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Abstract  

Two separate experiments were conducted in the present study to explore the underlying mechanisms of 

salt tolerance in barley. First one was the salt tolerance evaluation of 184 barley DH population including 

their parents BCC149 (medium salt tolerant) and BCC1491 (salt sensitive) in hydroponics with two 

different treatments (200mM NaCl and 0 mM NaCl). Furthermore, it was a continuation project work aim 

to validate/confirm previously identified novel QTL in barley chromosome 6H correlated to growth related 

traits by Long. Another one, amplification and sequencing of HKT1;5 (sodium transporter) gene and figure 

out the mystery behind the gene (haplotypes and SNPs) in the previously evaluated diverse set of barley 

accessions (95) . Before harvest, the growth and physiological traits plant height, chlorophyll content, leaf 

number, tiller number, length of the third leaf, leaf senescence and at harvest shoot fresh weight, root 

length, shoot dry weight, root dry weight, shoot dry matter percentage, shoot root ratio were measured 

to investigate the performance of different plants under salt and control condition. After the statistical 

analysis (ANOVA), highly significŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ όt лΦллмύ ǿŀǎ ƻōǎŜǊǾŜŘ ŦƻǊ ƎŜƴƻǘȅǇŜǎ ƛƴ ǎŀƭǘ ŀƴŘ ŎƻƴǘǊƻƭ 

setup, and the heritability ranged from 0.55 to 0.93 which indicating that most of the variation caused 

due to genetic factors rather than non-genetic influences. It was also found that salt has negative effects 

on the average performance of all growth traits including plants growth and development. We measured 

the leaf length at the beginning of salt treatment and found significant average leaf length differences 

(40% shorter) than control condition with high heritability (0.60), reflecting the early stress (osmotic 

stress) to plants due to salt. A remarkable stress related differences in average performance of DH 

population in salt setup, shoot fresh weight (75% reduced), shoot dry weight (75% reduced) and shoot 

root ratio (50% reduced), root dry weight and root length (50% reduced) compared to control condition 

was observed from our experimental result which demonstrating the longer period stress (ionic) due to 

accumulation toxic ions in plant parts.  The reduction of shoot dry matter percentage in control (13.76) 

compared to salt (22.43), indicating the higher percentage of water in control plants. From the correlation 

analysis, it was found that leaf senescence and shoot dry matter percentage negatively correlated with 

most of the other measured traits. A diverse salt tolerance (ST%) (11.53-80.50) displayed by our evaluated 

5I ǇƻǇǳƭŀǘƛƻƴ ōǳǘ Ƴƻǎǘ ƻŦ ǘƘŜ ƎŜƴƻǘȅǇŜΩǎ {¢ ǊŀƴƎŜŘ ŦǊƻƳ нл ǘƻ пл҈ ŀƴŘ ǘƘŜ ƳŜŀƴ {¢ ǿŀǎ ǾŜǊȅ ŎƭƻǎŜ ǘƻ 

their medium salt tolerant parent. For the second experiment, the selections were made based on high, 

medium and low shoot Na+ content and shoot Na+/K+ ratio based on previously evaluated data and four 

different geographical origin West Asia and North Africa (WANA), Europe (EU), America (AM) and East 

Asia (EA). From the sequence analysis we found three Indels (4bp, 20bp and 3bp) and based on this Indels, 

all accessions were mainly divided into two haplotype. One haplotype contain high and medium Na+ 

(mg/g DW), whereas another represented by low Na+ (mg/g DW). Most of the accessions from one group 

with high and medium Na+ originated from Europe (EU), on the other hand, Most of the accessions from 

other group with low Na+ belongs to West Asia and North Africa (WANA) regions where different abiotic 

stresses occurred frequently. These studies showed interesting contrasts in salt tolerance of barley but 

need to perform further analysis (QTLs, candidate gene, expression) to get more insights of it.  

Key words: salt tolerance, barley, HKT1;5 gene, sequence analysis, haplotypes 
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1. Introduction  
 

 

The population in the world is increasing rapidly, while global food production is endangered by 

various causes including different environmental stresses. The quick change in environment 

interferes with availability of agricultural land, fresh irrigation water, and appearance of different 

abiotic and biotic stresses, which ultimately affects world crop production. Global food production 

needs to be increased by 60 per cent in 2050 with the current food production and consumption 

trends to feed the additional 2.3 million people worldwide (FAO, 2009). Abiotic stresses including 

salinity, drought, nutrient deficiency, water-logging, cold and heat are becoming the major 

agricultural threats due to the global environmental warming and it limits the productivity of field 

crops significantly (Shewry et al., 2008; Bray et al., 2000). According to Acquaah (2012); about 70% 

yield reduction is caused by abiotic stresses. In developed countries, the adverse effects of these 

abiotic stresses could be minimized by the advanced and improved agricultural practices whereas in 

developing poor countries, the most economic and efficient way to increase the food production is 

by cultivating stress tolerant cultivars in the stress-affected agricultural land (Ashraf and Wu, 1994). 

Therefore to mitigate the abiotic stress problem, it is essential to figure out how to produce tolerant 

cultivars with all possible research efforts. 

 

Among the abiotic stresses, salt stress is the major constraint particularly in arid, semi-arid and 

nearby coastal regions causing enormous yield loss in many cultivated crops all over the world and 

estimated annual global economic penalties equivalent to about US$12 billion (FAO, 2011; Roy et al., 

2014a; Deinlein et al., 2014; Hasegawa, 2013; Flowers et al., 2010; Qadir et al. 2008; Hu and 

Schmidhalter, 2005). It is estimated that more than 6% of the world's land is salt-affected, which is 

approximately 20% (about 45 million hectares of irrigated land) of the total agricultural land mostly 

found in Asia, the Pacific and Australia and the area is increasing day by day due to global warming 

(Gupta and Huang 2014; Rengasamy, 2010 ). Generally, salinity occurs in two ways namely natural or 

primary and human-aided or secondary (www.plantstress.com/articles/salinity_i/salinity_i.htm). 

Primary salinity is the result of the accumulation of salts over long periods of time due to insufficient 

rainfall especially in arid and semiarid regions whereas, secondary salinity is caused by human 

activities such as irrigation with lack of adequate drainage and land clearing (Cabot et al., 2014; 

Munns et al., 2008). Salt-affected soils restrict the ability of plants to uptake both water and 

nutrients from soil, which ultimately affects almost every aspect of the physiology and biochemistry 

of plants and causes significant yield reduction (Flowers et al., 2010; Tester and Langridge 2010; 

Agarwal et. al., 2013; Foolad, 2004). It also causes ion toxicity to plants by the accumulation of excess 

ions and can also change the soil structure.  Most of the cultivated crops are salt sensitive and the 

salt affected area is increasing significantly annually due to poor irrigation and rapid climate change 

(Hasanuzzaman et al., 2013; Flowers and Flowers 2005).  

 

The detrimental effects of salinity in plants are mainly accomplished by two phases (Munns and 

Tester 2008). The first phase is osmotic stress immediately after exposure to high salt; plants are 

unable to uptake nutrients and water from soil, which hampers many physiological activities 

including plant growth and stomatal conductance (Rajendran et al., 2009). The second phase is ion 

toxicity; NaCl is the major component of saline soil, which comprises Na+ and Cl- ions (Tester and 

Davenport 2003). The accumulation of excess Na+ and Cl- ions for a longer time is toxic to plant 

growth. It significantly interferes with plant photosynthesis and transpiration, which ultimately 
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reduces growth and biomass production (Tavakkoli et al., 2011; Munns and Tester 2008). Excess 

amounts of Na+ and Cl- also negatively affect availability of other ions, which is very important for 

various enzymatic activities for plant growth (Tavakkoli et al., 2011; Munns and Tester, 2008). Thus, 

for the salt induced damage, shoot Na+ and Cl- content is treated as the most important factor 

(Teakle and Tyerman 2010). Salinity tolerance is a genetically and physiologically complex trait, 

controlled by several genes with relatively small quantitative effects (Flowers, 2004; Xue et al., 2009). 

The complete mechanism of salinity tolerance in plants and their genetic control is not fully 

discovered yet, though it is reported that salt tolerant grasses are capable to survive by using various 

mechanisms such as vacuolization of toxic Na+ and Cl- in the old or senescing leaves, exclusion of 

excess salt by salt glands, scavenging ROS by anti-oxidative enzymes and synthesis and accumulation 

of compatible solutes (osmolytes or osmoprotectant) i.e. glycine betanine, proline (Roy et al., 2014b). 

Several genes, transporters, and compartmentalization mechanisms have been identified and 

characterized so far that might regulate ion homeostasis, one of the key determinants of salt 

tolerance (Adem et al., 2014; Roy et. al., 2014a; Nguyen et al., 2012; Ligaba and Katsuhara 2010; 

Munns and Tester 2008; Zhu 2003). 

 

 

Barley (Hordium vulgare L.) is the fourth important cereal crop member of the grass family, Poaceae 

(Gramineae) that is cultivated widely in saline areas and has a large gene pool (Xue et al., 2009; 

Schulte et al., 2009; IBSC 2012). It is one of the most salt tolerant field crops (Munns et al., 2006) and 

has more salinity tolerance characteristics compared to other crop plants (Kumar et al., 2013). It is 

reported that barley also exhibits the mechanisms of salt tolerance found in glycophytes and 

halophytes (Ligaba and Katasuhara 2010). For example, compared to glycophytes salt tolerant 

species of barley showed Na+ exclusion (Chen et al., 2007) and sequestration of Na+ in vacuole, which 

helps to maintain a low Na+\K+ ratio in the cytosol preventing Na+ toxicity, similar to halophytic 

features (Shabala et al., 2010). The diversity of genetic variation in barley species is described by 

many authors (Sadeghi 2011; Leonova et al., 2005). Moreover, barley is recognised as an ideal model 

plant for the genetic studies of traits such as salinity and drought because of its special features 

including its diploid nature, low chromosome number (2n=14), it is self-pollinated, it can utilize 

convenient breeding techniques, it is easy to cultivate in a wide range of climatic conditions and 

access to full genome sequence is now available (Saisho and Takeda 2011; Nevo and Chen 2010; 

Chen et al., 2007; Walia et al., 2007; Witzel et al., 2010 http://barleygenome.org).      

 

Barley exploits two different mechanisms to cope with long term ion toxicity stress; one is exclusion 

of Na+ and Cl- from uptake by roots and another one tissue tolerance (vacuole Na+ compartmentation 

and K+ retention) which helps to maintain ion homeostasis (Mian et al., 2011; Tavakkoli et al. 2011; 

Shabala et al., 2010). Sequestration of Na+ and Cl- in the vacuole is the tissue tolerance mechanism to 

reduce ion toxicity and at the same time counteracting the osmotic effects for plants (Munns and 

Tester, 2008). Tolerant potato cultivars also protect against senescence of leaves after high salt 

treatment by the high accumulation of Na+ in stem (Jaarsma et al., 2013). The vacuolar Na+/H+ 

transporter proteins (NHXs) provide efficient mechanisms for salinity tolerance in different plant 

species by compartmentation of Na+ ions in vacuole (Apse et al., 1999; Xia et al., 2002; Zhang and 

Blumwald, 2001; Ligaba and Katasuhra 2010). The Cl- ion is also transported into the vacuole by anion 

transporter genes like CLC proteins and prevent Cl- toxicity under salt conditions (Teakle and 

Tyerman 2010; Diedhiou and Golldack 2006). There is little information available regarding the role 
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of CLC gene in barley salt tolerance, and the effects under long-term salinity still need to be verified. 

Recently, it was reported that vacuolar sequestration is not the only mechanism for tissue tolerance; 

K+ ion retention ability of the plants is strongly correlated with salt tolerance in some species 

including barley (Chen et al., 2008; Chen et al., 2007; Smethurst et al., 2008; Shabala et. al., 2013). 

From the research findings, Adem et al., (2014) concluded that sodium sequestration, resistance to 

oxidative stress and K+ retention capability all play crucial roles for better tissue tolerance. The SOS 

(salt overly sensitive) signalling pathway also has an important role in excluding Na+ from root (Shi et 

al., 2002; Zhu 2003).  

 

 

Some members of the high affinity potassium (HKT) transporter family are involved in salinity 

tolerance. The HKT gene family is quite diverse in function and divided mainly into two subfamilies: 

HKT1 and HKT2 (Almeida et al., 2013; Waters et al., 2013; Yamaguchi et al., 2013; Hauser and Horie 

2010). The HKT1 subfamily is extremely selective for Na+ over K+ and its members contain an 

ƛƳǇƻǊǘŀƴǘ ǎŜǊƛƴŜ ǊŜǎƛŘǳŜ ƛƴ ǘƘŜ ŦƛǊǎǘ ǇƻǊŜ ŘƻƳŀƛƴ όt5ύ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴ όǘƘŜ ƻǘƘŜǊ о t5Ωǎ ƘŀǾŜ ŀ ƎƭȅŎƛƴŜ 

(G) residue forming S-G-G-G motif (Maser et al., 2002; Garciadeblas et al., 2003), whereas HKT2 is 

selective for K+ or both and coƴǘŀƛƴǎ ŀ ƎƭȅŎƛƴŜ ǊŜǎƛŘǳŜ ƛƴ ǘƘŀǘ Ǉƻǎƛǘƛƻƴ ǇƻǎǎŜǎǎ D ƛƴ ŀƭƭ t5Ωǎ ŦƻǊƳƛƴƎ D-

G-G-G motif (Platen et al., 2006; Horie et al., 2007). Mian et. al., (2011) suggested that HKT2;1 

correlated with salt tolerance by secreting Na+ into the xylem sap towards the root zone, restricting 

to enter into the growing upper parts and other scientists reported the mechanism employed by 

HKT1;4 and HKT1;5 is Na+ exclusion by decreasing the accumulation Na+ in plant leaves and shoots 

(Byrt et al., 2014; James et al., 2011; Munns et al., 2012; Bonilla et al., 2002; Ren et al., 2005). HKT1;5 

also considered as the candidate for Nax2 in durum wheat and KnaI in bread wheat (Byrt et al., 2007) 

which have the same phenotype as SKC1 in rice (Lin et al., 2004; Ren et al., 2005) responsible to 

maintain low leaf Na+ concentration with a high Na+/K+ ratio. Salt tolerant durum wheat with 25% 

increased yield in saline soil was developed by Munns et al. (2012) using the HKT1;5 gene from an 

ancestral wheat accession. On the other hand, a recent studies also demonstrated that reduced 

expression level of Na+ transporter (TaHKT1;5) gene by gene silencing in transgenic bread wheat 

lines, increases Na+  accumulation in the leaves which reflecting that  TaHKT1;5 has an important role 

in restricting the transport of Na+ from the root to the leaves in bread wheat and showed the 

potentiality to increase of salinity tolerance in bread wheat by the manipulation of HKT1;5 gene (Byrt 

et al., 2014). There is no specific candidate gene identified as yet for osmotic tolerance, another most 

important mechanism of salt tolerance. The plantΩs ability to synthesize compatible solutes, which 

might have important roles to coordinate transport and biochemical cellular processes in plants, is 

favoured both in osmoprotection and osmotic adjustment (Flowers and Colmer, 2008; Shabala et al., 

2011). Thus, the identification of osmotic tolerance genes can play a vital role to improve salt 

tolerance in crop plants (Roy et al., 2014a). 

In a recent study using barley association mapping, several QTLs were identified and described by 

Long et al. (2013) that were associated with salt tolerance, biomass, growth, physiological traits and 

ion contents. Among the QTLs, one strong QTL was located on barley chromosome 4H for ion 

contents (Shoot Na+, shoot K+ and Shoot Na+/K+ ratio) and a salt tolerance QTL was found on 

chromosome 6H and was associated with growth and physiological traits (shoot fresh weight, shoot 

dry weight and leaf chlorophyll content, tiller number, leaf senescence, plant height).  
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The further analysis of the QTL in chromosome 4H for ion contents with the help of barley full 

genome sequence pointed out that one of the SNP markers is located close to sodium transporter 

gene HKT1;5 (Ghahramanzadeh, unpublished data). Several researchers indicated that this HKT (High 

Affinity Potassium transport) gene is involved in transporting Na+ in various plant species such as rice, 

wheat, barley, Arabidopsis (Yamaguchi et al., 2013; Mian et al., 2011; Xue et al., 2011; Cotsaftis et al., 

2012; Munns et al., 2012; Blumwald 2000; Maser et al., 2002; Berthomieu et al., 2003, Ren et al., 

2005; Sunarpi et al., 2005). Therefore, it is suggested that the candidate gene HKT1;5 present in the 

barley chromosome 4H QTL region may play an important role in salt tolerance in barley. It was not 

yet possible to point out a candidate gene for the other strong QTL linked with different growth 

parameters in chromosome 6H in barley.  

The present study was performed focusing on the following objectives  

1) to investigate comparative performance of 184 barley DH population including their parents 

under salt and control condition 

2) to validate the identified novel QTL in chromosome 6H in barley and to understand the 

salinity tolerance mechanism in barley based on previously identified other QTL 

3) to explore the allelic variation of HKT1;5 (sodium transporter) gene in barley and to 

determine the haplotypes, SNPs among the selected accessions and their association with 

the ion content phenotypic data. 

  

The gained information from the above experiments will contribute to the understanding of the 

molecular and physiological basis for salt tolerance in barley. 
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2. Materials and Methods  

2.1 Evaluation of salt tolerance  

2.1.1 Plant materials  

The seeds of 186 genotype of a barley DH population (including two parents) were collected from IPK 

Gatersleben, Germany. The DH population was developed by Hordeum bulbosum technique as 

described by Chen and Hayes, 1989. The two parents BCC 1491 and BCC 149 were previously 

evaluated by Long et al (2013) and it was reported that one is moderately salt tolerant and another is 

salt sensitive. 

2.1.2 Experimental setup  

The experiments were conducted in the greenhouse of Unifarm, Wageningen University from March 

25 to May 7, 2014. The plants evaluation was conducted in a hydroponics system maintained with 

two treatments namely a saline treatment (200mM NaCl) and a control (0 mM NaCl) followed by split 

plot design. There were four hydroponic units utilized. One unit consists of 16 containers; each 

container has 24 plant positions (disposed holes). Two hydroponic units were used for salt and 

another two for control treatment. Each unit was divided into two blocks, one block representing 

eight containers. All replications were randomly distributed in one block. We used four replications 

per genotype for each treatment with a total number of plants fifteen hundred thirty six (1536) 

ǇƭŀƴǘǎΦ ¢ƻ Ŧƛƭƭ ǳǇ ǘƘŜ ŜƳǇǘȅ ƘƻƭŜǎ ŀƴŘ ǘƻ ƳƛƴƛƳƛȊŜ ǘƘŜ Ǌƛǎƪ ƻŦ ƴƻǘ ƎŜǘǘƛƴƎ ǇŀǊŜƴǘΩǎ ƛƴŦƻrmation, extra 

positions were filled up by plants of the two parents. 

2.1.3 Growth conditions  

The supplied nutrient solution in hydroponic system for plant growth was similar to full strength 

ƳƻŘƛŦƛŜŘ IƻŀƎƭŀƴŘΩǎ ǎƻƭǳǘƛƻƴ ŀƴŘ ǘƘŜ ǇI ǿŀǎ ƳŀƛƴǘŀƛƴŜŘ ŀǘ рΦуΦ ¢he average day and night 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǿŜǊŜ ǎŜǘ ŀǘ ҕнл ŀƴŘ ҕмсɕ/Φ ¢ƘŜ ǇƘƻǘƻǇŜǊƛƻŘƛŎ ǊŜƎƛƳŜ ŦƻǊ ǘƘŜ ƘȅŘǊƻǇƻƴƛŎǎ ǎȅǎǘŜƳ ǿŀǎ 

16 hours light and 8 hours dark. The calculated average humidity was 60%. Additional light 100 Wm-2 

was used when the incoming shortwave radiation below 150 Wm-2.  

2.1.4 Treatment of salt stress  

Sixteen seeds were sown in trays (pots) of silver sand for germination before transferring them into 

the hydroponics system. After one week of growth, individual seedlings were transferred to the 

hydroponics containers. Salt (NaCl) treatment was applied in the salt setup after seven days growth 

of the plants in hydroponics. In order to avoid osmotic shock for the growth of plants, a step wise 50 

mM NaCl was added per day to the salt setup containers to reach the final salt concentration 200 

mM NaCl. 

2.1.5 Measurement of morphological traits  

Different morphological traits relevant for salt tolerance were measured during the experimental 

period after starting the salt treatment. At the pre-harvest growth stage, plant height (PH) was 

measured by a measuring ruler from the bottom to the top of the plant at four different time points 

in an interval of six days except the last measurement. The last measurement was made three days 

before the harvest. Leaf length (LL) of the third leaf of each plant was measured by a measuring ruler 

from the base to the tip of the leaf. The leaf was marked by a tiny plastified iron ring. Leaf lengths 

were taken every two days in a total of four time points. At the third time point, it was difficult to 

find out the previously measured third leaf due to the stem elongation of the plants and at the fourth 
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time point most of the leaf reached their maximum length. To minimize errors, the first and second 

measurement of leaf length was considered for our result and discussion section. Tiller number (TN) 

and Leaf number (LN) was counted visually by hand at three different time points (6th, 15th and 21th 

day after salt treatment). Chlorophyll content (CC) was measured by SPAD-502 meter (Minolta, 

Osaka, Japan) with an average of three leaves of every plant at two different time points (6th and 20th 

day). Leaf senescence (LS) was measured using a senescence scale from 1 to 9 ( Appendix 1) in an 

average of the lower three leaves of each plant (16th and 22th day).    

