

51
Journal of New Results in Science 11 (2016) 48-55                                                                           

	ISSN: 1304-7981                                                 
	Number:11, Year: 2016, Pages: 48-55
	http://jnrs.gop.edu.tr

	[image: image1.png]@





	Received: 30.10.2016
	Editors-in-Chief:  Ebubekir ALTUNTAŞ

	Accepted: 21.11.2016
	      Area Editor: Çetin ÇEKİC


Inheritance of Soil Zinc Deficiency Symptoms in Pepper

Hasan PINARa1     (hpinarka@yahoo.com)
Nedim MUTLUc    (severmutlu@hotmail.com)

Davut KELESb    (d_keles@yahoo.com)
Atilla ATAb    (atillaata@gmail.com)
Saadet BUYUKALACAd    (sbircan@mail.cu.edu.tr)
Cansu SIMSEKc     (cansusimsek@akdeniz.edu.tr)
aDepartment of Horticulture University of  Erciyes 38039 Kayseri - Turkey
bAlata Horticulture Research Institue 33740 Erdemli – Mersin - Turkey

cDepartment of Agricultural Biotechnology University of Akdeniz, 07058 – Antalya - Turkey

dDepartment of Horticulture University of Cukurova 01330 Balcalı – Adana - Turkey

	Abstract – The objective of the present study was to investigate the inheritance of tolerance to soil Zn-deficiency symptoms. The resistant line “Alata 21A” (C. annuum) was crossed with the Capsicum frutescens PI 281420. The F1 was both backcrossed Alata 21A (BC1P1) and PI 281420 (BC1P2), advanced to F2 and F3. The parents, BC1P1, BC1P2, F2 populations (206 and 455 plants) and F2:3 (1310 plants) were grown in pots filled with zinc-deficient soils under greenhouse conditions from 2011 to 2013. Plants were scored for Zinc deficiency symptoms in three-day-intervals for three weeks. Segregation was skewed towards resistance. The number of genes that controls the trait was estimated to be 1.4. The mode of segregation indicated that dominant epistasis with 12 : 3 : 1 ratio explains the trait in two independent tests using F2 population (X2 = 0.94, P = 0.625, N = 206; X2 = 1,7, P = 0.79, N = 455). Broad and narrow sense heritability were estimated to be 0.91 and 0.25, respectively. Results showed that soil zinc-deficiency-tolerant genotypes could be developed via backcross breeding with Alata 21A as the source for cultivated pepper.
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1. Introduction 
Zn-deficiency is the most common micro element deficiency and Zn is essential for both plants and humans [1]. Zn-deficiency results in significant yield and quality losses (protein content, size and appearance). Also, it distorts photosynthetic carbon metabolism [2]. Therefore, a net photosynthesis level is reduced as much as 50 to 70% depending on plant type and severity of the deficiency [3]. 
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Plant species and cultivars exhibit different responses against Zn-deficiency. It is therefore important to screen crop varieties such that the more tolerant (or Zn-efficient) varieties can be grown on soils with low plant-available Zn. Significant genotypic differences were observed against Zn-treatments and deficiencies in maize [4], wheat [5]; [6], beans [7]; chickpeas [8], pepper [9] ; [10] and rice [11].
Evaluating the severity of Zn deficiency symptoms on leaves as well as monitoring shoot and seed Zn concentration and content appear to be useful approaches for screening of large populations. Genotypes can be screened for Zn tolerance based on the expression and severity of visible Zn-deficiency symptoms on leaves [12]. Using a visual score of deficiency symptoms in barley, it was found that a single gene controls increased tolerance to Zn deficiency. Hence, visual Zn deficiency scores are useful for genetic analysis of tolerance to Zn deficiency [13]. Using visual Zn deficiency symptoms, Sing and Westermann [14] reported that tolerance to Zn-deficiency in common bean is controlled by a single dominant gene. Genc et al. [13] determined the inheritance of Zn efficiency in barley using a visual score of deficiency symptoms and reported that tolerance to Zn deficiency at the seedling stage was controlled by a single gene with no dominance. Genc et al. [15] identified four QTL for the Zn deficiency scores on chromosomes 2A, 4A, 7B and 7D with the QTL on chromosome 7B associated with the largest shift in Zn score.
Although Zn-deficiency was reported about 30% of world agricultural lands [16], detailed studies about yield and quality loses due to such deficiencies were conducted only for cereals. Zn tolerance are critical issues in vegetables like pepper which might be suffering the most from the hidden yield loss. Breeding studies for obtaining Zn-deficiency tolerant varieties have been slow or non-existent in pepper due to the lack of understanding of the genetic control of tolerance such as the number of genes involved and their mode of expression. Therefore, the main objective of this study was to determine the inheritance of pepper genes controlling the tolerance against Zn-deficiency.
2. Materials and Methods
Zn-deficiency tolerant Capsicum annuum L. (Alata 21A) [17] and sensitive Capsicum frutescens L. (PI 281420) pepper genotypes [27] were used as plant material. The resistant line “Alata 21A” was crossed with the PI 281420. The F1 was backcrossed with Alata 21A (BC1P1), PI 281420 (BC1P2) and advanced to F2 and F2:3. The two parents, BC1P1, BC1P2, F2 and F2:3 progenies were grown in the pots under greenhouse conditions in Mersin province of Turkey (36.8°N 34.6333°E and alt 5 m) between 2011 and 2013. The Zn-deficient soil was obtained from Eskisehir province of Turkey. The soil used in the research had a clay loam texture with pH 7.6, 20 % CaCO3 and 0.96 % organic matter. Concentration of DTPA-extractable Zn was 0.14 mg kg–1 soil. The experiments were conducted using randomized complete block design with three replications. Each pot had one plant, parental genotypes and F1 plants were randomized (7 plants per block and 21 plants in total) to calculate environmental variation. The plants were scored for Zn deficiency symptoms in three-day-intervals during three weeks, beginning 25 days after transplanting to the pots. Visual Zn-deficiency symptoms were scored based on a 1 to 5 scale, where 1 represented healthy plants with no visible symptoms and 5 severe leaf chlorosis, bronzing and plant stunting.

