gonadal axis was largely con-
sistent with reproductive performance.
CONCLUSIONS

This study explored the effects of sexual maturity
time on the reproductive performance of hens from three
levels which include traits, blood biochemical indicators,
and related gene expression. It revealed the specific neg-
ative effects of precocious puberty and late sexual matu-
rity on the reproductive performance of hens, it also
provided a theoretical basis for the necessity of control-
ling AFE and some reproductive diseases.
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