Increasing the productivity of breeds sex-marked in the egg stage as a result of selection
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Abstract. In order to create 100% pure hybrids with full heterosis demonstration in silkworm breeds sex-marked in the egg stage, the process of breed selection and preparation of silkworm eggs has been simplified. The eggs of sex-marked breeds have a high viability, this indicator is from 89.9% to 96.1%, the larva viability is also high, this indicator is from 77.0% to 93.0%. The weight of cocoons of these breeds ranges from 1.43 to 1.69 g, percent cocoon shell is from 19.8% to 23.9%, they belong to the medium cocoon group. Selection of silkworm breeds marked by sex at all stages of development was carried out employing methods used in selection and breeding, as well as on movement activity. In order to improve the quality indicators of the breeds used for this purpose, selection work was carried out on the size of egg layings, eggs hatchability, larvae viability, average weight of one cocoon, weight of the cocoon shell and percent cocoon shell. As a result, new breeding systems of sex-marked breeds at the egg stage were developed that are capable of competing with existing zoned breeds.
INTRODUCTION
When hybridizing silkworms, the use of sex-marked strains at the egg stage results in the creation of 100% pure hybrids. Accordingly, eggs from sex-marked breeds are valuable and provide great benefit to silkworm production companies[1]. Sex-marked breeds and their eggs guarantee demonstration of high heterosis in viability and percent cocoon shell, and their production does not require a lot of investment[2]. Many scientific achievements in the silk industry of Uzbekistan are of global significance. Namely, significant progress has been achieved in cloning the silkworm[3], and methods have been developed for genetic modification[4], meiotic and amyotic parthenogenesis[5], androgenesis arising from two fathers was carried out[6], autotetraploids were obtained, methods for creating heterogeneous polyploidy were found[7,8], issues of using and enhancing heterosis were resolved, and genetic mechanisms of sex ratio regulation were studied[9.10],  ways to obtain homozygous lines were found[11], correlations of many reproductive, productive, and technological indicators of the silkworm were studied[12], and the genetic basis for the movement of silkworm was studied[13].
The aim of the study is to increase the productivity of breeds marked by sex at the egg stage as a result of selection.
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FIGURE 1. The graph of the development of installed wind energy(GW) since 2010(Indicators from left to right:Worldwide, EU, Germany, America)
EXPERIMENTAL RESEARCH
Materials and Methods. From the breeds of the world collection of the Research Institute of Sericulture, 5 breeds of silkworm with translocation of W2W2, W3W3, W5W5 genes on sex W-chromosome, were selected for research. According to the genetic modification of these breeds, depending on the color of the eggs, they are divided into male (light colored) and female (dark colored) sexes. These are breeds C-5, C-10, C-12, C-13, C-14. Larvae of sex-marked species are white, some are masked and half-shaped. The cocoons of the species are small with medium granularity, white in color, of various shapes - elongated-cylindrical, oval, narrowed waist or straight. Selection work with sex-marked breeds at the egg stage was carried out on the basis of the “Basic Methodological Guide to Selection Work of Silkworms”.
At the egg stage, families were separated and sorted due to low reproductive capacity, incorrect sex ratio and low egg hatchability. To grow the second-instar larvae, 110 male and 110 female (darkish, whitish) eggs were selected from each family, they were bred together, counted and 200 (in 3 replicates) were taken from the hybrids intended for laboratory testing. Families with very low percent cocoon shell, cocoon and shell weight were separated and removed. The analysis of cocoons of each breed was carried out separately for males and females. Based on family analysis, cocoons with large shells, possessing by high percent cocoon shell, and corresponding to cocoon breeds in shape and granularity were selected for the preparation of the initial egg laying material. Along with traditional methods used to further improvement of silkworms productivity, in our research we also used a new selection method based on motor activity. Based on this method, the most active moths are selected at the beginning of the silkworm eggs hatching and when the moths emerge from the cocoons.
RESEARCH RESULTS
Each egg laying of sex-marked breeds was analyzed: the number of normal gray and unfertilized yellow eggs, seed weight and 1 egg mass were calculated. The data obtained in spring of 2024 were processed using biometric statistics methods. Reproductive indicators of breeds are presented in Table 1.

