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Abstract 
The work was carried out by microinjections of an aromatase inhibitor letrozole, an 
estrogen receptor modulator tamoxifen in incubated eggs Gallus g. domesticus, the 
first day of incubation. It also used 5-azacytidine (5-AC) at the same time. Injection 
of progesterone was carried out before the onset of meiosis prophase 1 on 16 h of 
incubation. Morphologically and histologically and by PCR, sex of the 17-day em-
bryos was controlled. According to information received microinjection of letrozole 
caused almost a 100% inversion of genetic males to females, which is manifested in 
the morphology of the gonads. In other experiments, sex reversal is not revealed. The 
results are obtained in this study, and the data suggest that the presence of gonado-
genesis in female chickens makes earlier emergence of aromatase in the beginning of 
incubation, than that according to the classical scheme of sex determination in birds. 
Presumably this kind of synthesis is triggered by some W-chromosomal factors. It 
failed to detect the phenomenon of gender inversion—the transformation of males 
into females after exposure to demethylating agent 5-AC that casts doubt on the par-
ticipation of male hypermethylated (MHM)-RNA-segment in regulating the activity 
of sex determining genes.  
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1. Introduction 

At the moment, general ideas were accumulated of sex determination in a number of 
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organisms and in particular vertebrates—fish [1], amphibians [2], reptiles [3] [4] [5], 
mammals [6] [7]. A general scheme of its determination in birds is largely based on 
knowledge accumulated from chicken Gallus gallus domesticus [8]. For animals men-
tioned above two different mechanisms of sex determination were described as GSD 
(genetical sex determination) and ESD (external sex determination) [9], as well as a 
number of fundamentally different sex determining genes [10] and series of epigenetic 
mechanisms [11]. For birds heterogametism of females is typical, which is characterized 
by the presence of specific non-mammalian sex determining gene DMRT1 localized on 
the Z chromosome. Expression of this gene is switched off in females in their single Z 
chromosomal allele by synthesis of MHM lnc RNA [8]. In birds, as in reptiles and 
marsupials the influence of estrogen on early ontogenesis was noted. Within 3 - 4 days 
of embryonic development in birds this hormone controls the development of females’ 
gonads as it has been demonstrated by inhibition of aromatase—an enzyme of the bio-
synthesis of estrogens from androgens. This is the fundamental difference of birds from 
mammals, whose sex hormones do not affect sex determination. In addition, birds have 
a marked cell-specific mechanism of sex development [12]. Also the ability of females 
to control the heterogametic sex offspring due to meiotic drive attracts attention [13]. 

This study is focused on the more accurate definition of the effect period by aroma-
tase inhibitor (letrozole) and estrogene receptor modulator (tamoxifen) on sex inver-
sion during its influence at an earlier period of incubation (from the moment of laying 
the egg to the time of formation of the vascular system of the embryo, i.e., 0 - 3 days of 
incubation), as well as experimental verification of the ability to reverse sex by the de-
methylation of DNA in MHM-segment of the Z chromosome in females with 5-AC. 
This study was also intended to show the role of progesterone as a possible trigger me-
chanism of meiotic drive in females. 

2. Material and Methods 

We have performed a number of experiments with letrozole (Novartis Pharma, Swit-
zerland) and tamoxifen (Ebewe, Pharma, Austria), progesterone (Dal’chimform, Rus-
sia) and 5-AC (Sigma-Aldrich, Canada). All experiments have been carryed out from 
three (tamoxifen, 5-AC, progesterone) to five times (letrozole). In each experiment, 20 
fertilized chicken eggs of Highsex White cross (Tosno, Lisii Nos, Russia) were used. In-
jections have been done into air pocket of each egg once (at the 1st day of egg incuba-
tion, 100 μL per egg, concentration 1 mg/mL for letrozole, tamoxifen and progesterone, 
10 μm/ml for 5-AC). Also one hundred microliters of 0.9% NaCl were injected into 
other 20 fertilized eggs as control. Eggs have been incubated for 17 days at 37.8˚C and 
humidity 28%. Moreover the same experiments have been carried out at the 4th day of 
egg incubation. 

