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			ABSTRACT

		

		
			The purpose of the present study is to reveal the effects of different dietary levels of fish meal protein on body weight and survival of Penaeus monodon families. In this study, 5400 P. monodon from 36 families were mixed cultureed with two kinds of different dietary levels of fish meal protein (Diet A and Diet B) for 56 days to analyze the genetic parameters of body weight and survival traits, as well as the interaction effect of genotype and environment. The results showed that the average body weight and survival rate of P. monodon in Diet A group were higher than those of Diet B group, and the heritability of P. monodon in Diet A and Diet B group was 0.53±0.12 and 0.39±0.09, respectively, which belonged to high heritability, and the heritability of survival after transformation was 0.38 and 0.22, respectively, which varied from medium to high heritability. The estimated heritability of body weight and transformed survival were 0.46 ± 0.10 and 0.32, respectively, which showed high heritability level. The estimates of genetic parameters might be overestimated because the common environmental effect was not included in the estimation model due to convergence problem. The results showed that there was a high genetic correlation (0.84-0.92) between Diet A and Diet B groups, and the ratio of G×E variance component to additive genetic variance component was less than 0.5, and the effect of G×E was not significant. The results showed that although the growth and survival traits of P. monodon were different under different diets, the interaction effect between genotype and feed conditions was not significant. Therefore, it was not necessary to establish different breeding lines for different feed conditions in the range of 10% - 30% protein level of feed fish meal.
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			INTRODUCTION

			The black tiger shrimp (Penaeus monodon, Crustacea, Decapoda, Penaeidae) is an economically and globally important marine species, and very important in the aquaculture industries in China. At present, there are only “Nanhai No.1” and “Nanhai No.2” in China, but these two new varieties are selected with the goal of fast growth and high survival rate (Huang et al., 2009, 2012). P. monodon is a kind of omnivorous shrimp and in the process of culture, P. monodon requires high protein content in the diet. Previous studies have shown that the optimal protein content in the feed of P. monodon is about 30%-50%, and the optimal protein demand of P. monodon cultured in seawater is about 40% (Miao et al., 2001; Wang et al., 1998). Fish meal is the main source of protein in aquatic feed, with the decrease of fish meal resource year by year, feed cost is increasing year by year. From the point of view of genetic breeding, breeding a new variety of P. monodon suitable for low fish meal protein level feed culture will fundamentally solve this problem.

			The phenotypic traits of animals are influenced not only by genetic factors, but also by environmental factors. The study on the growth characteristics of economic species under different diets can better understand the growth characteristics of species, explore the most suitable breeding environment, and provide reference information for improving varieties and improving the adaptability of varieties under the feeding environment of ground protein level. At present, the breeding objectives of shrimp breeding mainly focus on growth, survival, disease resistance and stress resistance (Jiang et al., 2013). Feed is one of the important factors affecting the growth and survival of P. monodon. Penaeus monodon has adapted to a wide range of diet protein level, but extreme low fish meal protein level diet can have a significant impact on them (Jiang et al., 2013). Therefore, the selection and breeding of P. monodon on low fish meal protein diet need further study, including the genetic parameters of growth and survival traits and the interaction effect of genotype and environment. In this study, we analyzed the genetic parameters and G×E effects of body weight and survival of P. monodon fed with two kinds of diets, and analyzed whether there was reordering effect of different fish meal protein levels in feeding environment by quantitative genetic method, and whether it was necessary to establish breeding core population separately for different diets. The results provide a theoretical reference for the selection of P. monodon.

			MATERIALS AND METHODS

			Experimental materials

			The P. monodon used in this study was from the whole sib family constructed in 2019, and the male and female broodstock were selected from the P. monodon strains kept in 2018. By controlling the inbreeding scheme design, the next generation families were obtained. 

			Family construction

			After determining the family construction plan, the artificial insemination technology was used to construct the P. monodon families. When the gonads of female shrimp were mature, the sperm pods were transplanted into the seminal vesicle, and then the female broodstock were transferred into independent units to lay eggs. The incubation temperature of eggs was controlled at about 30oC. After hatching the fertilized eggs, about 8000 nauplii were collected from each independent unit and transferred to 500 L polyethylene fiber barrel for cultivation. When the nauplius was cultured to the larval stage, 3000 shrimps were taken and transferd to a 1 m3 cement tank for cultivation. When the larvae were cultured to the 15th day, 500 of them were taken out and transferred to 500 L polyethylene fiber barrel for intermediate cultivation. When the average body length of young shrimp was 3 cm, each family was labeled by injecting color fluorescent dye into the sixth ventral segment. 