The plants were harvested after three weeks of salt treatment (200 mM NaCl in saline setup). At the 

harvest each plant was separated in shoot (upper part) and root (lower part). All the plants (salt 

treatment and control) were rinsed with fresh water to get rid of the salt and ions (surrounding the 

roots) for the ion content analysis. Shoot fresh weight (SFW) and Root length (RL) were measured 

immediately after harvest. Shoot dry weight (SDW) and Root dry weight (RDW) were taken after the 

plant parts were dried separately in a forced-air oven at 700C for 72 hours until the samples reached 

stable weight.   

Salt Tolerance (ST) was calculated as the percentage of relative shoot biomass under saline and 

relative biomass under non-saline conditions according to the definition of Munns et al., (2003) and 

was calculated by the formula: ST= SDW in saline condition/SDW in control condition*100. Shoot dry 

matter (SDM%) percentage were calculated by SDW/SFW*100 whereas shoot root ratio (S_R) were 

estimated by (SDW/RDW].  

2.1.6 Statistical analysis  

The collected data were analysed by Genstat 16th edition (64 bit). Analysis of variance (ANOVA) was 

performed to test the significance effects of treatment on each measured trait among the genotypes 

considering three different interactions only for salt, only for control and salt, control together.  

Correlation analysis was also done among the different measured parameters. Heritability was also 

calculated for control, salt and both (salt control together) setup from the ANOVA by the formula 

h2
m=Vg/[(Ve/r)+Vg], where h2

m= heritability, Vg=genotypic variation, Ve=Non genetic variation, 

r=number of replications per genotype. Vg and Ve also estimated by the given formula, Vg=MSG-

MSR/number of replications per genotype (MSG=Mean sum of square of genotype, MSR=Mean sum of 

square of residual), Ve= MSR (Mean sum of square of residual).  

2.2 Amplification and sequencing of HKT1;5 gene  

2.2.1 Genotypes 

For the sequencing and amplification of the HKT1;5 (sodium transporter) gene, ninety five (95) 

genotypes were selected based on their shoot Na+ content, high (Na+Ґ рлƳƎκƎ 5² ŀƴŘ ƴҐнрύΣ 

medium (Na+= 35-50mg/g DW and n=20), and low (Na+Ґ ор ƳƎκƎ 5² ŀƴŘ ƴҐрлύ ŀƴŘ ǎƘƻƻǘ bŀ+/K+ 

ratio, high (n=25), medium (n=19) and low (n=51), where n=number of accessions. We also 

considered different geographical regions: Europe (EU, n=38), East Asia (EA, n=17), West Asia and 

North Africa (WANA, n=25) and America (AM, n=15). All genotypes were previously evaluated for salt 

tolerance and different traits by Long et al., (2013) and part of an association mapping panel and we 

used their measured data to compare with our molecular analysis (Table 1).  
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Table 1. Selected genotypes and their evaluation data from Long et al., (2013) used in the experiment. 

Serial 
no. 

DH_name shoot 
Na 

Na/ k 
shoot 

salt sum 
rank  

Region of 
origin 

Average Shoot Na+ 

in salt (mg/g DW) 

1 BCC003 Medium medium 4 WANA 43.28 

2 BCC118 Medium medium 5 WANA 43.25 

3 BCC126 high high  4 WANA 61.06 

4 BCC129 low low 5 WANA 34.26 

5 BCC1378 high medium 4 EU 53.02 

6 BCC1379 high medium 3 EU 57.31 

7 BCC1380 high medium 4 EU 62.41 

8 BCC1383 high medium 3 EU 57.47 

9 BCC1384 high high  3 EU 59.39 

10 BCC1391 high high  3 EU 62.18 

11 BCC1392 low low 4 EU 32.80 

12 BCC1395 high high  4 EU 57.20 

13 BCC1396 high medium 3 EU 53.61 

14 BCC1398 high high  4 EU 65.95 

15 BCC1400 high high  4 EU 62.49 

16 BCC1403 high high  5 EU 28.56 

17 BCC1407 high medium 4 EU 57.15 

18 BCC1408 Medium low 4 EU 42.30 

19 BCC1409 low low 5 EU 30.05 

20 BCC1412 high high  3 EU 60.74 

21 BCC1418 low low 4 EU 26.29 

22 BCC1442 low low 3 EU 28.59 

23 BCC1443 low low 4 EU 35.01 

24 BCC1448 high high  2 EU 65.83 

25 BCC1452 high high  3 EU 58.06 

26 BCC1455 high high  2 EU 69.55 

27 BCC1457 low low 5 EU 26.43 

28 BCC1459 low low 4 EU 25.18 

29 BCC1461 high medium 3 EU 57.29 

30 BCC1463 high high  4 EU 60.16 

31 BCC1465 high high  4 EU 56.86 

32 BCC1466 Medium high  5 EU 50.68 

33 BCC1469 Medium medium 5 WANA 42.33 

34 BCC1474 low low 4 EU 28.78 

35 BCC1476 low low 4 WANA 25.16 

36 BCC1479 Medium high  3 EU 47.07 

37 BCC1481 low low 2 EU 25.67 

38 BCC1483 low low 4 EU 24.48 

39 BCC1488 Medium high  3 EU 46.10 

40 BCC149 low low 4 WANA 31.00 

41 BCC1490 low low 4 EU 24.06 

42 BCC1491 Medium medium 2 EU 50.02 

43 BCC1494 low low 5 WANA 27.64 
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44 BCC1498 Medium high  2 WANA 41.03 

45 BCC1503 low low 4 WANA 28.01 

46 BCC1529 high high  2 EU 61.26 

47 BCC1541 low low 3 EU 21.92 

48 BCC1566 low low 4 EU 26.87 

49 BCC167 low low 3 WANA 30.28 

50 BCC192 Medium medium 3 WANA 41.20 

51 BCC423 Medium low 3 EA 42.53 

52 BCC434 low low 3 EA 28.26 

53 BCC439 low low 4 EA 29.37 

54 BCC445 Medium medium 2 EA 48.48 

55 BCC526 low low 4 EA 23.40 

56 BCC527 low low 4 EA 19.23 

57 BCC532 low low 4 EA 25.80 

58 BCC533 low low 5 EA 20.18 

59 BCC535 Medium high  4 EA 38.29 

60 BCC551 Medium medium 4 EA 47.91 

61 BCC579 low low 3 EA 31.40 

62 BCC581 low low 4 EA 29.08 

63 BCC667 low low 5 EA 25.02 

64 BCC675 low low 3 EA 30.82 

65 BCC718 high high  2 EA 54.47 

66 BCC776 Medium high  3 EA 46.99 

67 BCC806 high medium 2 AM 59.98 

68 BCC846 low low 3 AM 25.50 

69 BCC857 low low 4 AM 25.71 

70 BCC860 Medium high  3 AM 41.57 

71 BCC861 low low 2 AM 22.15 

72 BCC868 Medium medium 2 AM 48.20 

73 BCC869 low low 4 AM 31.05 

74 BCC875 high medium 3 AM 53.31 

75 BCC881 high high  3 AM 52.80 

76 BCC888 Medium high  2 AM 47.59 

77 BCC899 low low 2 AM 35.43 

78 BCC907 low low 5 AM 19.33 

79 BCC913 low low 5 AM 18.43 

80 BCC927 low low 4 AM 34.63 

81 BCC942 Medium high  4 AM 46.73 

82 HOR11370 low low 5 WANA 25.63 

83 HOR11372 low low 3 WANA 27.87 

84 HOR11373 high medium 4 WANA 57.90 

85 HOR11403 low low 4 EA 28.42 

86 HOR12830 low low 3 WANA 34.06 

87 HOR2800 low low 4 WANA 34.78 

88 HOR2829 low low 4 WANA 20.23 

89 HOR2835 Medium medium 5 WANA 41.95 
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90 HOR4727 low low 3 WANA 29.65 

91 HOR8006 low low 3 WANA 22.10 

92 HOR8050 low low 3 WANA 30.57 

93 HOR8113 low low 4 WANA 27.68 

94 HOR8160 low low 5 WANA 24.69 

95 HOR930 low low 3 WANA 33.59 

2.2.2 DNA isolation  

From individual genotypes four seeds were sown on 22th May, 2014 and grown for 10 days. Fresh 

leaves were collected into 96 deepwell plate and immediately frozen in liquid nitrogen. These plates 

were stored at a -800C freezer before DNA extraction. The DNA was extracted from frozen leaves by 

modified CTAB protocol both in a 96 deepwell plate and 10 lines in an eppendorf tube for an 

individual sample. Due to lack of optimum for a desired PCR result using those DNA, we isolated 

another set of DNA from the frozen samples using Thermo Scientific KingFisher Flex following MAXI 

DNA isolation protocol in a 96 deepwell plate. The concentration of each sample was measured by 

NanoDrop-Spectrophotometer and the quality of DNA was verified by gel electrophoresis (0.8%). See 

the Appendix 2 (CTAB) and Appendix 3 (Kingfisher) for DNA extraction protocols. 

2.2.3 Primer designing and testing  

Gene-specific primers (Appendix 4) were designed and selected using the available web-based 

primer design program (http://www.ncbi.nlm.nih.gov/). Primers were designed outside of the coding 

region aiming to amplify the full coding sequence compared to the to the barley gDNA sequence of 

HKT1;5 (GenBank accession number DQ912169.1) from NCBI. The other important characters such as 

GC content, length of the primer, melting temperature and the size of the amplicon were also 

considered at the time of primer selection. The different primer combinations were tested using 

sample DNA with different annealing temperatures (50 to 65oC), Taq DNA polymerase (Dreamtaq and 

Phusion High Fidelity polymerases, both from Thermo Scientific, HotStar polymerase from Qiagen 

and Expand High Fidelity PCR System from Roche). 1 Kb+ DNA ladder (from Fermentas) was used to 

identify fragment length. Finally, two primer sets covering the whole HKT1;5 coding region with an 

overlap were selected based on the amplification result (band resolution). The primers set were used 

for the PCR thermal profile 94oC denaturation temperature with two different 59oC and 64oC 

annealing temperature (35 cycles) and 72oC for extension temperature. PCR product was checked by 

ƎŜƭ ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎ όо ˃ƭ t/w ǇǊƻŘǳŎǘΣ о ˃ƭ av ŀƴŘ н ˃ƭ dye), gel percentage (1%) and gel prepared by 

TAE buffer (1%). Actin primers were used as a positive control, and to check the DNA quality, for the 

PCR. 

2.2.4 PCR and sequencing  

All DNA samples were prepared for PCR with selected forward and reverse primer sets and proof 

reading Taq DNA polymerase (Expand High Fidelity PCR System, Roche cat. No. 11732 641001). PCR 

reaction mixture and thermal profile are given in Appendix 5). Sequencing of the HKT1;5 gene alleles 

was done from the PCR product (GATC sequence service). To get a good sequencing result, the 

quality of PCR products was checked by gel electrophoresis and they were cleaned up using 

Sephadex G50 in plate format. After cleaning, the concentration of every sample was measured by 

Nanodrop.  
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Finally, the samples were prepared with 2.5 µl cleaned up PCR product, 2.5 µl primer from a 10 µM 

stock (forward and reverse primer separately for each sample) and 5 µl MQ in a total volume 10 µl. 

The prepared samples were then placed in GATC sequence service fridge with barcode for the 

purpose of sequencing. 

2.2.5 Molecular analysis  

The sequence analysis was performed by DNASTAR Lasergene version 10. Firstly, the quality of all 

sequences was checked in SeqMan Pro. After correcting and cleaning the bad part of sequences, one 

complete consensus HKT1;5 gene sequence for every genotype (in a total 95 sequences) was made 

by assembling four sequence reads for one genotype. Finally, all 95 sequences were assembled into 

one contig to identify SNPs and haplotypes. 
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3. Results 

3.1 Phenotypic evaluation  
Frequency distributions for all measured traits of the DH plants including their parents were verified 

by the GenStat software. Most of the traits showed a normal distribution. Outliers (few extreme 

values) were discarded and marked as missing value. After this, three types of ANOVA test, 

considering only control, only for salt and salt plus control together were performed following a split 

plot design. Heritability (h2m) was also calculated separately from the separate ANOVAs. For the 

results section, all measured traits observations are represented by two subdivisions: one is pre-

harvest measured traits and traits measured at harvest.   

3.1.1 Pre-harvest measured traits   

Before harvesting the plants, plant height (PH), leaf length (LL), chlorophyll content (CC), leaf number 

(LN), tiller number (TN) and leaf senescence (LS) were measured at different time points in both (Salt 

and control) conditions. All means, ranges, probabilities, variance components, heritabilities, least 

significant differences of means (lsd), Standard deviations (SD), coefficients of variation (CV) for the 

DH lines and their parents are shown separately (control and salt conditions) in Table 2 and for both 

(salt and control together) in Appendix 6. The graphical representations of the means of the 

evaluated genotypes at different time points along with their treatments are also shown in Figure 1. 

All mean performances of individual genotypes for different measured traits are given in Appendix 7 

and 8. 

IƛƎƘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ŦƻǊ ǘƘŜ ƎŜƴƻǘȅǇŜǎ όt лΦллмύ were observed for all pre-harvest growth 

traits and their mean values were also different from their two parents (Table 2). The observed 

variation in the evaluated population was moderate to highly heritable (h2
m 0.55) which indicates 

that experimental variation was mildly obscuring the genetic variation except for leaf senescence in 

control (h2
m=0.33). According to the results, it is clear that all growth traits were negatively affected 

by salt treatment (Table 2 and Figure 1). One interesting finding was the highly significant differences 

όt лΦллмύ for genotypes in leaf length growth under salt and control conditions. Leaf length of third 

leaf was measured at the very early stage just after the starting the salt treatment with two days 

interval. The mean difference of leaf growth (LLD) in control was 11.62 cm whereas in salt it was 7.24 

cm (40% shorter in salt) with high heritability (h2
m 0.60) (Table 2) reflecting an early effect (osmotic 

stress) of salt on the plant leaf growth. The average leaf chlorophyll content in two different time 

points for the DH population in stress condition was higher (41.95 and 47.55) compared to control 

(40.96 and 39.86) with high heritability (h2
m 0.55) (Table 2). The plant height mean also gradually 

decreased in salt plants to control and the final plant height in salt was 45.37 cm which was about 45 

percent reduced compared to control (73.57 cm) plants. The plant height also showed moderate to 

high heritability (ranged in salt h2
m 0.71 and control 0.55). The average leaf number and tiller 

number also decreased gradually in salt conditions compared to control and showed high heritability 

(h2
m 0.70) in both treatments. Leaf senescence in stress plants increased (5.37 and 6.66) compared 

to control (2.97 and 5.65) in two different time points and also showed high heritability (h2
m 0.58) 

except the first measurement in control (Table 2).          
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Table 2. Means, ranges, probability (Fpr), variance component, heritability (h
2
m), lsd, SD and CV for growth parameters of  the parents and DH lines under different treatments 

           Parents mean                                                     DH population 
Variance 
component 

h
2
m 

Traits Treatment 
BCC1491 
 (P1) 

BCC149 
(P2) 

 Mean Max Min SD LSD(0.05) CV (%) Fpr Vg Ve/r   

PH1 (cm) 
C 14.60 16.10  14.14 22.55 6.05 3.07 3.55 18.1 ***  7.76 1.66 0.82 
S 13.30 16.70  14.03 23.60 8.08 2.86 3.48 17.9 ***  6.61 1.57 0.81 

PH2 (cm) 
C 32.00 31.00  28.95 37.33 15.48 4.14 6.14 15.3 ***  12.27 4.84 0.72 
S 24.90 24.60  23.24 31.88 15.78 2.91 4.44 13.8 ***  6.06 2.43 0.71 

PH3 (cm) 
C 59.30 51.20  53.44 67.00 35.62 5.45 8.93 12.1 ***  19.96 9.78 0.67 
S 38.20 35.90  35.91 50.30 27.35 4.10 5.67 11.4 ***  12.71 4.13 0.75 

PH4 (cm) 
C 83.30 72.60  73.57 85.00 54.75 5.03 9.54 9.3 ***  14.03 11.26 0.55 
S 44.50 44.40  45.37 60.37 33.02 5.43 6.93 11.0 ***  23.80 5.71 0.81 

LL1 (cm) 
C 5.39 6.62  6.41 13.30 1.70 1.88 2.598 29.4 ***  2.22 1.30 0.63 
S 5.37 6.21  6.59 11.73 2.63 1.58 2.198 24.1 ***  1.87 0.63 0.75 

LL2 (cm) 
C 19.47 18.09  17.95 25.28 7.53 3.37 4.473 17.9 ***  8.58 2.76 0.76 
S 13.06 14.13  13.80 20.13 8.58 2.19 3.210 16.7 ***  3.48 1.33 0.72 

LLD (cm) 
C 14.07 12.45  11.62 16.77 3.20 2.54 3.670 22.8 ***  4.68 1.75 0.73 
S 7.69 7.92  7.24 10.35 3.75 1.21 2.113 21.0 ***  0.88 0.58 0.60 

CC1 
C 40.18 40.85  40.96 57.35 27.65 5.12 9.533 16.8 ***  14.54 11.72 0.55 
S 39.74 46.63  41.95 56.00 33.88 3.81 6.253 10.7 ***  9.37 5.11 0.65 

CC2 
C 36.96 39.29  39.86 58.97 28.62 4.58 7.581 13.7 ***  13.52 7.42 0.65 
S 41.51 49.01  47.55 57.30 38.00 3.26 5.133 7.8 ***  7.18 3.42 0.68 

LS1 
C 2.33 2.92  2.97 4.00 2.00 0.33 0.819 19.8 ***  0.04 0.09 0.33 
S 5.46 5.38  5.37 7.17 3.17 0.68 1.249 16.7 ***  0.27 0.19 0.58 

LS2 
C 6.08 5.58  5.65 7.67 2.83 0.92 1.650 21.0 ***  0.49 0.35 0.59 
S 7.42 6.62  6.66 8.50 5.00 0.67 1.206 13.0 ***  0.27 0.18 0.59 

LN1 
C 6.06 5.44  5.50 8.50 3.73 0.83 1.2789 16.8 ***  0.48 0.21 0.69 
S 5.38 4.44  4.68 6.50 3.00 0.85 1.1896 18.3 ***  0.54 0.19 0.74 

LN2 
C 15.94 16.38  13.91 22.25 7.34 3.07 3.3628 17.4 ***  8.04 1.41 0.85 
S 9.00 8.81  8.15 13.50 5.00 1.97 2.1367 18.9 ***  3.26 0.60 0.85 

LN3 
C 26.12 26.81  21.25 41.25 10.25 6.02 6.350 21.5 ***  31.36 4.90 0.86 
S 14.00 12.81  11.39 21.50 5.75 3.46 3.0936 19.6 ***  10.74 1.26 0.90 

TN1 
C 2.94 2.38  2.29 4.00 1.00 0.49 0.8132 25.6 ***  0.16 0.09 0.65 
S 2.31 1.88  1.81 3.25 1.00 0.60 0.7735 30.7 ***  0.28 0.08 0.78 

TN2 
C 5.56 5.19  4.42 9.00 1.50 1.34 1.4028 22.9 ***  1.55 0.25 0.86 
S 2.94 2.94  2.42 4.75 1.00 0.97 0.9190 27.3 ***  0.82 0.11 0.88 

TN3 
C 7.62 8.56  5.89 13.75 1.75 2.25 1.9215 23.5 ***  4.60 0.45 0.91 
S 4.12 3.56  2.92 7.25 1.00 1.46 1.0457 25.8 ***  1.99 0.14 0.93 

Plant height 1st measurement (PH1), 2nd (PH2), third (PH3) and fourth (PH4); leaf length measurement of two time points (LL1 and LL2) and their differences (LLD); chlorophyll content two time points (CC1and CC2); leaf 

senescence of two time points (LS1 and LS2); leaf number and tiller number in three time points (LN1, LN2, LN3 and TN1, TN2, TN3) respectively. Genetic variation (Vg), Non-genetic variation (Ve). Two treatments 

control (C) and salt stress (S). *** ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ t лΦллмΦ 
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Figure 1. DH population averages of traits measured before harvest (a); Leaf expansion (third leaf) average and differences between two measurement (b); comparative leaf chlorophyll content 

mean value (c), average leaf and tiller number (d) average leaf senescence (e) in two different setup (control and salt). Error bar=standard deviation 

(a) (b) 

(c) (d) (e) 
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3.1.2 Measurements at harvest  
 

Shoot fresh weight and root length were measured at plant harvest. Shoot dry weight and root dry 

weight were measured drying the plant parts in oven drying chamber. Finally, the dry matter 

percentage, shoot root ratio and salt tolerance (ST) were calculated based on shoot fresh, shoot dry and 

root dry weight. 