Gonads isolated from 17 day old embryos after determination of their type (testicles 
or ovaries) were fixed with Clark mixture (ethanol mixed with glacial acetic acid in ra-
tio 3:1). Gonads were then washed from the fixator, treated with alcohols of increasing 
concentration (ethanol-isobutanol-O-xylol), and embedded into paraffin according to 
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the routine technique to prepare sections on the microtome. Sections were purified 
from paraffin, stained with Mayer’s hematoxylin, dehydrated by alcohols with increas-
ing concentration and embedded into Canadian balsam (DiaM, Russia). Gonadal his-
tology was analyzed under a Leica DM6000B microscope (Leica Microsystems GmbH, 
Germany) equipped with a Leica DC500 CCD camera and Leica QWin v.1.2 software. 
Genetic sex of each embryo was defined by polymerase chain reaction (PCR) with DNA 
isolated by the routine procedure [14]. 

Primers for the chicken CHD1 gene were CHD1F 5' GTTACTGATTCGTCTAC- 
GAGA3' and CHD1R 5’ATTGAAATGATCCAGTGCTTG3' [14] [15]. The PCR condi-
tions were denaturation, 94˚C 5 min; gradual temperature decline from 60 to 50˚C, 
1˚C, 1 min; 35 cycles, 94˚C for 30 s, 50˚C for 30 s, 72˚C for 60 s. Last PCR step was per- 
formed at 72˚C, 10 min. Amplified DNA was assayed in 2% agarose gel. Single frag-
ment (380 bp) was identified in males and two fragments (500 and 380 bp) were ob-
served in females. 

3. Results 

According to the received data, microinjections of letrozole on the first day of embryo-
nic development causes almost 100% sex inversion from genetic females to males, 
which is manifested by the morphology of the gonads (Table 1, Figure 1). This means 
that the control females (injected only with 0.9% NaCL solution) had a typical left go-
nads with medulla and cortex and reduced the right gonad. In the cortex sex cells un-
dergoing prophase I were discovered. Control males of the same age had smaller tes-
ticles and a well developed system of seminiferous tubules with spermatogonia that 
mostly did not enter the meiotic pathway. Genetic sex of control males and females ful-
ly corresponded to the phenotypic type (Figure 1(a), Figure 1(b)). After injection of 
letrozole on the first day of egg incubation genetic females of chicken had alterations 
into gonads. Experimental females had pairs of gonads with poorly developed system of 
seminiferous tubules (Figure 1(c)). Injections of letrozole on the fourth day of egg in-
cubation gave lesser percentage of sex alterations. 

Injection of tamoxifen on the first day of egg incubation led to the results described 
 
Table 1. Sex ratio in the domestic chicken in experiments with letrozole. 

The experiment 
(number of eggs) 

a number of 
experiments 

Sex 
Time injection of letrozole 

in the first day of 
incubation 

in the fourth day of 
incubation 

control (20 eggs) 1 
males 9/9/0 10/10/0 

females 11/11/0 10/10/0 

experiment (20 eggs) 5 
males 97/50/47 67/35/32 

females 3/3/0 33/33/0 

Note: the criterion for sex determination: the presence of paired/unpaired gonad in the embryo; changes in the 
structure of the ovaries, the pairing of the gonads in females; sex was confirmed by PCR and primers for gene CHD1. 
n/n/n—morphological gender/confirmed genetic gender/altered histology in females with sex inversion. 
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(a)                                  (b)                                          (c) 

Figure 1. Morphology and histology of chicken gonads: (a) (b) in control (a—male, b—female) and (c) after injection of letrozole (genetic 
female). 

 
for the later periods of egg incubation (on the fourth day) and less significant than with 
letrozole [16]. There was a slight (1.5 times) hypertrophy of both testes in males. In 
treated females the ovary was also larger than in the controls. Female gonads had an 
increased number of lacunae in medulla, thickened cortex, and rare structures resem-
bling seminiferous tubules. The number of germ cells at the stage of meiotic prophase I 
in the left gonad increased. However, in the right gonad, germ cells did not enter the 
meiotic prophase. 

