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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 tat toleranceevaluation 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 NaE€lrthermore, it was continuation project work aim

to validae/ confirm previously identified novel QTL in barley chromosome 6H correlated to growth related
traits by LongAnother one, amplification and sequencingHiKT1;5sodium transporter) gene and figure

out the mystery behind the gene (haplotypes and SNiPH)e previously evaluatediverse set obarley
accession$95). Before harvest, thgrowth and physiologicdtaits plant height, chlorophyll content, leaf
number, tiller number, length of the third leaf, leaf senescence antarvestshoot fred weight, root

length, shoot dy 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 sighifif i RAFFSNBYy OSa o6t nonnmO 61 & 206aSNIBE
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 nagenetic influences. It was also foundattsalt 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 adrol condition with high heritability Y0.60), 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 weight506 reducd), shoot dry weight (75% reducd) and shoot

root ratio (0% reducd), root dry weight and root length (50% reduecompared 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 saltZ2.43), indicating the higher percentage of water in control plaftsmn 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 tolerancé4S(L1.5380.50) displayed by our evaluated

51 LR2LJzZ FGA2y odzi Yz2ad 2F (GKS 3ASy23GeLISQa {¢ NI y3aASH
their medium salt tolerant parent-or the second experiment, theelections were madbased on high,
medium andlow shoot N& content and shoot N#K" ratio basd on previously evaluated datnd four
different geographical origin West Asia and North Africa (WANA), Europe (EU), America (AM) and East
Asia (EA). From the sequence analy@dound three Indels (4b20bp and 3bp) and based on this Indels,

all accessions were mayndividedinto two haplotype.One haplotype contain high and medium Na
(mg/g DW), whereas anotheepresented by low Na(mg/g DW). Most of the accessions from one group
with high and medium Nariginated from Europe (EU), on the other hand, Most of the accessions from
other group with low N&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, barledfKT1;5gene, sequencanalysis, haplotypes
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1. Introduction

The population in the world is increasing rapidly, while global food producti@mdsingered by
various causes including fidgirent environmental stressesThe quick change in environment
interferes with availability ofagricultural land, fresh irrigation wategnd appearance odlifferent

abiotic and biotic stressesvhich ultimately aflects world crop production. Global food production
needs to be increased by 6@er centin 2050 with the current food production and consumption
trends to feed the additional 2.3 million people worldwide (FAO, 2009). Abiotic stresses including
salinity, dought, nutrient deficiency, watelogging, cold and heat are becoming the major
agricultural threas due to the global environmental warming and it limits the productivity of field
crops significantly (Shewry et al., 2008; Bray et &002. According téA\cquaah (201R 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 economigdaefficient way to increase the food production is

by cultivating stress tolerant cultivars in the stredfected agricultural land (Ashraf and Wu, 1994).
Therefore to mitigate the abiotic stress problem, it is essential to figure out how to produaanble
cultivars with all pesible research efforts.

Among the abiotic stresses, salt stress is the major constraint particularly in aridasdnand
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, 20Et;aRpy
2014a; Deinlein et al., 2014; Hasegawa]13; Flowers et al., 2010; Qadir et al. 2008; Hu and
Schmidhalter, 2005 It is estimated thamore than6% of the woul's land is salaffected, which is
approximately20% @bout 45 million hectares of irrigated landf the total agricultural land mostly
found inAsia, the Pacific anflustralia and the area is increasing day by day due to global warming
(Gupta and Huang014;Rengasamy, 2010 Generally, salinity occurs in two ways namely natural or
primary and humaraided or secondary(www.plantstress.com/articles/salinity_i/salinity_i.hjm
Primary salinity is the result of the accumulation of salts over long peribtisie due to insufficient
rainfall especially in arid and semiarid regions wheresecondary salinity is caused by human
activities such as irrigation with lack aflequate drainageand land clearing (Cabot et al., 2014;
Munns et al., 2008)Saltaffected soilsrestrict the ability of plants to uptake both water and
nutrients from soil, which ultimately affecemost every aspect of the physiology and biochemistry
of plants and causes significant yield reduction (Flowers et al., 2010; Tester and Lear&§xidy
Agarwal et. al., 2013; Foolad, 200#)also causes ion toxicity to plants by the accumulation of excess
ions and can also change the soil structuMost of the cultivated crops are salt sensitive and the
salt affected area is increasing sigrafitly 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 osmdtitess 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 comprisésahth Clions (Tester and
Davenport 2003) The accumulation of excess Nand Clions for a longer time is toxic to plant
growth. It significantly interferes with plant photosynthesis and transpirgtishich ultimately
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reduces growth and biomass production (Tavakkoli et al., 2011; Munns and Tester 2008). Excess
amounts of Na and Clalso 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 damageshoot Nd and Clcontent is treated as the ost important factor
(Teakle and Tyerman 201(3alinity 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 satin tolerance in plants and their genetic control is not fully
discovered yetthough it is reported that salt tolerant grasses are capable to survive by using various
mechanisms such as vacuolization of toxi¢ &lzd Clin the old or senescing leaves,ctxsion of

excess salt by salt glands, scavenging ROS bgxaditive enzymes and synthesis and accumulation

of compatible solutes (osmolytes or osmoprotectant) i.e. glycine betanine, proline (Roy et al., 2014b).
Several genes, transporters, and compagtitalization 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 Teste2008; Zhu 2003).

Barley Hordium vulgard.) is the fourth important cereal crop member of the grass family, Poaceae
(Gramineae)hat is cultivated widely in saline areas and has a large gene pool (Xue et al., 2009;
Schulte et al., 2009; IBSC 2012js kine of the most salt tolerant field crops (Munns et al., 2006) and
has more salinity tolerase characteristics compared to other crop plants (Kumar et al., 2013). It is
reported that barley also exhibits the mechanisms of salt tolerance found in dlytesp and
halophytes (Ligaba an#atasuhara 2010). For example, compared dlycophytessalt tolerant
species of barley showeda’ exclusion (Chen et al., 2007) and sequestration dfilNaacuolewhich

helps to maintain dow Na\K' ratio in the cytosolpreventing N& toxicity, similar to halophytic
features (Shabala et al., 2010). Tigersity ofgenetic variationin barley speciess 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=1#)s seltpollinated, it can utilize
convenient breeding techniqeit is eag to cultivate in a wde range of climatic conditions and
access to full genome sequentenow availablgdSaisho 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 differentnechanisms to cope with long term ion toxicity stress; one is exclusion
of Na and Clfrom uptake by roots and another one tissue tolerance (vacuolechimpartmentation

and K retention) which helps to maintain ion homeostasis (Mian et al., 2011; Taliakkal. 2011;
Shabala et al., 2010). Sequestration of Biad Clin the vacuole ishe tissue tolerance mechanism to
reduce ion toxicity and at the same time counteracting the osmotic effects for plants (Munns and
Tester, 2008)Tolerant potato cultives also protect against senescence of leaves after high salt
treatment by the high accumulation of Nin stem (Jaarsma et al., 2013). The vacuolai’HNa
transporter proteins NHX3 provide efficient mechanisms for salinity tolerance in different plant
species by compartmentation of Naons in vacuole (Apse et al., 1999; Xia et al., 2002; Zhang and
Blumwald, 2001; Ligaba and Katasuhra 2010). ThenG$ also transported into the vacuole by anion
transporter genes likeCLCproteins and prevent Cloxicity under salt conditions (Teakle and
Tyerman 2010; Diedhiou and Golldack 2006). There is little information available regarding the role
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of CL@yene in barley salt tolerancand the effects under lonterm salinity still need to be verified.
Recently, itwasreported thatvacuolar 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; Smethusdt &008; Shabala et. al., 2013).
From the research findings, Adem et al., (2014) concluded that sodium sequestration, resistance to
oxidative stress and‘Ketention capability all play crucial roles for better tissue tolerance. SO&

(salt overly seriive) signalling pathway also has an important role in excludirigrisian root (Shi et

al., 2002; Zhu 2003).

Some members of the high affinity potassiutdK(l) transporter family are involved in salinity
tolerance. TheHKTgene family is quite diverse in function and dividedinlyinto two subfamilies
HKTland HKT2(Almeida et al., 2013; Waters et al., 2013; Yamaguchi et al., 2013; Hauser and Horie
2010). TheHKT1subfamily is extremely selective for Naver K and its memberscontain an
AYLRNIFY(G aSNAYyS NBAARMZSS Ay (GKS FANRG LBR2NB R2YL )
(G) residue forming-6-G-G motif (Maser et al., 2002; Garciadeblas et al., 2003), whatidRis
selective for Korbothandcg' G Aya | It e@O0OAyS NBEAARMZS Ay G-KFG LI
GGG motif (Platen et al., 2006; Horie et al., 2007). Mian et. al., (2011) suggestedii&t;1
correlated with salt tolerance bgecretingNa' into the xylem sap towards the roabobne, restricting

to enter into the growing upper partand other scientists reported the mechanism employed by
HKT1;4and HKT1;5s Nd exclusion by decreasing the accumulation” Maplant leaves and shoots
(Byrt et al., 2014; James et al., 2011; Munhale 2012; Bonilla et al., 2002; Ren et al., 20BKT1;5

also considered as the candidate féax2in durum wheat an&nalin bread wheat (Byrt et al., 2007)
which have the same phenotype &KClIn rice (Lin et al., 2004; Ren et al., 2005) responsible
maintain low leaf Naconcentration with a high N& ratio. Salt tolerant durum wheat with 25%
increasel yield in saline soil was developed by Munns et al. (2012) usinglkiel;5gene from an
ancestral wheat accession. On the other hand, a recent studies also demonstrated that reduced
expression level of Naransporter TaHKT1;5gene by gene silencing in transgenic bread wheat
lines, increases Naccumulation in the leaves wdii reflecting that TaHKT1;Has an important role

in restricting the transport of Nafrom the root to the leaves in bread wheat and showed the
potentiality to increase of salinity tolerance in bread wheatthg manipulation ofHKT1;5ene(Byrt

et al.,2014).There is no specific candidate gene identified as yet for osmotic tolerance, another most
important mechanism of salt tolerance. The pl@nability to synthesize compatible soluteghich

might have important roles to coordinate transport and bieatical cellular processes in planis,
favouredboth 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 plats (Roy et al., 2014a).

In a recent studysingbarley 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, ostong QTL was located on barley chromosome 4H for ion
contents (Shoot Na shoot K and Shoot N&K' ratio) and a salt tolerance QTL wafound on
chromosome 6H and was associated with growattd physiologicatraits (shoot fresh weight, shoot

dry weight and leaf chlorophyll content, tiller number, leaf senescence, plant height).



The further analysis of the QTL in chromosome 4H for iorteots with the help of barley full
genome sequence pointed out that one of the SNP markers is located close to sodium transporter
geneHKT1;5Ghahramanzadehynpublished data). Several researchers indicated thatHi3(High
Affinity Potassium transpoyigene is involved in transpamg 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; Berthoatiali, 2003, Ren et al.,
2005; Sunarpi et al., 2005). Therefore, it is suggested that the candidateHk€hE Soresent in the
barley chromosome 4H QTL region may play an important role in salt tolerance in ltanag. not
yet possible to point out @andidate gendor the other strong QTL linked with different growth
parameters in chromosome 6H barley
Thepresent study was performed focusing on the following objectives
1) to investigate comparative performance of 184 barley DH population inclut&ig 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 oHKT1;5(sodium transporter) gene in barley and to
determine the haplotypes, SNPs among the selected accesaimhsheir associationwvith
the ion content phenotypic data.

The gained information from the abowexperimens will contribute to the understanding othe
molecular and physiological basis for salt tolerance in barley.



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 developedHdorgleum bulbosuntechnique as
described by Chen and Hayes, 1989. The two parents BCC 1491 andiBGEre 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 NacCl) followed by split
plot design. There were four hydroponic units utiliz&dine unt 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 repriegent
eight containers. All repliteons 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)
LX Fydaod ¢2 FAEE dzlJ GKS SyYLWie K2t Sa imdtien ék®a YAYAY
positions were filled up bglants ofthe two parents.

2.1.3 Growth conditions

The supplied nutrient solution in hydroponic system for plant growth was similar to full strength
Y2RAFASR 1213t yRQa az2fdziAizy heyaReragekddy amdinight & Y
GSYLISNI dzNBa 6SNB aSd 4G sHn YR pMce/ @ ¢KS LIKZ2i
16 hours light and 8 hours dark. The calculated average humidity was 60%. Additional light 200 Wm

was used when the incoming shortwexadiation below 150 Wih

2.1.4 Treatment of salt stress

Sixteenseeds were sown in trays (pots) of silver sand for germination beéfansferringthem 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 avoidwstic 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 NacCl.

2.1.5 Measurement of morphological traits

Different morphological traits relevant for salt toleree were measured during the experimental
period after starting the salt treatment. At the ptearvest growth stageplant 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 ofsix days except the last measurement. The last measurement was made three days
before the harvestLeaf length (LL)f 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 ifiasiron 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 he leaf reached their maximum length. To minimize errors, the first and second
measurement of leaf length was considered for our result and discussion seGitiennumber (TN)

and Leaf number (LNyvas counted visually by hand at three different timersi(6", 15" and 21"

day after salt treatment)Chlorophyll content (CCyvas measured by SPAID2 meter (Minolta,
Osaka, Japan) with an average of three leaves of every plant at two different time pSiatsd@0"
day).Leaf senescence (L&ps measured using a senescence scale from 1(t&@endix 1)n an
average of the lower three leaves of each plant(a6d 22" day).

The plants were harvested after three weeks of salt treatment (200 mM NaCl in saline setup). At the
harvest eachplant 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 analysi§hoot fresh weight (SFW§nd Roa length (RLwere measured
immediately after harvestShoot dry weight (SDWandRoot dry weight (RDW)vere taken after the

plant parts were dried separately in a forcait oven at 78C for 72 hours until the samples reached
stable weight.

Salt Tolerane (ST)was calculated ashe percentage of relative shoot biomass under salamsl

relative biomassunder non-saline conditions according to the definition of Munns et al., (2003) and
was calculated by the formula: ST= SDW in saline condition/SDW imlcomtidition*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 collecteddata were analged by Genstat 16th edition (64 bit). Analysis of vaz@&(ANOVA) was
performed to test thesignificance effectsf 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 amdhe different measured parameters. Heritability was also
calculated for control, salt and both (salt control together) setup from the ANBDWV#e formula
h?.=Vg/[(Velr)+Vg], whereh?,= heritability, Vg=genotypic variation, Ve=Non genetic variation,
r=number of replications per genotype. Vg and Ve also estimated by the given formula, Yg=MS
MS/number of replications per genotype (M8Viean sum of square of genotype, M$lean sum of
square of residual), Ve= M@1ean 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 Nantent, high (Nd YpnY3k3 52 YR
medium (N&= 3550mg/g DW and n=20), andlow (la ~ op Y3ak3I 52 | yRKYTIpnoL
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)sidvast A

North Africa (WANA, n=25) and America (AM, n=15). All genotypes were previously evaluated for salt
toleranceand different traitsby Long et al., (2013) and part of an associati@pping panel and we

used their measured data to compare with our lexular analysigTable ).