!ƭƭ ƳŜŀǎǳǊŜŘ ǘǊŀƛǘǎ ŦƻǊ ƎŜƴƻǘȅǇŜǎ ǎƘƻǿŜŘ ƘƛƎƘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ όt лΦллмύΣ ǿƘƛŎƘ ŎƻƴŦƛǊƳŜŘ ǘƘŜ 

negative effect of salt on plant growth (Table 3). The observed variation in the evaluating population 

was moderately to highly heritable (h2
m 0.51) which indicates that non-genetic variation was mildly 

obscuring the genetic variation except for dry matter percentage in control (h2
m=0.33) and root length 

in salt (h2
m=0.33). The average shoot fresh weight of DH population under control was 16.68g and 

ranged from 3.39 to 39.45g and in salt 3.39g ranged from 0.79 to 14.46g, which is also lower than their 

mean of two parents. Average shoot dry weight of DH population in control was 2.11g, ranged by 0.51 

to 4.42g. On the other hand, in stress condition SDW was 0.68g, ranging from 0.19 to 1.56g which is also 

about 75% reduction in salt condition compared to control. The heritability for the SFW and SDW was 

higher (h2
m 0.73) in both treatments. The average root dry weight of DH barley genotypes in control 

and salt condition was 0.40g and 0.26g, whereas root length 55.62g and 32.16g respectively. From the 

results it is clear that salt stressed plants showed lower performance compared to the control plant for 

all measured traits (Table 3 and Figure 2). 

The dry matter percentage of shoot was calculated as shoot dry weight divided by shoot fresh weight 

per plant. After that the average was taken of four replicates of each genotype. The average dry matter 

percentage in salt-treated plants was higher (22.43) compared to control (13.76). This indicates that 

control plants contained higher percentage of water in the shoot compared to salt plants. The shoot to 

root ratio was calculated by dividing shoot dry weight by root dry weight. Shoot to root ratio of DH lines 

in control and salt was 5.06 and 2.63 respectively indicating that root growth was also hampered (50% 

reduced) in salt stress plants. 

Salt tolerance (ST) is defined as the ratio of dry weight of shoot under stress conditions and dry weight 

of shoot under control conditions for the same plants. We calculated ST dividing shoot dry weight of 

each replicate under salt conditions by the mean dry weight of shoot of the four replicates of the same 

genotype in control condition. ST was calculated from the individual values of four replicates. The ST of 

DH lines was substantially variable within the population. The mean of all DH lines of 33.44 was very 

close to parent P2 (BCC149) ST (34.75). The highest ST in the evaluated DH genotypes was 80.50 and 

lowest one 11.53. The salt tolerance of parent P1 (BCC1491) was lower (23.75) than the other parent P2 

(34.75). The salt tolerance of each DH line along with the parents is shown in Appendix 9. From the 

distribution pattern of salt tolerance (ST) for the genotypes (n=4), it was observed that most of the 

genotypes ST ranged from 20 to 40 percent (Figure 3).  
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Table 3. Means, ranges, probability (Fpr), variance component, heritability (h
2
m),lsd, SD and CV for growth parameters of  the parents and DH lines under different treatments 

 

  Parents  
DH Lines 
 

Variance 
component 

h
2
m 

Traits Treatment BCC1491 (P1) BCC149 (P2)  Mean Max Min SD LSD(0.05) CV (%) Fpr Vg Ve/r   

SFW (g) 
C 25.34 24.45  16.68 39.45 3.39 7.14 8.545 36.8 ***  41.76 9.24 0.82 
S 4.70 5.01  3.39 14.46 0.79 1.81 1.478 32.0 ***  2.41 0.87 0.73 

SDW (g) 
C 3.00 2.77  2.11 4.42 0.51 0.76 0.949 32.5 ***  0.47 0.12 0.80 
S 0.67 0.94  0.68 1.56 0.19 0.26 0.311 32.9 ***  0.06 0.01 0.83 

SDM (%) 
C 11.95 11.75  13.76 34.85 9.13 3.62 6.707 35.7 ***  2.93 5.83 0.33 
S 19.24 19.64  22.43 57.40 14.08 6.20 8.258 26.9 ***  23.36 15.15 0.61 

RDW (g) 
C 0.42 0.56  0.40 0.70 0.18 0.11 0.181 32.9 ***  0.007 0.004 0.64 
S 0.22 0.37  0.26 0.62 0.13 0.07 0.096 26.3 ***  0.004 0.001 0.78 

RL (cm) 
C 55.99 69.53  55.62 77.78 34.10 8.34 16.225 21.0 ***  35.76 33.88 0.51 
S 27.01 34.83  32.16 42.38 23.40 3.51 7.379 16.5 ***  5.34 7.00 0.43 

S_R 
C 7.31 5.06  5.35 9.12 2.22 1.10 2.136 28.8 ***  0.63 0.59 0.52 
S 3.16 2.63  2.63 6.23 1.16 0.71 1.328 36.3 ***  0.28 0.23 0.55 

ST (%) S/C 23.75 34.75  33.44 80.50 11.53 10.49 15.050 32.4 ***  79.92 29.35 0.73 
 

Shoot fresh weight (SFW); Shoot dry weight (SDW); Dry  matter percentage of shoot (SDM %); Root length (RL); Shoot root ratio (S_R) and Salt Tolerance 

percentage (ST%).  Two treatments control (C) and salt stress (S). *** ǎƛƎƴƛŦƛŎŀƴǘ ŀǘ t лΦллмΦ 
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Figure 2.  DH p opulation a verage s of traits  measured at harvest, under control and salt conditions.  Average s hoot fresh weight (a); Average shoot dry weight  
               (b); Average dry weight (c); Average shoot dry  matter percentage ( d), Average root length (e) and Average shoot root ratio (f); under two different  
               control and salt setup.  Error bar=standard deviation   

(d) (e) 

(f) 
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Figure 3. Frequency distribution (Histogram) of the DH population (184 genotypes) including their two parents based on their 
mean salt tolerance (ST) (n=4)  

 

Correlations 

Correlation analysis was performed to see the relationship between different measured traits 

considering control, salt conditions and both treatments (Appendix 10, 11 and 12). For the control 

condition, leaf senescence measured at time point 1 (LS1) and shoot dry matter percentage of shoot 

(SDM%) negatively correlated with most of the other growth traits (Appendix 10). Leaf Chlorophyll 

content (CC) negatively correlated with tiller number and leaf length growth. All other traits in control 

condition showed positive correlations. In salt conditions, leaf senescence (both measurements LS1 and 

LS2) and dry matter percentage also negatively correlated with most of the other growth traits 

(Appendix 11). Final plant height also showed negative correlation with chlorophyll content (CC), leaf 

number (LN), tiller number and leaf senescence. Root length also showed negative correlation with tiller 

number and leaf senescence(Appendix 11). Correlation analysis considering both treatments (salt and 

control) displayed negative correlation of leaf senescence (LS1 and LS2) and dry matter percentage 

(SDM%) with most of the other growth parameters (Appendix 12). Chlorophyll content (CC) negatively 

correlated with leaf number and tiller number. The observed interaction within the other growth traits 

was positive.  
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3.2 HKT1;5 (sodium transporter) gene allelic variation  
 

First, we did PCR with different primers with as template barley gDNA extracted with CTAB method 

from the frozen leaf sample. We did not get the desired result (most of the sample (accessions) did not 

show band), except for a few samples extracted by CTAB method from fresh leaves. We did get 

appropriate and desired PCR product with our control primer (Actin) and selected two sets of primers 

for the sequence of HKT1;5 gene with all accessions gDNA (Table 1) extracted by Kingfisher method. 

From this we can conclude that for PCR of barley genes from gDNA, the quality of gDNA is likely to play 

an important role to get optimum result.  We selected two primer sets aimed to amplify the whole 

coding sequence.  According to NCBI information of the barley gDNA sequence of HKT1;5 (GenBank 

accession number DQ912169.1), the CDS region of the gene is composed of the DNA regions 603-

1720bp, 1812-2027bp, 2099-2297bp, (www.ncbi.nlm.nih.gov/nuccore/117938015) (Appendix 14). The 

selected first set forward primer starts from the position of 405bp and the reverse primer at 1713bp, 

and for the other pair the forward primer started from 1302bp and reverse started at 2319bp. The 

BLAST result of the consensus sequence of the PCR products at NCBI website showed high query cover 

(99%) and Identity (98%) with the accession no DQ912169.1 of Hordeum vulgare subsp. Vulgare, sodium 

transporter HKT 1;5 gene, complete cds (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

The sequences from the individual genotypes were compared to find allelic variation for HKT1;5 in this 

diverse set of barley genotypes. Interestingly, several Indels were present at 2057bp to 2091bp (4 

nucleotides, 20 nucleotides and 3 nucleotides) in the two major haplotypes, and based on this Indel all 

selected barley genotypes divided into two main haplotype groups (Figure 4). We named these A and B. 

Haplotype group A with deletions was found in 42 accessions and the second group (B) with insertions 

in 53 accessions. Based on additional SNPs, we sub-grouped them in A1 (3 genotypes), B1 (9 

genotypes), B2 (2 genotypes) and B3 (1 genotype) (Figure 4). Another sub group was also found within 

the subgroup B1 and we called it B1-1 (only 1 genotype). All haplotypes with their respective SNPs 

positions, aligned with the barley gDNA sequence of HKT1;5 (GenBank accession number DQ912169.1) 

are presented in Figure 4. The Indels were located in an intron (2028-2098bp) region. This indicates that 

the Indels may not change the protein structure directly because all introns are spliced out to produce 

the mature mRNA. Some other SNPs also located in the intron and exons regions of the HKT 1;5 gene in 

our selected accessions. The effects of these SNPs including Indels need to further examined to see 

whether they induced changes in the HKT1:5 protein that may impact its function. 

For the 38 selected barley accessions that have a European origin, 25 belonged to main haplotype A, 

whereas 21 from selected 25 that originated from West Asia and North Africa (WANA) represented 

main haplotype B (Figure 5). This result indicates that most of the WANA (except four) accessions 

formed group B and most of the EU formed group A (Figure 5). On the other hand, 4 accessions WANA 

(among 25), 7 from America (AM) (among 15), 6 from East Asia (EA) (among 17) also had haplotype A, 

while haplotype B also covered 13 accessions from Europe (among 38), 8 from AM and 11 from EA. 

Subgroup A1 was represented by 3 accessions, 2 from WANA and 1 from EA. Another sub group B1 

contained 9 accessions, 7 from WANA, 1 from EU, 1 from EA; Subgroup B2 contained 2 accessions from 

AM and B3 subgroup 1 accession from AM. Finally, sub-sub group B1-1 was represented by only by one 

accession from East Asia (Figure 5).   
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Using the salt evaluation data from Long et al. (2013) for all the analysed accessions, the association of  
ion concentrations with the haplotype groups was examined. From the distribution of the different 
haplotypes over the accessions it was observed that all accessions (except three) that have the main 
haplotype A with Indels (deletions) had high to medium shoot Na+ and shoot Na+/K+ ratio group, and 
most accessions (except five) that have the another main haplotype B had low Na+ (Figure 7) and shoot 
Na+/K+ ratio as well. Higly ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ όt лΦллмύ ǿŀǎ ŦƻǳƴŘ ŦƻǊ ƘŀǇƭƻǘȅǇŜǎ ōŀǎŜŘ ƻƴ ǎƘƻƻǘ bŀ+ 
content (mg/g DW) with an average of shoot Na+ 52.48 mg/g DW for haplotype A and 28.87 mg/g DW 
for haplotype B, and differences were confirmed ōȅ CƛǎƘŜǊΩǎ ǇǊƻǘŜŎǘŜŘ ƭŜŀǎǘ ǎƛƎƴƛŦƛcant difference test 
(Figure 6). Interestingly, the subgroup B2 which has one nucleotide change (G instead of C compared to 
main group B, 1464bp position, exon region) represented by two accessions (BCC907 and BCC913) 
contains the lowest shoot Na+ (19.33, 18.43 mg/g DW respectively) (Figure 4 and 7). Another accession 
BCC527 from sub-sub group B1-1, with only one change (T instead of C compared to main group B, at 
1840bp position, exon region) also contained the lowest shoot Na+ (19.23 mg/g DW) (Figure 4 and 7).  
Subgroup A1 (genotypes HOR 2800, BCC551 and HOR2835, with eight SNPs (all located in exon region) 
compared to main haplotype A), had shoot Na+ values of 34.78, 47.91 and 41.95 (mg/g DW) 
respectively. Another subgroup formed by HOR930, BCC003, BCC126, BCC1503, (BCC527, B1-1 sub-sub 
group), BCC1474, BCC192, BCC118 and HOR 8113 accessions with several SNPs (both in exon and intron 
region) compared to main haplotype B, had shoot Na+ content ranging from 27.68 to 61.06  (mg/g DW). 
only one accession BCC869 forms another subgroup B3, separated by two SNPs compared to main 
group B (1074bp position, exon region, A instead of G and A instead of T in 1838bp position) and it 
contained 31.05 (mg/g DW) shoot Na+ (Figure 7).     
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Figure 5. Different Haplotypes distributed in different geographical regions based on HKT 1;5 gene sequencing information. EU: Europe; WANA: West Asia and  
                 North Africa; AM: America; EA: East Asia. 

Figure  4. Distribution of polymorphic SNPs with their corresponding position across seven barley HKT1;5 haplotypes (1st column with different colour: different   
                  haplotypes; 1st row: SNPs position; yellow colour with red text differences; black text with reddish column and row: Indels; 1st column black text with  
                  blue shade all main SNPs positions, I:Intron; E:Exon, SNPs position is relative to the GenBank accession number DQ912169.1) 
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Figure 6. Average shoot Na+ όƳƎκƎ 5²ύ ŎƻƴǘŜƴǘ ƛƴ ŘƛŦŦŜǊŜƴǘ ƘŀǇƭƻǘȅǇŜǎ ǿƛǘƘ CƛǎƘŜǊΩǎ ǇǊƻǘŜŎǘŜŘ ƭŜŀǎǘ  
                 significant difference test (letter with different mean represent the difference) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Distribution of all accessions in different haplotypes based on shoot Na+ (mg/g DW) content.       
                (every dot represented each accession). 
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4. Discussion 
 

In the first part of this study, we evaluated 184  genotypes of a barley DH population on a hydroponics 

system along with the two parents (BCC1491 and BCC149), under saline and control conditions, with 

the aim to unravel mechanisms underlying salt tolerance in barley. From the previous evaluation data of 

Long et al., (2013), it was reported that the parent BCC149 is moderately salt tolerant and BCC1491 salt 

sensitive. Long et al. identified and described two strong QTL on chromosome 4H and 6H in barley. The 

QTL on chromosome 4H was associated with ion contents, and further analysis with the barley genome 

sequence pointed out that HKT1;5 is present in the QTL region, and is a strong candidate gene for this 

QTL. The other strong novel QTL on chromosome 6H associated with growth and physiological traits and 

for the further analysis with the help of barley whole genome sequence, no information was found for a 

possible candidate gene; a number of genes may qualify and there is insufficient information to select 

most likely candidates. This present study was conducted with the DH population and their two parents 

with a major objective to confirm or validate the previously identified QTL in chromosome 6H, to 

understand more about the QTL effect by performing further QTL and  ion contents analysis. The 

hydroponics is a preferable and convenient way to identify useful physiological traits contributing to salt 

tolerance, and genes responsible for those traits, under well-defined control conditions rather than field 

conditions. Field trials suffer from uncontrollable factors such as soil heterogeneity and weather (Cuin 

et al., 2010; Chen et al., 2005). Several successful screenings of salt tolerance in cereals including barley 

were carried out on hydroponics and also identified genes/QTLs underlying the tolerance (Nguyen et al., 

2012; Long et. al., 2013; Munns et. al., 2012; Chen et al., 2005, Rjendran et al., 2009; Gregorio et al., 

2002). DH mapping populations are widely used for quantitative genetics studies because of their purity 

and genetic uniformity including the performance of important agronomic traits under both abiotic and 

biotic stress conditions (Nguyen et al., 2012; Han et. al., 2003; Siahsar and Narouei 2010).  

For the strong QTL on chromosome 6, Long et al., suggested further analysis for the validation and to 

elucidate the mechanisms, gene(s) involved in the identified QTL region with the help of the complete 

barley genome sequence. They suggested that the candidate gene(s) might have a role in osmotic stress 

tolerance in barley. In our study we followed up on this suggestion using a cross of two parents that 

were part of the assicoation mapping set, and showed differential behavior for the traits with QTLs on 

chromosome 6. We measured the length of the third leaf of every plant at the second day of NaCl 

application and with two days interval, at the time of final NaCl concentration (200 mM) to know about 

the early effect of salt in our evaluated genotypes. A substantial reduction (40%) was found in salt stress 

plant compared to control with highly significant differences όt лΦллмύ for genotypes with high 

heritability (hm
2 0.6) which indicates that the variation was mostly controlled by genetic factors. These 

results show that early stress (osmotic stress) was encountered in plants under saline conditions, which 

had an immediate influence on the growth of plants as was reported by Munns and Tester (2008). In 

another study by Ortega and Teleisnik, 2002 in Chloris gayana, 20% shorter growth of fourth leaf in 

salinized plants compared to control was reported and they stated that leaf area reduction is the main 

cause for salinity-associated yield losses, which agrees with the reduction in our experiment.  

It is well established that salt has negative effects on the growth and development of plants. In our 

studyΣ ǿŜ ŦƻǳƴŘ ƘƛƎƘƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ όt лΦллмύ ŦƻǊ ƎŜƴƻǘȅǇŜǎ ƛƴ ǎŀƭǘ ŀƴŘ ŎƻƴǘǊƻƭ ŎƻƴŘƛǘƛƻƴ ǿƛǘƘ 

moderate to high heritability (0.55 to 0.93) which indicates that the phenotypical variation was largely 

attributed to by the genetic factors.  The average reduction of measured traits of DH population in salt - 

shoot fresh weight (75% less), shoot dry weight (75% less), root dry weight (50% less), root length (50% 

less) and shoot root ratio (50% less) (Table 3)- compared to control was similar to the reports of many 
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researchers and partly reflects the longer term harmful effects of salt due to the accumulation of toxic 

ions in plant parts (Munns and Tester 2008; Nguyen et al., 2012; Adem et al., 2014). The average leaf 

chlorophyll content (CC) in salt conditions in the evaluated DH population and their parents were higher 

than the control conditions in both time point measurements. Higher chlorophyll content in salt 

stressed tomato plant leaves was also reported by Chowdhury (2012) and suggests that it is due to 

growth retardation (less cell expansion in salt stress plants, reduction in leaf length and area) the 

concentration of chlorophyll increases (Najla et al., 2009). We measured the CC content in upper leaves 

in every plants and it was reported that less chlorophyll content was measured in the bottom leaves in 

salts plant, which might be an indication of the accumulation of toxic ions (Na+ and Cl-) in bottom leaves 

and reduced photosynthetic capacity of the stressed plants (Munns and Tester 2008; Dajic 2006). 

Salinity was shown to reduce the chlorophyll content in salt sensitive genotypes compared to tolerant 

ones in basil (Ocimum basilicum L.) genotypes (Heidari, 2012) and the growth and yield of plants can be 

associated with the chlorophyll content by interfering with photosynthetic capacity (Tavakkoli et al., 

2011). We do not have ion content data as yet but the reduction in biomass, plant height, leaf number, 

tiller number and higher leaf senescence in salt stress plant compared to control may indicate reduced 

photosynthetic activity due to the accumulation of toxic ions (Munss and Tester, 2008). Our correlation 

analysis also confirmed the negative correlation of leaf chlorophyll content with leaf senescence, shoot 

dry matter percentage, plant height, leaf and tiller number in salt and control condition (Appendix 11, 

12). However, Sevengo et al., (2011) reported that higher chlorophyll content under salt stress plants 

might be due to production of anti-oxidant enzymes which prevent the degradation of chlorophyll 

content.  

The salt tolerance (ST) percentage of the evaluated DH population varied a lot, ranging from 11.53 to 

80.50, which resembled the values reported by Nguyen et al., (2012) in Steptoe x Morex barley DH 

population. The heritability of 0.73 of ST indicated that most of the variation was controlled by genetic 

factors. The DH populationΩǎ mean salt tolerance was 33.44%, very close to the medium salt tolerant 

parent BCC149 (34.75%) and higher than the sensitive parent BCC1491 (23.75%). This finding reflected 

that our barley DH population probably used all salt tolerance mechanisms of osmotic stress 

tolerance,Na+ exclusion and Na+ sequestration, earlier reported by many scientists (Nguyen et al., 2012, 

Long et al., 2013; Chen et al., 2007; Shabala et al., 2010; Mian et al., 2011), which also confers the 

higher salt tolerance in barley compared to other cereals. Salt tolerance showed a normal distribution 

and the dispersal pattern of the salt tolerance over genotypes: most of the genotypes ranging from 20 

to 40 percent with a few exceptions demonstrated that salt tolerance in barley is a quantitative trait 

and controlled by multiple genes (Nguyen et al., 2012; Xue et. al., 2009). Another interesting 

phenomenon was external salt secretion found in some genotypes (7) and few plants in salt setup 

during the experiment. A similar phenomenon also observed in Miscanthus sinensis (van der Schoot and 

Chen, personal communication). This may be the visual symptom of salt exclusion but we did not see 

any correlation of this phenomenon with the genotype salt tolerance performance. Some smaller plants 

in both control and salt condition also performed well probably due to slow growth rate as a response 

to combat stress by saving energy (Zhu, 2001) and these survive better under stress because of efficient 

resource allocations and less surface area. 