Using 5-AC has not led to any significant change in the number of phenotypic males 
and females (Table 2). It does not reveal any significant change in the phenotypic sex 
ratio of progesterone injection. 

4. Discussion 

According to our data, the effect of letrozole as an aromatase inhibitor is clearly evident 
when its injections are carried out into the eggs at the first day of incubation. There is 
inversion of sex (female to male) in almost 100% of cases (Table 1), whereas for the 
usual way of microinjection at 3 - 4 day of egg incubation phenomenon is less pro-
nounced [16] [17]. Earlier it was noted that in birds the expression of aromatase is ob-
served only on day 5 of embryonic development; on day 2 there are other enzymes in-
volved in the synthesis of precursors of sex hormones [18]. There is evidence that injec-
tion of fadrozole (aromatase inhibitor) into chicken and turkey eggs prior to incubation 
led to sex inversion in 99% of cases [19]. In the most resonant work of this kind, the 
possibility of supplementing of eggs in 3 - 4-day period with fadrozole was shown [17]. 
It was suggested that an extra early estrogen synthesis is possible and that it is con-
trolled by a still unknown W-chromosome factor [12]. Possible abnormal development 
of ovaries in genetic females may be due to violations of terms of the effects of estrogen 
on normal and inverted by aromatase inhibitors females. In this regard, it is worth 
mentioning the results of two studies on the production of transgenic chickens’ aroma-
tase gene, which has been demonstrated as almost complete inversion of the roosters  
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Table 2. The sex ratio in domestic chicken in the experiments with 5-AC. 

The experiment 
(number of eggs) 

A number of 
experiments 

Sex 
Injection time of 5-AC 

in the first days of 
incubation (10 μm) 

in the fourth day of 
incubation (10 μm) 

Control (20 eggs) 1 
males 8/8 11/11 

females 12/12 9/9 

Experiment (20 eggs) 3 
males 24/24 27/27 

females 26/26 23/23 

Note: the criteria for sex determination: paired/unpaired gonads in the embryo; gender was confirmed using PCR 
and primers for the gene CHD1; changes in the ratio goniums, passed over in the prophase I of meiosis in males and 
females. n/n—morphological gender/confirmed genetic gender. 

 
into the females [18] or only partial without affecting the gonads in the proper degree 
[19]. 

It is necessary noted that the change of time of injection of other agent—tamoxifen, 
which is not an aromatase inhibitor and is carrying out a modifying action of estrogen 
and the estrogen receptor, as well as in the case of injection on the 4th day of incubation 
did not lead to inversion of sex in genetic females, but contributed to the increase in 
size of the gonads of genetic males by 1.5 folds. 

In the modern scheme of genes controlling sex determination in birds, epigenetic 
mechanism for turning off the expression of the only allele of the main sex determina-
tion gene DMRT1 with non-coding MHM-RNA now takes an important place [8]. In 
2001 in Gallus gallus during the study of the mechanism of dose compensation genes in 
birds, MHM-area on the Z-chromosome was described, consisting of 210 tandem re-
peats, and ncRNA was synthesized in females. This molecular is about 2000 bp and it 
initially accumulates in the MHM-area of the Z-chromosome and then spreads to its 
neighboring region already in the first day of incubation. It turned out that such a 
process is characteristic only for heterogametic sex—females and it was suggested that 
macromolecular RNA covers nearby area where the main sex determination gene 
DMRT1 is located. In homogametic sex (males) MHM-area is hypermethylated and 
high molecular weight RNA is lacking there, and such status is set on the first day after 
fertilization [20].  