Table 1 Selected genotypeand their evaluation data from Long et al., (2013) used irettperiment.
Serial DH_name shoot Na/ k salt sum Region of Average Shoot Na

no. Na shoot rank origin 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



44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

BCC1498
BCC1503
BCC1529
BCC1541
BCC1566
BCC167
BCC192
BCC423
BCC434
BCC439
BCC445
BCC526
BCC527
BCC532
BCC533
BCC535
BCC551
BCC579
BCC581
BCC667
BCC675
BCC718
BCC776
BCC806
BCC846
BCC857
BCC860
BCC861
BCC868
BCC869
BCC875
BCC881
BCC888
BCC899
BCC907
BCC913
BCC927
BCC942
HOR1137C
HOR1137z2
HOR1137:
HOR1140¢
HOR1283C
HOR2800
HOR2829
HOR2835

Medium
low
high
low
low
low
Medium
Medium
low
low
Medium
low
low
low
low
Medium
Medium
low
low
low
low
high
Medium
high
low
low
Medium
low
Medium
low
high
high
Medium
low
low
low
low
Medium
low
low
high
low
low
low
low
Medium

high
low
high
low
low
low
medium
low
low
low
medium
low
low
low
low
high
medium
low
low
low
low
high
high
medium
low
low
high
low
medium
low
medium
high
high
low
low
low
low
high
low
low
medium
low
low
low
low
medium
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WANA
WANA
EU
EU
EU
WANA
WANA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
EA
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
WANA
WANA
WANA
EA
WANA
WANA
WANA
WANA

41.03
28.01
61.26
21.92
26.87
30.28
41.20
42.53
28.26
29.37
48.48
23.40
19.23
25.80
20.18
38.29
47.91
31.40
29.08
25.02
30.82
54.47
46.99
59.98
25.50
25.71
41.57
22.15
48.20
31.05
53.31
52.80
47.59
35.43
19.33
18.43
34.63
46.73
25.63
27.87
57.90
28.42
34.06
34.78
20.23
41.95



90
91
92
93
94
95

HOR4727
HOR8006
HORS8050
HOR8113
HOR8160
HOR930

low
low
low
low
low
low

low
low
low
low
low
low

WANA
WANA
WANA
WANA
WANA
WANA

W ol www

29.65
22.10
30.57
27.68
24.69
33.59

2.2.2 DNA isolation

From individual genotypes four seeds were sown ofi B2y, 2014 and grown for 10 days. Fresh
leaves were collected into 96 deepwell plate and immediately fromdiguid nitrogen. These plates

were stored at a80°C 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 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
NanoDropSpectrophotometer and the quality of DNA was verified by gel electrophoresis (0.8%). See

the Appendix 2(CTAB) anAppendix3 (Kingfisher) for DNA extraction protocols.

2.2.3 Primer designing and testing
Genespecific primers(Appendix 4 were designed and selected using the available vissed
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;5GerBank 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 combinatioesewiested using
sample DNA with different annealing temperatures (50 t8@5Taq DNA polymerase (Dreamtag and

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

and Expand High Fidelity PCR System from Rath&j.DNA ladder (from Fermentas) was used to
identify fragment length. Finally, two primer sets covering the whelk€l 1;5coding region with an

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

for the FCR thermal profile 9€ denaturation temperature withwo different 59°C and 62C
annealing temperature (35 cycles) and®CZor extension temperaturd?CR producivaschecked by

6 0 dyed, @ltpéroentagdL®h)Rudd§2liprEpared by f
TAE buffer (1%§Actin primers were used as a positive control, and to check the DNA quality, for the

3Stf St SOUNRLIK2NBAAA

PCR.

2.2.4 PCR and sequencing

av

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 givenAppendix $. Seqencing 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 ai@ay, the concentration of every sample was measured by

Nanodrop.



Finally, the samples were prepared with 2.5 pl cleaned up PCR product, 2.5 pl primer from a 10 pM
stock (forward and reverse primer separately for each sample) and 5 pl MQ in a totalevb@upd.

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 DNASBa&gene version 1Firstly, the quality of all
sequences &s checked in SeqMan Pro. After correcting and cleaning the bad part of sequences, one
complete consensus HKTL1;5 gene sequence for every genotype (in a total 95 sequences) was made
by assembling four sequence reads for one genotype. Finally, all 95 segu@ate assembled into

one contig to identify SNPs and haplotypes.
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3. Results

3.1 Phenotypic evaluation

Frequency distributiosfor all measured traits of the DH plants including their parents were verified
by the GenStat software. Most of the traits showadormal distribution. Outliers(few extreme
values) were discarded and marked as missing value. After this, three typesNGIVA test,
considering only control, only for salt and saliis control together were performed following split

plot design. Heritabilitym) was also calculated separately from the separate ANOVAs. For the
results section, all measured traits obseti@s are represented by two subdivisions: one is-pre
harvest measured traits and traitseasuredat 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 (Isd), Standard dewia (SD), coefficients of variation (CV) for the

DH lines and their parents are shown separately (control and salt conditionshla Zand for both

(salt andcontrol together) in Appendix .6The graphicafrepresentations of the means of the
evaluatedgenotypes at different time points along with their treatments ateo shown irFgure 1.

All mean performances of individual genotygder different measuredraits are given in Appendix

and 8

I A3AKE& &aAIYATFAOFIYG RATTSNEWsEnded fBralNgrbariesSt grandhy 2 ( & LIS .
traits and their mean valuewere also differentfrom their two parents (Table)2 The observed
variation in the evaluatd population was moderate to highly heritablé®(10.55) which indicates

that experimental vdation was mildly obscuring the genetic variation except for leaf senescence in
control (%,=0.33). According to the results, it is clear that all growth traiése negatively affected

by salt teatment (Table 2nd Figure 1). One interesting findingsthe highlysignificant differences

6t~ n dongenotypesn leaflength 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 meaulifference of leaf growth (LLD) in control was 11.62 cm whereas iit salt7.24

cm (40% shorter in saltyith high heritability (h*,70.60) (Table2) reflectingan early effect (osmotic
stress) of salt on the plant leaf growtlhe averageleaf chlorophyll contenin two different time

points for the DH population in stress condition was higkt.95 and 47.55¢ompared to control
(40.96 and 39.86\vith high heritability £%,10.55) (Table 2) The plant heightmean also gradually
decreasedrni 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 sah?,%0.71 and controN0.55). Theaverage leaf number and tiller
number also decreased gradually in salt conditions compared to control and showed high heritability
(h*,10.70)in both treatments Leaf senescence in stress plants increased (5.37 and 6.66) compared
to control (2.97 and 5.65) two different time pointsand also showed high heritabilityht,, ¥0.58)
except the first measurement in contr@lable 2)
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Table 2 Means, ranges, probability (Fpr), variance component, heritabhfw)(lsd, SD and CV for growth parameters of the parents and DH lines under different treatments

Parentsmean DH population Variance h,
component
Traits Treatment %S 1C)l491 ?PCZ?MQ Mean Max Min SD LSD(0.05) CV (%) Fpr Vg Ver
PH1 (cm) C 14.60 16.10 14.14 22.55 6.05 3.07 3.55 18.1 ok 7.76 1.66 0.82
S 13.30 16.70 14.03 23.60 8.08 2.86 3.48 17.9 ok 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 ok 12.27 4.84 0.72
S 24.90 24.60 23.24 31.88 15.78 291 4.44 13.8 ok 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 ok 19.96 9.78 0.67
S 38.20 35.90 35.91 50.30 27.35 4.10 5.67 11.4 ok 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 ok 14.03 11.26 0.55
S 44.50 44.40 45.37 60.37 33.02 5.43 6.93 11.0 ok 23.80 5.71 0.81
LL1 (cm) C 5.39 6.62 6.41 13.30 1.70 1.88 2.598 294 ok 2.22 1.30 0.63
S 5.37 6.21 6.59 11.73 2.63 1.58 2.198 24.1 ok 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 ok 8.58 2.76 0.76
S 13.06 14.13 13.80 20.13 8.58 2.19 3.210 16.7 ok 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 ok 4.68 1.75 0.73
S 7.69 7.92 7.24 10.35 3.75 121 2113 21.0 ok 0.88 0.58 0.60
ccl C 40.18 40.85 40.96 57.35 27.65 5.12 9.533 16.8 ok 14.54 11.72 0.55
S 39.74 46.63 41.95 56.00 33.88 3.81 6.253 10.7 ok 9.37 5.11 0.65
cc2 C 36.96 39.29 39.86 58.97 28.62 4.58 7.581 13.7 ok 13.52 7.42 0.65
S 41.51 49.01 47.55 57.30 38.00 3.26 5.133 7.8 ok 7.18 3.42 0.68
LS1 C 2.33 2.92 2.97 4.00 2.00 0.33 0.819 19.8 ok 0.04 0.09 0.33
S 5.46 5.38 5.37 7.17 3.17 0.68 1.249 16.7 ok 0.27 0.19 0.58
LS2 C 6.08 5.58 5.65 7.67 2.83 0.92 1.650 21.0 ok 0.49 0.35 0.59
S 7.42 6.62 6.66 8.50 5.00 0.67 1.206 13.0 ok 0.27 0.18 0.59
LN1 C 6.06 5.44 5.50 8.50 3.73 0.83 1.2789 16.8 ok 0.48 0.21 0.69
S 5.38 4.44 4.68 6.50 3.00 0.85 1.1896 18.3 ok 0.54 0.19 0.74
LN2 C 15.94 16.38 13.91 22.25 7.34 3.07 3.3628 17.4 ok 8.04 141 0.85
S 9.00 8.81 8.15 13.50 5.00 1.97 2.1367 18.9 ok 3.26 0.60 0.85
LN3 C 26.12 26.81 21.25 41.25 10.25 6.02 6.350 215 ok 31.36 4.90 0.86
S 14.00 12.81 11.39 21.50 5.75 3.46 3.0936 19.6 ok 10.74 1.26 0.90
NI C 2.94 2.38 2.29 4.00 1.00 0.49 0.8132 25.6 ok 0.16 0.09 0.65
S 2.31 1.88 1.81 3.25 1.00 0.60 0.7735 30.7 ok 0.28 0.08 0.78
TN? C 5.56 5.19 4.42 9.00 1.50 1.34 1.4028 22.9 ok 1.55 0.25 0.86
S 2.94 2.94 2.42 4.75 1.00 0.97 0.9190 27.3 ok 0.82 0.11 0.88
NS C 7.62 8.56 5.89 13.75 1.75 2.25 1.9215 235 ok 4.60 0.45 0.91
S 4.12 3.56 2.92 7.25 1.00 1.46 1.0457 25.8 ok 1.99 0.14 0.93

Plant height ¥ measurement (PH1),"2(PH2), third (PH3) and fourth (PH4); leaf length measurement of two time points (LL1 and LL2) and their differenceb(bhByll content two time pointsGCland C¢2eaf
senescence of two time points (LS1 and LS2); leaf number and tiller numtheeéntime points (LN1, LN2, LN3 and TN1, TN2, TN3) respectively. Genetic variation (\ggnhetionvariation (Ve). Two treatments
control (C) and saltstress $)AA Ay AFAOL Yyl G t~ ndnnmod
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Figure 1.DH population averages of traits measutsefore harves{a); Leaf expansiofthird leaf)averageand 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 &ncbsbdt)=standard deviation
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3.1.2 Measurements at harvest

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

weight were measureddrying the plant parts in oven drying chamber. Finallye dry matter
percentage, shoot root ratio and salt tolerance (ST) were calculated based on shoot fresh, shoot dry and
root dry weight.

lff YSFadzZNBR GNIAGa FT2N) 3Sy2GeLSa aK2gSR KAIKE @
negative effet of salt on plant growth @ble 3. The observed variation in the evaluating population
was moderatéy to highly heritable I§%,70.51) which indicates that negenetic variation was mildly
obscuring the genetic variation except for dry matter percentageointrol (*,=0.33) and root length

in salt f%,=0.33).The aerage shoot fresh weight of DH population under contrals 16.68gand

ranged from 3.39 to 39.45gnd in salt3.39granged from 0.79 to 14.46gvhich isalsolower than their

mean oftwo parents. Average shoot dry weigbt DH populatiorin controlwas 2.11granged by 0.51

to 4.42g. On the other hand, stress conditior5SDW was 0.68g, raimg from 0.19 to 1.56gvhich is also

about 75% reduction in salt condition compared to contidie heritability for the SFW and SDW was
higher £%,10.73) in both treatmentsThe 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 isclear that salt stressed plants showed lower performance compared to the controlfplant

all measured traits (Tableahd Figure 2).

The dry matter percentage of shoot was calculated as shoot dry weight divided by shoot fresh weight
per plant. After thatthe average was taken of four replicates of each genotype. The average dry matter
percentage in saftreated plants was higher (22.43) compared to control (13.76). This indicates that
control plants containedhigherpercentageof water in the shoot compad 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 respectivatlicating that root growthwasalso hampered (50%
reduced) in salstress plants.

Salt tolerance (ST) is defined as the ratialry weight of shoot undestressconditionsand dry weight

of shoot undercontrol conditiors for the same plants. We calculated ST dividihgot dry weightof

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 salu®ur replicates. The ST of

DH lines was substantially variable wittiive 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 othiePpare
(34.75). The salt tolerance of each DH line along withpdwents is shown in Appendix grom the
distribution pattern of salt tolerance (ST) ftre genotypes (n=4), it was observed that most of the
genotypes ST raeg from 20 to 40 percent (Figar3).
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Table 3 Means, ranges, probability (Fpr), variance component, heritabhfw)ﬂsd, SD and CV for growth parameters of the parents and DH lines under different treatments

Parents DH Lines Variance h,
component

Traits Treatment BCC1491 (P1) BCC149 (P2 Mean Max Min SD LSD(0.05) CV (%) Fpr Vg Ver
SFW (g) C 25.34 24.45 16.68 39.45 3.39 7.14 8.545 36.8 ok 41.76 9.24 0.82
S 4.70 5.01 3.39 14.46 0.79 181 1.478 32.0 ok 241 0.87 0.73
SDW (g) C 3.00 2.77 211 4.42 0.51 0.76 0.949 325 ok 0.47 0.12 0.80
S 0.67 0.94 0.68 1.56 0.19 0.26 0.311 32.9 ok 0.06 0.01 0.83
SDM (%) C 11.95 11.75 13.76 34.85 9.13 3.62 6.707 35.7 ok 2.93 5.83 0.33
S 19.24 19.64 22.43 57.40 14.08 6.20 8.258 26.9 ok 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 ok 0.007 0.004 0.64
S 0.22 0.37 0.26 0.62 0.13 0.07 0.096 26.3 ok 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 ok 35.76 33.88 0.51
S 27.01 34.83 32.16 42.38 23.40 351 7.379 16.5 ok 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 ok 0.63 0.59 0.52
- S 3.16 2.63 2.63 6.23 1.16 0.71 1.328 36.3 ok 0.28 0.23 0.55
ST (%) S/C 23.75 34.75 33.44 80.50 11.53 10.49 15.050 324 il 79.92 29.35 0.73

Shoot fresh weight (SFW); Shoot dry weight (SDW); Dry
Two treatments control (C) and salt stress (Sp A Iy A FA OF y i

percentage (ST%).

matter percentage of shoot (SDM
nennmo

I G

t”

%); Root length (RL); Shoot root ratio (S_R) and Salt Tolerance
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Figure 2. DH population a verage s of traits measured at harvest, under control and salt conditions.
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Figure 3Frequency distribution (Histogram) tife DH population(184 genotypesincluding their two parerg based on their
mean salt blerance (ST) (n=4)

Correlatiors

Correlation analysis was performed to see the relationship between different measured traits
considering control, salt conditiorend both treatments (Appendix 10, 11 and)1For the control
condition, leaf senescenameasured atime point 1 (LS1) and st dry matter percentage of shoot
(SDM%) negatively correlated with most of tbéher growth traits (Appendix 10 Leaf Chlorophyll
content (CC) negatively correlated with tiller number and leaf length growth. All other traits in control
condition showedositive correlatios. In salt conditiors, leaf senescencfoth measuremergLS1 and
LS2) and dry matter percentag@so negatively correlated with most of thether growth traits
(Appendix 1) Final plant height also showed negative correlatwith chbrophyll content (Cf leaf
number (LN)tiller numberand leaf senescenc&oot length also showed negative correlation with tiller
number and leaf senescence(AppendiX.Xorrelation analysis considering both treatments (salt and
control) displayed nedwve correlation of leaf senescence (LS1 and [a8@)dry matter percentage
(SDM%) with most of the other growth parameters (Appendi®). Chlorophyll content (G@egatively
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 wils templatebarley ddNA extractedvith CTAB method
from the frozen leaf sampléVe did not getthe desired resul{most of the sample (accessions) did not
show band) exceptfor a few samples extracted by CTAB method from fresh leawés.did get
appropriate and desired PCRoguct with our control primer (Actinand selectedwo sets of primers
for the sequence oHKT1;5genewith all accessiongDNA(Table 1) extracted ly Kingfisher method.
From this we can conclude that fBICR of barlegenes from gDNAhe quality of gDN4s likely to play
an important role to get optimum result. We selectedid primer set aimed to amplify the whole
coding sequence. According to NCBI informatérthe barley gDNA sequence &fKT1;5GenBank
accession number DQ91244), the CDS region of the gene is composethef DNA region$603-
1720bp, 1812027bp, 2092297bp, (Www.nchi.nim.nih.gdnuccore/117938015) (Appendix L4The
selected first set forward primer starfrom the position of 405bp anthe reverseprimer at 1713bp,
and for the other pair the forward primer started from 1302bp and reverse started at 2319bp. The
BLAST result of the consensggjuence of the PCR produetisNCBI websitshowedhigh query cover
(99%) and Identity (98%) with the accession no DQE22 ofHordeum vulgarsubsp. Vulgare, sodium
transporterHKT 1;%ene, 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 emotypes.Interestingly, several Indelsease present at 2057bp to 209p (4
nucleotides, 20 nucleotides and 3 nucleotidasjhe two major haplotypesand based on this Indel all
selected barley genotypes divided into two main haplotype groups (Figuvéetihamed 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 $Ni# e subgrouped them in Al (3 genotypes), B1 (9
genotypes), B2 (2 genotypes) and B3éhotype) (Figure 4). Another sub growpsalso found within

the subgroup B1 and we called it B1(only 1 genotype). All haplotypes with their respective SNPs
positions aligned withthe barley gDNA sequence HKT1;5GenBank accession number DQ912159.1

are presented in Figure 4. @indelswere located in an intronZ0282098bp)region This indicatethat

the Indelsmay not change the proteirstructure directly because all introns are spliced out to produce
the mature mMRNASome other SNPs also located in the intron erdns regionsf the HKT 1;5ene in

our selectedaccessbons. Theeffects of these SNPs including Indels need to further exadhiitesee
whether they induced changes in the HKT1:5 protein that may impactritdibn.