			Cultivation of P. monodon in different diets

			After fluorescence labeling, the initial body weight of each shrimp was measured and 50ind P. monodon of each family was evenly distributed to six different cement tanks (5m×4m×2m) for mixed culture. During the period, Diet A (fish meal content in feed was 30%) and Diet B (fish meal content in feed was 10%; concentrated dephenolized cottonseed protein content was 20%) (Table I) were regularly fed three times a day, the daily feeding amount was about 8% of the body weight of shrimp, and the water was regularly changed every day, and the volume of water change accounted for one third of the total water body. The body weight and survival rate of P. monodon were measured after 56 d of mixed culture. The death rate was counted after the experiment (Table II).

			Table I. Composition and nutrient content of experimental diets.

			
				
					
					
					
				
				
					
							
							Ingredients(%)

						
							
							Diet A

						
							
							Diet B

						
					

					
							
							Fish meal

						
							
							30

						
							
							10

						
					

					
							
							Soybean meal

						
							
							18

						
							
							18

						
					

					
							
							Concentrated dephenolization cottonseed protein

						
							
							0

						
							
							20

						
					

					
							
							Peanut meal

						
							
							10

						
							
							10

						
					

					
							
							Wheat flour 

						
							
							21.99

						
							
							17.1

						
					

					
							
							Beer yeast 

						
							
							3

						
							
							3

						
					

					
							
							Shrimp head meals 

						
							
							5

						
							
							5

						
					

					
							
							Soybean protein concentrate 

						
							
							4.8

						
							
							6.2

						
					

					
							
							Soybean lecithin 

						
							
							1

						
							
							1

						
					

					
							
							Fish oil 

						
							
							1

						
							
							1

						
					

					
							
							Soybean oil 

						
							
							0.5

						
							
							2.1

						
					

					
							
							CAscorbic Phosphate ester 

						
							
							0.1

						
							
							0.1

						
					

					
							
							Cholesterol 

						
							
							0.5

						
							
							0.5

						
					

					
							
							Vitamin premixa 

						
							
							1

						
							
							1

						
					

					
							
							Mineral premix b

						
							
							1

						
							
							1

						
					

					
							
							Ca(H2PO4)2 

						
							
							1

						
							
							1

						
					

					
							
							Lysine 

						
							
							0

						
							
							0.97

						
					

					
							
							Methionine

						
							
							0.1

						
							
							0.47

						
					

					
							
							Threonine

						
							
							0

						
							
							0.55

						
					

					
							
							Carboxymethylcellulose

						
							
							1

						
							
							1

						
					

					
							
							Y2O3

						
							
							0.01

						
							
							0.01

						
					

					
							
							Sum

						
							
							100

						
							
							100

						
					

					
							
							Proximate composition

						
							
							
					

					
							
							Moisture(%)

						
							
							8.32

						
							
							7.88

						
					

					
							
							Crude protein(%)

						
							
							48.65

						
							
							48.29

						
					

					
							
							Crude lipid(%)

						
							
							5.70

						
							
							6.09

						
					

					
							
							Ash(%)

						
							
							11.89

						
							
							10.47

						
					

				
			



			Note: 1. Vitamin premix (g·kg-1): VA 2.5; VD 6.25; VE 75; VK 2.5; VB1 0.25; VB2 1.0; VB3 5.0; VB6 0.75; VB12 2.5; folic acid 0.25; biotin 2.5; inositol 379; cellulose 500; 2. Mineral premix (g·kg-1): KCl, 90; KI 0.04, NaCl, 40g; CuSO4·5H2O, 3;ZnSO4·7H2O, 4; CoSO4·7H2O, 0.02; FeSO4·7H2O, 20; MnSO4·H2O, 3; MgSO4·7H2O, 124; Ca(H2PO4)2·2H2O, 500; CaCO3, 215.




			Statistical analysis

			A linear mixed model was established and the average information restricted maximum likelihood was used to estimate the body weigth variance components of P. monodon by asreml 4 software.