Estimates of genetic parameters were obtained from the variances of parents, F1, BC1P1, BC1P2 and F2 generations. Segregating populations were used for calculation of inheritance of Zn-deficiency symptoms. The two independent experiments involving 206 and 455 F2 plants replicated in time and space, 174 BC1P1 plants 154 BC1P2 and 1310 F2:3 plants. The number of genes that control the trait was estimated by using two different formulas recommended by Wright [18], Wright [19] and Falconer [20].
First formula: 

k = (P1 - P2)2 / 8(s2F2 - VE) Wright [19] and Falconer [20]   
P1 and P2: average score values of parents, 
s2F2: variance of F2 population 
VE: environmental variance [(P1 + P2 + F1) / 3]

n = (m1 - m2)2 / 8(VF2 - VF1)

m1 = C. frutenscens PI 281420 average symptoms value

m2 = C. annuum Alata 21A average symptoms value

VF2 = F2’s variance

VF1 = F1’s variance

The broad sense heritability (h2b = (VA + VD) / VF2 ), and narrow sense heritability (h2n = VA / VF2), 

VP (phenotypic variance), VF2 (total variance in F2 population), 

VE (environmental variance) = (P1 + P2 + F1) / 3,

VG (genetic variance) = VF2 - VE,
VA (additive variance) = 2 (VF2) - VBC1P1 - VBC1P2 

VD (dominant variance) = VBC1P1 + VBC1P2 -  VF2 - VE. 

In addition, Zn deficiency symptoms in F2, BC1P1, BC1P2 and F2:3 populations (1-5 scale) and their correlation (%) with plant height (PH), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), total fresh (TFW) and total dry weight (TDW) (%) were calculated.
3. Results 

The tip and borders of primary leaves of PI 281420 began to show yellowing 15 days after transplanting to the Zn-deficient soil and it was followed by severe interveinal chlorosis and bronzing of primary leaves, shortening of internodes and plant stunting. The resistant genotype Alata 21A did not show Zn-deficiency symptoms up to 45 days post transplanting in the pots. The visual Zn-deficiency means were 4.1 for PI 281420, 1.1 for Alata 21A, 1.9 for BC1P1, 2.3 for BC1P2 and 2.0 and 2.1 for the first (206) and the second F2 populations (455), and 1.95 for F2:3 population (1310) (Table 1). Using the visual score of 206 F2 plants from the cross “Alata 21A (C. annuum) x PI 281420 (C. frutescens)”, the minimum number of genes was estimated to be 1.4  [18], and environmental variance to be 10% of the total variance, indicative of strong genetic expression of the trait. F1 plants were included to the parents to get a better estimate of environmental variance. Of the total genetic variance, share of additive and dominant genetic variances were 28 and 72%, respectively. Broad sense heritability (h2b) was 0.91 and narrow sense heritability (h2n) was 0.25. Hence, narrow sense heritability was 2.5 times less than broad sense heritability, indicating strong dominant gene effect on the trait (Table 1).
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X2 analysis was resulted with 12 : 3 : 1 genetic ratio (X2 = 0.94, P = 0.625, N = 206), meaning a dominant epistasis was in effect. Segregation of visual Zn deficiency scores were all skewed towards resistance, suggesting strongly that a major dominance effect and some modifying genes (Table 2).