For the 38 selected barley accessions that have a European origin, 25 belonged to main haplotype A,
whereas 21 from selected 25 that originated frofest Asia and North Africa (WAN#&presented

main haplotype B(Figure 5). This result indicatelsat 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 Alwasrepresented by 3 accessions, 2 from WANA and 1 from EA. Another sub group Bl
contained 9 accessions, 7 from WANA, 1 from EU, 1 from EA; Subgroup B2 cahiaicedsions from

AM and B3 subgroup 1 accession from AM. Finallyssbbgroup B4l was representedby only by one
accession from East Asia (Figure 5).
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Using thesalt evaluation data from Long et al. (2018) all the analysed accessions, the assioon of

ion concentations with the haplotype groupwas examined. Fromthe distribution of the different
haplotypesover the accessimit was observed that all accessions (except three) that have the main
haplotype Awith Indels (deletionshpad high tomedium shoot Naand shoot N&K" ratio group and

most accessions (except five) that have the another main haplotype B had lo{ityare 7) and shoot

Na'/K" ratio as wellHiglyda A Ay A FA Ol yi RAFFSNBYOS o6t nonnmd 61 a 1
content (mg/g DW) with an average of shoot'182.48 mg/g DW for haplotype A and 28.87 mg/g DW

for haplotype Band differencesvere confirmeddo @ CA &8 KSNX A& LINEnd différénBeRestt S a
(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 N¢19.33,18.43 mg/g DW respectively) (Figure 4 and 7). Another accession
BCC527 from susub group B4l, with only one change (T insteafl C compared to main group B, at

1840bp position, exon region) also contained the lowest shodt(N&23 mg/g DW) (Figure 4 @uT).

Subgroup AXgenotypes HOR 2800, BCC551 and HOR®288beight SNPs (all located in exon region)
compared to main haplotype A), had shoot ‘Nealues of 34.78, 47.91 and 41.95 (mg/g DW)
respectively. Another subgroup formed by HOR930, BCC003, BAETI26503, (BCC527;B4ubsub

group), BCC1474, BCC192, BCC118 and HOR 8113 accessions with several SNPs (both in exon and intron
region) compared to main haplotype B, had shoot ¢¢atent ranging from 27.68 to 61.06 (mg/g DW).

only one accession BCCB6orms 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 pastian)
contaired 31.05 (mg/g DW) shoot NéFigure 7).
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4. Discussion

In the firstpart of this study, we evaluated 184enotypesof a barley DH population on a hydroponics
system along with the two parents (BCC1491 and BCCudd¢r saline and control conditionwith

the aim tounravelmechanisms underlying salt tolerance in barlesomthe previous evaluation dataf
Longet al., (2013), it was reported that the parent BCCis48oderately salt tolerant and BCC1491 salt
sensitive.Longet al.identified and described two strong QTL on chromosome 4H and 6H in barley. The
QTLon chromosome 4Hvas associated witfon contents and further analysis with the barley genome
sequence pointed out thatlKT1;5s present in theQTL region, and is strong candidate gene for this
QTL. The other strong novel QarL.chromosome 6Hssociatedvith growth and physiological traitand

for the further analysis with the help of barley whole genome sequence, no informagasfound for a
possible candidate gene& number of genes may qualify and there is insufficient information to select
most likdy candidatesThispresent 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 abouthe QTL effecty performing furtherQTL and ion contents analysisThe
hydroponicsis a preferable and convenient way to identifiseful physiological traits contributirtg salt
tolerance and genes responsible for those traitsder weltdefined control conditiosrather than field
conditions.Field trials suffer fronuncontrollable factors such as soil heterogeneity and weather (Cuin
et al., 2010; Chen et al., 200everal successful screenings of salt tolerance in cereals including barley
were carried out on hydroponics and also identifieohgs/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 stueliesise of their prity

and genetic uniformityncluding 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 chromosomel®ng et al.suggeted further analysis for the validation and to
elucidate the mechanisms, gene(s) involved in the identified QTL region with the hibip admplete
barley genome sequencdhey suggested th#ite candidate gene(s) might have a role in osmotic stress
tolerance in barleyln our study we followed up on this suggestiosing 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. Waneasured the length of the third leaf of every plant at the second day of NacCl
applicationand withtwo days interval, at the time of final NaCl concentration (200 mM) to know about
the early effect of salt in our evaluated genotypAsubstantial redudon (40%) was found in salt stress
plant compared to controlwith highly significant differencesd t ~ n dfor emdtypeswith high
heritability (,°Y0.6)which indicaesthat the variationwasmostly controled by genetic factorsThese
results showthat early stress (osmotic stresajasencountered in plantsinder salineconditions,which

had an immediate influence on the growth of plards was reported byvlunns and Teste(2008). In
another study by Ortega and Teleisnik, 200Zimoris gayana20% shorr growth of fourth leaf in
salinized plants compared to control was reported and they stated that leaf area reduction is the main
cause for salinigassociated yield lossewhich agrees with the reduction in oarperiment

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

studz 6S F2dzy R KAIKt& aA3IyAFAOIYy(d RAFTFSNByOSa ot”

moderate to high heritability (0.55 to 0.93) which indiesithat the phenotyical variation was largely
attributed to bythe genetic factors.Theaverage 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 shdoroot ratio (50% less) (Tablg-ompared to controlvas similar to the reports of many

23

n



researchersand partly reflectsthe longer term harmful effects of salt due to the accumulation of toxic
ions in plant parts (Munns and Tester 2008; Nguyen et al., ;2Q8d2m 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 conditionsin both time point measuremest Higher chlorophyll contenin salt
stressedtomato plant leaveswas also reported by Chowdhury (2012) and suggettat it is due to
growth retardation (less cell expansion igalt stress plantsreduction in leaf length and aredhe
concentration of chlorophyihcreasegNajla et al., 2009\We measuredhe CC content in upper leaves

in every plants and it was reported that less chlorophyll conteas measurednh the bottom leaves in
saltsplant, which might be an indication of the accumulation of toxic ions" @al C) in bottom leaves

and reduced pbtosynthetic capacity of the stressed plants (Munns and Tester 2008; Dajic 2006).
Salinity was shown teeduce the chlorophyll content in salt sensitive genotypes compared to tolerant
onesin basil Ocimum basilicum Lgenotypes (Heidari, 2012) and theowith and yield of plants can be
associated with the chlorophyll content by interferimgth photosynthetic capacity (Tavakkoli et al.,
2011). We do not have ion content dasayet but the reduction in biomass, plant height, leaf number,
tiller number andhigher leaf senescence in salt stress plant compared to comagl indicatereduced
photosynthetic activity due to the accumulation of toxic ions (Munss and Tester, .ZDQBYorrelation
analysis also confirmed the negative correlation of leaf chlordpoyitent with leaf senescence, shoot
dry matter percentage, plant height, leaf and tiller number in sall aontrol condition (Appendix 11,

12). However, Sevengo et al., (2011) reported that higher chlorophyll content under salt stress plants
might be de to production of antoxidant enzymes which prevent the degradation of chlorophyll
content.

The salt toleranc€ST)percentage of the evaluated DH populatigaried a lot,ranging from 11.53 to
80.50,which resembled the values reportday Nguyen et al.(2012 in Stepte x Morex barley DH
population. The heritabilitpf 0.73 of STindicated that most of the variatiowascontrolled by genetic
factors. The DH populatiéhenean salt tolerancavas 33.444 very close to the medium salt tolnt
parent BCC149 (34.98% and higher than the sensitive parent BCC1491 (23.75kf8 finding reflected
that our barley DH population probably usedll salt tolerance mechanismef osmotic stress
toleranceNa’ exclusion and Nasequestration, earlier rerted by many scientists (Nguyen et al., 2012,
Long et al., 2013; Chen et al., 2007; Shabala et al., 2010; Mian et al., @@icl) also confes the
highersalt tolerance in barlegompared to othercereals.Salttolerance showedh normal distribution
andthe dispersal pattern of the salt tolerance over genotypaest of the genotypesangingfrom 20

to 40 percent with a few exceptiordemonstratedthat salt tolerance in barley ia quantitative trait
and controlled by mulple genes (Nguyen et al.,, 2012Xue et. al.,, 2009)Another interesting
phenomenonwas external salt secretion found in some genotypes (7) and few plemtalt setup
during the experimen A similar phenomenon also observedviiiscanthussinensisivan derSchootand
Chen personalcommunication) This may be the visual symptom of salt exclusion but we didseet
any correlationof this phenomenomwith the genotype salt tolerancperformance Some smaller plants
in both control and salt conditioalso performed well probably due t&ow growth rate as aesponse
to combat stress by saving energy (Zhu, 2001)thadesurvive better under stress because of efficient
resource allocations and less surface area.

The performance of our evaluated DH population related to different meastreéts under salt and
control condition showed substantighriation with moderate to high heritabilityh{,”10.55) indicating
that the variationwas controlled mostly by genetic factors. This observation demonstrdied our
phenotypic evaluation dataas good enough to go for further analysis for this DH populationnSw,
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it is necessary to perform further shoot and root ion contergasurement@and QTL analysis in relation

to the phenotypic evaluation results of the DH mapping population includingr ttveo parents
(BCC1491 and BCC149) to validate the QTL identified by Long in barley on chromosome 6H and to
explore other QTLs andy to find out responsible gene(s) underlying salt tolerance in barley.

The second part of this studypcused onthe HKT15 (sodium transporter) genallelic sequence
variation in previously evaluated (95) barley accessimm Lond2 d@ssociation mapping gulationand
explored the relationship between ion contergeographical origiwith the allelicvariation. We found

two main haplotyps (Figure 4)pased on several Indels which aBssociatedwith two main grouys,

one with high, medium shoot Nand anotherrepresentedlow shoot Na (mg/g DW)(Figure 6 and 7)
content (Table 1)In that association mapping strong QTlon chromosome 4H correlated with shoot

and root ion content under salt stress conditiovas identified and HKT1;5gene located in syntenic
regions in rice and wheat was suggested as the strong candidate gene for the salt tolerance by Na
exclusion mechaeim (Long et al., 2013)t was alsowell documentedthat HKT1;5gene 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 iexclbg xylem
unloading Munns et al., 2012Byrt et al., 2014Huang et al., 2008; Hauser and Horie, 2010; Byrt et al.,
2007;James et al., 2011).

Compaing the four geographicategions from which the evaluated genotypes originateost of the
accessiongrom Europe (EU) region belong to one main haplotype and containduigiedium shoot

Na’, whereas most of the accessions from West Africa and North Asia (WANA) with low sHoot Na
represented another haplotyp@~igure 5)Barley has a long cultivation aadaptationhistory 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 stBzsieys
cultivars from Europeind America performed well under favourable climatic conditions (Nevo, 2011,
Nevo and Chen2010; Nevo, 2007; Munns et. al., 200&ut may not be well adapted to saline
conditions.Stresses are the major driving force for evolution (Parsons 2005) arndlsadince variation

linked to the geographical origiwasreported 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 wagdentified originatedfrom North Africa (Long et al., 2013). It was reported that the wild
barley Hordeum pontaneun), progenitor of the cultivated barleyHprdeum vulgare evolved in
Southwest Asia and wild barley from more saline ar@zertile Crescentare able to maintan lower

values of relative shoot NaTheydisplayedan achipelagoof genetic variation ancharbors vast
adaptive abiotic and biotic resistance and tolerance gene(s) which can contribute signifiodnttyer
improvement of the barley and other cereddevo 2013; Blattner, 200630, our findings also refled

similar resultsreported by otherresearchersand this may giveanother opportunity to find out the

origin of theevolution of thelndels/SNPs

The identified Indelsare locatedin the intron regions of theHKT1;5gene and some other SNPs also
found in intron and exon regionsere compared to the barley gDNA sequenceHKT1;5GeneBank
accession number DQ912169.Thelndelsmay not directly affect the protein structure diKT1;5ene
but it is essential to further investigatthe importance of this Indelsyhether they might have any
significant role to change the protein structup@ssiblyby alternative splicingAS) Now the question
does alternative splicing occur the balley HKT1;5ene. From the literature it was found thix plants
more than 60% introns containing genendergo alternativespicingwhich produes a vast range of
MRNA isoforms (Eckardt, 2013; Naeem et. al., 2012; Reddy et al., 3pli8ng of primaryranscripts
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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 ASplents is largely unknown, stresses might have
dramatic effect on alternative splicing of preRNAs including those endad many spliceosomal
proteins especially serine/arginine rich (SR) proteifRReddy et al., 2013Staiger and Brown, 2013
Mastrangeb et al., 201Zeren et al., 2000Now, if an alternative splicing eventloeshappenin barley
HKTZ1;5 what will be the role of these identified Indelgith intron, are they involved to produce
different isoform of mRNA The first possible cause mdye due to the retention of theintron
containing thelndels in mMRNASelectioncan be operated by sequence changes which lead to generate
new AS events by changing splicing signals including binding sites of splicing factqStéjes)and
Brown, 2013. It is well documented that introng€anenhance gene expressipit is most prevalent in

plants and accauts for more than 50% of all alternative splicing events (Reddy et. al., B3EK et al.,

2008; Filichkin et al., 201&ichner et al., 203Reddy 2007. It was reportedy Cotsaftiset al., (2012)

that the Nd accumulation in a specific leaf sheath in rice might be regulated by correctly spliced
OsHKT1;4ranscript and they informed that GC splicing donor site of second intronteztean
instabilty in splicingIn another study in maize, with the retention of intron number 11, two different
transcript isoforms ZmrbohB | Y R YBYNDHSINKS S @2t SR o6& |t GSNYyIFGA@BS
several abiotic stimuli such as salinity, cold heat fromdgleneZmrbohB(Lin et at., 2009). In an analysis

of expression of all genes Arabidopsisit was reported that highly expressed genes contain four or
more introns, whichmight be anothersupportingfindings in favor obur assumption (Filichkin et al.,
2010; Alexandrov et. al., 2006; Eichner et al., 20Hbwever AS event can also be operated by exon
skipping/inclusion and it was reportabdat OSDREB2B1 is the common transcript of OsDRE2B gene with
a shorter open reading frame in nestress condition buin 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 aJ.2006; Qin et al., 2007)

With the help of Highhroughput sequencing techniqueslternative splicing can beaddressedand
dynamic changes in growth and development of plants under different environmental conditions and
stresses by the modification of protein structure (different isoforms of mMRNAS) for the adaptation of
plant speciecan be studiedReddy et al., 2013taigerand Brown, 2013Naeem et al., 2012). For the
determination of the contribution of alternative splicing in plant performancewd#s suggested to
perform correlation of transcriptomic profiles (transcript levels and AS) with the distribution of SNPs,
the phenotypes and the fithess of different accessioftaiger and Brown, 2013As 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 (intraetention and/or exon skipping/inclusion) might have

any significant role for the modulatintdgKT1;59ene expression and function during salt stress in barley.
Furthermore, we found two accessions (BCC907 and BCC913) with only one nucleotide
change/mutationcompared to main haplotype, represented the shoof Nantent 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 Nd in barley.
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5. Concluding remarks

The average third leaf length differencesid dry matter percentagén our evaluated population
indicates that variatiorior osmotic stresgolerance is present in the population, which may suppbe
assumptionthat the identified and described noveQTLrelated to growthand physiologicalraits on
chromosome 6H in barlegssociatiommapping studysegregates in th®H populatiorand is involved in
osmotic stress toleranc&he other measured traiti the DH populatiorlearlyreflect the detrimental
effect of salt inplant growth and developmentNow it is necessary to perform further analysis ifam
contents, QTLscandidategends) underlying the salt toleranceith the help of barley whole genome
sequence information From our sequence analysisitarestingly we found two different main
haplotypes and theseassociated with high and low shoot Nang/g DW) contentSo, it is essential to
further investigate the importance the identified Indeknd other SNB that differentiate the
haplotypes ard find out whether they might have any significanffect onthe protein structureof
HKT1;5eneby changing amino acid formaticaand to findout the functionalallele(s) contributingo
high, medium and low shoot Naontent (mg/g DW)n barley under salt séss

6. Recommendation

V To avoid experimental error, it is necessary to measure all the growth trgitellowing the
unique anduniform methods for every measurement.