The performance of our evaluated DH population related to different measured traits under salt and 

control condition showed substantial variation with moderate to high heritability (hm
2 0.55) indicating 

that the variation was controlled mostly by genetic factors. This observation demonstrated that our 

phenotypic evaluation data was good enough to go for further analysis for this DH population. So, now 
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it is necessary to perform further shoot and root ion content measurements and QTL analysis in relation 

to the phenotypic evaluation results of the DH mapping population including their two parents 

(BCC1491 and BCC149) to validate the QTL identified by Long in barley on chromosome 6H and to 

explore other QTLs and try to find out responsible gene(s) underlying salt tolerance in barley.  

The second part of this study, focused on the HKT1;5 (sodium transporter) gene allelic sequence 

variation in previously evaluated (95) barley accessions from LongΩǎ association mapping population and 

explored the relationship between ion content, geographical origin with the allelic variation. We found 

two main haplotypes (Figure 4) based on several Indels which also associated with two main groups, 

one with high, medium shoot Na+ and another represented low shoot Na+ (mg/g DW) (Figure 6 and 7) 

content (Table 1). In that association mapping, a strong QTL on chromosome 4H correlated with shoot 

and root ion content under salt stress condition was identified and HKT1;5 gene located in syntenic 

regions in rice and wheat was suggested as the strong candidate gene for the salt tolerance by Na+ 

exclusion mechanism (Long et al., 2013). It was also well documented that HKT1;5 gene is a strong 

candidate gene for salt tolerance mapped on the long arm of chromosome 4H in wheat, barley and 

chromosome 1H in rice and acts as a cation transporter controlling sodium exclusion by xylem 

unloading (Munns et al., 2012, Byrt et al., 2014; Huang et al., 2008; Hauser and Horie, 2010; Byrt et al., 

2007; James et al., 2011).  

Comparing the four geographical regions from which the evaluated genotypes originate, most of the 

accessions from Europe (EU) region belong to one main haplotype and contain high or medium shoot 

Na+, whereas most of the accessions from West Africa and North Asia (WANA) with low shoot Na+ 

represented another haplotype (Figure 5). Barley has a long cultivation and adaptation history in diverse 

and marginal environments of West Asia, East Asia and North Africa regions, commonly affected by the 

stresses drought and salt, may have alleles that confer resistance and tolerance to stresses. Barley 

cultivars from Europe and America performed well under favourable climatic conditions (Nevo, 2011; 

Nevo and Chen, 2010; Nevo, 2007; Munns et. al., 2006), but may not be well adapted to saline 

conditions. Stresses are the major driving force for evolution (Parsons 2005) and salt tolerance variation 

linked to the geographical origin was reported by Long et al., (2013) in the present studied accessions 

(higher ST in WANA, EA and lower ST in EU, AM). Moreover, the best performing genotype for salt 

tolerance was identified originated from North Africa (Long et al., 2013). It was reported that the wild 

barley (Hordeum spontaneum), progenitor of the cultivated barley (Hordeum vulgare) evolved in 

Southwest Asia and wild barley from more saline areas (Fertile Crescent) are able to maintain lower 

values of relative shoot Na+. They displayed an archipelago of genetic variation and harbors vast 

adaptive abiotic and biotic resistance and tolerance gene(s) which can contribute significantly to further 

improvement of the barley and other cereals (Nevo 2013; Blattner, 2006). So, our findings also reflected 

similar results reported by other researchers and this may give another opportunity to find out the 

origin of the evolution of the Indels/SNPs.      

The identified Indels are located in the intron regions of the HKT1;5 gene and some other SNPs also 

found in intron and exon regions were compared to the barley gDNA sequence of HKT1;5 (GeneBank 

accession number DQ912169.1). The Indels may not directly affect the protein structure of HKT1;5 gene 

but  it is essential to further investigate the importance of this Indels, whether they might have any 

significant role to change the protein structure possibly by alternative splicing (AS). Now the question, 

does alternative splicing occur in the barley HKT1;5 gene. From the literature it was found that in plants 

more than 60% introns containing genes undergo alternative spicing which produces a vast range of 

mRNA isoforms (Eckardt, 2013; Naeem et. al., 2012; Reddy et al., 2013). Splicing of primary transcripts 
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(precursor mRNAs) is a critical regulatory stage in the gene expression pathway where introns are 

removed by alternative splicing (AS) and exons are ligated to form mature mRNA (Modrek and Lee, 

2002). Although the regulating mechanism of AS in plants is largely unknown, stresses might have 

dramatic effect on alternative splicing of pre-mRNAs including those encoding many spliceosomal 

proteins, especially serine/arginine rich (SR) proteins. (Reddy et al., 2013; Staiger and Brown, 2013; 

Mastrangelo et al., 2012 Keren et al., 2010). Now, if an alternative splicing event does happen in barley 

HKT1;5, what will be the role of these identified Indels with intron, are they involved to produce 

different isoform of mRNA? The first possible cause may be due to the retention of the intron 

containing the Indels in mRNA. Selection can be operated by sequence changes which lead to generate 

new AS events by changing splicing signals including binding sites of splicing factors (SFs) (Staiger and 

Brown, 2013). It is well documented that introns can enhance gene expression; it is most prevalent in 

plants and accounts for more than 50% of all alternative splicing events (Reddy et. al., 2013; Baek et al., 

2008; Filichkin et al., 2010; Eichner et al., 2012; Reddy, 2007). It was reported by Cotsaftis et al., (2012) 

that the Na+ accumulation in a specific leaf sheath in rice might be regulated by correctly spliced 

OsHKT1;4 transcript and they informed that GC splicing donor site of second intron created an 

instability in splicing. In another study in maize, with the retention of intron number 11, two different 

transcript isoforms ZmrbohB-ʰ ŀƴŘ ½ƳǊōƻƘ.-ʲ ǿŜǊŜ ŜǾƻƭǾŜŘ ōȅ ŀƭǘŜǊƴŀǘƛǾŜ ǎǇƭƛŎƛƴƎ ŘǳŜ ǘƻ ǊŜǎǇƻƴǎŜ ǘƻ 

several abiotic stimuli such as salinity, cold heat from the gene ZmrbohB (Lin et at., 2009). In an analysis 

of expression of all genes in Arabidopsis, it was reported that highly expressed genes contain four or 

more introns, which might be another supporting findings in favor of our assumption (Filichkin et al., 

2010; Alexandrov et. al., 2006; Eichner et al., 2012). However AS event can also be operated by exon 

skipping/inclusion and it was reported that OsDREB2B1 is the common transcript of OsDRE2B gene with 

a shorter open reading frame in non-stress condition but in stress condition it converted to OsDREB2B2 

full length transcript by splicing out of second exon and similar AS phenomenon also reported in barley 

HvDRF1, wheat WDREB2 and maize ZmDREB2A orthologs (Matsukura et al. 2010; Xue et al., 2004; 

Egawa et al., 2006; Qin et al., 2007). 

With the help of High-throughput sequencing techniques, alternative splicing can be addressed and 

dynamic changes in growth and development of plants under different environmental conditions and 

stresses by the modification of protein structure (different isoforms of mRNAs) for the adaptation of 

plant species can be studied (Reddy et al., 2013; Staiger and Brown, 2013; Naeem et al., 2012). For the 

determination of the contribution of alternative splicing in plant performance, it was suggested to 

perform correlation of transcriptomic profiles (transcript levels and AS) with the distribution of SNPs, 

the phenotypes and the fitness of different accessions (Staiger and Brown, 2013). As a consequence of 

the above discussion, it is essential to perform further analysis of our identified Indels and other SNPs to 

investigate whether alternative splicing (intron retention and/or exon skipping/inclusion) might have 

any significant role for the modulating HKT1;5 gene expression and function during salt stress in barley. 

Furthermore, we found two accessions (BCC907 and BCC913) with only one nucleotide 

change/mutation compared to main haplotype, represented the shoot Na+ content lower than 20 (mg/g 

DW) which might have another opportunity to figure out the role of this specific SNP in relation to less 

shoot Na+ in barley.  
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5. Concluding remarks  
 

The average third leaf length differences and dry matter percentage in our evaluated population 

indicates that variation for osmotic stress tolerance is present in the population, which may support the 

assumption that the identified and described novel QTL related to growth and physiological traits on 

chromosome 6H in barley association mapping study segregates in the DH population and is involved in 

osmotic stress tolerance. The other measured traits in the DH population clearly reflect the detrimental 

effect of salt in plant growth and development. Now it is necessary to perform further analysis for ion 

contents, QTLs, candidate gene(s) underlying the salt tolerance with the help of barley whole genome 

sequence information. From our sequence analysis, interestingly we found two different main 

haplotypes and these associated with high and low shoot Na+ (mg/g DW) content. So, it is essential to 

further investigate the importance the identified Indels and other SNPs that differentiate the 

haplotypes, and find out whether they might have any significant effect on the protein structure of 

HKT1;5 gene by changing amino acid formation and to find out the functional allele(s) contributing to 

high, medium and low shoot Na+ content (mg/g DW) in barley under salt stress.   

 

6. Recommendation  
[  

V To avoid experimental error, it is necessary to measure all the growth traits by following the 

unique and uniform methods for every measurement. 

V It is recommended to perform the sequencing of the sub haplotypes (15 genotypes) again to 

validate their appropriate group or position. 

V Another interesting coincidence: the evaluated DH population of our current study originated 

from two parents, derived from the two main haplotype groups; BCC1491 (haplotype A) from 

Europe and also contain medium shoot Na+ whereas, BCC149 (P2) (haplotype B) from West Asia 

and North Africa (WANA) region and contain low shoot Na+. This offers another opportunity to 

see the segregation pattern of the identified allelic variation over the DH population and their 

association with more and/or less shoot Na+ content by performing further sequence analysis of 

the barley DH population. 

V It would be interesting to correlate the sequence analysis results of the 95 selected genotypes 

with the other measured growth traits (biomass, salt tolerance) and ions (Cl-, Ca2+, Mg2+, K+) 

content from the Long experiment to explore the outcomes in all possible dimensions.  

V It is also suggested that for the CTAB DNA extraction method for barley, it is better to extract 

DNA from the fresh leaves materials compared to frozen one. 

V It is necessary to use empty envelopes with similar weights for the collection of shoots and 

roots of all plants.  

V To get more information about osmotic stress, further investigation is recommended for this 

DH population such as osmotic potential (osmometer), stomatal conductance (leaf porometer, 

highly variable in relation to weather condition, similar condition very important), compatible 

solutes (sugar and amino acids), tissue nutrient analysis from xylem sap and other 

photosynthetic characteristics.    
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8. Appendixes  
 

Appendix 1. Leaf senescence scoring scale and table 
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Appendix 2. CTAB Plant DNA extraction protocol  

              1 Switch waterbath on at 65°C. 
          2 Prepare buffer immediatly before use. Put buffer at  65°C to solve ingredients. 

      3 Take the 96 wells plate from the  -80°C put it on N2 and put the material in the plate grinder. Min 45 sec on min 25 rpm. 
   

 
 Put the plate on ice (notto long) and prewarm the tube lids. Remove lids. 

       

 
Be sure the material remains frozen. 

         
4 

Add 450 µl buffer (700 for Eppendorf tube) to the leave powder and vortex (or shake) very well,  
put it back into the plate grinder for 45 sec. (put the plates in the clamps) 

5 Incubate in a waterbath at 65°C for 30 till 60 minutes. In between mix it a few times. Afterward cool in ice water IN the clamps! 
  

6 
Extract with 450 µl chloroform:iso-amylalcohol (24:1) (SEVAG) (700 for Eppendorf tube)  put it back in the clamps  
to keep the lids close when you shake them. 

  
7 

Mix well for 5 
minutes. 

           8 Spin for at least 30 minutes at 2500 rpm.  Longer seems better, between 30 min and 1 hour. 
     9 Pipet off 400-450 µl aqueous phase. 

         10 Add an equal volume cold isopropanl and invert tubes repeatedly until DNA precipitates. 
     

 
DO NOT VORTEX! 

           11 Spin for 30 minutes at 2500 rpm. Between 30 min and 1 hour. 
       12 Poor off supernatant into an isopropanol waste container. 

        13 Add 500 µl ice cold 70% ethanol and mix well by inverting the tubes. 
       14 Spin 30 minutes at 2500 rpm 

          15 Discard the ethanol. 
           16 Spin 5 minutes at 2500 rpm. 

          17 Carefull remove the remaining ethanol. 
         18 Dry pellet at 37°C for approx. 15-30 minutes. Pellet should be dry so no ethanol is left. 

     
20 

Resuspend DNA in 150 µl (prewarmed) 10 mM Tris (pH 7,5-8,0) and Rnase (10µg/ml). I put 100 ul 65°C 10 mM Tris (pH 7,5-8,0) to it and 50 ul 10mM Tris with 
Rnase. 

21 Put the solution in the 37°C for 30 minutes to dissolve the pellet.  
       

               
 
 
 

           



36 
 

 
 
Buffer stock solutions: 

              Extraction buffer stock: 
 

For 500 ml: 
        

              0.35M Sorbitol 
  

31.9 g Sorbitol 
        0.1M Tris-HCl pH 8.0 

  
50 ml 1M Tris-HCl pH 8.0 

       5mM EDTA pH 8.0 
  

5 ml 0.5M EDTA pH8.0 
        

    
Fill up to 500 ml with mQ 

       
              Lysis buffer stock: 

  
For 500 ml: 

        
              0.2 M Tris-HCl pH 8.0 

  
100 ml 1M Tris-HCl pH 8.0 

       50 mM EDTA pH 8.0 
  

50 ml 0.5M EDTA pH8.0 
       2 M 

NaCl 
   

200 ml 5 M NaCl 
        2% CTAB 

   
10 gr CTAB 

        
    

Fill up to 500 ml with mQ 
       Sarcosyl stock 5% (W/V) 

           
SEVAG: For 500 ml: 240 ml Chloroform TE buffer: 

10 mM Tris-HCl 
pH8.0 

       
  

10ml Iso-propanol. 
 

1mM EDTA pH8.0 
       

              Dissolve in requBuffer preparations: 
          

   
use this one for 1 plate. 

          
  

40 ml 60 ml 
          

  

80 
samples 120 samples 

          Sodiumdisulfite 0.2 g 0.3 g 
 

Sodiumdisulfite (=sodium metabisulfite) 
     PVP-40 0.8 g 1.2 g 

 
PVP-40 (K29-32) Sigma 

      Extraction buffer 16,7 ml 25 ml 
          Lysis buffer 16,7 ml 25 ml 
 

Pipet solution in order as written here. 
     

Sarcosyl 6,7 ml  10 ml 
 

After the extractionbuffer, schake the tube well before adding the other 2 
buffers. 
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Appendix 3. Kingfisher Flex MAXI DNA isolation protocol (from leaf to DNA)  
 
There are 2 methods for grinding the leaves (Retsch and the Tissuestriker), and 2 methods for isolating the DNA (Maxi and Mini). Each method will separately 
be explained. You must always combine one method for grinding and one for isolating the DNA. It depends on the amount of DNA you need which method for 
DNA isolation is the best. 
 
Grinding the leaves with the Retsch 
 

Harvesting of leaf material 

Put the 96 micronic tubes in the blue holder. Mark the position of the holder or try to put the tubes asymmetrically on the holder so that you will never be 
puzzled about the original order of the samples. 
 
Put in every tube two steel balls and add 2 fresh leaf disks (size eppendorf tube lid). While harvesting put your samples on ice. 
5h bh¢ /[h{9 ¢I9 ¢¦.9{ ¦b¢L[ DwLb5LbD .9/!¦{9 Ω/[h{LbDΣ ht9bLbD !b5 w9/[h{LbDΩ ²L[[ [hh{9b ¢I9 /!t{ !b5 /!¦{9 [9!Y!D9 5¦wLbD aL[[LbDΦ 
Harvesting and filling the tubes with balls will take you about 45 min per 96 samples. 
 
Using dehydrated material or N2 frozen (instead of fresh) followed by dry milling will provide excellent material. Add the lysisbuffer (with Rnase) after drymilling 
the samples. Keep material from the ς80°C in liquid N2. 
 
For fresh leaves: Add 300 ul lysis buffer with 0,5 ul RNase (2 mg/ml) using a dispenser and close the caps..  
 
Put the blue holders on the white (bottom) adapter from the RETSCH apparatus put the black adapter on top of your tubes. The protrusion on both the white 
and black adapter should be in the same orientation.  ALWAYS MILL TWO, SO A BALANCED SET OF PLATES! 
 
Mill for 30 secs on 30 r/s speed. Then change the orientation of the plate and mill another time.  
 
(If necessary, spin the tubes in the centrifuge (1 min 3000 rmp)). 
 
Place the tubes and holder in the brown press and tight the nuts (vleugelmoertjes) to prevent popping off the caps during incubation at 65ºC in a water bath 
for 30 minutes. 
Now continue with either the maxi or the mini method for DNA isolation. 
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Grinding with the Tissue Striker 

Harvesting of leaf material 

Put the 96 micronic tubes in the blue holder. Mark the position of the holder or try to put the tubes asymmetrically on the holder so that you will never be 

puzzled about the original order of the samples. 

Put 2 fresh leaf disks (size eppendorf tube lid) in the tubes. While harvesting put your samples on ice. 

DO NOT CLOSE THE TUBES UNTIL GRINDING BECAUSE ôCLOSING, OPENING AND RECLOSINGô WILL LOOSEN THE CAPS AND 

CAUSE LEAKAGE DURING MILLING. 
(Harvesting will take you about 45 min per 96 samples. 

Add 50 ul lysis buffer with 0,5 ul RNase (2 mg/ml) using a dispenser. 

CƛȄ ǘƘŜ ōƭǳŜ ƘƻƭŘŜǊ ǿƛǘƘ ǘƘŜ ǘǳōŜǎ ƻƴ ǘƘŜ ¢ƛǎǎǳŜ {ǘǊƛƪŜǊϰΦ tǳǘ ǘƘŜ ƘƻƭŘŜǊ ǿƛǘƘ ǘƘŜ Ǉƛƴǎ ƛƴ ǘƘŜ ǘǳōŜǎΦ aŀƪŜ ǎǳǊŜ ŀƭƭ ǘƘŜ ƭŜŀŦ disks are at the bottom of the tubes. 

Grind the material for one minute. Check if all leaves are grinded. The liquid should be green. If not, again make sure all the leaf disks are at the bottom of the 

tubes and grind again for one minute.  Add 250 ml lysis buffer with RNase to each tube. 

(Then spin the tubes in the centrifuge (1 min 3000 rmp). 

Place the tubes and holder in the brown press and tight the nuts (vleugelmoertjes) to prevent popping off the caps during incubation at 65ºC for 30 minutes. 

During the incubation you can mix a few times 

Now continue with either the maxi or the mini method for DNA isolation. 
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Maxi method for DNA isolation 

Fill the plates as follows:  

Plate 1  Deepwell plate  520 ul binding buffer 

Plate 2 Deepwell plate 400 ul wash buffer 1 

Plate 3 Deepwell plate 400 ul wash buffer 2 

Plate 4 Deepwell plate  400 ul MQ water 

Plate 5  96 well plate 120 ul elution buffer 

After 30 minutes incubation at 65ºC in a water bath spin the tubes in the centrifuge (5 min 3000 rmp). 

¢ƘŜƴ ǘŀƪŜ нлл ǳƭ άƎǊŜŜƴ ǎƻǳǇέ ŦǊƻƳ ǘƘŜ ǘǳōŜǎ ŀƴŘ ǇƛǇŜǘǘŜ ƛǘ ǘƻ ǇƭŀǘŜ мΦ Finally add 60 ul beads in plate 1. Make sure that the 

beads are very well suspended. 

Now you can go to the Kingfisher. 

1. Switch on the machine. 
2. Select the second tab(with the person) in the screen OK, select DNA/RNA (protocol selection) OK, and select the maxi 

protocol. Press START and the machine tells you which plate you have to place on each position. When all plates are in 
their right position the machine starts automatically with the DNA isolation. It takes about 30 minutes. 