TABLE 1. Reproductive indicators of eggs of the studied breeds (average for 2024)
	№
	Breeds
	Number of normal eggs, pcs.
	Mass of normal eggs, mg
	Weight of one egg, mg

	
	
	

±С
	Сv
	

±С
	Сv
	

±С
	Cv

	1
	С-5
	561±9,1
	11,5
	289±5,8
	14,2
	0,515±0,005
	7,4

	2
	С-10
	525±8,4
	11,1
	260±5,1
	13,4
	0,491±0,007
	9,6

	3
	С-12
	495±8,4
	9,2
	221±5,1
	12,3
	0,447±0,005
	6,5

	4
	С-13
	469±6,0
	8,2
	237±3,7
	9,7
	0,506±0,005
	5,9

	5
	С-14
	560±6,5
	10,8
	285±5,3
	11,9
	0,510±0,05
	6,4

	6
	Silkworm 1 (control)
	600±6,6
	10,7
	318±7,0
	11,0
	0,530±0,003
	4,1


According to the data in Table 1, among the breeds marked by sex, the highest indicator for the number of eggs in a laying is in the breeds C-5 (561 pcs), the smallest is in C-13 (469 pcs), in terms of the weight of normal eggs the highest is in C-5 (289 mg), the smallest is in C-13 (237 mg), which is slightly smaller than the control breed Ipakchi 1 (620 pcs, 318 mg). However, since these differences are very small, in general it can be assumed that the reproductive indexes of sex-marked breeds is at the level of the control variant. Variability coefficients of reproductive properties were observed. They have from 18.2 to 11.5% according to normal eggs number, from 9.7 to 14.2% normal egg weight, and from 5.9 to 9.6% per egg weight, which testifies the success of the selection work carried out in this study.
In addition, the coefficients of variation of reproductive characteristics of breeds marked by sex at the egg stage show that the breeds genetic variability is not yet exhausted, and if selection and breeding are continued, the indicators and stabilization of reproductive characteristics can be further improved. Changes in selection characteristics largely depend on the intensity of selection and the magnitude of the selection differential. These indicators are presented in Table 2.

TABLE 2. Selection intensity and selection differential of the studied breeds (average for 2024)
	№

	Breeds
	Number of families, pcs.
	Selection intensity,%
	Number of eggs, pcs.
	S

	
	
	Total, pcs.
	Selected for incubation, pcs.
	
	Total, pcs.
	Selected for incubation, pcs.
	

	1
	С-5
	50
	32
	64,0
	561
	595
	54

	2
	С-10
	49
	28
	57,1
	525
	563
	38

	3
	С-12
	29
	23
	79,3
	495
	512
	17

	4
	С-13
	39
	22
	56,4
	469
	493
	24

	5
	С-14
	86
	34
	39,5
	560
	615
	55

	6
	Silkworm 1 (сontrol)
	30
	20
	66,7
	600
	630
	30



From Table 2 it can be seen that family selection was carried out based on the reproductive indicators of each breed. Initially, the best egg layings from each of the existing breeds were selected for incubation. Then, from all incubated layings, families with a good hatching rate were selected.  The selection differential for the number of eggs in a laying is different in all breeds, and for some of them this figure is significantly higher. For example, breed C-14 has 55, breed C-10 has 38, and breed C-5 has 34. In sex-marked breeds, the number of eggs ranges from 469 to 561, which is typical for these breeds. Diagram 1 is given to clearly demonstrate the intensity of selection of sex-marked breeding families based on the number of eggs.
[image: ]
FIGURE-1. Number of eggs in a laying of sex-marked breeds (average for 2024)
- total number of eggs in the laying, pcs.
- number of eggs in the selected laying, pcs.
Diagram 1 shows that families with the maximum number of eggs in the laying at this stage of breeding work were selected for incubation: C-5 - 595 eggs, C-10 - 563 eggs, C-12 - 512 eggs, C-13 - 493 eggs, C-14 - 615 eggs.
Selective breeding was carried out by hatching eggs of breeds marked by sex at the egg stage.
Table 3 presents the egg hatching rates of the studied breeds.

TABLE 3. Hatchability of eggs of the studied breeds (average for 2024)
	№ 
	Breeds
	Hatchability, %

	
	
	Incubated
	Selected for breeding
	S

	
	