			Individual animal model was used as breeding analysis model.

			yijkl=μ+Envi+Sexj+ Envi×Sexj+b1Wtk (Envi ×Sexj × Tankl) +ak+ ak(Envi) +eijkl    …(1)

			In formula, yijkl was the body weight observation value of the k-tailed shrimp; μ was the mean of body weight. Envi was the fixed effect of the i-th breeding diet. Sexj was the fixed effect of the j-th personality. Envi×Sexj was the interactive fixed effect of the i-th diet and the j-th personality. Wtk was the body weight (covariance) of the k-tailed shrimp before mixed cultivation in Envi×Sexj×Tankl, where b1 was the regression coefficient and Tankl was the l-th test pool. ak was the regression coefficient of the additive genetic effect of k-tailed shrimp body weight. ak was the additive genetic effect of k-tailed shrimp weight, and ak(Envi) was the additive effect of k-tailed shrimp nested in the i-th culture diet. eijk was the random residual of body weight of the k-tailed shrimp.

			Model (1) was used to estimate the variance components of genotype environment interaction effect, Envi and ak(Envi) effects were removed from model (1) to estimate the variance components and heritability of Diet A and Diet B respectively. ak(Envi) was removed from model (1) to set the weight of Diet A and Diet B as independent residuals. CORGH variance (covariance) structure was used to estimate the genetic correlation of body weight between Diet A and Diet B groups. In the model (1), the fixed effect of the test pool were included and the statistical test was not significant, including the random effect of the full-sib group were included and the model did not converge, so the two effects were not included in the model.

			After the family growth test, the surviving individuals were recorded as 1 and the dead individuals as 0. The variance components of survival traits were estimated by using the generalized linear mixed model (probit). The breeding analysis model was male and female animal model:

			Pr(yhijkl=1)=Pr(lhijk>0)=φ[μ+Envh+Tankl+si+dj+si (Envh)+dj(Envh)]   …(2)

			In the formula, yhijkl was the survival state of the k-tailed shrimp (1 was survival, 0 was death), lhijk was the potential variable, yhijkl = 1 if lhijk > 0, yhijkl = 0 if lhijk ≤ 0, μ was the overall mean, Envh was the fixed effect of the h-th culture diet, Tankl was the fixed effect of the l-th test pool, si was the additive genetic effect of the i-th male parent, dj was the additive genetic effect of the j-th female parent, si (Envh) and dj(Envh) were the male and female parent effects nested in the h-th field.

			The model 2 was used to estimate the variance components of interaction effect between genotype and environment. The Envh, si (Envh) and dj(Envh) effects were eliminated from the model (2), and the variance components and heritability of Diet A and Diet B survival were estimated respectively. The Envh, si (Envh) and dj(Envh) effects were eliminated from the model (2), and Diet A and Diet B survival was set as independent residuals. CORGH variance (covariance) structure was used to estimate the genetic correlation of body weight between Diet A and Diet B groups. In model (2), including the full-sib group random effect, the model was not convergent, considering that the proportion of half-sib families was low, and only one generation pedigree, so the effect was eliminated in the model.

			[image: ]

			If K>0.50, G×E effect was significant; if K≤0.50, G×E effect was not significant. In the formula, σ2a was the variance component of body weight additive heredity, σ2sd  was the mean of variance component of male and female livestock of survival character. It was set that male and female heredity were completely related and equal. It was realized by SAReml’s and function. The σ2ae and σ2sde were the variance component of body weight and the interaction between the survival active gene and environment respectively, and σ2e was the residual variance component.

			Z-score was used to test whether there was significant difference in heritability between Diet A and Diet B, and also to test whether there was significant difference between genetic correlation and 1 (complete correlation) between different fields.

			[image: ]

			In the formula, xi and xj were the heritability of body weight or survival traits of Diet A and Diet B groups respectively, and σ2i and σ2j were the standard errors of corresponding heritability respectively. When testing whether the genetic correlation between groups was significantly different from 1, σi and σj are set to 1 and 0 respectively.

			RESULTS

			Descriptive statistics of body weight and survival traits

			The mean body weight of P. monodon in Diet A group was significantly higher than that in Diet B group (P<0.05), and the mean survival rate of P. monodon in Diet A group was significantly higher than that in Diet B group (P<0.05). The coefficient of variation of nodal body weight and survival rate in Diet B group was higher than that in Diet A group (Table II).

			Genetic parameters and G×E effect of body weight and survival rate of P. monodon in different feed groups

			The heritability estimates of body weight of P. monodon were (0.53±0.12) and (0.39±0.09) (Table III), which belong to high heritability (h2≥0.30); the actual heritability estimates of survival traits after transformation were 0.38 and 0.22, which also showed medium and high heritability (h2≥0.15). The heritability of body weight and survival traits after transformation estimated by Diet A and Diet B were (0.58±0.08) and 0.32, respectively, which showed high heritability (h2≥0.30). Z-scroe test showed that all heritability estimates reached a significant level (P<0.05); the difference between the weight heritability of Diet A and Diet B groups reached a significant level (P<0.05), and the difference between the heritability of survival traits was not significant (P>0.05).