V It is recommended to perform the sequencing of the sub haplotypes (15 genotggas) to
validate their appropriate groupr position

V Another interesting coinciderc the evaluated DH population of our current study originated
from two parents, derived from the two main haplotype groug& C1491h@plotype A from
Europe andilso comain medium shoot Navhereas BCC149 (PZhaplotype B from West Asia
and North Africa (WANA) regi@nd contain low shoot NaThisoffers another opportunity to
see the segregation pattern of the identified allelic variation over the DH populatiorired
association withmore and/or less shoot N&ontentby performing further sequenceanalysisof
the barley DH population.

V It would be interesting to correlate the sequence analysis reaflthe 95 selected genotypes
with the other measured growth &its (biomass, salt tolerance) and ions,(C&', M, K)
content from the Long experiment to explore the outconiesll possible dimensions.

V It is also suggested that for the CTAB DNA extraction method for barley, it is better to extract
DNA fromthe fresh leaves materials compared to frozen one.

V It is necessary to use empty envelgpwith similar weightdor the collectionof shoots and
roots of all plants.

V To get more information about osmotic stregarther investigationis recommendedor this
DH population such assmotic 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 frommxydap and other
photosynthetic characteristics.
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8. Appendixes

Appendix 1.Leaf senescence scoring scale and table

135 7 9
Morphology Yellow / brown leaf area (%) Rank number
Clear (green) 0 1
Trace 1-30 3
Severe 30-60 5
Delayed death 60 -150 7
Death =90 9




Appendix 2 CTABPlant DNA extraction protocol

[EEN

Switch waterbath on at 65°C.
Prepare buffer immediatly before use. Put buffer at 65°C to solve ingredients.
3 Take the 96 wells plate from the30°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.
Add 450 pl buffe(700 for Eppendorf tubdp the leave powder angortex (or shake) very well,
4 put it back into the plategyrinder for 45 sec. (put the plates in the clamps)
5 Incubate in a waterbatlat 65°C for 30 till 60 minutes. In between mix it a few times. Afterward cool in ice water IN the clamps!
Extract with 450 ul chloroform:isamylalcohol (24:1) (SEVA@DO for Eppendorf tubeput it back in the clamps
6 to keep the lids close when you shake them.
Mix well for 5
7 minutes.
8 Spin for at least 30 minutes at 2500 rpm. Longer seems better, between 30 min and 1 hour.
9 Pipet off 408450 pl aqueous phase.
0 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 offsupernatant into an isopropanol waste container.
13 Add 500 pl 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. -B® minutes. Pellet should be dry so no ethanol is left.
Resuspend DNA in 150 ul (prewarmed) 10 mM Tris (pid,0)5and Rnase (10ug/ml). | put 100 ul 650GnM Tris (pH 7;8,0) to it and 50 ul 210mM Tris with
20 Rnase.
21 Put the solution in the 37°C for 30 minutes to dissolve the pellet.

N
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Buffer stock solutions:

Extraction buffer stock: For 500 ml:

0.35M Sorbitol 31.9 g Sorbitol

0.1M TrisHCI pH 8.0 50 ml 1M TrisHCI 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 TrisHCI pH 8.0 100 ml 1M TridHCI pH 8.0
50 mM EDTA pH 8.0 50 ml 0.5M EDTA pH8.0
2M

NacCl 200 ml 5 M NaCl

2% CTAE 10 gr CTAB

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

10 mM TrisHCI
SEVAG: For 500 ml: 240 ml Chloroform TE buffer: pH8.0
10ml Isepropanol. 1mM EDTA pH8.C
Dissolve in requBuffer preparations:
use this one for 1 plate.
40 ml 60 ml
80
samples | 120 samples
Sodiumdisulfite 0.2g 0.3g Sodiumdisulfite (=sodium metabisulfite)
PVP40 08¢ 129 PVR40 (K2932) Sigma
Extraction buffer 16,7 ml 25 ml
Lysis buffer 16,7 ml 25 ml Pipetsolution in order as written here.
After the extractionbuffer, schake the tube well before adding the other :
Sarcosyl 6,7 ml 10 ml buffers.




Appendix 3 Kingfisher Flex MAXI DNA isolation protocol (from leaf to DNA)

There are 2 methods fagrinding the leaves (Retsch and the Tissuestriker), and 2 methods for isolating the DNA (Maxi and Mini). Each methachteiy sep
be explained. You must always combine one method for grinding and one for isolating th& Bépends on the amount of DNyou need which method for
DNA isolation is the best.

Grinding the leavesvith 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 aidbedo hat 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 sag®les on
5h bhe¢ /[ h{9 ¢I19 ¢;.9{ | be¢E[hDWhLbBDbDb59WOLEB{ROBDA{LbD] [hh{9b ¢1 9 /!11t/{
Harvesting and filling the tubes with balls will take you about 45 min per 96 samples.

Using dehydrated material or,rozen (instead of fresh) followed Hyy milling will provide excellent material. Add the lysisbuffer (with Rnase) after drymilling
the samples. Keep material from t§80°C in liquid N

For fresh leaves: Add 300 ul lysis buffer with 0,5 ul RNase (2 mg/ml) using a dispenser and close the caps..

Putthe blue holders on the white (bottom) adapter from the RETSCH apparatus put the black adapter on top of your tubesruienpootboth 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 ppeygring off the caps during incubation at 65°C 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 blimlder. 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 putamptes on ice.

DO NOT CLOSE THE TUBES UNTI L GRI NDI NG BECAUSE O6CLOSI NG, OPENI NG A
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 mgimihg a dispenser.
CAE GKS o0fdzS K2f RSNJ g6AGK (GKS (dzoS& 2y G(KS ¢A&adzS ({diskdareabindoshon ofifie tubds.S K2 f F

Grind the material for one minute. Check if all leaves are grinded.idiid Ehould 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 2B0ysis buffer with RNase to each tube.

(Then spin the tubes in the centrifugk ihin 3000 rmp).

Place the tubes ankolder in the brown press and tight the nuts (vleugelmoertjes) to prevent popping off the caps during incubation at G&PGioutes.
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 plae 120 ul elution buffer

After 30 minutes incubatioat 65°C in a water batspin the tubes in the centrifuge (5 min 3000 rmp).

¢KSY GF1S Hnn dA a3INBSY a2 dzL¥ FiralNRdd 60(ube&ds it plaieS Blaké sfirR thdtthd IS  § S
beads are very well suspended.

Now you can go to the Kingfisher.

1. Switch on the machine.

2. Select thesecond taljwith the person)in the screen OK, select DNA/RNA (protocol selection) OK, and select the maxi
protocol. PresSTARBNd the machine tells you whigilate 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 havehoove 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

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 354F CCGTTGTGCGCTAGCTTTTG
6 HKT1:5 2915 R GCGCATGTGTGACGTTCTTG
7 HKT1:5 113R AACAGGAGCAACCTGGTGAG
8 HKT1:5 1074 F GAGCAAGGGTTCAAGGACCA
9 HKT1:5 1649 R CCTCGAGTTGACCGACATGAA
10 HKT1:5 405F TGGTACACCTCCCAGTACAC
11 HKT1:5 411F ACCTCCCAGTACACTTGTGC
12 HKT1:5 554F TTGCCTCCAACAGAAGAAGC
13 HKT1:5 343F CTTCCATGAGCCCGTTGTGC
ACTIN EJ1HVACtAY145451H TCAGCTGAGCGGGAAATTGT
EJ18HVACtAY145451H GAAGCACTTCCTGTGGACGA

Selected primer set

S| No.| Primers name Squence (in 5-> 3' order) Amplicon size bp
1 HKT1:5 405F TGGTACACCTCCCAGTACAC 1308
HKT1:51713R CCATGTAGACCACCACGACG
5 HKT1:5 1302 F ATGCCGAACAACGAAGGGAT 1017
HKT1:5 2319 R CGGGAATCGGGAATGTGCTA
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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 i R R
_ _ P'Y2dzyu LISNJ Nb
Ingredients mix

10X PCR Buffer HPnn >t
dNTPs (16nM) non >f
Primer F (10 mM) noo >f
Primer R (1GnM) noo >f
Tag (Roche/Expand) (3.5 i noo >f
MQ MmndtT > f
Sample (gDNA) (280 ng/> )t HPnn >f¢
Total Hn >

PCR thermal profile

Steps Temperature Time Cycles
Initial Denaturation 94°Cc 2 min 1X
Denaturation 94°Cc 30sec 10 X
*Annealing 59°C and 62C 30 sec

Elongation 72°C 1 min

Denaturation 94°C 30sec 20 X
Annealing 59°C and 62C 30 sec

Elongation 72°C 1 min (+5 sec cycle elongation for ea

successive cycle)
Final Elongation 72°C 10 min 1X
Colling 10°C K -

*annealing temperatureG4°C used forHKT1;3105F1713R primer setnd 59°CHKT1;5.302F2319R primer set

V  PCR product checked by gel electrophoresis (3 t / w LINR RdzOl( ), Gel >f av
percentage (1%) and prepared by TAE buffer (1%).
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Appendix6. Mears, probability (Fpr))Jsd and CV for growth parameters of DH limesuding their parentsunderboth treatment (salt and control)

Fpr LSD(0.05)

Traits  Treatment Mean Treatment  Genotype G*T SD CV (%) Genotype Salt (T)
(M (G) (G)

PH1 (cm) SIC 14.1 ns *kk ns 3.70 18.0 2.4 2.90
PH2 (cm) SIC 26.0 i *kk ikl 5.70 14.8 3.7 2.27
PH3 (cm) s/C 44.6 ok Hhk Hohx 11.0 12.1 5.2 3.34
PH4 (cm) S/C 59.4 ok *kk rkk 16.0 10.1 5.8 3.79
LL1 (cm) SIC 6.47 ns *kk * 2.25 26.8 1.70 1.28
LL2 (cm) SIC 15.89 i *kk bkl 4.26 17.6 2.75 1.29
LLD (cm) SIC 9.42 ok *kk bkl 3.49 22.9 2.11 0.41
ca SIC 41.43 ns whk ns 6.92 14.0 5.69 8.06
ca SIC 43.69 o bl ok 6.85 10.7 4.57 1.62
LS1 SIC 4.18 b *hk Fhk 1.48 18.2 0.74 0.69
LS2 SIC 6.16 * *hk Fhk 1.35 22.3 1.02 0.95
LN1 SIC 5.090 ns *hk ns 1.24 17.5 0.87 1.74
LN2 SIC 11.027 b *hk Fhk 4.24 18.4 1.99 1.80
LN3 SIC 16.307 b *hk Fhk 7.59 22.1 3.53 2.83
TN1 SIC 2.051 ns *hk ns 0.78 27.9 0.56 0.70
TN2 SIC 3.419 * *hk Fhk 1.71 25.0 0.83 1.31
TN3 SIC 4.402 b *hk Fhk 2.58 25.3 1.09 0.82
SFW (g) SIC 10.02 ok *hk Fhk 9.33 44.2 4.34 0.23
SDW (g) SIC 1.39 ok whk ok 1.01 36.6 0.50 0.09
RDW (g) SIC 0.33 *x bl bl 0.14 31.7 0.10 0.04
RL (cm) SIC 43.85 * Fohk ok 15.51 20.7 8.90 7.06
DM (%) S/C 17.84 *x bl bl 7.64 30.3 5.30 2.75
S R S/C * whk ok 1.99 32.1 1.25 0.50
ST (%) S/C 33.44 ok 13.72 32.4 15.05

Significantatt = n ®n'p n P M N Pmsnom significant



Appendix 7 Mean performance of 184 DH lines and their parentasuredraits at harvestunder control andsalt 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 $M% C SDM%S RDW C RDW_ SRL C RL S S R C S R S ST (%)
1 2154 3.84 367 104 1712 2792 060 029 56.88 31.55 657 3.53  28.20
2 19.29 491 353 116 1842 2349 0.65 028 5840 39.83 556 4.19 32.72
3 2841 633 297 117 1193 1859 053 049 59.68 31.63 578 243  39.39
5 2425 429 323 090 1322 2088 038 024 7585 3215 9.12 375 27.71
7 1133 180 186 054 16.07 3026 030 025 5495 3508 6.12 218 28.90
8 1096 200 1.87 059 17.03 2948 0.44 024 57.93 34.95 435 242 3142

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 15.37 242 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 14.54 241 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 15 1.11 0.48 15.76 28.74 0.21 0.24 48.03 31.20 591 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



50
52
53
55
56
57
61
62
63
64
67
68
70
71
74
75
76
79
81
82
83
86
88
89
90
91
92
95
98
100
101

21.69
18.87
13.12
27.83
7.94

12.18
17.25
9.80

19.06
28.89
9.54

13.42
17.60
19.38
8.68

24.65
16.40
16.53
14.27
11.92
17.67
31.88
25.58
24.84
15.71
22.57
15.52
16.21
13.70
11.97
7.67

3.36
3.71
1.94
6.08
1.78
859
3.47
1.94
2.78
7.37
2.08
2.03
3.89
4.89
0.81
4.58
3.25
2.57
2.16
2.77
3.17
3.19
3.25
5.10
2.31
5.69
3.17
3.62
1.64
1.93
2.23

2.52
2.03
2.17
3.31
1.31
1.57
2.33
1.33
1.68
3.41
1.20
241
2.70
2.22
1.29
3.14
1.65
2.17
1.67
1.19
1.94
3.42
2.95
2.75
2.36
3.64
1.94
2.08
2.43
1.87
1.28

0.75
0.76
1.04
1.12
0.43
0.35
0.69
0.44
0.53
1.25
0.45
0.54
0.92
0.90
0.22
0.89
0.66
0.54
0.39
0.60
0.57
0.70
0.70
0.84
0.55
1.10
0.73
0.61
0.50
0.52
0.56