	n
	

±S
	n
	

±S
	

	1
	С-5
	32
	96,0±0,2
	20
	96,5±0,2
	0,5

	2
	С-10
	28
	95,5±0,3
	18
	96,1±0,2
	0,6

	3
	С-12
	23
	96,9±0,1
	22
	97,0±0,1
	0,1

	4
	С-13
	22
	96,8±0,2
	21
	96,9±0,2
	0,1

	5
	С-14
	34
	95,5±0,3
	25
	96,0±0,3
	0,5

	6
	Ipakchi 1 (control)
	20
	96,0±04
	15
	98,0±0,3
	2,0



As can be seen from Table 3, eggs with the highest hatching rate were selected for rearing, that is, the intensity of selection by the hatchability percent of breeding systems is quite high. For example, the selection differential (c) in breed C-5 is 0.5%, in breed C-10 - 0.6%, in breed C-12 - 0.1%, in breed C-13 - 0.1%, in breed C-14 - 0.5%. According to the data provided, the percentage of eggs hatchability of experimental breeds marked by sex is at the level of the control variant (the hatchability in the control variant is 96.0%). In the experiments, high egg hatching rates were 97.0% for C-12 breed and 96.9% for C-13 breed. The lowest rate was observed in C-14 breed and amounted to 96.0%. However, these hatching rates are considered to be significantly higher, since it is known that the hatchability of silkworm eggs depends not only on the genotype of the breed, but also on the conditions in which the silkworm is kept. Families of sex-marked breeds with the best egg hatchability were selected for breeding and were reared in spring season of 2024. If a strict selection method is carried out at all stages of silkworm development (egg, larva, pupa, moth), the indicators can change for the better. For example, during the period of egg aestivation, the selection of the best egg layings was carried out according to the following indicators: the number of normal eggs in the laying, the weight of the oviposition, mass of one egg and the sex ratio of 1:1, according to the eggs hatchability. The best families of the breeds in terms of egg production were bred in spring of 2023-2024. Their biological indicators are presented in Table 4.

TABLE 4. Biological indicators of the studied breeds (average for 2024)
	Table – 4. Biological indicators of the studied breeds (average for 2024)

	№
	Breeds
	Larvae viability,
%
	Cocoon mass, g.
	Mass of cocoon shell, mg.
	Percent cocoon shell %

	
	
	

±С
	Св
	

±С
	Св
	

±С
	Св
	

±С
	Св

	1
	С-5
	total
	32
	94,6±0,32
	1,84
	1,46±0,001
	3,88
	309±3,90
	6,82
	21,3±0,2
	5,70

	
	
	selected
	15
	95,1±0,45
	1,81
	1,45±0,02
	4,49
	317±4,10
	5,05
	21,8±0,29
	5,18

	2
	С-10
	total
	28
	95,1±0,45
	2,47
	1,48±0,01
	3,63
	311±2,30
	3,85
	21,0±0,20
	5,03

	
	
	selected
	15
	95,8±0,32
	1,28
	1,47±0,01
	3,89
	316±2,74
	3,35
	21,5±0,25
	4,00

	3
	С-12
	total
	23
	96,0±0,49
	2,26
	1,50±0,02
	1,23
	315±4,20
	5,97
	21,0±0,27
	5,70

	
	
	selected
	14
	95,8±0,54
	2,11
	1,49±0,03
	6,73
	320±5,33
	6,22
	21,5±0,23
	4,05

	4
	С-13
	total
	22
	95,0±0,40
	2,16
	1,50±0,01
	2,64
	333±3,50
	5,32
	22,2±0,27
	6,28

	
	
	selected
	15
	95,6±0,60
	2,42
	1,49±0,01
	2,63
	343±3,34
	3,76
	23,0±0,28
	4,76

	5
	С-14
	total
	34
	95,5±0,40
	2,42
	1,55±0,01
	4,48
	349±1,1
	1,82
	22,6±0,18
	4,74

	
	
	selected
	15
	96,6±0,37
	1,50
	1,55±0,02
	4,49
	351±1,35
	1,48
	22,7±0,28
	1,86

	6
	Silkworm (сontrol)
	average
	20
	94,8±0,8
	3,0
	1,55±0,03
	4,40
	347±5,00
	5,00
	22,4±0,80
	5,90



Table 4 shows that the viability of all studied silkworms in 2024 was very high and ranged from 94.6% to 96.0%. It should be noted that the viability of the breeds C-5, C-10, C-12, C-13, C-14, sex-marked during the egg period was high, while the viability of unmarked Ipakchi 1 caterpillars made 94.8%. Diagram 2 below is provided to clearly show how the viability of larvae of sex-marked breeds changes under the influence of selection.
[image: ]
FIGURE 2. Viability of silkworm breeds C-5, C-10, C-12, C-13, C-14.