3. At the end, take out all the plates. The solutions from plates 1, 2, and 3 have to be thrown in the hazardous liquid 
waste bins. The plates in the solid waste bin. 
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Appendix 4. List of tested and selected primers 
 
Tested primers 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Selected primer set 
 

Sl No. Primers name Sequence ( in 5'----> 3' order) Amplicon size bp 

1 
HKT1:5  405   F TGGTACACCTCCCAGTACAC  

1308 
HKT1:5  1713 R CCATGTAGACCACCACGACG 

2 
HKT1:5  1302 F ATGCCGAACAACGAAGGGAT 

1017 
HKT1:5  2319 R CGGGAATCGGGAATGTGCTA 

 
  

Sl No. Primers name sequence ( in 5'----> 3' order)  

1 HKT1:5  1302 F ATGCCGAACAACGAAGGGAT  

2 HKT1:5  2319 R CGGGAATCGGGAATGTGCTA  

3 HKT1:5  1713 R CCATGTAGACCACCACGACG  

4 HKT1:5  2255 R CTTGAGCCTGCCGTAGAACA  

5 HKT1:5  354   F CCGTTGTGCGCTAGCTTTTG  

6 HKT1:5  2915 R GCGCATGTGTGACGTTCTTG  

7 HKT1:5  1135 R AACAGGAGCAACCTGGTGAG  

8 HKT1:5  1074 F GAGCAAGGGTTCAAGGACCA  

9 HKT1:5  1649 R CCTCGAGTTGACCGACATGAA  

10 HKT1:5  405   F TGGTACACCTCCCAGTACAC   

11 HKT1:5  411   F ACCTCCCAGTACACTTGTGC   

12 HKT1:5  554   F TTGCCTCCAACAGAAGAAGC  

13 HKT1:5  343   F CTTCCATGAGCCCGTTGTGC   

ACTIN 
EJ17-HvActAY145451F TCAGCTGAGCGGGAAATTGT  

EJ18-HvActAY145451R GAAGCACTTCCTGTGGACGA  
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Appendix 5. PCR mixture and thermal profile 

The Final ingredients for the PCR reaction (Expand High Fidelity PCR System)  

Ingredients for PCR reaction mixture 

PCR reaction 

Ingredients mix 
!Ƴƻǳƴǘ ǇŜǊ ǊŜŀŎǘƛƻƴ όнл˃ƭύ 

10X PCR Buffer нΦлл ˃ƭ 

dNTPs (10 mM) лΦп ˃ƭ 

Primer F (10 mM) лΦо ˃ƭ 

Primer R (10 mM) лΦо ˃ƭ 

Taq (Roche/Expand) (3.5 U/ ˃ ƭ) лΦо ˃ƭ 

MQ мпΦт ˃ƭ 

Sample (gDNA) (25-40 ng/ ˃ ƭ) нΦлл ˃ƭ 

Total   нл ˃ƭ 

 

PCR thermal profile 

Steps Temperature Time Cycles 

Initial Denaturation 940C 2 min 1 X 

Denaturation 

*Annealing 

Elongation 

940C 

590C and 640C 

720C 

30 sec 

30 sec 

1 min 

10 X 

Denaturation 

Annealing 

Elongation 

940C 

590C and 640C 

720C 

30 sec 

30 sec 

1 min (+5 sec cycle elongation for each 

successive cycle) 

20 X 

Final Elongation 720C 10 min 1X 

Colling 100C қ - 

*annealing temperature  64
0
C  used for HKT1;5 405F-1713R primer set and 59

0
C HKT1;5 1302F-2319R primer set 

 

V PCR product checked by gel electrophoresis (3 ˃ ƭ t/w ǇǊƻŘǳŎǘΣ о ˃ƭ av ŀƴŘ н ˃ƭ ŘȅŜ), Gel 
percentage (1%) and prepared by TAE buffer (1%). 
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Appendix 6. Means, probability (Fpr),, lsd and CV for growth parameters of  DH lines including their parents  under both treatment (salt and control) 

   Fpr               LSD(0.05) 

Traits Treatment Mean 
Treatment 

(T) 
Genotype 

(G) 
G*T SD CV (%) 

Genotype 
(G) 

Salt (T) 

PH1 (cm) S/C 14.1 ns ***  ns 3.70 18.0 2.4 2.90 

PH2 (cm) S/C 26.0 **  ***  ***  5.70 14.8 3.7 2.27 

PH3 (cm) S/C 44.6 **  ***  ***  11.0 12.1 5.2 3.34 

PH4 (cm) S/C 59.4 ***  ***  ***  16.0 10.1 5.8 3.79 

LL1 (cm) S/C 6.47 ns ***  *  2.25 26.8 1.70 1.28 

LL2 (cm) S/C 15.89 **  ***  ***  4.26 17.6 2.75 1.29 

LLD (cm) S/C 9.42 ***  ***  ***  3.49 22.9 2.11 0.41 

CC1 S/C 41.43 ns ***  ns 6.92 14.0 5.69 8.06 

CC2 S/C 43.69 **  ***  ***  6.85 10.7 4.57 1.62 

LS1 S/C 4.18 **  ***  ***  1.48 18.2 0.74 0.69 

LS2 S/C 6.16 *  ***  ***  1.35 22.3 1.02 0.95 

LN1 S/C 5.090 ns ***  ns 1.24 17.5 0.87 1.74 

LN2 S/C 11.027 **  ***  ***  4.24 18.4 1.99 1.80 

LN3 S/C 16.307 **  ***  ***  7.59 22.1 3.53 2.83 

TN1 S/C 2.051 ns ***  ns 0.78 27.9 0.56 0.70 

TN2 S/C 3.419 *  ***  ***  1.71 25.0 0.83 1.31 

TN3 S/C 4.402 **  ***  ***  2.58 25.3 1.09 0.82 

SFW (g) S/C 10.02 ***  ***  ***  9.33 44.2 4.34 0.23 

SDW (g) S/C 1.39 ***  ***  ***  1.01 36.6 0.50 0.09 

RDW (g) S/C 0.33 **  ***  ***  0.14 31.7 0.10 0.04 

RL (cm) S/C 43.85 **  ***  ***  15.51 20.7 8.90 7.06 

DM (%) S/C 17.84 **  ***  ***  7.64 30.3 5.30 2.75 

S_R S/C  **  ***  ***  1.99 32.1 1.25 0.50 

ST (%) S/C 33.44 ***  13.72 32.4     15.05 

                                      Significant at 
*
t лΦлр ϝϝt лΦлм 

*** 
t лΦллм, ns-non significant 
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Appendix 7. Mean performance of 184 DH lines and their parents measured traits at harvest under control and salt condition; Red mark with     
                       red text colour highest 20 value and green colour represents lowest 20 value. 
                    

G_name SFW_C SFW_S SDW_C SDW_S SDM%_C SDM%_S RDW_C RDW_S RL_C RL_S S_R_C S_R_S ST (%) 

1 21.54 3.84 3.67 1.04 17.12 27.92 0.60 0.29 56.88 31.55 6.57 3.53 28.20 

2 19.29 4.91 3.53 1.16 18.42 23.49 0.65 0.28 58.40 39.83 5.56 4.19 32.72 

3 28.41 6.33 2.97 1.17 11.93 18.59 0.53 0.49 59.68 31.63 5.78 2.43 39.39 

5 24.25 4.29 3.23 0.90 13.22 20.88 0.38 0.24 75.85 32.15 9.12 3.75 27.71 

7 11.33 1.80 1.86 0.54 16.07 30.26 0.30 0.25 54.95 35.08 6.12 2.18 28.90 

8 10.96 2.00 1.87 0.59 17.03 29.48 0.44 0.24 57.93 34.95 4.35 2.42 31.42 

11 35.69 8.83 4.18 1.56 11.88 17.66 0.60 0.42 60.93 34.98 7.38 3.75 37.38 

14 15.50 2.23 2.52 0.61 16.27 27.31 0.46 0.21 64.33 34.80 5.57 3.06 24.11 

17 22.76 3.86 2.49 0.66 11.19 17.75 0.47 0.37 66.75 32.50 5.24 1.87 26.31 

20 12.52 2.22 2.23 0.70 17.79 31.61 0.46 0.21 63.13 29.68 5.09 3.63 31.28 

21 9.55 2.40 1.36 0.66 14.53 27.44 0.36 0.21 55.38 35.68 3.86 3.64 48.35 

23 15.37 2.42 2.11 0.60 13.67 24.36 0.44 0.19 74.15 33.05 4.92 3.26 28.20 

24 12.93 1.84 1.82 0.49 14.24 27.59 0.38 0.21 45.20 31.90 4.74 2.38 27.06 

25 15.49 2.49 2.25 0.64 14.62 25.48 0.50 0.26 48.90 34.68 4.46 2.48 28.22 

27 6.93 0.79 1.08 0.20 12.67 25.12 0.33 0.18 60.08 28.65 4.24 1.16 18.29 

30 21.14 2.23 2.50 0.53 11.92 25.19 0.45 0.30 42.30 26.80 5.80 1.76 21.03 

31 19.56 4.34 2.52 0.91 13.14 21.25 0.47 0.32 44.33 32.93 5.40 2.98 36.01 

32 12.81 2.24 1.81 0.60 13.91 26.87 0.35 0.28 64.63 40.77 5.34 2.17 33.15 

33 6.25 1.44 1.04 0.36 16.60 25.21 0.24 0.21 35.78 38.83 3.72 1.75 34.62 

35 26.20 3.02 2.65 0.57 10.16 19.95 0.44 0.23 53.93 29.40 6.13 3.01 21.51 

37 12.49 4.69 1.69 0.87 13.80 18.18 0.39 0.32 52.88 34.20 4.36 2.98 51.48 

38 16.17 3.99 2.42 0.87 15.43 21.66 0.40 0.29 53.28 34.18 6.04 3.06 35.74 

41 14.54 2.41 2.19 0.57 15.12 23.84 0.52 0.23 46.90 28.03 4.43 2.53 25.91 

42 6.90 1.59 1.11 0.48 15.76 28.74 0.21 0.24 48.03 31.20 5.91 1.97 43.02 

44 29.67 4.26 3.14 0.78 10.72 18.53 0.52 0.27 48.88 34.23 6.13 2.99 24.68 

46 14.88 3.87 1.88 0.71 14.06 19.14 0.41 0.29 56.63 27.10 4.41 2.54 37.63 

49 15.47 3.99 1.70 0.68 11.24 16.95 0.37 0.37 50.18 35.45 4.65 1.82 39.85 
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50 21.69 3.36 2.52 0.75 11.90 20.40 0.43 0.26 48.30 28.53 5.92 3.06 29.76 

52 18.87 3.71 2.03 0.76 10.76 20.52 0.39 0.24 58.68 36.78 5.22 3.29 37.32 

53 13.12 1.94 2.17 1.04 16.68 53.01 0.47 0.18 55.68 33.80 5.12 6.23 47.81 

55 27.83 6.08 3.31 1.12 12.15 18.50 0.50 0.35 58.33 35.93 6.79 3.27 33.69 

56 7.94 1.78 1.31 0.43 16.73 23.70 0.23 0.19 48.75 34.93 6.63 2.27 32.63 

57 12.18 1.59 1.57 0.35 12.84 23.48 0.30 0.17 44.83 28.48 5.42 2.03 22.29 

61 17.25 3.47 2.33 0.69 13.28 20.16 0.50 0.31 60.73 42.38 4.66 2.25 29.51 

62 9.80 1.94 1.33 0.44 12.99 22.44 0.32 0.24 50.50 31.83 3.90 1.49 25.75 

63 19.06 2.78 1.68 0.53 9.39 18.86 0.47 0.28 53.03 35.70 4.04 1.87 31.55 

64 28.89 7.37 3.41 1.25 11.88 17.03 0.54 0.32 60.05 30.43 6.38 4.02 36.58 

67 9.54 2.08 1.20 0.45 12.55 21.76 0.30 0.17 51.23 31.15 4.15 2.90 37.08 

68 13.42 2.03 2.41 0.54 18.10 24.96 0.40 0.23 57.78 33.12 6.04 2.09 22.51 

70 17.60 3.89 2.70 0.92 15.29 23.94 0.46 0.31 50.50 34.88 5.98 3.04 34.07 

71 19.38 4.89 2.22 0.90 11.53 18.17 0.37 0.32 55.78 33.60 5.93 2.89 40.43 

74 8.68 0.81 1.29 0.22 14.78 26.98 0.33 0.13 64.02 25.24 4.37 1.79 17.49 

75 24.65 4.58 3.14 0.89 12.97 19.70 0.55 0.30 56.35 32.55 5.84 3.03 28.42 

76 16.40 3.25 1.65 0.66 9.82 20.38 0.30 0.25 48.48 30.18 5.25 2.64 40.15 

79 16.53 2.57 2.17 0.54 13.21 21.35 0.43 0.19 53.08 34.10 5.30 2.84 24.88 

81 14.27 2.16 1.67 0.39 11.61 17.48 0.33 0.21 48.13 31.48 5.28 1.77 23.35 

82 11.92 2.77 1.19 0.60 10.24 20.70 0.29 0.29 52.73 32.73 4.13 2.12 50.63 

83 17.67 3.17 1.94 0.57 10.93 19.73 0.40 0.25 51.23 32.23 4.79 2.27 29.38 

86 31.88 3.19 3.42 0.70 10.90 22.09 0.59 0.30 55.48 30.48 5.76 2.36 20.47 

88 25.58 3.25 2.95 0.70 11.99 20.97 0.54 0.32 63.38 30.78 5.64 2.35 23.73 

89 24.84 5.10 2.75 0.84 11.07 16.20 0.53 0.30 60.30 30.25 5.37 2.82 30.45 

90 15.71 2.31 2.36 0.55 14.72 23.84 0.36 0.18 58.45 36.20 6.31 3.25 23.09 

91 22.57 5.69 3.64 1.10 16.63 21.71 0.56 0.37 72.05 37.73 7.44 3.01 30.15 

92 15.52 3.17 1.94 0.73 12.09 22.67 0.32 0.17 59.40 31.38 5.67 4.46 37.63 

95 16.21 3.62 2.08 0.61 13.15 16.60 0.42 0.27 56.13 27.75 4.93 2.59 29.45 

98 13.70 1.64 2.43 0.50 17.74 32.51 0.51 0.20 58.35 26.75 4.89 2.84 20.47 

100 11.97 1.93 1.87 0.52 15.49 26.99 0.31 0.14 57.08 28.05 6.17 4.75 27.67 

101 7.67 2.23 1.28 0.56 16.57 24.89 0.26 0.26 50.00 32.40 4.63 2.22 43.36 
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103 11.13 1.46 1.82 0.40 16.21 27.40 0.44 0.19 65.85 28.95 4.24 2.17 22.12 

104 14.50 2.59 2.33 0.73 15.85 27.94 0.44 0.31 64.70 40.03 5.28 2.45 31.33 

105 8.98 2.05 1.59 0.63 17.42 30.95 0.29 0.23 44.00 31.13 5.72 2.68 39.31 

107 11.54 1.82 1.72 0.44 14.73 23.83 0.29 0.21 74.78 33.25 5.88 2.37 25.29 

109 30.11 7.39 3.14 1.26 10.46 17.24 0.54 0.39 63.95 30.78 5.85 3.49 40.13 

110 8.86 1.21 1.67 0.19 31.63 16.54 0.20 0.17 58.33 30.85 8.71 1.22 11.53 

113 18.33 3.52 2.14 0.67 12.28 19.57 0.39 0.23 59.59 35.15 5.56 3.07 31.43 

114 8.07 3.58 1.23 0.61 33.49 16.89 0.33 0.26 49.58 32.88 3.90 2.31 49.19 

116 13.48 2.55 1.64 0.56 12.78 23.96 0.29 0.20 57.50 38.73 7.64 2.81 33.84 

118 14.41 2.66 1.64 0.47 11.95 17.98 0.32 0.25 53.70 32.78 5.06 1.76 28.51 

119 13.07 1.92 1.70 0.38 14.00 20.08 0.33 0.23 52.43 34.83 5.26 1.78 22.06 

121 10.09 2.37 1.54 0.57 15.39 24.00 0.25 0.25 50.35 31.75 6.12 2.31 36.69 

122 21.80 4.04 2.55 0.82 11.78 20.66 0.40 0.22 58.40 27.13 6.40 3.49 32.16 

125 28.11 4.26 3.07 0.90 10.94 30.25 0.54 0.30 56.50 33.50 6.30 2.95 22.72 

126 19.47 2.67 2.59 0.87 13.40 36.13 0.37 0.24 43.48 33.43 7.25 4.29 33.40 

127 29.60 5.61 3.53 1.05 11.82 18.86 0.57 0.38 53.10 29.85 6.20 2.82 29.75 

129 17.56 4.77 1.98 0.92 11.22 19.82 0.37 0.30 36.53 35.03 5.48 3.09 46.46 

130 17.01 4.25 2.22 0.68 14.72 16.00 0.68 0.20 51.48 29.98 4.25 3.39 30.41 

131 6.58 3.55 0.95 0.76 18.16 22.19 0.29 0.30 52.43 31.45 3.87 2.55 69.80 

132 22.03 6.53 2.70 1.17 12.10 19.44 0.46 0.36 68.08 30.20 5.93 3.30 43.15 

133 18.34 4.71 1.95 0.83 10.66 18.19 0.44 0.34 51.78 35.18 4.65 2.47 42.44 

134 16.82 4.40 1.81 0.77 11.21 17.96 0.42 0.31 59.55 38.28 4.45 2.39 42.27 

138 8.63 2.71 1.32 0.71 14.92 26.24 0.25 0.17 56.08 32.78 5.27 4.65 53.79 

140 22.49 6.26 2.45 1.20 11.07 19.21 0.44 0.34 60.55 28.83 5.76 3.59 48.88 

143 15.71 3.78 1.69 0.51 10.62 14.08 0.36 0.20 63.55 34.03 4.70 2.50 30.03 

144 18.83 4.99 2.15 0.79 11.73 15.94 0.40 0.28 54.60 34.80 5.55 2.97 36.74 

145 20.53 3.75 3.03 0.91 14.67 24.59 0.61 0.34 64.53 32.77 5.36 2.77 30.12 

147 21.59 3.82 2.30 0.70 11.01 18.46 0.37 0.25 53.00 35.53 6.13 2.81 30.33 

149 18.92 4.96 2.27 0.90 12.78 16.77 0.41 0.31 63.35 28.80 5.59 2.90 39.65 

150 16.08 4.28 2.38 0.95 16.46 22.37 0.47 0.38 60.70 35.23 5.15 2.51 39.71 

152 11.18 2.00 1.69 0.60 15.27 32.26 0.29 0.20 59.75 32.70 5.84 2.92 35.65 
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154 7.61 1.59 1.57 0.45 20.58 28.24 0.33 0.17 47.75 33.50 4.79 2.69 28.66 

155 8.20 1.47 1.26 0.37 15.23 24.54 0.35 0.22 52.00 31.30 3.70 1.69 29.17 

156 8.44 3.20 0.95 0.58 13.39 17.91 0.18 0.29 43.05 30.28 4.61 1.99 60.53 

159 23.86 14.46 2.88 0.84 12.19 15.13 0.50 0.34 57.90 32.75 5.87 2.51 29.08 

160 9.78 1.76 1.48 0.50 15.38 27.65 0.24 0.25 60.53 26.40 6.17 2.06 33.45 

161 4.84 1.43 0.59 0.23 10.60 15.82 0.22 0.17 47.03 34.12 2.22 1.37 38.98 

162 9.19 0.98 1.38 0.23 14.90 24.55 0.32 0.17 57.95 38.43 4.32 1.48 16.30 

165 11.37 1.10 1.93 0.48 16.85 57.40 0.34 0.20 62.03 29.85 5.92 2.40 24.74 

168 10.40 2.52 1.35 0.54 13.06 22.07 0.26 0.25 62.95 30.13 5.30 2.25 40.00 

169 17.66 3.69 2.18 0.87 12.51 23.99 0.39 0.31 57.78 36.75 5.71 2.93 40.02 

170 21.97 4.93 2.35 0.85 10.69 17.95 0.56 0.37 65.88 33.75 4.23 2.31 36.06 

172 22.88 5.46 2.56 1.05 11.25 19.74 0.49 0.40 47.20 33.58 5.26 2.73 40.92 

173 17.22 5.14 2.01 1.10 11.68 21.26 0.43 0.30 53.63 29.28 4.83 3.71 54.85 

176 15.91 4.07 1.47 0.71 10.52 17.32 0.30 0.29 58.63 31.20 5.09 2.41 47.96 

178 16.01 2.34 2.29 0.56 14.23 23.21 0.46 0.22 52.33 28.70 5.43 2.65 24.34 

179 11.77 2.57 1.89 0.74 16.23 28.80 0.39 0.33 64.90 38.63 4.97 2.23 39.02 

180 15.62 2.92 2.08 0.79 14.04 29.32 0.33 0.24 55.90 28.30 6.09 3.41 38.10 

181 24.50 5.33 2.82 0.90 11.47 16.82 0.48 0.34 77.78 30.90 7.39 2.66 31.74 

183 15.24 2.80 2.45 0.74 15.72 26.21 0.48 0.22 52.25 35.00 5.10 3.47 30.00 

184 28.78 5.76 3.35 1.07 11.58 18.49 0.65 0.35 61.63 28.13 5.27 3.10 31.79 

186 20.63 2.94 3.24 0.92 15.60 31.89 0.45 0.21 60.78 35.73 7.27 4.18 28.24 

188 9.71 1.41 1.61 0.37 16.97 26.06 0.32 0.17 62.75 30.53 5.01 2.30 22.83 

190 3.39 2.33 0.63 0.50 13.12 20.13 0.18 0.19 49.45 27.15 3.19 2.44 80.50 

192 39.45 7.96 4.42 1.35 11.18 16.76 0.59 0.47 62.00 38.33 7.53 2.89 30.54 

193 5.95 3.72 0.81 0.64 14.66 17.15 0.21 0.27 38.00 33.55 3.89 2.32 79.01 

195 14.84 2.50 1.99 0.61 13.36 24.36 0.40 0.27 48.48 34.60 5.21 2.32 30.53 

197 7.02 0.88 1.10 0.27 15.64 27.99 0.26 0.16 48.98 31.58 4.39 1.48 24.68 

200 19.72 3.28 2.71 0.72 14.34 27.61 0.42 0.23 65.75 33.65 6.55 3.64 26.48 

201 4.62 1.84 0.51 0.33 11.79 19.26 0.20 0.19 47.85 33.63 2.76 1.72 53.00 

202 5.71 1.54 0.80 0.39 15.21 24.93 0.21 0.21 48.60 36.78 3.40 1.85 48.75 

204 11.80 2.47 1.50 0.41 13.66 17.16 0.31 0.22 42.93 28.45 4.85 1.93 27.50 
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205 20.05 4.06 2.43 0.75 11.99 18.28 0.37 0.30 57.93 35.48 6.56 2.66 30.76 