11.90
10.76
16.68
12.15
16.73
12.84
13.28
12.99
9.39

11.88
12.55
18.10
15.29
11.53
14.78
12.97
9.82

13.21
1161
10.24
10.93
10.90
11.99
11.07
14.72
16.63
12.09
13.15
17.74
15.49
16.57

20.40
20.52
53.01
18.50
23.70
23.48
20.16
22.44
18.86
17.03
21.76
24.96
23.94
18.17
26.98
19.70
20.38
21.35
17.48
20.70
19.73
22.09
20.97
16.20
23.84
21.71
22.67
16.60
32.51
26.99
24.89

0.43
0.39
0.47
0.50
0.23
0.30
0.50
0.32
0.47
0.54
0.30
0.40
0.46
0.37
0.33
0.55
0.30
0.43
0.33
0.29
0.40
0.59
0.54
0.53
0.36
0.56
0.32
0.42
0.51
0.31
0.26

0.26
0.24
0.18
0.35
0.19
0.17
0.31
0.24
0.28
0.32
0.17
0.23
0.31
0.32
0.13
0.30
0.25
0.19
0.21
0.29
0.25
0.30
0.32
0.30
0.18
0.37
0.17
0.27
0.20
0.14
0.26

48.30
58.68
55.68
58.33
48.75
44.83
60.73
50.50
53.03
60.05
51.23
57.78
50.50
55.78
64.02
56.35
48.48
53.08
48.13
52.73
51.23
55.48
63.38
60.30
58.45
72.05
59.40
56.13
58.35
57.08
50.00

28.53
36.78
33.80
35.93
34.93
28.48
42.38
31.83
35.70
30.43
31.15
33.12
34.88
33.60
25.24
32.55
30.18
34.10
31.48
32.73
32.23
30.48
30.78
30.25
36.20
37.73
31.38
27.75
26.75
28.05
32.40

5.92
5.22
5.12
6.79
6.63
5.42
4.66
3.90
4.04
6.38
4.15
6.04
5.98
5.93
4.37
5.84
5.25
5.30
5.28
4.13
4.79
5.76
5.64
5.37
6.31
7.44
5.67
4.93
4.89
6.17
4.63

3.06
3.29
6.23
3.27
2.27
2.03
2.25
1.49
1.87
4.02
2.90
2.09
3.04
2.89
1.79
3.03
2.64
2.84
1.77
2.12
2.27
2.36
2.35
2.82
3.25
3.01
4.46
2.59
2.84
4.75
2.22

29.76
37.32
47.81
33.69
32.63
22.29
29.51
25.75
31.55
36.58
37.08
22.51
34.07
40.43
17.49
28.42
40.15
24.88
23.35
50.63
29.38
20.47
23.73
30.45
23.09
30.15
37.63
29.45
20.47
27.67
43.36
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103
104
105
107
109
110
113
114
116
118
119
121
122
125
126
127
129
130
131
132
133
134
138
140
143
144
145
147
149
150
152

11.13
14.50
8.98

11.54
30.11
8.86

18.33
8.07

13.48
14.41
13.07
10.09
21.80
28.11
19.47
29.60
17.56
17.01
6.58

22.03
18.34
16.82
8.63

22.49
15.71
18.83
20.53
21.59
18.92
16.08
11.18

1.46
2.59
2.05
1.82
7.39
1.21
3.52
3.58
2.55
2.66
1.92
2.37
4.04
4.26
2.67
5.61
4.77
4.25
3.55
6.53
4.71
4.40
2.71
6.26
3.78
4.99
3.75
3.82
4.96
4.28
2.00

1.82
2.33
1.59
1.72
3.14
1.67
2.14
1.23
1.64
1.64
1.70
1.54
2.55
3.07
2.59
3.53
1.98
2.22
0.95
2.70
1.95
1.81
1.32
2.45
1.69
2.15
3.03
2.30
2.27
2.38
1.69

0.40
0.73
0.63
0.44
1.26
0.19
0.67
0.61
0.56
0.47
0.38
0.57
0.82
0.90
0.87
1.05
0.92
0.68
0.76
1.17
0.83
0.77
0.71
1.20
0.51
0.79
0.91
0.70
0.90
0.95
0.60

16.21
15.85
17.42
14.73
10.46
31.63
12.28
33.49
12.78
11.95
14.00
15.39
11.78
10.94
13.40
11.82
11.22
14.72
18.16
12.10
10.66
11.21
14.92
11.07
10.62
11.73
14.67
11.01
12.78
16.46
15.27

27.40
27.94
30.95
23.83
17.24
16.54
19.57
16.89
23.96
17.98
20.08
24.00
20.66
30.25
36.13
18.86
19.82
16.00
22.19
19.44
18.19
17.96
26.24
19.21
14.08
15.94
24.59
18.46
16.77
22.37
32.26

0.44
0.44
0.29
0.29
0.54
0.20
0.39
0.33
0.29
0.32
0.33
0.25
0.40
0.54
0.37
0.57
0.37
0.68
0.29
0.46
0.44
0.42
0.25
0.44
0.36
0.40
0.61
0.37
0.41
0.47
0.29

0.19
0.31
0.23
0.21
0.39
0.17
0.23
0.26
0.20
0.25
0.23
0.25
0.22
0.30
0.24
0.38
0.30
0.20
0.30
0.36
0.34
0.31
0.17
0.34
0.20
0.28
0.34
0.25
0.31
0.38
0.20

65.85
64.70
44.00
74.78
63.95
58.33
59.59
49.58
57.50
53.70
52.43
50.35
58.40
56.50
43.48
53.10
36.53
51.48
52.43
68.08
51.78
59.55
56.08
60.55
63.55
54.60
64.53
53.00
63.35
60.70
59.75

28.95
40.03
31.13
33.25
30.78
30.85
35.15
32.88
38.73
32.78
34.83
31.75
27.13
33.50
33.43
29.85
35.03
29.98
31.45
30.20
35.18
38.28
32.78
28.83
34.03
34.80
32.77
35.53
28.80
35.23
32.70

4.24
5.28
5.72
5.88
5.85
8.71
5.56
3.90
7.64
5.06
5.26
6.12
6.40
6.30
7.25
6.20
5.48
4.25
3.87
5.93
4.65
4.45
5.27
5.76
4.70
5.55
5.36
6.13
5.59
5.15
5.84

2.17
2.45
2.68
2.37
3.49
1.22
3.07
2.31
2.81
1.76
1.78
2.31
3.49
2.95
4.29
2.82
3.09
3.39
2.55
3.30
2.47
2.39
4.65
3.59
2.50
2.97
2.77
2.81
2.90
2.51
2.92

22.12
31.33
39.31
25.29
40.13
11.53
31.43
49.19
33.84
28.51
22.06
36.69
32.16
22.72
33.40
29.75
46.46
30.41
69.80
43.15
42.44
42.27
53.79
48.88
30.03
36.74
30.12
30.33
39.65
39.71
35.65
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154
155
156
159
160
161
162
165
168
169
170
172
173
176
178
179
180
181
183
184
186
188
190
192
193
195
197
200
201
202
204

7.61
8.20
8.44
23.86
9.78
4.84
9.19
11.37
10.40
17.66
21.97
22.88
17.22
15.91
16.01
11.77
15.62
24.50
15.24
28.78
20.63
9.71
3.39
39.45
5,905
14.84
7.02
19.72
4.62
5.71
11.80

1.59
1.47
3.20
14.46
1.76
1.43
0.98
1.10
2.52
3.69
4.93
5.46
5.14
4.07
2.34
2.57
2.92
233
2.80
5.76
2.94
1.41
2.33
7.96
3.72
2.50
0.88
3.28
1.84
1.54
2.47

1.57
1.26
0.95
2.88
1.48
0.59
1.38
1.93
1.35
2.18
2.35
2.56
2.01
1.47
2.29
1.89
2.08
2.82
2.45
3135
3.24
1.61
0.63
4.42
0.81
1.99
1.10
2.71
0.51
0.80
1.50

0.45
0.37
0.58
0.84
0.50
0.23
0.23
0.48
0.54
0.87
0.85
1.05
1.10
0.71
0.56
0.74
0.79
0.90
0.74
1.07
0.92
0.37
0.50
1.35
0.64
0.61
0.27
0.72
0.33
0.39
0.41

20.58
15.23
13.39
12.19
15.38
10.60
14.90
16.85
13.06
12.51
10.69
11.25
11.68
10.52
14.23
16.23
14.04
11.47
15.72
11.58
15.60
16.97
13.12
11.18
14.66
13.36
15.64
14.34
11.79
15.21
13.66

28.24
24.54
17.91
15.13
27.65
15.82
24.55
57.40
22.07
23.99
17.95
19.74
21.26
17.32
23.21
28.80
29.32
16.82
26.21
18.49
31.89
26.06
20.13
16.76
17.15
24.36
27.99
27.61
19.26
24.93
17.16

0.33
0.35
0.18
0.50
0.24
0.22
0.32
0.34
0.26
0.39
0.56
0.49
0.43
0.30
0.46
0.39
0.33
0.48
0.48
0.65
0.45
0.32
0.18
0.59
0.21
0.40
0.26
0.42
0.20
0.21
0.31

0.17
0.22
0.29
0.34
0.25
0.17
0.17
0.20
0.25
0.31
0.37
0.40
0.30
0.29
0.22
0.33
0.24
0.34
0.22
0.35
0.21
0.17
0.19
0.47
0.27
0.27
0.16
0.23
0.19
0.21
0.22

47.75
52.00
43.05
57.90
60.53
47.03
57.95
62.03
62.95
57.78
65.88
47.20
53.63
58.63
52.33
64.90
55.90
77.78
52.25
61.63
60.78
62.75
49.45
62.00
38.00
48.48
48.98
65.75
47.85
48.60
42.93

33.50
31.30
30.28
32.75
26.40
34.12
38.43
29.85
30.13
36.75
33.75
33.58
29.28
31.20
28.70
38.63
28.30
30.90
35.00
28.13
35.73
30.53
27.15
38.33
33.55
34.60
31.58
33.65
33.63
36.78
28.45

4.79
3.70
4.61
5.87
6.17
2.22
4.32
5.92
5.30
571
4.23
5.26
4.83
5.09
5.43
4.97
6.09
7.39
5.10
5.27
7.27
5.01
SLIE
7.53
3.89
5.21
4.39
6.55
2.76
3.40
4.85

2.69
1.69
1.99
2.51
2.06
1.37
1.48
2.40
2.25
2.93
2.31
2.73
3.71
2.41
2.65
2.23
3.41
2.66
3.47
3.10
4.18
2.30
2.44
2.89
2.32
2.32
1.48
3.64
1.72
1.85
1.93

28.66
29.17
60.53
29.08
33.45
38.98
16.30
24.74
40.00
40.02
36.06
40.92
54.85
47.96
24.34
39.02
38.10
31.74
30.00
31.79
28.24
22.83
80.50
30.54
79.01
30.53
24.68
26.48
53.00
48.75
27.50
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205
210
211
214
215
217
218
220
224
226
227
229
231
232
234
237
239
241
242
244
245
247
249
250
251
253
255
256
259
260
262

20.05
18.25
13.55
12.28
27.36
9.28

18.54
6.40

24.77
11.49
7.16

18.98
14.01
13.44
17.49
10.85
13.15
8.94

20.38
25.88
22.10
6.33

7.70

11.90
31.75
11.00
13.40
13.34
18.36
11.87
19.40

4.06
4.79
3.66
2.53
3.94
1.93
5.20
1.24
3.49
2.90
0.92
3.61
1.98
2.40
4.33
2.62
1.49
1.48
3.18
5.02
6.45
1.66
1.48
2.47
9.49
231
2.98
2.17
3.70
4.17
3.64

2.43
1.66
1.64
1.49
3.01
1.30
2.15
1.03
2.84
151
1.15
2.26
2.27
1.42
2.08
1.22
1.94
1.82
2.81
3.19
2.65
1.08
1.22
1.21
3.83
1.57
1.48
1.75
1.96
1.90
1.93

0.75
0.74
0.75
0.46
0.78
0.48
1.00
0.26
0.59
0.47
0.30
0.66
0.48
0.41
0.61
0.52
0.38
0.41
0.69
0.91
1.13
0.47
0.44
0.46
1.55
0.45
0.52
0.47
0.64
0.71
0.60

11.99
9.13

15.18
15.03
11.09
14.01
11.64
16.10
11.51
13.17
16.24
12.53
17.05
11.05
12.16
11.39
14.92
17.59
15.53
12.37
12.58
16.58
15.68
10.57
12.62
14.09
11.88
13.77
10.80
30.67
10.02

18.28
15.51
21.02
19.52
19.28
26.65
19.65
22.70
17.07
18.69
55.67
18.36
24.67
16.71
15.32
20.64
25.90
27.57
21.80
18.67
17.57
27.81
29.00
18.72
16.46
21.28
17.63
21.54
17.34
17.18
16.42

0.37
0.37
0.36
0.47
0.44
0.30
0.41
0.23
0.43
0.30
0.29
0.40
0.35
0.49
0.38
0.30
0.36
0.33
0.44
0.66
0.47
0.28
0.33
0.29
0.55
0.28
0.45
0.37
0.42
0.31
0.33

0.30
0.33
0.28
0.31
0.32
0.18
0.40
0.17
0.22
0.19
0.15
0.25
0.18
0.19
0.28
0.23
0.19
0.18
0.21
0.32
0.29
0.22
0.21
0.26
0.62
0.24
0.30
0.20
0.28
0.39
0.28

57.93
58.23
57.60
52.80
62.55
36.50
45.60
41.18
65.38
46.58
52.93
65.98
53.85
53.85
50.25
50.13
41.65
68.53
47.70
58.28
59.05
45.58
54.48
57.03
66.95
45.98
49.75
39.15
65.15
65.93
62.30

35.48
36.48
33.70
24.23
27.48
39.03
34.15
28.88
35.00
29.40
27.70
29.45
37.50
26.40
34.00
30.33
29.13
32.20
23.40
31.70
29.35
30.80
29.13
33.25
38.70
29.35
26.08
33.40
30.95
31.38
28.73

6.56
4.41
4.68
3.07
6.97
4.46
5.25
4.22
6.65
5.00
4.07
5.79
6.57
3.45
5.64
4.03
5.36
5.40
6.34
4.93
5.42
3.69
3.62
4.19
7.02
4.67
Sasill
4.68
4.84
5.94
5.84

2.66
2.21
2.76
1.57
2.33
2.76
2.50
2.48
2.74
2.55
2.14
2.69
3.40
2.07
2.32
2.22
2.63
2.29
3.23
2.85
3.97
2.14
2.07
1.77
2.48
1.70
191
2.25
2.21
1.86
2.23

30.76
44.28
45.58
31.04
25.83
36.73
46.51
25.05
20.77
30.96
26.09
29.09
21.04
28.52
29.45
42.62
19.72
22.39
24.56
28.37
42.55
43.06
36.07
37.60
40.34
28.34
34.80
27.02
32.78
37.50
30.96
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263
264
267
269
270
272
275
277
278
279
282
284
285
286
287
290
291
294
300
303
304
305
307
310
311
314
315
316
317
318
319

25.77
23.34
17.32
17.49
5.32

15.73
15.37
6.75

9.71

24.16
15.16
21.48
8.36

38.48
27.61
23.16
19.10
16.51
14.31
15.17
22.18
14.68
19.81
21.99
17.36
21.89
8.64

11.94
16.06
16.82
33.07

3.15
3.65
4.45
2.81
1.81
2.96
2.62
1.80
1.70
2.92
1.98
2.55
1.49
6.14
2.76
6.37
3.05
4.73
1.70
3.31
4.96
2.76
4.34
4.05
1.70
2.33
1.92
2.52
3.96
7.52
4.62

3.10
2.09
1.83
2.15
0.93
1.76
1.71
0.96
1.38
3.40
1.57
2.25
1.56
4.41
3.01
2.48
2.30
1.99
2.06
1.97
2.37
1.80
2.16
2.75
2.44
2.69
1.36
1.53
1.80
2.45
3.68