[bookmark: _GoBack]From diagram 2 it can be seen that almost all breeds, except C-5, have a viability of 94.6–96.0%, which is higher than the control of 94.8%. Based on the results of the selection carried out, families of breeds with 95.0-96.6% viability were given the opportunity to be used in breeding work. Sex-marked breeds differ from usual breeds in that they have chromosomal changes in their genomes. Therefore, these breeds are more sensitive to any changes in life conditions. As known from many studies in good climatic conditions, breeds marked by sex have the same level of biological characteristics as the usual material, but in unstable conditions, genetically modified material behaves somewhat worse. From 1.81 to 2.47 shows the variability of such an indicator as the larvae viability, and indicates the possibility of further selection based on this trait. Relatively smaller but very high Cv have adaptively important features such as a cocoon, silk shell and egg mass. Variability of percent cocoon shell is a less important trait from an adaptive point of view; on the contrary, it is characterized by the lowest. According to data silk productivity negatively correlates with the larvae viability  and reproductive characteristics. But long-term, targeted and intensive selection work can lead to changes in existing relationships between traits. This means that given enough time, high percent cocoon shell can be achieved while maintaining maximum viabile and reproductive characteristics[15,16-46]. There is a statistically significant positive correlation (r=+0.24-+0.53) between the average weight of one cocoon, silk shell and egg laying mass, since these characteristics determine the proportionality of the organism, and a change in one leads to a change in another characteristic. On the contrary, the indices of organs functional activity (silkiness, egg production and frequency of complete parthenogenesis) change independently of each other and of cocoon mass. Of the five breeds studied, the highest silk content was observed in C-14 (22.6%) and C-13 (22.2%) (Table 4). During breeding, 10-12 families, having the best indicators of larval viability and percent cocoon shell, were selected from 25-30 families of each breed. From each selected family, 20-30 cocoons were visually selected based on shape and granularity. All selected cocoons were weighed individually. The cocoons with the best percent cocoon shell were left. As an example, the biological indicators of the selected families and cocoons are presented in Table 5.
According to the data analysis of Table 5, for example, in C-5 breed with percent cocoon shell of 20.8%, a family with percent cocoon shell of 21.3% was left for offspring, and cocoons with percent cocoon shell of 21.8% were included for papillonage. Families reared in C-14 breed had percent cocoon shell of 22.6%, and purebred families - 22.7%, eggs were obtained from cocoon moths, with percent cocoon shell of 23.3%. Similar selection work was carried out on the breeds C-10, C-12, C-13 (Table 5), where the selection intensity was quite high. According to Table 5, the highest viability rate in 2023-2024 was observed in C-12 breed (96.0%), the lowest rate was observed in C-5 strain (94.6%). The highest intensity of selection for caterpillar viability was observed in C-14 breed, which ranged from 95.5% to 96.6%. It is known that the greatest phenotypic correlation exists between larvae viability and eggs hatchability. Strain C-14 (349-351 mg) had the highest shell mass, and breed C-10 (311-316 mg) had the lowest. Since there is a direct correlation between the degree of percent cocoon shell and the mass of the shell, the greater the mass of the shell, the higher the percent cocoon shell.

TABLE – 5. Biological indicators of cocoons of families selected for obtaining offspring and studied breeds (on average for 2024)
	Breeds
	Larvae viability, %
	Average weight
	Percent cocoon shell, %

	
	
	Cocoon, g
	Shell, mg
	

	С-5
	Reared family
	94,6
	1,46
	309
	21,3

	
	Purebred family
	95,1
	1,45
	317
	21,8

	
	Purebred cocoon
	-
	1,45
	318
	21,9

	С-10
	Reared family
	95,1
	1,48
	311
	21,0

	
	Purebred family
	95,8
	1,47
	316
	21,5

	
	Purebred cocoon
	-
	1,47
	325
	22,1

	С-12
	Reared family
	96,0
	1,50
	315
	21,0

	
	Purebred family
	96,0
	1,49
	320
	21,5

	
	Purebred cocoon
	-
	1,50
	359
	23,9

	С-13
	Reared
	95,0
	1,49
	333
	22,2

	
	Purebred family
	95,6
	1,50
	343
	23,0

	
	Purebred cocoon
	-
	1,50
	368
	24,5

	С-14
	Reared family
	95,5
	1,55
	349
	22,6

	
	Purebred family
	96,6
	1,55
	357
	22,7

	
	Purebred cocoon
	-
	1,55
	361
	23,3

	Silkworm (control)
	Reared family
	94,8
	1,50
	339
	22,6

	
	Purebred family
	95,2
	1,50
	341
	22,7

	
	Purebred cocoon
	-
	1,50
	345
	23,0



The same situation was observed in our experiments – the highest percent cocoon shell  rate was observed in C-13 and C-14 breeds, which amounted to 24.5% and 23.3%, respectively (Table 5). A total of 3,390 cocoons of all breeds were analyzed separately. Of these, 1880 were approved for the production of breeding seeds, i.e. 55.5% of cocoons with the best percent cocoon shell rate. This selection intensity allows for a slight increase in the percent cocoon shell of some breeds (Table 6).