			The genetic correlation coefficient of weight between Diet A and Diet B was 0.92±0.06, and there was a high linear positive correlation between the two groups. The genetic correlation coefficient of survival traits between Diet A and Diet B was 0.84±0.08, and the survival rate of the two feed groups was highly linear and positive. The K-values of body weight and survival rate traits were 0.18 and 0.12, respectively. The G×E effect of the two traits was not significant (K<0.05).




			Table II. Effect of differnt diet levels on the body weight and survival rate of P. mondon groups.

			
				
					
					
					
					
					
					
				
				
					
							
							Traits

						
							
							Diet

						
							
							Sample 

							number /ind

						
							
							Minimum-

							Maximum

						
							
							Mean ± SD

						
							
							Coefficient of variation 

							(%)

						
					

					
							
							Body weight/g

						
							
							A

						
							
							1209

						
							
							3.23-18.34

						
							
							13.08 ± 2.97

						
							
							22.71

						
					

					
							
							B

						
							
							2.96-16.22

						
							
							11.21 ± 2.97

						
							
							22.84

						
					

					
							
							Survival rate/%

						
							
							A

						
							
							1168

						
							
							72.51-86.52

						
							
							80.59 ± 10.21

						
							
							12.67

						
					

					
							
							B

						
							
							70.68-84.65

						
							
							77.88 ± 10.20

						
							
							13.10

						
					

				
			



			Table III. Effect of commercial diet and low fishmeal diet environment on genetic parameter for body weight and survival rate of P. mondon.

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							Diet

						
							
							REML estimated value

						
					

					
							
							Body weight

						
							
							Survival rate

						
							
							Survival rate 

							(converted value)

						
					

					
							
							h2

						
							
							A+ B

						
							
							0.46±0.10

						
							
							0.58±0.08

						
							
							0.32

						
					

					
							
							A

						
							
							0.53±0.12

						
							
							0.64±0.07

						
							
							0.38

						
					

					
							
							B

						
							
							0.39±0.09

						
							
							0.48±0.09

						
							
							0.22

						
					

					
							
							Diet A+ Diet B genetic correlation

						
							
							
							0.92±0.06

						
							
							0.84±0.08

						
							
					

					
							
							Ratio of genotype-environment interaction variance

							 to additive genetic variance (K)

						
							
							
							σ2ae = 1.18

						
							
							σ2sde = 0.023

						
							
					

					
							
							
							σ2a = 7.26

						
							
							σ2sd = 0.26

						
							
					

					
							
							
							K =0.18

						
							
							K =0.12

						
							
					

				
			



			DISCUSSION

			As a traditional breeding method, selective breeding technology had been widely used in the study of animal and plant genetic improvement, and had become one of the effective means of breeding new varieties and new lines (Lou, 2001). Family selection was a kind of important means of selection and breeding (Li, 2007). Through the directional construction of families and the performance test under the common environment, the selection between families and within families, and the breeding according to the pedigree and the performance test results during the subculture, the effect of inbreeding controllable and sustainable breeding could be achieved. The technology of family selection and breeding had been applied in many aquatic animals and cultivated breeding a large number of good aquatic animals (Luo et al., 2015; Chen et al., 2008; Gao et al., 2010; Zhang et al., 2007, 2008), which had become one of the most important breeding methods.

			All aquatic animals had a certain range of adaptation to the protein content in the diet and they were able to survive and grow normally within the appropriate range of protein content. If the protein content in the feed was too high or too low, it would affect the survival rate and normal growth of aquatic animals (Paripatananont et al., 2015). In the condition of P. monodon artificial culture, the fish meal protein content in its feed was generally 30%-50% (Jiang et al., 2013). However, the growth rate and survival rate of P. monodon fed with different fish meal protein content were quite different (Jiang et al., 2013). In this experiment, there were significant differences in the growth of different P. monodon families when they are fed the same fish meal protein level feed, and there were very significant differences among individual families, which was consistent with the previous research results on P. monodon. Zhang (Zhang et al., 2007) also obtained similar research results on the family of Penaeus chinensis, and there were significant differences in the growth of different family of P. chinensis in the development period. This showed that there were differences in gene level among different families of P. monodon, so different families were good breeding materials.