0.62
0.68
0.69
0.53
0.35
0.72
0.56
0.43
0.40
0.71
0.55
0.63
0.48
1.22
0.60
1.09
0.65
0.78
0.41
0.68
1.07
0.56
0.84
0.80
0.46
0.59
0.44
0.45
0.72
131
0.86

11.78
9.17

11.01
12.15
34.85
11.67
11.36
13.58
16.03
14.14
10.45
10.90
18.44
11.66
11.15
10.42
11.74
14.53
14.64
12.84
10.73
12.25
10.83
12.47
14.21
12.24
15.66
14.04
11.27
16.01
11.34

19.77
18.84
15.98
18.92
19.60
31.18
18.13
25.30
22.29
23.87
33.68
25.21
31.84
19.36
22.81
17.04
21.15
16.37
25.95
20.55
21.81
20.24
19.66
20.00
27.13
30.33
24.72
17.87
18.18
17.47
18.69

0.58
0.39
0.34
0.49
0.24
0.29
0.32
0.20
0.25
0.54
0.29
0.45
0.33
0.59
0.51
0.57
0.40
0.39
0.44
0.41
0.38
0.30
0.51
0.52
0.32
0.52
0.32
0.29
0.32
0.45
0.47

0.25
0.30
0.30
0.27
0.23
0.27
0.25
0.15
0.18
0.24
0.27
0.27
0.24
0.34
0.25
0.45
0.20
0.29
0.26
0.24
0.33
0.25
0.33
0.32
0.23
0.25
0.19
0.19
0.28
0.46
0.30

64.80
55.68
49.53
62.13
39.03
34.10
44.35
58.18
38.75
66.08
65.48
60.68
61.18
52.48
58.30
57.55
52.78
47.68
63.93
38.20
53.50
72.95
70.23
57.53
54.10
54.50
51.31
61.90
63.50
68.75
53.60

28.15
33.38
28.48
29.33
33.68
27.88
32.83
32.30
32.18
32.43
32.68
29.00
35.48
34.12
25.90
31.88
33.48
30.08
32.05
40.83
32.28
36.78
32.75
27.00
31.48
24.05
26.80
31.15
34.25
30.70
27.48

5.40
5.27
5.67
4.82
3.88
6.28
5.94
4.13
4.39
6.18
5.88
5.13
4.68
8.24
6.05
4.54
5.80
4.71
491
491
6.23
6.41
4.24
5.36
8.53
4.97
4.48
5.36
5.76
5.61
8.22

2.55
2.25
2.35
1.98
1.54
2.71
2.18
3.11
2.39
3.03
2.07
2.47
1.99
3.66
2.41
2.41
3.14
2.76
1.67
2.91
3.23
2.25
2.63
2.54
2.10
2.64
1.96
2.62
2.60
2.86
2.86

19.92
32.30
37.43
24.42
37.37
40.91
25.44
60.48
28.62
20.74
34.71
28.11
30.77
27.66
19.85
43.95
28.37
39.32
19.90
34.26
45.15
30.97
38.89
29.09
18.65
21.93
32.43
29.08
40.00
53.57
23.30
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320 23.24
321 36.89
P1(BCC1491 25.34
P2(BCC149 24.45

3.57
7.44
4.70
5.01

2.53
4.04
3.00
2.77

0.67
151
0.67
0.94

11.70
11.06
11.95
11.75

17.47
20.01
19.24
19.64

0.41
0.70
0.42
0.56

0.33
0.41
0.22
0.37

64.18
47.60
55.99
69.53

30.88 6.17
29.80 5.83
27.01 7.31
34.83 5.06

1.86
3.95
3.16
2.63

26.31
37.31
23.75
34.75
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Appendix8. Mean performance of 184 DH lines and their parentsrefiparvestharvestmeasured traits under control and salt

G_name

condition; Red mark with red text colour highest 20 value and green colour represents lowest 20 value.

00 ~NOo1TwN B

11
14
17
20
21
23
24
25
27
30
31
32
33
35
37
38
41
42
44
46
49

PH[1]_C PH[1]_S PH[2]_C PH[2]_S

19.55
21.55
21.00
14.65
15.93
16.70
18.58
16.05
17.43
16.65
16.80
14.30
14.55
17.90

9.58
12.50
14.38
14.48

8.60
14.43
15.20
16.10
12.50
10.45
18.18
12.30
12.93

18.23
20.63
20.55
15.08
16.65
16.15
20.70
13.93
15.30
14.95
19.20
14.43
14.33
19.33
10.68
11.45
16.25
15.40
10.40
10.98
16.63
15.03
13.30
12.80
17.50
11.33
11.38

28.10
37.33
31.95
29.70
32.35
33.00
33.80
33.65
30.50
32.45
30.30
29.50
26.93
31.60
19.83
27.23
30.10
27.83
17.75
27.00
27.65
31.23
26.85
21.03
32.85
29.28
29.43

29.50
31.88
25.93
27.23
26.38
25.40
30.73
24.93
24.00
25.15
27.78
24.40
21.38
27.55
17.93
20.73
25.20
24.78
20.75
20.58
23.68
23.73
20.25
22.08
25.38
22.45
19.60

PH[3]_C PHI[3]_S

63.00
59.70
53.42
57.67
59.62
63.62
58.65
62.40
52.62
61.87
55.82
62.22
50.95
58.80
46.67
51.37
51.85
59.75
45.92
51.75
48.25
59.17
49.92
50.42
57.00
47.72
47.62

46.25
50.30
35.87
35.47
41.65
44.60
42.90
38.95
33.30
39.45
45.82
37.35
37.50
40.25
27.42
29.87
32.05
43.20
34.82
31.17
32.50
33.52
30.95
35.85
34.87
33.80
32.05

PH[4]_C PH[4]_S LL[1]_C LL[1]_S LL[2]_C LU2] S

79.80
76.95
71.62
80.88
71.50
73.75
79.95
78.30
79.17
77.00
69.00
76.47
73.67
79.20
66.25
71.80
73.60
73.50
62.00
73.38
68.42
76.65
72.62
68.88
77.67
66.45
71.62

55.37
60.37
45.50
56.02
49.87
54.25
49.62
49.55
39.50
51.25
49.62
51.77
48.50
53.25
38.52
36.00
36.25
57.45
47.12
38.80
40.55
44.12
38.62
47.85
41.32
42.25
42.15

11.98
11.08
9.75
9.03
9.63
8.45
8.73
7.48
6.83
8.28
8.35
8.00
6.13
8.15
4.48
7.25
6.75
7.00
3.28
6.85
6.90
7.10
7.73
4.35
7.98
5.48
6.13

11.05
11.73
9.30
8.90
6.70
9.05
10.33
8.43
7.43
7.40
10.70
8.93
7.38
8.73
4.96
6.08
7.08
7.50
5.65
5.18
7.60
6.23
7.70
6.40
7.73
6.50
6.43

15.18
19.15
21.95
21.75
17.00
16.78
24.18
19.53
21.93
19.70
15.88
18.63
16.63
18.50
12.85
17.68
17.30
16.70
11.05
17.88
19.48
20.75
17.78
13.18
23.15
17.50
17.83

16.28
17.95
18.43
17.50
15.25
15.75
20.13
16.58
15.13
16.23
14.30
16.58
14.10
16.83
10.48
12.18
13.08
15.45
10.88
11.90
15.83
13.80
14.30
13.80
16.85
12.85
11.73
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50
52
53
55
56
57
61
62
63
64
67
68
70
71
74
75
76
79
81
82
83
86
88
89
90
91
92
95
98
100
101

17.10
15.23
13.43
17.50
11.68

i85
14.93
11.10
14.60
19.43

9.20
17.00
18.18
14.20
11.48
16.80
10.50
14.30
12.45
10.88
12.08
17.75
15.25
13.88
16.18
16.43
12.13
15.10
14.53
14.60
10.65

15.05
14.25
13.98
19.58
12.50
10.08
13.68
12.00
12.63
19.20
11.43
14.25
17.95
14.33

9.80
16.05
12.25
10.00
13.13
11.70
12.65
16.00
14.08
14.20
14.63
16.13
10.90
12.30
13.63
14.60
12.88

35.45
32.65
30.40
30.78
27.23
25.25
31.33
21.13
32.75
30.63
24.80
32.70
31.13
28.95
26.35
31.25
26.65
28.40
29.53
26.10
27.70
33.93
32.13
32.88
33.30
30.43
25.13
25.50
32.68
32.43
21.28

23.95
24.68
25.15
26.53
23.50
18.75
24.28
20.53
23.13
27.28
21.03
19.85
27.98
24.78
17.59
25.33
21.05
19.88
22.15
22.10
22.88
25.05
25.35
22.95
24.23
25.08
21.73
21.68
22.63
26.05
22.95

56.05
55.12
64.17
58.67
55.57
51.57
56.70
48.65
56.87
57.50
53.25
67.00
57.32
50.62
55.37
54.27
47.12
52.37
52.87
46.50
49.75
58.42
56.97
52.02
57.00
51.52
53.35
45.37
62.37
57.87
49.37

38.57
35.75
43.12
35.82
38.75
34.97
37.52
29.00
33.77
35.77
34.52
38.32
43.57
37.12
29.67
31.85
34.95
30.37
32.37
33.82
34.75
34.07
35.67
37.02
35.95
34.32
34.45
31.20
39.77
37.45
41.02

76.80
75.82
79.25
78.05
77.38
74.35
77.05
69.40
81.38
71.57
74.42
84.38
77.17
76.90
74.50
78.38
67.30
69.65
75.55
68.32
72.55
78.75
77.00
77.42
73.88
81.62
76.62
68.92
80.12
72.50
71.00

47.02
39.57
56.25
43.75
47.32
49.30
51.50
37.38
46.30
45.42
49.50
51.55
52.05
48.40
39.24
39.00
42.37
42.17
40.42
44.20
38.97
38.62
48.62
41.15
46.10
48.97
50.25
38.92
54.75
49.62
50.42

6.95
5.88
5.75
8.80
5.95
4.03
7.03
3:95
6.45
10.53
4.30
6.00
8.60
6.35
5.00
7.93
4.68
6.90
5.18
4.35
5.10
7.78
8.05
5.95
7.10
7.48
5.60
6.30
9.00
5.83
4.63

5.18
5.80
4.78
9.43
7.48
4.05
6.90
5.65
6.28
10.68
6.65
2.63
9.95
6.78
4.34
8.55
6.00
5.65
5.25
5.50
5.90
6.28
7.70
4.93
5.90
7.65
4.60
5.78
7.23
6.13
6.68

19.75
19.03
17.48
20.93
17.13
15.80
21.05
13.83
19.10
21.33
15.68
18.60
20.30
20.08
16.35
22.95
15.88
21.88
17.25
15.48
17.90
23.20
22.30
17.83
20.23
22.68
16.15
17.78
15.30
18.45
17.18

11.60
13.08
13.93
17.93
14.75
11.13
14.55
11.80
13.80
16.70
13.08

9.13
17.93
14.83
10.67
16.73
12.15
11.68
11.88
11.70
13.50
14.58
15.50
11.50
14.20
17.30
11.93
13.65
14.00
13.13
14.58
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103
104
105
107
109
110
113
114
116
118
119
121
122
125
126
127
129
130
131
132
133
134
138
140
143
144
145
147
149
150
152

13.58
16.48
17.38
12.18
17.10
10.35
17.29
10.15
15.63
12.38
11.00
12.48
12.58
15.50
14.73
17.93
15.55
15.13

9.33
14.88
11.90
13.25
13.75
15.50
12.63
14.85
16.00
13.25
13.75
15.43
12.78

9.80
18.05
17.68
12.18
17.55

8.83
14.00
11.00
14.50
14.53
11.03
12.95
15.28
14.90
12.90
18.08
17.13
11.03
15.43
14.60
13.40
14.43
12.45
16.40
12.48
15.25
15.85
11.43
12.40
15.40
16.28

30.68
32.08
28.20
29.08
31.30
22.50
32.59
22.25
31.13
29.30
29.15
26.35
29.43
28.93
32.63
31.50
31.70
30.45
19.50
30.83
29.30
31.38
22.23
33.43
29.50
32.05
32.10
31.78
28.80
30.60
27.68

20.68
27.13
25.25
23.70
26.88
16.88
23.45
19.55
25.53
22.13
19.65
22.55
24.88
24.40
22.40
28.00
23.95
21.55
21.35
26.18
23.30
24.23
22.98
27.48
22.30
26.85
26.50
21.78
21.85
25.28
24.00

58.17
60.75
49.62
60.27
56.12
47.37
56.94
46.95
60.87
51.05
51.52
50.95
56.05
57.07
56.20
59.55
53.97
50.00
37.00
54.92
48.50
49.20
50.77
55.92
46.90
56.10
55.95
51.37
54.57
51.12
50.50

32.75
42.97
40.77
35.35
39.47
27.35
34.67
30.50
39.30
33.65
29.50
38.57
33.67
35.62
34.67
41.17
35.80
30.52
34.00
36.92
38.90
36.27
42.62
44.62
33.02
40.07
42.37
36.75
35.27
37.45
41.02

74.25
78.50
67.32
76.12
76.30
67.30
74.19
68.12
76.27
74.55
70.50
71.35
75.07
74.88
72.30
80.00
71.62
66.38
58.50
74.32
73.55
70.32
66.80
78.05
71.42
79.25
80.32
69.70
73.47
72.30
66.55

44.80
52.50
46.35
45.75
47.12
37.05
45.05
42.10
49.12
42.82
38.25
45.25
46.72
47.12
51.27
44.25
46.85
42.87
43.62
45.07
48.05
45.25
55.22
53.97
35.70
48.17
59.87
46.20
40.92
47.27
52.92

6.63
9.05
8.93
6.03
7.05
4.80
10.59
4.18
9.13
6.48
6.93
4.80
6.63
9.23
6.30
7.90
6.23
7.73
3.70
7.28
5.23
5.83
3.85
5.65
5.25
6.90
7.83
5.83
6.60
7.03
5.60

5.20
8.28
10.85
6.40
8.18
4.58
8.55
5.43
9.85
6.18
5.70
7.70
6.90
8.65
5.25
8.03
6.98
5.95
6.88
8.40
6.50
5.88
8.08
6.23
5.60
7.65
7.70
6.23
6.15
7.60
7.55

18.70
15.83
17.30
19.68
21.58
14.88
25.28
13.73
19.85
18.50
21.20
14.55
19.23
18.43
21.05
22.83
20.85
22.05
11.40
20.83
15.80
18.53
11.78
19.68
17.70
20.88
19.00
19.38
20.05
19.28
16.43

11.93
15.48
14.60
13.88
17.05
10.30
14.88
11.85
17.30
12.95
11.80
14.83
14.08
16.60
12.53
16.10
15.88
13.63
14.20
16.83
12.38
13.53
13.73
15.13
12.20
15.80
16.75
12.83
12.40
15.20
14.23
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154
155
156
159
160
161
162
165
168
169
170
172
173
176
178
179
180
181
183
184
186
188
190
192
193
195
197
200
201
202
204

15.15
12.13

8.15
17.83

8.55

6.60
12.83
14.43
10.80
14.95
15.10
19.75
12.43
13.48
15.48
14.65
13.63
17.73
18.28
19.23
16.50
11.33

6.05
20.75

7.28
12.25
12.85
13.93

7.55

9.50
11.90

14.93
10.33
11.58
16.98
11.90

8.08
10.68
12.90
11.20
16.88
15.13
17.83
16.43
13.98
12.50
15.95
12.60
15.90
15.33
19.40
13.43

9.75

9.36
19.13
11.28
12.43
11.76
12.40

9.03
12.43
10.50

35.30
27.60
15.48
33.40
23.08
17.48
27.70
30.23
27.45
32.08
30.70
30.90
28.43
28.45
31.60
31.08
31.00
32.53
32.15
32.23
31.35
27.83
16.63
36.18
16.23
29.33
29.00
31.23
19.48
19.58
24.88