Study of the induction of sex inversion in chicken embryo with 5-AC (agent that 
leads to DNA demethylation) confirmed that the lowest level of methylation in the 
MHM-area Z chromosomes is characteristic for the cells in the ovaries of females and 
the highest in the testes of males. Methylation was higher in the left gonad at signifi-
cantly reversed females than in the left ovotestis at weakly inverted females [21]. In the 
work by the Brazilian geneticists the highest level of transcription of the MHM-segment 
at the 8th and 14th day was demonstrated by Real-Time-PCR. It was shown that the lack 
of transcription in this segment coincides with high activity of DMRT1 [22] [23] [24] 
[25] [26]. Some inconsistency was noted regarding the time of maximum expression of 
MHM-segment in embryogenesis from the first day of incubation to 8 and even 14. In a 
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recent study was found that MHM-amplicon shows maximum demethylation at day 8 
of incubation in the developing testes that is coincident with both the lowest methyla-
tion levels found in the developing ovary and with a dramatic increase in expression of 
key genes required for gonadal differentiation such as DMRT1, SOX9, AMH, 
P450arom, FOXL2 and ERα [27]. 

It was possible to believe that the demethylation of this allele using a 5-AC will lead 
to its activation in males and initiation of synthesis of a chain of factors controlling the 
appearance of the ovaries, and development of females instead of males. However, no 
inversion of gender was found in our experiments (Table 2). There is only one article 
for using demethylation of this segment with 5-AC made on the culture of embryonic 
fibroblasts, which demonstrated cytologically the phenomenon of different methylation 
of the MHM-segment of females and males. Demethylation with 5-AC in fact did not 
affect the corresponding status of this segment in females, but affected only one of the 
two phase Z-chromosome in males. The authors suggested the presence of some con-
formational differences between these sites [28]. Sex inversion by using this agent at egg 
incubation can be expected by analogy with the turning off of one of DMRT1 gene by 
RNA interference and produce females from males [29]. Additional experiments are 
required to verify the relationship between MHM-segment and DMRT1-gene and in 
particular the time period of the first transcriptional activity of these effects on the spe-
cificity on each of the three alleles. 

Our experiments for study of the progesterone role on sex ratio were a preliminary na-
ture and were aimed at finding the mechanism of meiotic drive, which is used in hetero-
gametic females. Now several possible mechanisms are under consideration. One is the 
effect of the concentration of the steroid hormones on the first division of meiosis, occur-
ring in 16th day of incubation [13]. There is a study according to which intramuscular in-
jection of progesterone to chickens really shifts the sex ratio towards females (75%) 
[30]. There are other more complex assumptions about meiotic drive in chickens [31]. 

Data obtained in our study suggest the earlier presence of aromatase during gonado-
genesis of female chickens, than can be assumed from the scheme of genetic control of 
sex determination in Gallus gallus [8], somewhere during the first day of incubation. 
Perhaps her synthesis is triggered by is still unknown W-chromosomal factor. Moreo-
ver this factor may be provided in yolk at its mature. In this connection effect on sex 
determination of bird offspring by injections into eggs will be impossible after one day 
of egg incubation. We failed to detect the phenomenon of gender inversion, the trans-
formation of males into females, after exposure with 5-AC, which warrants further 
study of the true involvement of MHM-RNA-segment in regulating the activity of sex 
determination genes. It is possible 5-AC have different influence on various types of 
cells and processes of methylation/demethylation have significance on definite stage of 
embryonic development. 

Acknowledgements 

This work was supported by Russian Foundation for Basic Research (project №14-04- 



A. V. Trukhina et al. 
 

457 

00994a) and scientific research were performed at the Research park of St.Petersburg 
State University Center for Molecular and Cell Technologies. 