210 18.25 4.79 1.66 0.74 9.13 15.51 0.37 0.33 58.23 36.48 4.41 2.21 44.28 

211 13.55 3.66 1.64 0.75 15.18 21.02 0.36 0.28 57.60 33.70 4.68 2.76 45.58 

214 12.28 2.53 1.49 0.46 15.03 19.52 0.47 0.31 52.80 24.23 3.07 1.57 31.04 

215 27.36 3.94 3.01 0.78 11.09 19.28 0.44 0.32 62.55 27.48 6.97 2.33 25.83 

217 9.28 1.93 1.30 0.48 14.01 26.65 0.30 0.18 36.50 39.03 4.46 2.76 36.73 

218 18.54 5.20 2.15 1.00 11.64 19.65 0.41 0.40 45.60 34.15 5.25 2.50 46.51 

220 6.40 1.24 1.03 0.26 16.10 22.70 0.23 0.17 41.18 28.88 4.22 2.48 25.05 

224 24.77 3.49 2.84 0.59 11.51 17.07 0.43 0.22 65.38 35.00 6.65 2.74 20.77 

226 11.49 2.90 1.51 0.47 13.17 18.69 0.30 0.19 46.58 29.40 5.00 2.55 30.96 

227 7.16 0.92 1.15 0.30 16.24 55.67 0.29 0.15 52.93 27.70 4.07 2.14 26.09 

229 18.98 3.61 2.26 0.66 12.53 18.36 0.40 0.25 65.98 29.45 5.79 2.69 29.09 

231 14.01 1.98 2.27 0.48 17.05 24.67 0.35 0.18 53.85 37.50 6.57 3.40 21.04 

232 13.44 2.40 1.42 0.41 11.05 16.71 0.49 0.19 53.85 26.40 3.45 2.07 28.52 

234 17.49 4.33 2.08 0.61 12.16 15.32 0.38 0.28 50.25 34.00 5.64 2.32 29.45 

237 10.85 2.62 1.22 0.52 11.39 20.64 0.30 0.23 50.13 30.33 4.03 2.22 42.62 

239 13.15 1.49 1.94 0.38 14.92 25.90 0.36 0.19 41.65 29.13 5.36 2.63 19.72 

241 8.94 1.48 1.82 0.41 17.59 27.57 0.33 0.18 68.53 32.20 5.40 2.29 22.39 

242 20.38 3.18 2.81 0.69 15.53 21.80 0.44 0.21 47.70 23.40 6.34 3.23 24.56 

244 25.88 5.02 3.19 0.91 12.37 18.67 0.66 0.32 58.28 31.70 4.93 2.85 28.37 

245 22.10 6.45 2.65 1.13 12.58 17.57 0.47 0.29 59.05 29.35 5.42 3.97 42.55 

247 6.33 1.66 1.08 0.47 16.58 27.81 0.28 0.22 45.58 30.80 3.69 2.14 43.06 

249 7.70 1.48 1.22 0.44 15.68 29.00 0.33 0.21 54.48 29.13 3.62 2.07 36.07 

250 11.90 2.47 1.21 0.46 10.57 18.72 0.29 0.26 57.03 33.25 4.19 1.77 37.60 

251 31.75 9.49 3.83 1.55 12.62 16.46 0.55 0.62 66.95 38.70 7.02 2.48 40.34 

253 11.00 2.31 1.57 0.45 14.09 21.28 0.28 0.24 45.98 29.35 4.67 1.70 28.34 

255 13.40 2.98 1.48 0.52 11.88 17.63 0.45 0.30 49.75 26.08 3.31 1.91 34.80 

256 13.34 2.17 1.75 0.47 13.77 21.54 0.37 0.20 39.15 33.40 4.68 2.25 27.02 

259 18.36 3.70 1.96 0.64 10.80 17.34 0.42 0.28 65.15 30.95 4.84 2.21 32.78 

260 11.87 4.17 1.90 0.71 30.67 17.18 0.31 0.39 65.93 31.38 5.94 1.86 37.50 

262 19.40 3.64 1.93 0.60 10.02 16.42 0.33 0.28 62.30 28.73 5.84 2.23 30.96 
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263 25.77 3.15 3.10 0.62 11.78 19.77 0.58 0.25 64.80 28.15 5.40 2.55 19.92 

264 23.34 3.65 2.09 0.68 9.17 18.84 0.39 0.30 55.68 33.38 5.27 2.25 32.30 

267 17.32 4.45 1.83 0.69 11.01 15.98 0.34 0.30 49.53 28.48 5.67 2.35 37.43 

269 17.49 2.81 2.15 0.53 12.15 18.92 0.49 0.27 62.13 29.33 4.82 1.98 24.42 

270 5.32 1.81 0.93 0.35 34.85 19.60 0.24 0.23 39.03 33.68 3.88 1.54 37.37 

272 15.73 2.96 1.76 0.72 11.67 31.18 0.29 0.27 34.10 27.88 6.28 2.71 40.91 

275 15.37 2.62 1.71 0.56 11.36 18.13 0.32 0.25 44.35 32.83 5.94 2.18 25.44 

277 6.75 1.80 0.96 0.43 13.58 25.30 0.20 0.15 58.18 32.30 4.13 3.11 60.48 

278 9.71 1.70 1.38 0.40 16.03 22.29 0.25 0.18 38.75 32.18 4.39 2.39 28.62 

279 24.16 2.92 3.40 0.71 14.14 23.87 0.54 0.24 66.08 32.43 6.18 3.03 20.74 

282 15.16 1.98 1.57 0.55 10.45 33.68 0.29 0.27 65.48 32.68 5.88 2.07 34.71 

284 21.48 2.55 2.25 0.63 10.90 25.21 0.45 0.27 60.68 29.00 5.13 2.47 28.11 

285 8.36 1.49 1.56 0.48 18.44 31.84 0.33 0.24 61.18 35.48 4.68 1.99 30.77 

286 38.48 6.14 4.41 1.22 11.66 19.36 0.59 0.34 52.48 34.12 8.24 3.66 27.66 

287 27.61 2.76 3.01 0.60 11.15 22.81 0.51 0.25 58.30 25.90 6.05 2.41 19.85 

290 23.16 6.37 2.48 1.09 10.42 17.04 0.57 0.45 57.55 31.88 4.54 2.41 43.95 

291 19.10 3.05 2.30 0.65 11.74 21.15 0.40 0.20 52.78 33.48 5.80 3.14 28.37 

294 16.51 4.73 1.99 0.78 14.53 16.37 0.39 0.29 47.68 30.08 4.71 2.76 39.32 

300 14.31 1.70 2.06 0.41 14.64 25.95 0.44 0.26 63.93 32.05 4.91 1.67 19.90 

303 15.17 3.31 1.97 0.68 12.84 20.55 0.41 0.24 38.20 40.83 4.91 2.91 34.26 

304 22.18 4.96 2.37 1.07 10.73 21.81 0.38 0.33 53.50 32.28 6.23 3.23 45.15 

305 14.68 2.76 1.80 0.56 12.25 20.24 0.30 0.25 72.95 36.78 6.41 2.25 30.97 

307 19.81 4.34 2.16 0.84 10.83 19.66 0.51 0.33 70.23 32.75 4.24 2.63 38.89 

310 21.99 4.05 2.75 0.80 12.47 20.00 0.52 0.32 57.53 27.00 5.36 2.54 29.09 

311 17.36 1.70 2.44 0.46 14.21 27.13 0.32 0.23 54.10 31.48 8.53 2.10 18.65 

314 21.89 2.33 2.69 0.59 12.24 30.33 0.52 0.25 54.50 24.05 4.97 2.64 21.93 

315 8.64 1.92 1.36 0.44 15.66 24.72 0.32 0.19 51.31 26.80 4.48 1.96 32.43 

316 11.94 2.52 1.53 0.45 14.04 17.87 0.29 0.19 61.90 31.15 5.36 2.62 29.08 

317 16.06 3.96 1.80 0.72 11.27 18.18 0.32 0.28 63.50 34.25 5.76 2.60 40.00 

318 16.82 7.52 2.45 1.31 16.01 17.47 0.45 0.46 68.75 30.70 5.61 2.86 53.57 

319 33.07 4.62 3.68 0.86 11.34 18.69 0.47 0.30 53.60 27.48 8.22 2.86 23.30 
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320 23.24 3.57 2.53 0.67 11.70 17.47 0.41 0.33 64.18 30.88 6.17 1.86 26.31 

321 36.89 7.44 4.04 1.51 11.06 20.01 0.70 0.41 47.60 29.80 5.83 3.95 37.31 

P1(BCC1491) 25.34 4.70 3.00 0.67 11.95 19.24 0.42 0.22 55.99 27.01 7.31 3.16 23.75 

P2(BCC149) 24.45 5.01 2.77 0.94 11.75 19.64 0.56 0.37 69.53 34.83 5.06 2.63 34.75 
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Appendix 8. Mean performance of 184 DH lines and their parents of pre-harvest harvest measured traits under control and salt  
                       condition; Red mark with red text colour highest 20 value and green colour represents lowest 20 value. 
 

G_name PH[1]_C PH[1]_S PH[2]_C PH[2]_S PH[3]_C PH[3]_S PH[4]_C PH[4]_S LL[1]_C LL[1]_S LL[2]_C LL[2]_S 

1 19.55 18.23 28.10 29.50 63.00 46.25 79.80 55.37 11.98 11.05 15.18 16.28 

2 21.55 20.63 37.33 31.88 59.70 50.30 76.95 60.37 11.08 11.73 19.15 17.95 

3 21.00 20.55 31.95 25.93 53.42 35.87 71.62 45.50 9.75 9.30 21.95 18.43 

5 14.65 15.08 29.70 27.23 57.67 35.47 80.88 56.02 9.03 8.90 21.75 17.50 

7 15.93 16.65 32.35 26.38 59.62 41.65 71.50 49.87 9.63 6.70 17.00 15.25 

8 16.70 16.15 33.00 25.40 63.62 44.60 73.75 54.25 8.45 9.05 16.78 15.75 

11 18.58 20.70 33.80 30.73 58.65 42.90 79.95 49.62 8.73 10.33 24.18 20.13 

14 16.05 13.93 33.65 24.93 62.40 38.95 78.30 49.55 7.48 8.43 19.53 16.58 

17 17.43 15.30 30.50 24.00 52.62 33.30 79.17 39.50 6.83 7.43 21.93 15.13 

20 16.65 14.95 32.45 25.15 61.87 39.45 77.00 51.25 8.28 7.40 19.70 16.23 

21 16.80 19.20 30.30 27.78 55.82 45.82 69.00 49.62 8.35 10.70 15.88 14.30 

23 14.30 14.43 29.50 24.40 62.22 37.35 76.47 51.77 8.00 8.93 18.63 16.58 

24 14.55 14.33 26.93 21.38 50.95 37.50 73.67 48.50 6.13 7.38 16.63 14.10 

25 17.90 19.33 31.60 27.55 58.80 40.25 79.20 53.25 8.15 8.73 18.50 16.83 

27 9.58 10.68 19.83 17.93 46.67 27.42 66.25 38.52 4.48 4.96 12.85 10.48 

30 12.50 11.45 27.23 20.73 51.37 29.87 71.80 36.00 7.25 6.08 17.68 12.18 

31 14.38 16.25 30.10 25.20 51.85 32.05 73.60 36.25 6.75 7.08 17.30 13.08 

32 14.48 15.40 27.83 24.78 59.75 43.20 73.50 57.45 7.00 7.50 16.70 15.45 

33 8.60 10.40 17.75 20.75 45.92 34.82 62.00 47.12 3.28 5.65 11.05 10.88 

35 14.43 10.98 27.00 20.58 51.75 31.17 73.38 38.80 6.85 5.18 17.88 11.90 

37 15.20 16.63 27.65 23.68 48.25 32.50 68.42 40.55 6.90 7.60 19.48 15.83 

38 16.10 15.03 31.23 23.73 59.17 33.52 76.65 44.12 7.10 6.23 20.75 13.80 

41 12.50 13.30 26.85 20.25 49.92 30.95 72.62 38.62 7.73 7.70 17.78 14.30 

42 10.45 12.80 21.03 22.08 50.42 35.85 68.88 47.85 4.35 6.40 13.18 13.80 

44 18.18 17.50 32.85 25.38 57.00 34.87 77.67 41.32 7.98 7.73 23.15 16.85 

46 12.30 11.33 29.28 22.45 47.72 33.80 66.45 42.25 5.48 6.50 17.50 12.85 

49 12.93 11.38 29.43 19.60 47.62 32.05 71.62 42.15 6.13 6.43 17.83 11.73 
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50 17.10 15.05 35.45 23.95 56.05 38.57 76.80 47.02 6.95 5.18 19.75 11.60 

52 15.23 14.25 32.65 24.68 55.12 35.75 75.82 39.57 5.88 5.80 19.03 13.08 

53 13.43 13.98 30.40 25.15 64.17 43.12 79.25 56.25 5.75 4.78 17.48 13.93 

55 17.50 19.58 30.78 26.53 58.67 35.82 78.05 43.75 8.80 9.43 20.93 17.93 

56 11.68 12.50 27.23 23.50 55.57 38.75 77.38 47.32 5.95 7.48 17.13 14.75 

57 9.35 10.08 25.25 18.75 51.57 34.97 74.35 49.30 4.03 4.05 15.80 11.13 

61 14.93 13.68 31.33 24.28 56.70 37.52 77.05 51.50 7.03 6.90 21.05 14.55 

62 11.10 12.00 21.13 20.53 48.65 29.00 69.40 37.38 3.95 5.65 13.83 11.80 

63 14.60 12.63 32.75 23.13 56.87 33.77 81.38 46.30 6.45 6.28 19.10 13.80 

64 19.43 19.20 30.63 27.28 57.50 35.77 71.57 45.42 10.53 10.68 21.33 16.70 

67 9.20 11.43 24.80 21.03 53.25 34.52 74.42 49.50 4.30 6.65 15.68 13.08 

68 17.00 14.25 32.70 19.85 67.00 38.32 84.38 51.55 6.00 2.63 18.60 9.13 

70 18.18 17.95 31.13 27.98 57.32 43.57 77.17 52.05 8.60 9.95 20.30 17.93 

71 14.20 14.33 28.95 24.78 50.62 37.12 76.90 48.40 6.35 6.78 20.08 14.83 

74 11.48 9.80 26.35 17.59 55.37 29.67 74.50 39.24 5.00 4.34 16.35 10.67 

75 16.80 16.05 31.25 25.33 54.27 31.85 78.38 39.00 7.93 8.55 22.95 16.73 

76 10.50 12.25 26.65 21.05 47.12 34.95 67.30 42.37 4.68 6.00 15.88 12.15 

79 14.30 10.00 28.40 19.88 52.37 30.37 69.65 42.17 6.90 5.65 21.88 11.68 

81 12.45 13.13 29.53 22.15 52.87 32.37 75.55 40.42 5.18 5.25 17.25 11.88 

82 10.88 11.70 26.10 22.10 46.50 33.82 68.32 44.20 4.35 5.50 15.48 11.70 

83 12.08 12.65 27.70 22.88 49.75 34.75 72.55 38.97 5.10 5.90 17.90 13.50 

86 17.75 16.00 33.93 25.05 58.42 34.07 78.75 38.62 7.78 6.28 23.20 14.58 

88 15.25 14.08 32.13 25.35 56.97 35.67 77.00 48.62 8.05 7.70 22.30 15.50 

89 13.88 14.20 32.88 22.95 52.02 37.02 77.42 41.15 5.95 4.93 17.83 11.50 

90 16.18 14.63 33.30 24.23 57.00 35.95 73.88 46.10 7.10 5.90 20.23 14.20 

91 16.43 16.13 30.43 25.08 51.52 34.32 81.62 48.97 7.48 7.65 22.68 17.30 

92 12.13 10.90 25.13 21.73 53.35 34.45 76.62 50.25 5.60 4.60 16.15 11.93 

95 15.10 12.30 25.50 21.68 45.37 31.20 68.92 38.92 6.30 5.78 17.78 13.65 

98 14.53 13.63 32.68 22.63 62.37 39.77 80.12 54.75 9.00 7.23 15.30 14.00 

100 14.60 14.60 32.43 26.05 57.87 37.45 72.50 49.62 5.83 6.13 18.45 13.13 

101 10.65 12.88 21.28 22.95 49.37 41.02 71.00 50.42 4.63 6.68 17.18 14.58 
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103 13.58 9.80 30.68 20.68 58.17 32.75 74.25 44.80 6.63 5.20 18.70 11.93 

104 16.48 18.05 32.08 27.13 60.75 42.97 78.50 52.50 9.05 8.28 15.83 15.48 

105 17.38 17.68 28.20 25.25 49.62 40.77 67.32 46.35 8.93 10.85 17.30 14.60 

107 12.18 12.18 29.08 23.70 60.27 35.35 76.12 45.75 6.03 6.40 19.68 13.88 

109 17.10 17.55 31.30 26.88 56.12 39.47 76.30 47.12 7.05 8.18 21.58 17.05 

110 10.35 8.83 22.50 16.88 47.37 27.35 67.30 37.05 4.80 4.58 14.88 10.30 

113 17.29 14.00 32.59 23.45 56.94 34.67 74.19 45.05 10.59 8.55 25.28 14.88 

114 10.15 11.00 22.25 19.55 46.95 30.50 68.12 42.10 4.18 5.43 13.73 11.85 

116 15.63 14.50 31.13 25.53 60.87 39.30 76.27 49.12 9.13 9.85 19.85 17.30 

118 12.38 14.53 29.30 22.13 51.05 33.65 74.55 42.82 6.48 6.18 18.50 12.95 

119 11.00 11.03 29.15 19.65 51.52 29.50 70.50 38.25 6.93 5.70 21.20 11.80 

121 12.48 12.95 26.35 22.55 50.95 38.57 71.35 45.25 4.80 7.70 14.55 14.83 

122 12.58 15.28 29.43 24.88 56.05 33.67 75.07 46.72 6.63 6.90 19.23 14.08 

125 15.50 14.90 28.93 24.40 57.07 35.62 74.88 47.12 9.23 8.65 18.43 16.60 

126 14.73 12.90 32.63 22.40 56.20 34.67 72.30 51.27 6.30 5.25 21.05 12.53 

127 17.93 18.08 31.50 28.00 59.55 41.17 80.00 44.25 7.90 8.03 22.83 16.10 

129 15.55 17.13 31.70 23.95 53.97 35.80 71.62 46.85 6.23 6.98 20.85 15.88 

130 15.13 11.03 30.45 21.55 50.00 30.52 66.38 42.87 7.73 5.95 22.05 13.63 

131 9.33 15.43 19.50 21.35 37.00 34.00 58.50 43.62 3.70 6.88 11.40 14.20 

132 14.88 14.60 30.83 26.18 54.92 36.92 74.32 45.07 7.28 8.40 20.83 16.83 

133 11.90 13.40 29.30 23.30 48.50 38.90 73.55 48.05 5.23 6.50 15.80 12.38 

134 13.25 14.43 31.38 24.23 49.20 36.27 70.32 45.25 5.83 5.88 18.53 13.53 

138 13.75 12.45 22.23 22.98 50.77 42.62 66.80 55.22 3.85 8.08 11.78 13.73 

140 15.50 16.40 33.43 27.48 55.92 44.62 78.05 53.97 5.65 6.23 19.68 15.13 

143 12.63 12.48 29.50 22.30 46.90 33.02 71.42 35.70 5.25 5.60 17.70 12.20 

144 14.85 15.25 32.05 26.85 56.10 40.07 79.25 48.17 6.90 7.65 20.88 15.80 

145 16.00 15.85 32.10 26.50 55.95 42.37 80.32 59.87 7.83 7.70 19.00 16.75 

147 13.25 11.43 31.78 21.78 51.37 36.75 69.70 46.20 5.83 6.23 19.38 12.83 

149 13.75 12.40 28.80 21.85 54.57 35.27 73.47 40.92 6.60 6.15 20.05 12.40 

150 15.43 15.40 30.60 25.28 51.12 37.45 72.30 47.27 7.03 7.60 19.28 15.20 

152 12.78 16.28 27.68 24.00 50.50 41.02 66.55 52.92 5.60 7.55 16.43 14.23 
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154 15.15 14.93 35.30 26.10 59.80 41.22 73.88 50.62 8.68 8.28 12.53 16.33 