Using the visual score of 455 F2 plants from the same cross “Alata 21A (C. annuum) x PI 281420 (C. frutesence)", Zn-deficiency symptom scores and scores from parents, total number of genes controlling the character was found to be 1.6 (Wright, 19). X2 analysis resulted again with 12 : 3 : 1 genetic ratio (X2 = 1.7, P = 0.79, N = 455) (Table 2), confirming the 12 : 3 : 1 dominant epistasis’ hypothesis (Table 3). According to this hypothesis, allele A is epistatic on B and b alleles, and the dominant allele 'A' blocks the expression of both alleles (B and b). Dominant B is expressed only in the absence of dominant A (aaBb and aaBB). 
Table 2. X2 test results for symptoms of 206 F2 plants tested against Zn tolerance 
	Model
	Observed (O)
	Expected (E)
	O-E
	X2 Values

	12:3:1
	157 (Resistant)
	154.5
	 2.5
	0.04

	
	  34 (Moderate)
	  38.6
	-4.62
	0.55

	
	  15 (Sensitive)
	  12.88
	 2.125
	0.35

	
	
	
	Total
	0.94

	
	
	
	
	p-value:0.625


1, 1.5, 2.0, and 2.5 = resistant; 3.0, ve 3.5  = moderate; 4.0, 4.5 and 5.0 = sensitive

Table 3. X2 test results for symptoms of 455 F2 plants tested against Zn tolerance 

	Model
	Observed
	Expected
	O-E
	X2 Values

	12 : 3 : 1
	341 (Resistant)
	341.25
	0.25
	0.00

	
	  85 (Moderate)
	85.31
	0.31
	0.40

	
	  31 (Sensitive)
	28.44
	2.56
	1.294

	
	
	
	Total
	1.694

	
	
	
	
	p-value: 0.79


1, 1.5, 2.0, and 2.5 =resistant; 3.0, ve 3.5 =moderate; 4.0, 4.5 and 5.0 =sensitive

Zn-deficiency symptoms of 455 F2 plants were presented in Figure 1. The values of parents and F1s were provided in Table 1. When the distribution of Zn-deficiency symptoms were evaluated, transgressive segregants with more severe symptoms than PI 281420 parent were observed but F2 plants more tolerant than Alata 21A were not detected. 
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Fig. 1. Leaf Zn deficiency Symptoms and Number of Plants at F2 Populations(n:455)
However in distribution of F2 population, phenotypic classes were not distinctively separated from each other. The reasons may be; 1. In dominant epistasis model, allele “A” may not be fully dominant (100%) over allele “a”, and “B” over allele “b”. Average scores of F1 plants (1.16 and 1.25) partially confirm this case, lacking full dominance (Table 1). Relative dominance of both dominant alleles over recessive alleles would increase the expected number of phenotypic class in F2 population from three (12 : 3 : 1) to five (2n + 1 = 2 x 2 + 1 = 5); 2. Different genotype X environment interactions over alleles “A” and “B” may make the transitions between phenotypic classes less distinctive (may create higher “background noise”); 3. In addition to two loci, a third modifying locus with minor impacts may also be effective.