			Kenway estimated that the heritability of P. monodon was 0.36-0.71, Zhou estimated that the heritability of ammonia nitrogen tolerance and low salt tolerance of P. monodon were 0.11±0.04 and 0.29±0.08, respectively. In this study, the results showed that the heritability of body weight traits of P. monodon was high in both diets, which indicated that the breeding goal of improving economic traits of P. monodon could be achieved by breeding. However, due to convergence, common environmental effects were not included in the estimation model, so the estimated values of the genetic parameters of body weight and survival rate in this study were both high. Different families of the same economic species had different adaptability to the environment, and might have strong genotype environment interaction effect. There was a strong interaction between genotype and environment in the growth and survival traits of P. monodon. Studies had shown that different P. monodon families had different sensitivity to the change of food range. There were different families with obvious or not obvious differences in body weight with the change of food protein level. This result showed that there were differences in the optimal growth level of feed protein among different P. monodon families. However, this study showed that the genetic correlation coefficient between the two fish meal protein diets was high and the G×E effect was not significant. In view of the medium fish meal protein level feed culture environment, only one breeding line could be established to develop a new variety (line) of P. monodon with high growth rate and high survival rate. However, in this study, the low fish meal feed was only the feed containing 10% fish meal protein, and the feed with lower fish meal protein level was not tested. Due to the large difference between different feed groups, there might be stronger interaction effect between genotype and environment, which would be further analyzed in the follow-up study.
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The purpose of the present study is to reveal the effects of different dietary levels of fish meal protein jpteraction

on body weight and survival of Penaeus monodon families. In this study, 5400 P. monodon from 36 . . .

families were mixed cultureed with two kinds of different dietary levels of fish meal protein (Diet A and DOI' https.//dx.dm.org/ 10.17582/
Diet B) for 56 days to analyze the genetic parameters of body weight and survival traits, as well as the Joumal-pJZ/ 20200423140440

interaction effect of genotype and environment. The results showed that the average body weight and *
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of P. monodon in Diet A and Diet B group was 0.53+0.12 and 0.39+0.09, respectively, which belonged >

to high heritability, and the heritability of survival after transformation was 0.38 and 0.22, respectively, 0030-9923/2021/0006-2007 $
which varied from medium to high heritability. The estimated heritability of body weight and transformed 9.00/0

survival were 0.46 + 0.10 and 0.32, respectively, which showed high heritability level. The estimates of Copyright%G%—Zeo}ogical—Seciefr
genetic parameters might be overestimated because the common environmental effect was not included f Pakistan

in the estimation model due to convergence problem. The results showed that there was a high genetic

correlation (0.84-0.92) between Diet A and Diet B groups, and the ratio of GXE variance component to

additive genetic variance component was less than 0.5, and the effect of GXE was not significant. The

results showed that although the growth and survival traits of P. monodon were different under different

diets, the interaction effect between genotype and feed conditions was not significant. Therefore, it was

not necessary to establish different breeding lines for different feed conditions in the range of 10% - 30%

protein level of feed fish meal.

INTRODUCTION

he black tiger shrimp (Penaeus monodon, Crustacea,

Decapoda, Penaeidae) is an economically and globally
important marine species, and very important in the
aquaculture industries in China. At present, there are only
“Nanhai No.1” and “Nanhai No.2” in China, but these two
new varieties are selected with the goal of fast growth and
high survival rate (Huang et al., 2009, 2012). P. monodon
is a kind of omnivorous shrimp and in the process of
culture, P monodon requires high protein content in the
diet. Previous studies have shown that the optimal protein
content in the feed of P monodon is about 30%-50%,
and the optimal protein demand of P. monodon cultured
in seawater is about 40% (Miao et al., 2001; Wang et al.,
1998). Fish meal is the main source of protein in aquatic

feed, with the decrease of fish meal resource year by year,
feed cost is increasing year by year. From the point of view
of genetic breeding, breeding a new variety of P. monodon
suitable for low fish meal protein level feed culture will
fundamentally solve this problem.

The phenotypic traits of animals are influenced not
only by genetic factors, but also by environmental factors.
The study on the growth characteristics of economic
species under different diets can better understand the
growth characteristics of species, explore the most suitable
breeding environment, and provide reference information
for improving varieties and improving the adaptability
of varieties under the feeding environment of ground
protein level. At present, the breeding objectives of
shrimp breeding mainly focus on growth, survival, disease
resistance and stress resistance (Jiang ef al., 2013). Feed