TABLE – 6. Selection differentials for percent cocoon shell in breeds with a sex-marked component (2024)
	№

	Breeds
	Number of cocoons, pcs.
	Percent cocoon shell, %

	
	
	total
	selected
	total
	selected
	S

	1
	С-5
	597
	323
	20,8
	21,9
	1,1

	2
	С-10
	564
	293
	21,0
	22,1
	1,1

	3
	С-12
	391
	193
	22,5
	23,9
	1,4

	4
	С-13
	906
	484
	23,1
	24,5
	1,4

	5
	С-14
	990
	587
	22,2
	23,3
	1,1

	6
	Silkworm 1 (сontrol)
	220
	112
	23,8
	24,2
	0,4



To date, the achieved results in increasing the productivity indicators of the silkworm are practically at the same level as the indicators in the catalogue of “Genetic Fund of Silkworms World Collection of Uzbekistan”. The change in the percent cocoon shell after selection of the best families is shown in Figure -3.
[image: ]
FIGURE 3. Percent cocoon shell of all families of selected breeds C-5, C-10, C-12, C-13, C-14.

It is known that the occurrence of silkworm indicators depends on the combined effect of environmental conditions and genetic factors. Global changes in climate conditions throughout the world, including in Uzbekistan, have a negative impact on the process of reproduction and rearing of silkworms. This certainly affect the condition of the silkworms and prevent them from realizing their genetic potential. Taking into account the importance of the problem of moths non-emergence from cocoons, in our research we observed and recorded similar cases in the studied breeds. For this purpose, 100 cocoon samples were taken from each cocoon mixture (of each breed). After the moths emerged, unperforated cocoons, i.e. cocoons with non-emerged moths, were collected and counted (Figure 4 and Table 7).
[image: IMG_2956]
FIGURE 4. The emergence of moths from cocoons of sex-marked breeds.

TABLE 7. Number of moths that did not emerge from cocoons of sex-marked breeds (average for 2024)
	№
	Breeds
	Number of cocoons, pcs.
	Non-emerged moths, %

	
	
	Checked
	Non-emerged moths
	

	1
	С-5
	103
	12
	11,7

	2
	С-10
	102
	14
	13,7

	3
	С-12
	100
	12
	12,0

	4
	С-13
	100
	11
	11,0

	5
	С-14
	105
	18
	17,1

	6
	Silkworm 1 (control)
	100
	7
	7,0



According to the obtained results, the proportion of moths that did not emerge from cocoons in sex-marked breeds varies and averages from 11.0% to 18.1% in 2024. The highest percentage of non-emerged moths was in C-14 breed - 17.1%, and the lowest was in C-13 strain- 11.0%. In the control variant “Ipakchi 1” breed, this indicator was comparatively low and amounted to only 7.0%. According to 2023 indicators, the moth non-emergence rate was 11.0-17.1%. This situation can be explained by the fact that genetic changes in the genomes of sex-marked breeds negatively affect on the metabolism of silkworms. It is possible that this condition, i.e. moths’ non-emergence, is due to the high level of percent cocoon shell in breeds. Because according to the data in table 6 in 2023-2024, the highest percent cocoon shell was observed in C-14 breed (23.3%). In the same breeds, the degree of moths non-appearance is also high, in C-14 (18.2%). According to some data (report of the Research Institute of Sericulture 2012, project KXA-9-028), the degree of moths’ emergence from cocoons depends on the cocoon caliber. According to other researchers, the problem of moths non-emergence is associated with changes in temperature during the cocoon mounting, improper placement of cocoons on shelves, and low concentration of the liquid produced by moths to pierce the cocoon shell. Despite this, the problem of moths non-emergence from cocoons of sex-marked breeds has not yet been studied. Since this problem is one of the tasks that needs to be solved, this and future projects are expected to study this issue.
CONCLUSIONS
Among the breeds marked by sex, the following breeds were identified: C-5 W2W2, C-10 W3W3, C-12 W5W5, C-13 W3W3, which occupy a high place in terms of larvae viability, cocoon weight and percent cocoon shell.
Work has been carried out to create systems with high reproductive and biological indicators based on silkworm breeds marked by sex, at present, they have the following indicators: caterpillar viability - 94.6-96.0%, cocoon weight - 1.46-1.55 g, percent cocoon shell  - 21.0-22.6%.
The percentage of moths non-emergence from the cocoons of sex-marked breeds at the egg stage was determined and amounts to 11.0-17.1%.
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