The correlations (%) between Zn-deficiency symptoms of F2, BC1P1 and BC1P2 populations and plant heights, root and shoot fresh weights, root and shoot dry weights, total fresh and total dry weights were presented in Table 4. Within the group with a Zn-deficiency symptom score of “1” (the most tolerant group against Zn-deficiency), there were several plants with total dry matter contents from the lowest to the highest. As it can be inferred from Table 4, the highest correlations of Zn-deficiency symptom were observed with total dry weight (47%), shoot fresh weight (47%) and shoot dry weights (48%). The lowest correlation of BC1P1 population was observed with root dry matter (5%). Results revealed that there was a genetic factor specifying over 50% of dry matter content which could not be explained by Zn-deficiency. Therefore, testing the F2:3 population with and without Zn supply were found to be significant since it yielded total dry matter, relative Zn contents (the actual difference between two cases due to Zn-deficiency) of root, shoot, leaf (and total). In all three populations (F2, BC1P1 and BC1P2), the correlation between Zn-deficiency score and plant biomass did not reach to 50%. But while the correlation between Zn-deficiency score and plant height was 63%, highest correlation was between Zn-deficiency score and root dry weight (RDW) at F2:3 population. But Genc et al. (2009) did not report any genetic correlation between Zn deficciency score and shoot biomass production. 

Table 4. Zn deficiency symptoms in F2, BC1P1, BC1P2 and F3 populations  (1-5 scale)  and their correlation  with plant height (PH), shoot fresh weight (SFW), shoot dry weight (SDW), root fresh weight (RFW), root dry weight (RDW), total fresh (TFW) and total dry weight (TDW) 

	Population
	PH
	SFW
	SDW
	RFW
	RDW
	TFW
	TDW

	BC1P1
	-0.41
	-0.47
	-0.48
	-0.42
	-0.44
	-0.46
	-0.47

	BC1P2
	-0.39
	-0.24
	-0.25
	-0.17
	-0.05
	-0.23
	-0.19

	F2
	-0.21
	-0.37
	-0.40
	-0.30
	-0.37
	-0.32
	-0.41

	F3
	-0.63
	-0.65
	-0.64
	-0.66
	-0.68
	-0.65
	-0.65

	Mean
	-0.34
	-0.36
	-0.38
	-0.30
	-0.29
	-0.34
	-0.36


4. Discussion
Several epistatic effects were detected in addition to main-effect QTLs and digenic epistatic interactions were important for leaf bronzing caused by Zn-deficiency in rice [27]. 
Genc et al. [15] identified four QTL for the Zn deficiency scores on chromosomes 2A, 4A, 7B and 7D with the QTL on chromosome 7B associated with the largest shift in Zn score. They stated that the RAC875 - 2 alleles on chromosomes 2A and 4A contributed to a lower Zn score (i.e., less severe symptoms), while the RAC875 - 2 allele on chromosome 7B increased Zn score. Fitting the QTL effect reduced the polygenic variance so that 34% of the total genetic variance was explained by the QTL identified by the analysis. Earlier studies in barley [13] and rice [21] suggested that tolerance to Zn deficiency was controlled by a single gene or by major QTL.

Quijano-Guerta et al. [22] investigated the relationships between Zn-tolerance and yield of rice and indicated that Zn-tolerant genotypes in Zn-deficient soils were also tolerant to salinity and phosphorus deficiency and visual scoring at early plant development stages were able to estimate Zn-tolerance of plants grown in Zn-deficient fields.

This study was carried out to determine the inheritance of Zn-deficiency symptom. Results indicated that Zn-deficiency symptom was probably controlled by two genes. In this research, while narrow sense heritability of the character was found to be 0.25, broad sense heritability was found beas toas 0.91. Broad sense heritability for Zn concentration of lentils was estimated to be 68% [23]. Broad sense heritability for root-shoot growths and Zn contents of Arabidopsis thaliana were estimated to be 0.36 and 0.91, respectively [24]; narrow sense heritability for Zn content of bean seeds was estimated to be between 0.56 – 78% [25]. Therefore, considering similar studies with different plant species, it is evident that Zn-tolerance had high inheritance and controlled by multiple genes rather than a single gene. Current findings are in well-compliance with the results of previous similar studies. Because this is the first study for the genetics of Zn-deficiency symptoms in pepper, it paves the ways for further studies in this crop. 

Study results suggest that resistance to soil Zn-deficiency has one major dominant locus which shows a dominant epistasis with a second modifying locus. Selecting plants for resistance to Zn-deficiency is expected to be rather responsive among segregating populations for breeding and developing genotypes and cultivars tolerant to Zn-deficiency in pepper. Molecular markers linked to the gene of interest should aid selection and expedite breeding peppers resistant to Zn-deficiency in soils with low available Zn contents. 
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