References 
[1] Kobayashi, Y., Nagahama, Y. and Nakamura, M. (2013) Diversity and Plasticity of Sex De-

termination and Differentiation in Fishes. Sexual Development, 7, 115-125.  
http://dx.doi.org/10.1159/000342009 

[2] Nakamura, M.I. (2013) Is a Sex-Determining Gene(s) Necessary for Sex-Determination in 
Amphibians? Steroid Hormones May Be Key Factor. Sexual Development, 7, 104-114.  
http://dx.doi.org/10.1159/000339661   

[3] Merchant-Larios, H. and Diaz-Hernandez, V. (2013) Environmental Sex Determination 
Mechanisms in Reptiles. Sexual Development, 7, 95-103.  
http://dx.doi.org/10.1159/000341936 

[4] Schroeder, A.L., Metzger, K.J., Miller, A. and Rhen, T. (2016) A Novel Candidate Gene for 
Temperature-Dependent Sex Determination in the Common Snapping Turtle. Genetics, 
203, 557-571. http://dx.doi.org/10.1534/genetics.115.182840 

[5] Windley, S.P. and Wilhelm, D. (2015) Signaling Pathways Involved in Mammalian Sex De-
termination and Gonad Development. Sexual Development, 9, 297-315.  
http://dx.doi.org/10.1159/000444065 

[6] Quinn, A. and Koopman, P. (2012) The Molecular Genetics of Sex Determination and Sex 
Reversal in Mammals. Seminars in Reproductive Medicine, 30, 351-363.  
http://dx.doi.org/10.1055/s-0032-1324718 

[7] Nishimura, T. and Tanaka, M. (2016) The Mechanism of Germline Sex Determination in 
Vertebrates. Biology of Reproduction, 95, 30.  
http://dx.doi.org/10.1095/biolreprod.115.138271 

[8] Smith, C.A. (2015) An Update on Chicken Sex Determination and Gonadal Sex Differentia-
tion. Cytogenetic and Genome Research, 145, 114-118. 

[9] Pokorná, M.J. and Kratochvíl, L. (2016) What Was the Ancestral Sex-Determining Me-
chanism in Amniote Vertebrates? Biological Reviews of the Cambridge Philosophical So-
ciety, 91, 1-12. http://dx.doi.org/10.1111/brv.12156 

[10] Graves, J.A.M. (2013) How to Evolve New Vertebrate Sex Determining Genes. Develop-
mental Dynamics, 242, 354-359. http://dx.doi.org/10.1002/dvdy.23887 

[11] Trukhina, A.V., Lukina, N.A., Nekrasova, A.A. and Smirnov, A.F. (2015) Sex Inversion and 
Epigenetic Regulation in Vertebrates. Russian Journal of Genetics, 51, 231-237.  
http://dx.doi.org/10.1134/S1022795415020155 

[12] Tagirov, M.T. (2013) Sex Determination and Control Mechanisms in Birds. Biotechnologia 
Acta, 6, 62-72. http://dx.doi.org/10.15407/biotech6.01.062 

[13] Navara, K.J. (2013) The Role of Steroid Hormones in the Adjustment of Primary Sex Ratio 
in Birds: Compiling the Pieces of the Puzzle. Integrative and Comparative Biology, 53, 923- 
937. http://dx.doi.org/10.1093/icb/ict083 

[14] Griffiths, R., Double, M.C., Orr, K. and Dawson, R.J. (1998) A DNA Test to Sex Most Birds. 
Molecular Ecology, 7, 1071-1075. http://dx.doi.org/10.1046/j.1365-294x.1998.00389.x 

[15] Ellegren, H. (2002) Dosage Compensation: Do Birds Do It as Well? Trends Genetics, 18, 
25-28. http://dx.doi.org/10.1016/S0168-9525(01)02553-7 

[16] Trukhina, A.V., Lukina, N.A., Wackerov-Kouzova, N.D., Nekrasova, A.A. and Smirnov, 
A.F. (2014) Sex Inversion in Domestic Chicken (Gallus gallus Domesticus) by Letrozole and 

http://dx.doi.org/10.1159/000342009
http://dx.doi.org/10.1159/000339661
http://dx.doi.org/10.1159/000341936
http://dx.doi.org/10.1534/genetics.115.182840
http://dx.doi.org/10.1159/000444065
http://dx.doi.org/10.1055/s-0032-1324718
http://dx.doi.org/10.1095/biolreprod.115.138271
http://dx.doi.org/10.1111/brv.12156
http://dx.doi.org/10.1002/dvdy.23887
http://dx.doi.org/10.1134/S1022795415020155
http://dx.doi.org/10.15407/biotech6.01.062
http://dx.doi.org/10.1093/icb/ict083
http://dx.doi.org/10.1046/j.1365-294x.1998.00389.x
http://dx.doi.org/10.1016/S0168-9525(01)02553-7