155 12.13 10.33 27.60 19.63 47.10 34.42 70.67 47.92 4.20 4.70 17.00 11.10 

156 8.15 11.58 15.48 21.83 35.62 31.80 64.30 33.77 2.78 6.30 8.65 12.90 

159 17.83 16.98 33.40 27.20 58.67 38.52 85.00 45.25 8.20 8.75 22.15 18.08 

160 8.55 11.90 23.08 17.88 56.50 36.67 73.77 47.60 6.35 6.78 11.63 11.63 

161 6.60 8.08 17.48 15.78 43.62 28.65 67.67 45.80 1.70 4.40 7.53 9.50 

162 12.83 10.68 27.70 19.00 55.75 30.50 72.50 47.37 5.23 4.05 17.75 10.95 

165 14.43 12.90 30.23 24.73 53.85 39.92 69.50 43.25 6.50 10.35 17.85 14.00 

168 10.80 11.20 27.45 21.83 46.62 33.57 67.85 44.37 5.05 6.38 15.85 12.38 

169 14.95 16.88 32.08 27.40 59.70 38.40 83.12 57.05 6.40 7.13 20.70 16.00 

170 15.10 15.13 30.70 24.38 53.32 33.05 74.52 41.42 7.10 7.20 22.10 15.05 

172 19.75 17.83 30.90 26.38 54.65 34.92 74.55 40.25 7.88 8.03 21.33 16.88 

173 12.43 16.43 28.43 24.73 51.50 36.12 72.50 43.57 6.13 6.43 18.30 14.80 

176 13.48 13.98 28.45 22.33 44.50 31.22 70.62 38.25 5.40 5.90 17.00 13.48 

178 15.48 12.50 31.60 22.48 56.72 39.47 78.38 53.10 5.63 5.15 20.55 12.53 

179 14.65 15.95 31.08 27.33 61.60 45.35 79.25 58.25 8.33 9.05 19.28 17.35 

180 13.63 12.60 31.00 23.95 53.80 35.27 75.55 39.45 6.35 6.45 17.93 14.63 

181 17.73 15.90 32.53 25.23 55.00 35.05 77.75 41.77 8.05 7.18 23.05 14.13 

183 18.28 15.33 32.15 25.80 61.07 41.35 75.55 53.67 9.03 7.18 18.48 15.68 

184 19.23 19.40 32.23 29.15 60.80 38.20 82.38 44.40 7.55 9.08 24.33 18.45 

186 16.50 13.43 31.35 22.08 62.70 36.30 78.30 50.05 8.15 6.48 20.63 14.65 

188 11.33 9.75 27.83 19.68 55.15 32.80 72.07 44.90 7.35 4.75 16.18 11.05 

190 6.05 9.36 16.63 18.30 42.67 31.03 54.75 42.39 1.98 4.30 7.99 10.03 

192 20.75 19.13 36.18 28.75 60.00 42.40 78.62 49.22 9.90 8.75 24.95 17.45 

193 7.28 11.28 16.23 21.25 37.42 31.97 63.25 38.20 2.50 6.95 11.10 13.13 

195 12.25 12.43 29.33 23.55 58.15 38.50 76.12 52.65 4.50 5.83 19.23 12.53 

197 12.85 11.76 29.00 20.17 53.20 33.33 65.02 43.79 5.38 6.80 14.18 12.03 

200 13.93 12.40 31.23 24.95 56.50 43.40 78.05 56.22 6.55 6.43 20.75 14.65 

201 7.55 9.03 19.48 18.18 42.37 29.57 70.12 41.32 2.08 4.95 9.33 10.95 

202 9.50 12.43 19.58 20.95 44.32 32.55 68.15 46.82 3.33 5.78 10.83 13.53 

204 11.90 10.50 24.88 21.20 44.95 28.82 65.57 39.95 6.15 5.63 18.35 13.83 
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205 14.38 14.25 29.20 23.85 60.47 30.87 73.97 43.55 7.78 7.30 21.63 14.53 

210 11.90 12.83 27.73 22.78 49.50 35.67 72.50 41.00 5.78 6.40 17.88 13.45 

211 12.00 12.83 26.80 22.15 47.57 32.05 68.10 45.67 5.55 5.50 17.83 12.93 

214 15.60 16.15 30.18 21.90 49.55 31.32 68.88 35.12 6.55 7.03 17.38 12.53 

215 16.50 14.63 31.43 23.38 54.02 36.22 76.42 47.82 7.13 6.98 20.80 14.68 

217 12.45 12.10 27.90 25.20 55.50 41.67 65.12 54.82 4.45 4.78 17.05 12.90 

218 14.23 17.45 28.75 26.80 53.72 37.65 73.05 45.97 7.55 7.43 19.38 16.88 

220 9.85 9.77 20.85 18.17 51.37 30.80 69.25 39.83 13.30 4.98 12.48 10.13 

224 14.73 12.13 31.63 22.53 55.12 35.42 72.67 41.62 6.95 6.38 20.88 13.60 

226 9.93 10.35 28.53 19.53 51.52 34.02 74.38 41.17 4.95 6.03 15.08 10.38 

227 12.50 12.40 29.70 21.60 56.05 34.52 71.25 41.87 8.73 5.50 13.60 13.23 

229 15.93 13.63 32.88 23.13 55.57 38.25 76.55 45.85 5.73 4.40 20.10 12.15 

231 13.48 14.00 29.58 24.93 54.47 37.07 74.77 47.00 5.93 6.13 16.73 14.88 

232 9.85 8.63 25.13 17.05 45.62 29.50 65.88 42.75 4.45 3.90 15.65 8.95 

234 13.10 12.78 31.33 23.38 50.65 37.57 79.05 45.02 5.68 5.85 18.65 13.15 

237 11.38 10.60 26.18 19.73 46.17 33.15 67.90 39.27 3.83 4.60 13.33 9.83 

239 11.90 12.13 27.78 23.05 54.50 38.20 75.88 47.37 6.05 5.85 16.73 13.25 

241 12.80 13.08 28.78 19.68 57.87 38.92 75.25 49.47 5.88 6.60 13.88 12.20 

242 14.58 14.03 35.88 24.70 61.42 37.95 82.55 42.82 5.75 5.90 18.08 13.48 

244 16.55 16.05 37.00 26.55 61.35 39.87 84.80 41.10 7.40 8.38 21.35 15.28 

245 16.25 16.75 28.73 23.25 53.22 39.77 71.62 45.62 4.85 5.90 16.98 14.88 

247 10.85 15.08 25.38 24.68 55.67 39.72 77.25 50.87 4.95 6.75 14.50 15.40 

249 9.35 9.75 24.58 18.43 52.55 32.40 75.12 48.00 3.50 3.85 10.68 9.80 

250 12.45 11.83 25.60 21.50 44.87 34.27 73.88 43.30 4.05 6.08 15.05 12.50 

251 20.70 23.60 34.48 27.73 56.75 41.57 78.60 48.87 7.13 5.58 23.23 15.10 

253 10.75 10.75 18.18 19.78 45.02 31.32 68.12 44.47 3.05 4.83 12.58 11.80 

255 11.20 11.95 24.58 20.43 49.30 33.97 66.92 38.80 4.45 5.98 15.30 12.68 

256 11.35 12.37 25.55 20.49 54.62 35.70 74.35 49.14 6.25 4.64 16.80 11.37 

259 17.55 14.50 30.48 22.45 52.77 35.70 72.72 42.75 6.03 5.33 20.50 12.98 

260 12.85 13.35 29.80 24.13 53.10 38.05 76.50 47.52 5.68 7.48 17.58 13.90 

262 15.38 12.63 32.00 20.80 53.17 34.77 70.12 41.75 5.73 6.10 18.30 11.50 
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263 16.20 12.38 34.13 23.20 54.75 31.57 75.15 36.95 7.60 5.98 21.48 13.08 

264 13.50 14.50 28.93 22.40 50.67 36.90 73.20 44.10 5.80 6.75 18.05 13.85 

267 10.70 15.50 24.28 25.03 49.87 34.95 71.55 40.67 5.95 8.00 16.75 15.93 

269 13.80 13.50 31.15 24.58 51.75 32.75 73.27 41.42 6.18 5.88 18.53 13.18 

270 10.03 9.30 21.43 17.23 40.55 30.67 58.88 40.87 2.68 3.20 11.53 8.58 

272 11.58 12.23 27.40 21.90 51.45 32.87 72.25 41.15 5.68 6.95 16.95 13.75 

275 12.53 10.78 24.98 18.18 49.50 28.30 72.75 33.02 6.20 4.93 16.78 10.93 

277 16.13 15.80 24.88 21.98 45.50 30.57 66.45 37.07 5.10 3.88 12.33 9.95 

278 11.00 12.85 21.63 22.80 47.37 32.92 68.72 44.87 6.20 6.78 13.93 13.75 

279 19.90 17.15 33.10 25.28 61.90 38.72 82.70 53.52 8.90 5.80 19.73 15.10 

282 11.53 12.80 27.30 21.75 49.12 32.37 69.75 40.25 4.85 5.65 15.08 12.55 

284 14.20 15.33 28.93 23.03 50.55 36.27 74.70 44.10 5.15 5.73 18.33 12.90 

285 14.38 13.48 29.55 23.13 60.02 38.00 73.42 49.30 5.93 6.08 17.93 14.18 

286 22.20 22.00 33.43 27.93 59.42 39.20 79.00 46.65 12.48 7.83 22.98 17.08 

287 15.15 12.93 29.43 20.98 52.85 34.10 79.10 39.50 5.58 5.75 17.20 11.65 

290 15.43 17.18 30.83 25.43 50.75 38.45 72.50 44.55 6.75 7.38 19.83 14.55 

291 13.03 15.30 30.98 20.93 55.87 32.45 76.25 50.47 5.13 4.60 18.40 10.98 

294 14.43 14.50 25.20 23.25 48.20 32.97 65.92 42.62 6.00 7.15 15.55 15.38 

300 13.05 10.73 29.88 19.20 54.95 34.32 71.50 45.77 5.80 3.55 18.25 10.68 

303 14.70 15.63 30.30 23.95 57.12 38.37 78.38 51.00 5.68 5.35 16.90 12.43 

304 15.10 16.15 29.75 25.68 53.25 39.87 74.50 41.12 5.20 6.40 18.95 14.83 

305 13.20 12.35 31.08 22.08 49.50 32.85 66.82 42.52 5.03 5.83 18.58 12.40 

307 15.33 16.13 32.10 24.33 52.15 36.92 73.12 43.17 5.43 6.68 16.90 13.50 

310 17.50 16.45 31.30 24.65 50.20 38.17 73.50 47.67 6.08 5.68 21.00 14.13 

311 13.23 12.15 30.43 22.03 57.90 38.50 83.47 51.92 5.40 6.78 20.38 14.28 

314 15.75 13.15 30.28 20.13 48.00 35.25 74.62 43.00 8.80 7.00 19.23 14.05 

315 13.62 12.33 28.13 18.90 56.37 31.62 74.18 41.50 7.35 5.55 14.19 11.13 

316 12.45 11.18 27.53 20.13 50.87 31.32 67.75 40.87 5.20 5.55 17.88 12.15 

317 14.38 14.28 32.33 23.73 51.60 38.07 74.10 42.05 5.53 6.10 18.25 13.00 

318 21.25 20.78 28.78 28.23 53.92 36.00 75.67 44.37 7.43 7.60 22.85 17.58 

319 17.65 15.48 31.70 23.50 59.45 35.05 74.77 37.52 7.03 6.80 21.18 14.43 
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320 15.10 13.68 31.15 21.73 52.55 32.25 74.38 38.00 6.13 5.45 19.48 12.13 

321 22.55 21.90 34.23 28.10 54.37 38.12 74.95 43.45 7.60 7.28 23.73 17.63 

P1(BCC1491) 14.60 13.30 32.00 24.90 59.30 38.20 83.30 44.50 5.39 5.37 19.47 13.06 

P2(BCC149) 16.10 16.70 31.00 24.60 51.20 35.90 72.60 44.40 6.62 6.21 18.09 14.13 

           G_name LLD_C LLD_S CC[1]_C CC[1]_S SPAD[2]_C SPAD[2]_S LS[1]_C LS[1]_S LS[2]_C LS[2]_S 

1 3.20 5.23 42.40 41.83 44.07 46.58 3.00 5.50 5.50 6.17 

2 8.07 6.23 50.62 47.33 55.92 51.98 2.33 4.00 4.33 5.33 

3 12.20 9.13 40.65 43.78 38.92 51.25 3.00 4.50 6.50 5.00 

5 12.72 8.60 36.10 41.95 39.20 51.85 2.67 5.50 5.67 6.17 

7 7.37 8.55 35.10 45.73 43.72 45.90 3.17 5.67 4.50 6.67 

8 8.32 6.70 45.10 38.63 46.80 51.38 2.83 6.00 5.00 7.83 

11 15.45 9.80 43.77 43.60 37.70 47.35 3.00 4.67 7.33 5.83 

14 12.05 8.15 45.72 40.03 40.85 48.78 3.33 6.17 5.83 7.33 

17 15.10 7.70 47.30 42.30 40.40 50.30 2.83 5.33 6.17 6.33 

20 11.42 8.83 35.20 40.43 45.95 46.90 2.67 5.17 4.50 6.67 

21 7.52 5.09 45.82 40.30 46.42 41.30 3.00 6.00 3.83 7.33 

23 10.62 7.65 35.72 37.93 41.02 43.03 3.17 5.67 4.83 7.33 

24 10.50 6.73 42.00 43.95 58.97 49.58 3.00 6.17 5.67 7.00 

25 10.35 8.10 46.00 43.05 48.67 49.85 2.83 5.67 4.83 7.67 

27 8.37 5.51 34.82 37.33 42.52 42.38 3.33 6.33 5.00 7.50 

30 10.42 6.10 48.62 51.90 44.47 51.88 4.00 5.17 5.83 7.17 

31 10.55 6.00 54.42 50.05 42.10 52.48 2.67 4.17 5.00 6.83 

32 9.70 7.95 48.22 56.00 42.67 49.35 3.00 5.83 3.67 6.67 

33 7.77 5.23 35.42 39.08 38.70 46.75 3.33 6.00 5.17 7.00 

35 11.02 6.73 45.35 45.58 38.80 49.38 2.67 5.83 4.17 6.17 

37 12.57 8.23 43.32 44.00 39.57 52.40 2.67 5.50 5.83 6.50 

38 13.65 7.58 40.52 43.35 43.72 51.78 2.67 4.50 5.50 6.33 

41 10.05 6.60 44.85 46.98 44.15 45.60 3.00 5.83 5.83 6.50 

42 8.82 7.40 33.65 33.88 42.87 44.43 3.17 6.33 5.67 7.67 

44 15.17 9.13 48.47 44.13 37.22 45.08 2.67 5.67 7.00 7.00 
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46 12.02 6.35 40.47 46.03 42.70 46.98 2.00 3.17 4.83 5.67 

49 11.70 5.30 49.65 55.33 46.20 52.95 3.00 4.50 6.50 5.67 

50 12.80 6.43 42.72 42.75 38.32 48.00 2.67 5.33 4.50 6.67 

52 13.15 7.28 47.92 43.73 34.45 46.25 2.67 4.83 6.00 6.67 

53 11.72 9.15 37.00 40.08 50.50 49.10 2.17 3.50 3.67 5.17 

55 12.12 8.50 43.65 43.35 39.87 47.78 3.00 6.83 6.50 8.00 

56 11.17 7.28 40.77 49.80 40.52 46.28 3.17 6.67 5.83 7.50 

57 11.77 7.08 36.52 38.35 35.45 39.53 3.17 6.00 5.17 7.50 

61 14.02 7.65 43.45 42.83 33.15 47.18 2.83 4.67 5.33 6.17 

62 9.87 6.15 42.02 38.18 41.85 40.35 2.67 5.83 4.67 6.67 

63 12.65 7.53 39.32 40.73 35.70 45.53 3.17 6.50 4.17 7.50 

64 10.80 8.24 49.72 47.33 38.47 49.88 2.83 5.17 7.00 6.67 

67 11.37 6.43 32.60 35.98 32.47 40.90 3.17 6.33 6.50 7.17 

68 12.60 6.50 41.12 34.75 48.12 47.63 2.83 5.67 4.67 6.00 

70 11.70 7.98 40.15 39.13 41.50 53.23 3.00 5.67 5.33 6.50 

71 13.72 8.05 42.02 40.43 37.87 47.58 2.83 5.17 5.33 7.00 

74 11.35 6.08 39.80 39.69 43.45 47.36 3.17 5.96 4.50 7.66 

75 15.02 8.18 44.35 51.25 39.12 51.10 2.83 4.83 5.50 6.17 

76 11.20 6.15 37.90 44.55 32.72 44.33 3.17 6.00 5.33 7.00 

79 14.97 6.03 42.70 41.13 41.90 50.18 2.83 4.83 5.33 6.00 

81 12.07 6.63 38.17 41.30 37.77 43.60 3.17 6.50 5.50 7.17 

82 11.12 6.20 38.02 42.65 35.82 51.70 3.17 4.83 6.67 6.17 

83 12.80 7.60 37.82 43.33 37.72 46.90 3.17 5.00 6.00 6.67 

86 15.42 8.30 48.65 44.83 39.70 50.58 2.83 4.33 6.17 6.17 

88 14.25 7.80 45.90 41.68 40.62 50.05 3.00 5.33 6.50 6.83 

89 11.87 6.58 44.10 43.95 36.27 48.85 2.33 4.50 5.33 5.17 

90 13.12 8.30 37.25 36.83 40.75 42.90 2.83 5.67 6.33 7.00 

91 15.20 9.65 47.65 52.28 40.12 51.33 3.00 3.83 4.67 6.00 

92 10.55 7.33 37.02 45.18 34.77 47.43 3.33 5.00 5.50 6.17 

95 11.47 7.88 38.30 41.80 40.22 47.58 3.17 4.67 6.50 5.67 

98 6.30 6.78 38.45 38.68 50.47 48.90 3.33 6.67 5.00 7.50 
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100 12.62 7.00 42.12 41.90 42.92 44.90 2.50 5.33 3.17 7.17 

101 12.55 7.90 36.17 43.35 39.57 51.63 3.50 5.67 5.00 6.17 

103 12.07 6.73 34.70 37.10 40.75 48.88 3.17 5.33 5.00 7.50 

104 6.77 7.20 41.62 38.00 44.87 46.90 3.33 5.33 4.17 6.67 

105 8.37 3.75 36.45 38.40 47.15 51.60 3.17 5.00 5.33 6.00 

107 13.65 7.48 38.42 41.25 40.30 49.23 2.83 5.50 4.67 7.00 

109 14.52 8.88 45.72 46.83 41.72 51.20 2.83 5.00 6.00 7.00 

110 10.07 5.73 39.50 35.48 35.27 44.45 2.67 6.00 6.00 6.50 

113 12.76 6.33 42.38 38.50 32.92 43.35 2.78 4.83 5.44 6.50 

114 9.55 6.43 37.57 39.03 35.05 46.13 3.00 5.17 7.17 6.17 

116 10.72 7.45 36.25 35.93 40.80 43.18 3.33 6.33 5.50 7.83 

118 12.02 6.78 43.70 41.68 36.35 44.88 3.33 5.83 6.00 6.50 

119 14.27 6.10 37.45 40.48 32.80 41.40 2.83 5.00 6.50 6.17 

121 9.75 7.13 39.30 40.63 47.50 50.48 3.33 5.67 4.67 6.50 

122 12.60 7.18 36.12 40.73 41.60 42.80 3.00 5.67 6.17 7.17 

125 9.20 7.95 41.87 43.13 37.32 49.93 3.00 4.83 6.33 7.00 

126 14.75 7.28 41.30 39.45 42.07 47.43 3.00 5.83 4.50 6.67 

127 14.92 8.08 50.90 45.23 38.40 47.88 2.83 4.17 6.83 6.17 

129 14.62 8.90 41.22 41.88 37.57 47.13 2.83 5.50 6.83 7.00 

130 14.32 7.68 48.60 45.10 39.15 48.30 3.00 4.33 5.83 5.50 

131 8.62 7.33 36.55 42.83 34.00 46.43 3.17 4.67 6.83 6.00 

132 13.55 8.43 45.40 40.48 38.50 46.93 2.50 5.17 6.50 6.00 

133 10.57 5.88 36.32 43.73 36.35 47.05 3.00 5.00 6.33 6.00 

134 12.70 7.65 39.50 42.35 41.00 50.15 2.50 3.83 5.17 5.83 

138 7.92 5.65 29.20 38.20 37.20 48.43 2.33 5.33 2.83 6.33 

140 14.02 8.90 39.90 45.55 36.85 50.05 2.83 5.17 6.17 6.33 

143 12.45 6.60 33.35 42.08 32.45 40.50 2.67 6.50 7.17 7.83 

144 13.97 8.15 35.32 40.40 40.37 46.70 2.83 3.83 6.17 5.50 

145 11.17 9.05 35.40 39.18 39.52 47.85 2.67 5.17 6.17 7.00 

147 13.55 6.60 39.80 41.78 35.47 45.10 2.67 5.33 5.67 6.50 

149 13.45 6.25 42.92 40.08 38.65 52.88 2.50 6.17 6.33 7.17 
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150 12.25 7.60 42.50 45.15 38.95 47.60 2.50 4.00 7.67 6.00 