26.10
19.63
21.83
27.20
17.88
15.78
19.00
24.73
21.83
27.40
24.38
26.38
24.73
22.33
22.48
27.33
23.95
25.23
25.80
29.15
22.08
19.68
18.30
28.75
21.25
23.55
20.17
24.95
18.18
20.95
21.20

59.80
47.10
35.62
58.67
56.50
43.62
55.75
53.85
46.62
59.70
53.32
54.65
51.50
44.50
56.72
61.60
53.80
55.00
61.07
60.80
62.70
55.15
42.67
60.00
37.42
58.15
53.20
56.50
42.37
44.32
44.95

41.22
34.42
31.80
38.52
36.67
28.65
30.50
39.92
33.57
38.40
33.05
34.92
36.12
31.22
39.47
45.35
35.27
35.05
41.35
38.20
36.30
32.80
31.03
42.40
31.97
38.50
33.33
43.40
29.57
32.55
28.82

73.88
70.67
64.30
85.00
73.77
67.67
72.50
69.50
67.85
83.12
74.52
74.55
72.50
70.62
78.38
79.25
75.55
77.75
75.55
82.38
78.30
72.07
54.75
78.62
63.25
76.12
65.02
78.05
70.12
68.15
65.57

50.62
47.92
33.77
45.25
47.60
45.80
47.37
43.25
44.37
57.05
41.42
40.25
43.57
38.25
53.10
58.25
39.45
41.77
53.67
44.40
50.05
44.90
42.39
49.22
38.20
52.65
43.79
56.22
41.32
46.82
39.95

8.68
4.20
2.78
8.20
6.35
1.70
5.23
6.50
5.05
6.40
7.10
7.88
6.13
5.40
5.63
8.33
6.35
8.05
9.03
7.55
8.15
7.35
1.98
9.90
2.50
4.50
5.38
6.55
2.08
3.33
6.15

8.28
4.70
6.30
8.75
6.78
4.40
4.05
10.35
6.38
7.13
7.20
8.03
6.43
5.90
5.15
9.05
6.45
7.18
7.18
9.08
6.48
4.75
4.30
8.75
6.95
5.83
6.80
6.43
4.95
5.78
5.63

12.53
17.00

8.65
22.15
11.63

7.53
17.75
17.85
15.85
20.70
22.10
21.33
18.30
17.00
20.55
19.28
17.93
23.05
18.48
24.33
20.63
16.18

7.99
24.95
11.10
19.23
14.18
20.75

A S
10.83
18.35

16.33
11.10
12.90
18.08
11.63

9.50
10.95
14.00
12.38
16.00
15.05
16.88
14.80
13.48
12.53
17.35
14.63
14.13
15.68
18.45
14.65
11.05
10.03
17.45
13.13
12.53
12.03
14.65
10.95
13.53
13.83
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205
210
211
214
215
217
218
220
224
226
227
229
231
232
234
237
239
241
242
244
245
247
249
250
251
253
255
256
259
260
262

14.38
11.90
12.00
15.60
16.50
12.45
14.23

9.85
14.73

9.93
12.50
15.93
13.48

9.85
13.10
11.38
11.90
12.80
14.58
16.55
16.25
10.85

9,815
12.45
20.70
10.75
11.20
11.35
17.55
12.85
15.38

14.25
12.83
12.83
16.15
14.63
12.10
17.45

9.77
12.13
10.35
12.40
13.63
14.00

8.63
12.78
10.60
12.13
13.08
14.03
16.05
16.75
15.08

9.75
11.83
23.60
10.75
11.95
12.37
14.50
13.35
12.63

29.20
27.73
26.80
30.18
31.43
27.90
28.75
20.85
31.63
28.53
29.70
32.88
29.58
25.13
31.33
26.18
27.78
28.78
35.88
37.00
28.73
25.38
24.58
25.60
34.48
18.18
24.58
25.55
30.48
29.80
32.00

23.85
22.78
22.15
21.90
23.38
25.20
26.80
18.17
22.53
19.53
21.60
23.13
24.93
17.05
23.38
19.73
23.05
19.68
24.70
26.55
23.25
24.68
18.43
21.50
27.73
19.78
20.43
20.49
22.45
24.13
20.80

60.47
49.50
47.57
49.55
54.02
55.50
53.72
51.37
55.12
51.52
56.05
55.57
54.47
45.62
50.65
46.17
54.50
57.87
61.42
61.35
53.22
55.67
52.55
44.87
56.75
45.02
49.30
54.62
52.77
53.10
53.17

30.87
35.67
32.05
31.32
36.22
41.67
37.65
30.80
35.42
34.02
34.52
38.25
37.07
29.50
37.57
33.15
38.20
38.92
37.95
39.87
39.77
39.72
32.40
34.27
41.57
31.32
33.97
35.70
35.70
38.05
34.77

73.97
72.50
68.10
68.88
76.42
65.12
73.05
69.25
72.67
74.38
71.25
76.55
14.77
65.88
79.05
67.90
75.88
75.25
82.55
84.80
71.62
77.25
75.12
73.88
78.60
68.12
66.92
74.35
72.72
76.50
70.12

43.55
41.00
45.67
35.12
47.82
54.82
45.97
39.83
41.62
41.17
41.87
45.85
47.00
42.75
45.02
39.27
47.37
49.47
42.82
41.10
45.62
50.87
48.00
43.30
48.87
44.47
38.80
49.14
42.75
47.52
41.75

7.78
5.78
5.55
6.55
7.13
4.45
7.55
13.30
6.95
4.95
8.73
5.73
5.93
4.45
5.68
3.83
6.05
5.88
5.75
7.40
4.85
4.95
3.50
4.05
7.13
3.05
4.45
6.25
6.03
5.68
5.73

7.30
6.40
5.50
7.03
6.98
4.78
7.43
4.98
6.38
6.03
5.50
4.40
6.13
3.90
5.85
4.60
5.85
6.60
5.90
8.38
5.90
6.75
3.85
6.08
5.58
4.83
5.98
4.64
5.33
7.48
6.10

21.63
17.88
17.83
17.38
20.80
17.05
19.38
12.48
20.88
15.08
13.60
20.10
16.73
15.65
18.65
ikeier)
16.73
13.88
18.08
21.35
16.98
14.50
10.68
15.05
23.23
12.58
15.30
16.80
20.50
17.58
18.30

14.53
13.45
12.93
12.53
14.68
12.90
16.88
10.13
13.60
10.38
13.23
12.15
14.88

8.95
13.15

9.83
13.25
12.20
13.48
15.28
14.88
15.40

9.80
12.50
15.10
11.80
12.68
11.37
12.98
13.90
11.50
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263
264
267
269
270
272
275
277
278
279
282
284
285
286
287
290
291
294
300
303
304
305
307
310
311
314
315
316
317
318
319

16.20
13.50
10.70
13.80
10.03
11.58
12.53
16.13
11.00
19.90
11.53
14.20
14.38
22.20
15.15
15.43
13.03
14.43
13.05
14.70
15.10
13.20
15.33
17.50
13.23
15.75
13.62
12.45
14.38
21.25
17.65

12.38
14.50
15.50
13.50

9.30
12.23
10.78
15.80
12.85
17.15
12.80
15.33
13.48
22.00
12.93
17.18
15.30
14.50
10.73
15.63
16.15
12.35
16.13
16.45
12.15
13.15
12.33
11.18
14.28
20.78
15.48

34.13
28.93
24.28
31.15
21.43
27.40
24.98
24.88
21.63
33.10
27.30
28.93
29.55
33.43
29.43
30.83
30.98
25.20
29.88
30.30
29.75
31.08
32.10
31.30
30.43
30.28
28.13
27.53
32.33
28.78
31.70

23.20
22.40
25.03
24.58
17.23
21.90
18.18
21.98
22.80
25.28
21.75
23.03
23.13
27.93
20.98
25.43
20.93
23.25
19.20
23.95
25.68
22.08
24.33
24.65
22.03
20.13
18.90
20.13
23.73
28.23
23.50

54.75
50.67
49.87
51.75
40.55
51.45
49.50
45.50
47.37
61.90
49.12
50.55
60.02
59.42
52.85
50.75
55.87
48.20
54.95
57.12
53.25
49.50
52.15
50.20
57.90
48.00
56.37
50.87
51.60
53.92
59.45

31.57
36.90
34.95
32.75
30.67
32.87
28.30
30.57
32.92
38.72
32.37
36.27
38.00
39.20
34.10
38.45
32.45
32.97
34.32
38.37
39.87
32.85
36.92
38.17
38.50
35.25
31.62
31.32
38.07
36.00
35.05

75.15
73.20
71.55
73.27
58.88
72.25
72.75
66.45
68.72
82.70
69.75
74.70
73.42
79.00
79.10
72.50
76.25
65.92
71.50
78.38
74.50
66.82
73.12
73.50
83.47
74.62
74.18
67.75
74.10
75.67
74.77

36.95
44.10
40.67
41.42
40.87
41.15
33.02
37.07
44.87
53.52
40.25
44.10
49.30
46.65
39.50
44.55
50.47
42.62
45.77
51.00
41.12
42.52
43.17
47.67
51.92
43.00
41.50
40.87
42.05
44.37
37.52

7.60
5.80
5.95
6.18
2.68
5.68
6.20
5.10
6.20
8.90
4.85
5.15
5.93
12.48
5.58
6.75
5.13
6.00
5.80
5.68
5.20
5.03
5.43
6.08
5.40
8.80
7.35
5.20
5.53
7.43
7.03

5.98
6.75
8.00
5.88
3.20
6.95
4.93
3.88
6.78
5.80
5.65
5.73
6.08
7.83
5.75
7.38
4.60
7.15
SAo5
5.35
6.40
5.83
6.68
5.68
6.78
7.00
5.55
5.55
6.10
7.60
6.80

21.48
18.05
16.75
18.53
11.53
16.95
16.78
12.33
13.93
19.73
15.08
18.33
17.93
22.98
17.20
19.83
18.40
15.55
18.25
16.90
18.95
18.58
16.90
21.00
20.38
19.23
14.19
17.88
18.25
22.85
21.18

13.08
13.85
15.93
13.18

8.58
13.75
10.93

9.95
13.75
15.10
12.55
12.90
14.18
17.08
11.65
14.55
10.98
15.38
10.68
12.43
14.83
12.40
13.50
14.13
14.28
14.05
11.13
12.15
13.00
17.58
14.43
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320

321
PYBCC1491
PABCC149

G_name

0 ~NO1TWwN Bk

11
14
17
20
21
23
24
25
27
30
31
32
33
35
37
38
41
42
44

15.10
22.55
14.60
16.10

LLD C
3.20
8.07
12.20
12.72
7.37
8.32
15.45
12.05
15.10
11.42
7.52
10.62
10.50
10.35
8.37
10.42
10.55
9.70
7.77
11.02
12.57
13.65
10.05
8.82
15.17

13.68
21.90
13.30
16.70

LLD S
5.23
6.23
9.13
8.60
8.55
6.70
9.80
8.15
7.70
8.83
5.09
7.65
6.73
8.10
5.51
6.10
6.00
7.95
5.23
6.73
8.23
7.58
6.60
7.40
9.13

31.15
34.23
32.00
31.00

CGl].C
42.40
50.62
40.65
36.10
35.10
45.10
43.77
45.72
47.30
35.20
45.82
35.72
42.00
46.00
34.82
48.62
54.42
48.22
35.42
45.35
43.32
40.52
44.85
33.65
48.47

21.73
28.10
24.90
24.60

CGl]_S
41.83
47.33
43.78
41.95
45.73
38.63
43.60
40.03
42.30
40.43
40.30
37.93
43.95
43.05
37.33
51.90
50.05
56.00
39.08
45.58
44.00
43.35
46.98
33.88
44.13

52.55
54.37
59.30
51.20

32.25
38.12
38.20
35.90

74.38
74.95
83.30
72.60

38.00
43.45
44.50
44.40

SPAD[2]_C SPAD[2]_¢ LS[1]_C LS[1]_S

44.07
55.92
38.92
39.20
43.72
46.80
37.70
40.85
40.40
45.95
46.42
41.02
58.97
48.67
42.52
44.47
42.10
42.67
38.70
38.80
39.57
43.72
44.15
42.87
37.22

46.58
51.98
51.25
51.85
45.90
51.38
47.35
48.78
50.30
46.90
41.30
43.03
49.58
49.85
42.38
51.88
52.48
49.35
46.75
49.38
52.40
51.78
45.60
44.43
45.08

3.00
2.33
3.00
2.67
3.17
2.83
3.00
3.33
2.83
2.67
3.00
3.17
3.00
2.83
&Lk
4.00
2.67
3.00
ELekE
2.67
2.67
2.67
3.00
3.17
2.67

5.50
4.00
4.50
5.50
5.67
6.00
4.67
6.17
5.33
5.17
6.00
5.67
6.17
5.67
6.33
5.17
4.17
5.83
6.00
5.83
5.50
4.50
5.83
6.33
5.67

6.13
7.60
5.39
6.62

5.45
7.28
5.37
6.21

LS[2]_C LS[2]_S

5.50
4.33
6.50
5.67
4.50
5.00
7.33
5.83
6.17
4.50
3.83
4.83
5.67
4.83
5.00
5.83
5.00
3.67
5.17
4.17
5.83
5.50
5.83
5.67
7.00

6.17
5.33
5.00
6.17
6.67
7.83
5.83
7.33
6.33
6.67
7.33
7.33
7.00
7.67
7.50
7.17
6.83
6.67
7.00
6.17
6.50
6.33
6.50
7.67
7.00

19.48
23.73
19.47
18.09

12.13
17.63
13.06
14.13
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46
49
50
52
53
55
56
57
61
62
63
64
67
68
70
71
74
75
76
79
81
82
83
86
88
89
90
91
92
95
98

12.02
11.70
12.80
13.15
11.72
12.12
11.17
11.77
14.02

9.87
12.65
10.80
11.37
12.60
11.70
13.72
11.35
15.02
11.20
14.97
12.07
11.12
12.80
15.42
14.25
11.87
13.12
15.20
10.55
11.47

6.30

6.35
5.30
6.43
7.28
9.15
8.50
7.28
7.08
7.65
6.15
7.53
8.24
6.43
6.50
7.98
8.05
6.08
8.18
6.15
6.03
6.63
6.20
7.60
8.30
7.80
6.58
8.30
9.65
7.33
7.88
6.78

40.47
49.65
42.72
47.92
37.00
43.65
40.77
36.52
43.45
42.02
39.32
49.72
32.60
41.12
40.15
42.02
39.80
44.35
37.90
42.70
38.17
38.02
37.82
48.65
45.90
44.10
37.25
47.65
37.02
38.30
38.45

46.03
55.33
42.75
43.73
40.08
43.35
49.80
38.35
42.83
38.18
40.73
47.33
35.98
34.75
39.13
40.43
39.69
51.25
44.55
41.13
41.30
42.65
43.33
44.83
41.68
43.95
36.83
52.28
45.18
41.80
38.68

42.70
46.20
38.32
34.45
50.50
39.87
40.52
35.45
33.15
41.85
35.70
38.47
32.47
48.12
41.50
37.87
43.45
39.12
32.72
41.90
37.77
35.82
37.72
39.70
40.62
36.27
40.75
40.12
34.77
40.22
50.47

46.98
52.95
48.00
46.25
49.10
47.78
46.28
39.53
47.18
40.35
45.53
49.88
40.90
47.63
53.23
47.58
47.36
51.10
44.33
50.18
43.60
51.70
46.90
50.58
50.05
48.85
42.90
51.33
47.43
47.58
48.90

2.00
3.00
2.67
2.67
2.17
3.00
3.17
3.17
2.83
2.67
3.17
2.83
3.17
2.83
3.00
2.83
3.17
2.83
3.17
2.83
3.17
3.17
3.17
2.83
3.00
2.33
2.83
3.00
&Leke
3.17
3.33

3.17
4.50
5.33
4.83
3.50
6.83
6.67
6.00
4.67
5.83
6.50
5.17
6.33
5.67
5.67
5.17
5.96
4.83
6.00
4.83
6.50
4.83
5.00
4.33
5.33
4.50
5.67
3.83
5.00
4.67
6.67