A. V. Trukhina et al. 
 

458 

Tamoxifen. Cell and Tissue Biology, 8, 244-252.  
http://dx.doi.org/10.1134/S1990519X14030122 

[17] Elbrecht, A. and Smith, R.G. (1992) Aromatase Enzyme Activity and Sex Determination in 
Chickens. Science, 255, 467-470. http://dx.doi.org/10.1126/science.1734525 

[18] Lambeth, L.S., Cummins, D.M., Doran, T.J., Sinclair, A.H. and Smith, C.A. (2013) Overex-
pression of Aromatase Alone Is Sufficient for Ovarian Development in Genetically Male 
Chicken Embryos. PLoS ONE, 8, e68362. http://dx.doi.org/10.1371/journal.pone.0068362 

[19] Lambeth, L.S., Morris, K.R., Wise, T.G., Cummins, D.M., O'Neil, T.E., Cao, Y., Sinclair, 
A.H., Doran, T.J. and Smith, C.A. (2016) Transgenic Chickens Overexpressing Aromatase 
Have High Estrogen Levels but Maintain a Predominantly Male Phenotype. Endocrinology, 
157, 83-90. http://dx.doi.org/10.1210/en.2015-1697 

[20] Bruggeman, V., Van As, P. and Decuypere, E. (2002) Developmental Endocrinology of the 
Reproductive Axis in the Chicken Embryo. Comparative Biochemistry and Physiology Part 
A: Molecular and Integrative Physiology, 131, 839-846.  
http://dx.doi.org/10.1016/S1095-6433(02)00022-3 

[21] Burke, W.H. and Henry, M.H. (1999) Gonadal Development and Growth of Chickens and 
Turkeys Hatched from Eggs Injected with an Aromatase Inhibitor. Poultry Science, 78, 
1019-1033. http://dx.doi.org/10.1093/ps/78.7.1019 

[22] Caetano, L.C., Gennaro, F.G., Coelho, K., Araújo, F.M., Vila, R.A., Araújo, A., de Melo 
Bernardo, A., Marcondes, C.R., Chuva de Sousa Lopes, S.M. and Ramos E.S. (2014) Diffe-
rential Expression of the MHM Region and of Sex-Determining-Related Genes during Go-
nadal Development in Chicken Embryos. Genetics and Molecular Research, 13, 838-849.  
http://dx.doi.org/10.4238/2014.February.13.2 

[23] Wright, A.E., Zimmer, F., Harrison, P.W. and Mank, J.E. (2015) Conservation of Regional 
Variation in Sex-Specific Sex Chromosome Regulation. Genetics, 203, 587-599.  
http://dx.doi.org/10.1534/genetics.115.179234 

[24] Teranishi, M., Shimada, Y., Hori, T., Nakabayashi, O., Kikuchi, T., Macleod, T., Pym, R., 
Sheldon, B, Solovei, I., Macgregor, H. and Mizuno, S. (2001) Transcripts of the MHM Re-
gion on the Chicken Z Chromosome Accumulate as Non-Coding RNA in the Nucleus of 
Female Cells Adjacent to the DMRT1 Locus. Chromosome Research, 9, 147-165.  
http://dx.doi.org/10.1023/A:1009235120741 

[25] Smith, C.A., Katz, M. and Sinclair, A.H. (2003) DMRT1 Is Upregulated in the Gonads dur-
ing Female-to-Male Sex Reversal in ZW Chicken Embryos. Biology of Reproduction, 68, 
560-570. http://dx.doi.org/10.1095/biolreprod.102.007294 