152 10.82 6.68 39.75 39.88 39.67 55.30 3.17 5.50 5.67 6.00 

154 3.85 8.05 37.95 37.60 50.25 48.15 3.17 5.00 4.50 6.00 

155 12.80 6.40 49.35 41.05 43.25 48.35 3.17 5.67 4.17 6.50 

156 7.87 6.60 34.57 41.78 39.50 49.18 3.33 5.00 6.17 6.50 

159 13.95 9.33 48.55 44.63 43.62 48.90 3.33 5.50 7.00 7.17 

160 5.27 4.85 38.32 39.03 40.32 49.18 2.83 5.17 5.50 7.00 

161 5.82 5.10 27.65 40.18 36.75 45.30 3.50 6.00 4.50 7.00 

162 12.52 6.90 43.20 36.43 41.22 43.05 3.00 6.50 4.50 7.83 

165 11.35 4.84 37.55 36.38 43.27 42.90 2.83 5.50 4.50 6.33 

168 10.80 6.00 40.27 39.13 36.50 50.20 2.67 4.83 4.17 5.33 

169 14.30 8.88 46.32 39.65 35.17 49.90 3.17 5.67 5.50 7.00 

170 15.00 7.85 37.50 43.63 39.37 50.90 3.00 4.17 5.67 5.67 

172 13.45 8.85 52.65 44.98 39.57 51.08 3.17 4.67 7.00 7.83 

173 12.17 8.38 39.67 42.55 39.42 46.20 3.00 5.00 6.33 6.33 

176 11.60 7.58 39.52 41.35 36.87 47.70 2.50 5.17 5.33 7.00 

178 14.92 7.38 35.70 35.83 40.22 44.13 2.83 4.33 4.83 6.50 

179 10.95 8.30 37.60 39.18 43.12 53.53 3.00 5.33 3.83 5.17 

180 11.57 8.18 46.17 42.85 37.72 48.40 3.50 6.17 5.33 7.33 

181 15.00 6.95 38.25 42.50 38.62 48.13 2.67 5.67 7.67 5.67 

183 9.45 8.50 41.05 39.58 43.40 51.15 3.00 5.00 6.33 5.83 

184 16.77 9.38 44.85 42.45 42.87 46.90 3.33 5.67 6.33 6.83 

186 12.47 8.18 42.90 42.58 44.80 51.00 3.00 5.83 6.67 7.33 

188 8.82 6.30 33.32 38.50 41.00 49.68 3.17 6.50 5.50 6.83 

190 5.47 5.72 29.64 39.07 30.99 48.38 3.95 5.20 5.66 6.76 

192 15.05 8.70 43.57 46.65 41.37 45.70 3.00 5.33 6.17 6.17 

193 8.60 6.18 39.27 49.05 36.47 51.18 3.50 4.83 5.17 6.33 

195 14.72 6.70 40.20 43.35 38.90 46.48 2.67 5.00 6.17 5.50 

197 8.80 4.08 35.20 34.84 37.40 44.51 3.17 6.53 5.50 7.87 

200 14.20 8.23 41.77 39.05 42.05 40.30 2.83 5.00 5.33 6.50 

201 7.25 6.00 33.85 42.23 38.07 47.40 3.00 5.67 4.67 6.83 
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202 7.50 7.75 33.05 40.63 30.87 47.43 3.33 5.00 5.00 6.17 

204 12.20 8.20 42.17 43.53 40.45 46.50 2.50 5.33 6.83 6.83 

205 13.85 7.23 41.65 42.13 44.00 49.68 2.83 5.67 6.17 7.50 

210 12.10 7.05 39.87 50.00 42.97 50.20 2.83 4.67 5.83 6.33 

211 12.27 7.43 44.90 45.15 34.10 45.93 3.50 6.17 6.83 6.83 

214 10.82 5.50 50.95 52.78 42.77 57.30 3.00 3.83 5.67 5.83 

215 13.67 7.70 38.70 41.53 38.20 47.73 3.33 6.17 6.33 7.00 

217 12.60 8.13 39.47 40.05 39.12 52.18 3.00 4.83 5.00 5.50 

218 11.82 9.45 36.87 43.20 34.20 45.68 3.00 5.50 7.00 6.83 

220 8.17 6.91 39.07 36.51 46.12 45.45 3.33 7.17 6.00 7.67 

224 13.92 7.23 39.37 43.65 34.87 42.78 3.00 5.50 5.00 7.50 

226 10.12 4.35 42.42 45.93 38.50 48.60 2.83 5.17 6.17 6.00 

227 4.87 7.73 38.07 42.23 46.30 47.83 3.17 6.00 5.17 6.67 

229 14.37 7.75 40.47 41.38 34.27 44.40 2.83 5.67 6.67 7.33 

231 10.80 8.75 38.27 37.00 46.47 50.80 3.17 5.67 5.17 6.33 

232 11.20 5.05 38.07 38.78 36.35 44.75 3.33 5.00 6.00 6.17 

234 12.97 7.30 41.95 46.08 36.60 50.85 3.17 5.00 5.67 6.67 

237 9.50 5.23 44.12 41.88 34.97 46.45 3.00 5.00 4.83 6.17 

239 10.67 7.40 35.27 36.80 35.20 38.00 3.00 6.00 5.67 7.67 

241 8.00 5.60 48.95 37.48 48.97 48.90 2.67 6.33 3.33 7.50 

242 12.32 7.58 41.60 41.53 42.20 47.13 2.33 5.17 5.33 6.67 

244 13.95 6.90 40.02 41.60 38.52 42.93 2.67 5.00 6.17 6.83 

245 12.12 8.98 44.47 45.10 38.22 48.80 2.83 5.83 5.33 7.17 

247 9.55 8.65 34.52 35.45 47.12 48.13 2.83 5.50 4.83 6.50 

249 7.17 5.95 37.40 38.08 47.00 48.15 3.17 5.83 5.00 6.83 

250 11.00 6.43 33.90 40.78 35.52 44.08 3.00 5.00 5.33 6.83 

251 16.10 9.53 42.52 45.30 35.55 51.73 3.17 4.67 7.00 5.50 

253 9.52 6.98 28.12 37.05 34.42 42.35 3.83 5.67 6.00 6.83 

255 10.85 6.70 44.00 42.05 39.27 48.55 3.17 5.00 6.83 6.67 

256 10.55 6.74 37.42 37.29 36.75 45.33 3.00 5.07 6.33 6.33 

259 14.47 7.65 41.40 39.15 41.22 51.00 3.00 5.33 6.83 6.33 
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260 11.90 6.43 37.72 43.90 32.57 47.33 2.83 5.83 5.83 6.67 

262 12.57 5.40 41.90 44.00 37.12 46.70 2.83 5.00 6.33 7.17 

263 13.87 7.10 46.02 41.08 36.20 49.68 2.83 5.17 6.83 6.83 

264 12.25 7.10 40.57 43.35 38.82 47.05 3.00 5.17 6.00 6.50 

267 10.80 7.93 39.10 44.15 33.52 44.30 2.67 5.17 6.67 7.00 

269 12.35 7.30 53.20 43.53 38.77 48.38 3.50 6.00 6.67 6.67 

270 8.85 5.38 32.20 39.05 33.20 45.63 3.50 5.17 5.50 6.00 

272 11.27 6.80 39.62 42.95 39.37 48.10 3.17 4.83 7.00 6.50 

275 10.57 6.00 39.42 43.98 36.97 45.23 2.83 6.00 6.83 7.17 

277 7.22 6.08 37.12 34.68 34.65 38.13 3.67 6.17 5.50 6.67 

278 7.72 6.98 40.32 41.63 35.32 45.33 4.00 6.33 5.83 7.83 

279 10.82 9.30 47.77 42.05 47.10 49.83 3.00 5.83 4.83 7.50 

282 10.22 6.90 36.05 41.38 34.92 43.50 2.83 5.17 4.33 7.17 

284 13.17 7.18 54.75 42.35 40.00 46.08 3.50 5.33 5.83 6.83 

285 12.00 8.10 38.17 40.05 49.45 51.05 2.83 5.50 4.83 6.17 

286 10.50 9.25 57.35 48.30 37.65 52.25 2.67 4.67 6.83 7.17 

287 11.62 5.90 45.02 38.25 38.55 47.65 3.00 6.67 6.67 8.33 

290 13.07 7.18 45.90 45.43 38.37 48.00 3.00 5.17 6.50 6.33 

291 13.27 6.38 42.95 41.45 40.27 50.63 3.00 5.33 5.50 6.00 

294 12.77 8.23 44.32 43.00 36.62 49.10 2.17 5.33 6.17 6.33 

300 12.45 7.13 46.80 40.95 46.87 45.13 2.67 5.00 4.33 6.00 

303 11.22 7.08 44.62 44.28 41.57 51.58 3.83 5.33 6.33 7.50 

304 13.75 8.43 44.32 43.70 40.00 50.75 3.00 4.83 6.50 6.67 

305 13.55 6.58 40.05 39.78 28.62 47.45 2.33 5.00 5.17 6.17 

307 11.47 6.83 36.22 42.55 40.70 45.70 3.00 5.67 5.17 6.67 

310 14.92 8.45 42.17 42.70 38.55 47.40 3.50 5.67 5.83 7.00 

311 14.97 7.50 36.55 38.20 44.22 44.30 3.17 6.33 5.83 8.33 

314 10.42 7.05 42.75 42.00 39.35 46.38 2.67 6.17 6.17 7.67 

315 8.20 5.58 36.60 35.83 44.33 42.15 3.28 6.17 3.88 6.50 

316 12.67 6.60 37.17 42.53 40.37 43.98 3.00 5.00 5.83 6.83 

317 12.72 6.90 36.32 39.63 35.92 46.45 3.00 6.33 5.00 8.50 
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318 15.42 9.98 43.62 42.30 37.20 50.03 2.67 5.17 5.83 6.83 

319 14.15 7.63 46.00 46.45 40.75 45.18 2.50 5.00 6.33 6.00 

320 13.35 6.68 40.27 41.23 37.77 49.30 2.67 4.67 6.33 6.17 

321 16.12 10.35 46.90 46.98 41.47 49.85 2.67 5.17 7.00 6.33 

P1 14.07 7.69 40.18 39.74 36.96 41.51 2.33 5.46 6.08 7.42 

P2 12.45 7.92 40.85 46.63 39.29 49.01 2.92 5.38 5.58 6.62 
 

             G_name LN[1]_C LN[1]_S LN[2]_C LN[2]_S LN[3]_C LN[3]_S TN[1]_C TN[1]_S TN[2]_C TN[2]_S TN[3]_C TN[3]_S 

1 8.50 6.25 18.25 10.50 22.75 12.50 3.00 2.50 5.00 2.50 5.50 2.50 

2 7.00 6.00 16.00 10.00 22.25 11.75 2.75 2.50 4.75 2.25 5.50 2.50 

3 7.75 6.25 22.25 13.50 40.00 21.50 3.00 2.75 9.00 4.75 12.00 7.25 

5 5.00 4.50 14.50 8.00 23.75 11.75 2.00 1.75 4.50 2.00 6.00 2.00 

7 5.25 4.50 10.75 6.00 13.75 7.00 1.75 1.00 2.75 1.00 3.50 1.00 

8 5.75 5.75 12.50 8.50 15.25 10.25 2.25 2.25 3.25 2.25 3.50 2.25 

11 6.75 6.50 20.00 13.00 32.75 18.25 3.00 3.00 6.75 4.50 9.75 5.75 

14 5.75 4.00 13.75 6.00 20.00 7.00 2.25 1.00 3.50 1.00 5.50 1.00 

17 5.25 4.50 13.00 8.25 21.75 12.00 2.25 1.50 4.00 2.75 5.25 2.75 

20 5.25 4.00 12.75 6.75 17.25 8.25 2.00 1.25 3.25 1.50 4.00 1.75 

21 6.25 6.25 13.75 10.25 18.00 12.00 2.50 2.50 4.50 2.25 5.00 2.25 

23 4.75 5.50 14.00 9.00 19.25 10.75 2.25 2.25 4.25 2.00 5.00 2.00 

24 5.50 4.50 13.75 7.25 19.00 10.00 2.25 1.50 3.75 1.75 4.50 1.75 

25 5.25 5.50 13.75 8.00 20.00 10.00 2.75 1.75 4.00 1.75 5.00 1.75 

27 4.25 4.00 9.50 6.00 13.25 7.50 1.50 1.00 2.25 1.25 2.75 1.25 

30 6.75 6.25 17.50 12.25 28.50 18.25 2.75 2.75 6.00 4.50 9.00 5.75 

31 6.75 6.50 18.00 11.75 24.75 17.25 2.75 3.00 6.50 4.00 7.75 5.50 

32 6.50 4.25 12.75 6.75 18.00 7.75 2.75 1.25 3.50 1.50 4.00 1.25 

33 4.75 4.00 9.50 5.75 12.00 7.00 1.75 1.00 2.25 1.25 2.50 1.25 

35 6.25 5.00 18.25 9.25 26.50 12.25 2.50 2.00 5.50 2.75 8.25 3.50 

37 6.00 5.50 16.25 10.75 24.00 15.50 2.75 2.50 5.50 4.00 8.00 4.25 
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38 6.50 4.75 19.25 10.50 31.75 14.25 2.75 2.00 6.50 3.75 10.00 4.75 

41 6.75 5.50 20.75 11.75 35.25 16.75 2.75 2.50 6.75 3.75 10.50 5.25 

42 4.00 4.50 8.00 6.25 10.25 6.75 1.50 1.25 1.50 1.25 1.75 1.25 

44 6.50 6.25 19.75 10.75 31.50 16.25 3.00 2.75 6.75 3.75 10.25 5.25 

46 5.50 4.75 15.25 9.25 24.25 14.00 2.50 2.25 5.00 3.25 7.25 4.00 

49 6.00 4.50 15.50 9.00 25.25 12.25 2.75 1.75 5.00 3.00 8.25 3.50 

50 5.50 4.25 14.00 8.00 23.75 11.75 2.25 2.00 5.25 2.75 7.25 3.25 

52 5.50 4.50 15.75 9.25 23.00 13.75 2.25 2.25 5.00 3.75 6.50 4.00 

53 5.00 3.75 13.50 6.25 16.25 7.25 2.00 1.25 3.50 1.00 3.50 1.00 

55 6.25 6.25 19.00 13.25 30.75 19.50 2.50 2.75 6.75 4.75 8.75 6.25 

56 5.00 4.25 10.75 6.25 15.25 8.00 2.25 1.25 3.25 1.50 3.00 1.50 

57 5.50 4.25 11.50 6.50 17.75 8.25 2.50 1.25 3.75 1.75 4.50 1.50 

61 6.00 4.50 14.25 8.00 20.00 10.50 2.50 1.75 4.25 2.25 5.00 2.25 

62 4.25 3.50 9.25 6.75 13.75 8.75 1.50 1.25 2.75 2.00 3.25 2.00 

63 5.25 4.00 12.75 5.75 22.25 7.75 2.50 1.25 4.25 1.50 6.25 1.75 

64 7.75 6.25 21.00 13.25 34.00 21.50 3.25 3.25 7.50 4.50 10.75 6.25 

67 4.75 4.25 10.75 6.25 17.25 8.75 1.75 1.25 3.25 1.25 4.00 1.25 

68 5.00 3.50 11.50 6.00 17.50 7.75 2.00 1.25 3.25 1.25 3.75 1.25 

70 5.75 5.75 13.75 9.00 19.50 11.75 2.50 2.25 4.00 2.25 4.75 2.50 

71 6.00 6.00 14.75 8.75 23.25 14.25 2.75 2.00 4.50 3.00 6.25 3.50 

74 4.75 3.84 9.75 5.80 14.50 6.45 1.50 0.92 2.25 0.87 3.25 0.91 

75 6.25 6.00 18.25 11.25 30.00 16.50 2.75 2.75 6.25 4.00 9.50 5.25 

76 6.00 4.50 13.25 7.00 19.25 10.25 2.75 2.25 5.00 2.00 5.75 2.50 

79 4.75 3.75 13.00 6.75 20.25 9.75 2.00 1.00 4.25 2.25 5.25 2.25 

81 5.00 3.75 10.75 6.75 17.00 9.75 1.75 1.50 3.50 2.00 4.50 2.75 

82 4.50 4.00 11.50 8.50 16.75 11.50 1.50 1.50 3.50 3.00 4.50 3.25 

83 5.25 4.50 15.00 8.50 21.25 12.25 2.25 1.50 4.75 3.00 6.75 3.50 

86 7.00 4.50 18.00 9.75 29.75 15.00 3.00 2.25 6.75 3.75 9.50 4.25 

88 6.25 4.50 16.75 8.25 24.75 10.75 2.50 2.00 5.25 2.50 6.50 2.25 

89 5.00 3.75 11.75 8.25 19.25 12.25 2.00 1.75 4.00 2.75 6.00 3.75 

90 5.50 3.25 13.50 5.75 19.50 7.50 2.25 1.00 4.25 1.50 4.50 1.25 
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91 5.50 5.50 15.25 9.00 25.00 13.75 2.50 2.25 4.50 3.00 6.00 3.25 

92 5.00 4.25 11.75 6.50 17.50 10.00 1.75 1.25 3.50 2.00 4.50 2.00 

95 5.00 4.25 15.25 8.50 24.75 11.75 2.00 2.00 4.75 2.75 8.00 3.50 

98 5.50 4.00 13.50 6.25 16.25 7.00 1.75 1.00 3.50 1.00 3.75 1.00 

100 4.75 3.50 10.50 6.00 14.75 7.00 1.75 1.25 2.75 1.25 3.50 1.25 

101 5.00 4.50 11.00 6.50 14.75 8.25 2.00 1.50 3.25 1.25 3.25 1.25 

103 4.25 3.50 10.25 5.75 14.75 7.25 1.25 1.00 3.00 1.00 3.00 1.00 

104 5.75 4.25 14.25 7.75 18.00 9.00 2.50 1.50 4.00 2.00 4.75 2.00 

105 6.75 6.50 14.50 11.25 20.25 13.25 3.00 3.00 3.50 2.50 4.25 2.50 

107 5.00 4.00 11.25 5.50 17.00 6.75 2.25 1.00 3.00 1.25 4.00 1.00 

109 6.00 5.50 16.75 11.00 27.75 15.00 3.00 2.50 5.75 3.75 8.25 4.25 

110 4.50 3.75 11.75 5.25 17.50 7.25 1.50 1.00 3.75 1.00 4.50 1.00 

113 5.74 4.25 16.63 8.75 33.45 13.25 2.06 1.75 5.59 3.00 8.59 3.25 

114 4.75 4.50 14.75 8.25 21.00 13.50 2.00 2.00 4.50 3.00 5.75 4.50 

116 5.50 4.75 13.25 8.00 18.25 9.25 2.00 1.75 3.50 1.50 4.25 1.50 

118 5.25 4.00 12.50 7.00 17.50 8.75 2.00 1.75 4.25 2.25 5.00 2.50 

119 5.25 4.25 16.00 8.75 27.00 13.50 2.25 2.00 5.50 3.00 8.75 3.75 

121 5.50 4.50 12.75 7.50 18.00 9.00 2.25 1.50 3.75 1.75 4.25 1.75 

122 5.00 5.00 13.00 7.50 18.50 11.00 2.00 2.00 4.25 2.50 5.00 2.75 

125 7.50 6.00 18.75 11.25 31.25 15.75 3.00 2.75 6.75 3.75 9.50 4.00 

126 6.00 4.50 14.75 8.25 24.25 11.75 2.75 1.75 5.00 2.25 6.00 2.50 

127 6.25 6.25 18.75 11.00 30.50 17.25 2.75 3.00 6.75 4.00 8.00 5.75 

129 5.75 5.25 14.75 10.25 24.75 14.00 2.75 2.25 5.25 2.75 6.75 4.00 

130 5.75 4.75 17.75 10.25 26.25 13.75 2.25 2.25 5.50 3.25 8.50 4.50 

131 4.25 4.50 11.25 9.50 17.00 13.50 1.75 1.75 4.00 3.00 5.25 4.25 

132 5.75 6.25 16.25 10.75 24.50 16.25 2.75 2.50 5.50 3.50 7.00 4.75 

133 5.25 4.50 13.00 8.00 21.00 12.25 2.25 2.00 4.50 2.75 6.50 4.00 

134 5.75 4.25 15.00 8.00 24.25 13.25 2.50 1.75 5.00 3.00 7.50 4.00 

138 5.50 4.75 11.00 8.25 14.25 10.25 2.00 1.75 3.25 2.00 3.50 1.75 

140 5.75 5.50 13.50 9.50 22.75 13.75 2.75 2.25 4.00 3.00 7.00 3.25 

143 6.00 4.75 14.75 8.50 22.00 12.00 2.75 2.00 5.00 3.00 6.00 3.25 