[26] Yang, X., Zheng, J., Qu, L., Chen, S., Li, J., Xu, G. and Yang, N. (2011) Methylation Status of 
cMHM and Expression of Sex-Specific Genes in Adult Sex-Reversed Female Chickens. 
Sexual Development, 5, 147-154. http://dx.doi.org/10.1159/000327712 

[27] Yang, X., Deng, J., Zheng, J., Xia, L., Yang, Z., Qu, L., Chen, S., Xu, G., Jiang, H., Clinton, 
M. and Yang, N. (2016) A Window of MHM Demethylation Correlates with Key Events in 
Gonadal Differentiation in the Chicken. Sexual Development, 10, 152-158.  
http://dx.doi.org/10.1159/000447659 

[28] Itoh, Y., Kampf, K. and Arnold, A.P. (2011) Possible Differences in the Two Z Chromo-
somes in Male Chickens and Evolution of MHM Sequences in Galliformes. Chromosoma, 
120, 587-598. http://dx.doi.org/10.1007/s00412-011-0333-x 

[29] Smith, C.A., Roeszler, K.N., Ohnesorg, T., Cummins, D.M., Farlie, P.G., Doran, T.J. and 
Sinclair, A.H. (2009) The Avian Z-Linked Gene DMRT1 Is Required for Male Sex Deter-
mination in the Chicken. Nature, 461, 267-271. http://dx.doi.org/10.1038/nature08298 

http://dx.doi.org/10.1134/S1990519X14030122
http://dx.doi.org/10.1126/science.1734525
http://dx.doi.org/10.1371/journal.pone.0068362
http://dx.doi.org/10.1210/en.2015-1697
http://dx.doi.org/10.1016/S1095-6433(02)00022-3
http://dx.doi.org/10.1093/ps/78.7.1019
http://dx.doi.org/10.4238/2014.February.13.2
http://dx.doi.org/10.1534/genetics.115.179234
http://dx.doi.org/10.1023/A:1009235120741
http://dx.doi.org/10.1095/biolreprod.102.007294
http://dx.doi.org/10.1159/000327712
http://dx.doi.org/10.1159/000447659
http://dx.doi.org/10.1007/s00412-011-0333-x
http://dx.doi.org/10.1038/nature08298


A. V. Trukhina et al. 
 

459 

[30] Correa, S.M., Adkins-Regan, E. and Johnson, P.A. (2005) High Progesterone during Avian 
Meiosis Biases Sex Ratios toward Females. Biology Letters, 1, 215-218.  
http://dx.doi.org/10.1098/rsbl.2004.0283 

[31] Aslam, M.A., Schokker, D., Groothuis, T.G., de Wit, A.A., Smits, M.A. and Woelders, H. 
(2015) Association of Egg Mass and Egg Sex: Gene Expression Analysis from Maternal 
RNA in the Germinal Disc Region of Layer Hens (Gallus gallus). Biology of Reproduction, 
92, 157. http://dx.doi.org/10.1095/biolreprod.114.123380 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Submit or recommend next manuscript to SCIRP and we will provide best service 
for you:  

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.  
A wide selection of journals (inclusive of 9 subjects, more than 200 journals) 
Providing 24-hour high-quality service 
User-friendly online submission system  
Fair and swift peer-review system  
Efficient typesetting and proofreading procedure 
Display of the result of downloads and visits, as well as the number of cited articles   
Maximum dissemination of your research work 

Submit your manuscript at: http://papersubmission.scirp.org/ 
Or contact ns@scirp.org 

http://dx.doi.org/10.1098/rsbl.2004.0283
http://dx.doi.org/10.1095/biolreprod.114.123380
http://papersubmission.scirp.org/
mailto:ns@scirp.org

	Experimental Sex Inversion of Chicken Embryos at Aromatase Inhibition, Estrogen Receptor Modulation, DNA Demethylation and Progesterone Treatment
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	3. Results
	4. Discussion
	Acknowledgements
	References