4.83
6.50
4.50
6.00
3.67
6.50
5.83
5.17
5.33
4.67
4.17
7.00
6.50
4.67
5.33
5.33
4.50
5.50
5.33
5.33
5.50
6.67
6.00
6.17
6.50
5.33
6.33
4.67
5.50
6.50
5.00

5.67
5.67
6.67
6.67
5.17
8.00
7.50
7.50
6.17
6.67
7.50
6.67
7.17
6.00
6.50
7.00
7.66
6.17
7.00
6.00
7.17
6.17
6.67
6.17
6.83
5.17
7.00
6.00
6.17
5.67
7.50
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100
101
103
104
105
107
109
110
113
114
116
118
119
121
122
125
126
127
129
130
131
132
133
134
138
140
143
144
145
147
149

12.62
12.55
12.07

6.77

8.37
13.65
14.52
10.07
12.76

9.55
10.72
12.02
14.27

9.75
12.60

9.20
14.75
14.92
14.62
14.32

8.62
13.55
10.57
12.70

7.92
14.02
12.45
13.97
11.17
13.55
13.45

7.00
7.90
6.73
7.20
3.75
7.48
8.88
5.73
6.33
6.43
7.45
6.78
6.10
7.13
7.18
7.95
7.28
8.08
8.90
7.68
7.33
8.43
5.88
7.65
5.65
8.90
6.60
8.15
9.05
6.60
6.25

42.12
36.17
34.70
41.62
36.45
38.42
45.72
39.50
42.38
37.57
36.25
43.70
37.45
39.30
36.12
41.87
41.30
50.90
41.22
48.60
36.55
45.40
36.32
39.50
29.20
39.90
.85
35.32
35.40
39.80
42.92

41.90
43.35
37.10
38.00
38.40
41.25
46.83
35.48
38.50
39.03
35.93
41.68
40.48
40.63
40.73
43.13
39.45
45.23
41.88
45.10
42.83
40.48
43.73
42.35
38.20
45.55
42.08
40.40
39.18
41.78
40.08

42.92
39.57
40.75
44.87
47.15
40.30
41.72
35.27
32.92
35.05
40.80
36.35
32.80
47.50
41.60
37.32
42.07
38.40
37.57
39.15
34.00
38.50
36.35
41.00
37.20
36.85
32.45
40.37
39.52
35.47
38.65

44.90
51.63
48.88
46.90
51.60
49.23
51.20
44.45
43.35
46.13
43.18
44.88
41.40
50.48
42.80
49.93
47.43
47.88
47.13
48.30
46.43
46.93
47.05
50.15
48.43
50.05
40.50
46.70
47.85
45.10
52.88

2.50
3.50
3.17
3.33
3.17
2.83
2.83
2.67
2.78
3.00
Lok
3.33
2.83
3.33
3.00
3.00
3.00
2.83
2.83
3.00
3.17
2.50
3.00
2.50
2.33
2.83
2.67
2.83
2.67
2.67
2.50

5.33
5.67
5.33
5.33
5.00
5.50
5.00
6.00
4.83
5.17
6.33
5.83
5.00
5.67
5.67
4.83
5.83
4.17
5.50
4.33
4.67
5.17
5.00
3.83
5.33
5.17
6.50
3.83
5.17
5.33
6.17

3.17
5.00
5.00
4.17
5.33
4.67
6.00
6.00
5.44
7.17
5.50
6.00
6.50
4.67
6.17
6.33
4.50
6.83
6.83
5.83
6.83
6.50
6.33
5.17
2.83
6.17
7.17
6.17
6.17
5.67
6.33

7.17
6.17
7.50
6.67
6.00
7.00
7.00
6.50
6.50
6.17
7.83
6.50
6.17
6.50
7.17
7.00
6.67
6.17
7.00
5.50
6.00
6.00
6.00
5.83
6.33
6.33
7.83
5.50
7.00
6.50
7.17
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150
152
154
155
156
159
160
161
162
165
168
169
170
172
173
176
178
179
180
181
183
184
186
188
190
192
193
195
197
200
201

12.25
10.82
3.85
12.80
7.87
13.95
5.27
5.82
12.52
11.35
10.80
14.30
15.00
13.45
12.17
11.60
14.92
10.95
11.57
15.00
9.45
16.77
12.47
8.82
5.47
15.05
8.60
14.72
8.80
14.20
7.25

7.60
6.68
8.05
6.40
6.60
9.33
4.85
5.10
6.90
4.84
6.00
8.88
7.85
8.85
8.38
7.58
7.38
8.30
8.18
6.95
8.50
9.38
8.18
6.30
5.72
8.70
6.18
6.70
4.08
8.23
6.00

42.50
39.75
37.95
49.35
34.57
48.55
38.32
27.65
43.20
37.55
40.27
46.32
37.50
52.65
39.67
39.52
35.70
37.60
46.17
38.25
41.05
44.85
42.90
Sl
29.64
43.57
39.27
40.20
35.20
41.77
33.85

45.15
39.88
37.60
41.05
41.78
44.63
39.03
40.18
36.43
36.38
39.13
39.65
43.63
44.98
42.55
41.35
35.83
39.18
42.85
42.50
39.58
42.45
42.58
38.50
39.07
46.65
49.05
43.35
34.84
39.05
42.23

38.95
39.67
50.25
43.25
39.50
43.62
40.32
36.75
41.22
43.27
36.50
35.17
39.37
39.57
39.42
36.87
40.22
43.12
37.72
38.62
43.40
42.87
44.80
41.00
30.99
41.37
36.47
38.90
37.40
42.05
38.07

47.60
55.30
48.15
48.35
49.18
48.90
49.18
45.30
43.05
42.90
50.20
49.90
50.90
51.08
46.20
47.70
44.13
53.53
48.40
48.13
51.15
46.90
51.00
49.68
48.38
45.70
51.18
46.48
44.51
40.30
47.40

2.50
3.17
3.17
3.17
Sl
3.33
2.83
3.50
3.00
2.83
2.67
3.17
3.00
3.17
3.00
2.50
2.83
3.00
3.50
2.67
3.00
Sl
3.00
3.17
3.95
3.00
3.50
2.67
3.17
2.83
3.00

4.00
5.50
5.00
5.67
5.00
5.50
5.17
6.00
6.50
5.50
4.83
5.67
4.17
4.67
5.00
5.17
4.33
5.33
6.17
5.67
5.00
5.67
5.83
6.50
5.20
5.33
4.83
5.00
6.53
5.00
5.67

7.67
5.67
4.50
4.17
6.17
7.00
5.50
4.50
4.50
4.50
4.17
5.50
5.67
7.00
6.33
5.33
4.83
3.83
5.33
7.67
6.33
6.33
6.67
5.50
5.66
6.17
5.17
6.17
5.50
5.33
4.67

6.00
6.00
6.00
6.50
6.50
7.17
7.00
7.00
7.83
6.33
5.33
7.00
5.67
7.83
6.33
7.00
6.50
5.17
7.33
5.67
5.83
6.83
7.33
6.83
6.76
6.17
6.33
5.50
7.87
6.50
6.83
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202
204
205
210
211
214
215
217
218
220
224
226
227
229
231
232
234
237
239
241
242
244
245
247
249
250
251
253
255
256
259

7.50
12.20
13.85
12.10
12.27
10.82
13.67
12.60
11.82

8.17
13.92
10.12

4.87
14.37
10.80
11.20
12.97

9.50
10.67

8.00
12.32
13.95
12.12

9.55

7.17
11.00
16.10

9.52
10.85
10.55
14.47

7.75
8.20
7.23
7.05
7.43
5.50
7.70
8.13
9.45
6.91
7.23
4.35
7.73
7.75
8.75
5.05
7.30
5.23
7.40
5.60
7.58
6.90
8.98
8.65
5.95
6.43
9.53
6.98
6.70
6.74
7.65

33.05
42.17
41.65
39.87
44.90
50.95
38.70
39.47
36.87
39.07
39.37
42.42
38.07
40.47
38.27
38.07
41.95
44.12
35.27
48.95
41.60
40.02
44.47
34.52
37.40
33.90
42.52
28.12
44.00
37.42
41.40

40.63
43.53
42.13
50.00
45.15
52.78
41.53
40.05
43.20
36.51
43.65
45.93
42.23
41.38
37.00
38.78
46.08
41.88
36.80
37.48
41.53
41.60
45.10
35.45
38.08
40.78
45.30
37.05
42.05
37.29
39.15

30.87
40.45
44.00
42.97
34.10
42.77
38.20
39.12
34.20
46.12
34.87
38.50
46.30
34.27
46.47
36.35
36.60
34.97
35.20
48.97
42.20
38.52
38.22
47.12
47.00
35.52
35.55
34.42
39.27
36.75
41.22

47.43
46.50
49.68
50.20
45.93
57.30
47.73
52.18
45.68
45.45
42.78
48.60
47.83
44.40
50.80
44.75
50.85
46.45
38.00
48.90
47.13
42.93
48.80
48.13
48.15
44.08
51.73
42.35
48.55
45.33
51.00

Sl
2.50
2.83
2.83
3.50
3.00
Sl
3.00
3.00
3.33
3.00
2.83
3.17
2.83
3.17
Shas
3.17
3.00
3.00
2.67
2.33
2.67
2.83
2.83
3.17
3.00
3.17
3.83
3.17
3.00
3.00

5.00
5.33
5.67
4.67
6.17
3.83
6.17
4.83
5.50
7.17
5.50
5.17
6.00
5.67
5.67
5.00
5.00
5.00
6.00
6.33
5.17
5.00
5.83
5.50
5.83
5.00
4.67
5.67
5.00
5.07
5.33

5.00
6.83
6.17
5.83
6.83
5.67
6.33
5.00
7.00
6.00
5.00
6.17
5.17
6.67
5.17
6.00
5.67
4.83
5.67
3.33
5.33
6.17
5.33
4.83
5.00
5.33
7.00
6.00
6.83
6.33
6.83

6.17
6.83
7.50
6.33
6.83
5.83
7.00
5.50
6.83
7.67
7.50
6.00
6.67
7.33
6.33
6.17
6.67
6.17
7.67
7.50
6.67
6.83
7.17
6.50
6.83
6.83
5.50
6.83
6.67
6.33
6.33
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260
262
263
264
267
269
270
272
275
277
278
279
282
284
285
286
287
290
291
294
300
303
304
305
307
310
311
314
315
316
317

11.90
12.57
13.87
12.25
10.80
12.35

8.85
11.27
10.57

7.22

7.72
10.82
10.22
13.17
12.00
10.50
11.62
13.07
13.27
12.77
12.45
11.22
13.75
13.55
11.47
14.92
14.97
10.42

8.20
12.67
12.72

6.43
5.40
7.10
7.10
7.93
7.30
5.38
6.80
6.00
6.08
6.98
9.30
6.90
7.18
8.10
9.25
5.90
7.18
6.38
8.23
7.13
7.08
8.43
6.58
6.83
8.45
7.50
7.05
5.58
6.60
6.90

37.72
41.90
46.02
40.57
39.10
53.20
32.20
39.62
39.42
37.12
40.32
47.77
36.05
54.75
38.17
57.35
45.02
45.90
42.95
44.32
46.80
44.62
44.32
40.05
36.22
42.17
36.55
42.75
36.60
37.17
36.32

43.90
44.00
41.08
43.35
44.15
43.53
39.05
42.95
43.98
34.68
41.63
42.05
41.38
42.35
40.05
48.30
38.25
45.43
41.45
43.00
40.95
44.28
43.70
39.78
42.55
42.70
38.20
42.00
35.83
42.53
39.63

32.57
37.12
36.20
38.82
33.52
38.77
33.20
39.37
36.97
34.65
35.32
47.10
34.92
40.00
49.45
37.65
38.55
38.37
40.27
36.62
46.87
41.57
40.00
28.62
40.70
38.55
44.22
39.35
44.33
40.37
35.92

47.33
46.70
49.68
47.05
44.30
48.38
45.63
48.10
45.23
38.13
45.33
49.83
43.50
46.08
51.05
52.25
47.65
48.00
50.63
49.10
45.13
51.58
50.75
47.45
45.70
47.40
44.30
46.38
42.15
43.98
46.45

2.83
2.83
2.83
3.00
2.67
3.50
3.50
3.17
2.83
3.67
4.00
3.00
2.83
3.50
2.83
2.67
3.00
3.00
3.00
2.17
2.67
3.83
3.00
2.33
3.00
3.50
3.17
2.67
3.28
3.00
3.00

5.83
5.00
5.17
5.17
5.17
6.00
5.17
4.83
6.00
6.17
6.33
5.83
5.17
5.33
5.50
4.67
6.67
5.17
5.33
5.33
5.00
5.33
4.83
5.00
5.67
5.67
6.33
6.17
6.17
5.00
6.33

5.83
6.33
6.83
6.00
6.67
6.67
5.50
7.00
6.83
5.50
5.83
4.83
4.33
5.83
4.83
6.83
6.67
6.50
5.50
6.17
4.33
6.33
6.50
5.17
5.17
5.83
5.83
6.17
3.88
5.83
5.00

6.67
7.17
6.83
6.50
7.00
6.67
6.00
6.50
7.17
6.67
7.83
7.50
7.17
6.83
6.17
7.17
8.33
6.33
6.00
6.33
6.00
7.50
6.67
6.17
6.67
7.00
8.33
7.67
6.50
6.83
8.50
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318
319
320
321
P1
P2

15.42
14.15
13.35
16.12
14.07
12.45

9.98
7.63
6.68
10.35
7.69
7.92

43.62
46.00
40.27
46.90
40.18
40.85

42.30
46.45
41.23
46.98
39.74
46.63

37.20
40.75
37.77
41.47
36.96
39.29

G_name LN[1] C LN[1]_S LN[2]_C LN[2]_S LN[3]_C LN[3]_S

0 ~NO1TWwN Bk

11
14
17
20
21
23
24
25
27
30
31
32
33
35
37

8.50
7.00
7.75
5.00
5.25
5.75
6.75
5.75
5.25
5.25
6.25
4.75
5.50
5.25
4.25
6.75
6.75
6.50
4.75
6.25
6.00

6.25
6.00
6.25
4.50
4.50
5.75
6.50
4.00
4.50
4.00
6.25
5.50
4.50
5.50
4.00
6.25
6.50
4.25
4.00
5.00
5.50

18.25
16.00
22.25
14.50
10.75
12.50
20.00
13.75
13.00
12.75
13.75
14.00
13.75
13.75

9.50
17.50
18.00
12.75

9.50
18.25
16.25

10.50
10.00
13.50
8.00
6.00
8.50
13.00
6.00
8.25
6.75
10.25
9.00
7.25
8.00
6.00
12.25
11.75
6.75
5.75
9.25
10.75

22.75
22.25
40.00
23.75
13.75
15.25
32.75
20.00
21.75
17.25
18.00
19.25
19.00
20.00
13.25
28.50
24.75
18.00
12.00
26.50
24.00

12.50
11.75
21.50
11.75

7.00
10.25
18.25

7.00
12.00

8.25
12.00
10.75
10.00
10.00

7.50
18.25
17.25

7.75

7.00
12.25
15.50

50.03
45.18
49.30
49.85
41.51
49.01

2.67
2.50
2.67
2.67
2.33
2.92

5.17
5.00
4.67
5.17
5.46
5.38

5.83
6.33
6.33
7.00
6.08
5.58

6.83
6.00
6.17
6.33
7.42
6.62

TN[1]_.C TN[1]_S TN[2]_.C TN[2]_S TN[3]_C TN[3]_S

3.00
2.75
3.00
2.00
1.75
2.25
3.00
2.25
2.25
2.00
2.50
2.25
2.25
2.75
1.50
2.75
2.75
2.75
1.75
2.50
2.75

2.50
2.50
2.75
1.75
1.00
2.25
3.00
1.00
1.50
1.25
2.50
2.25
1.50
1.75
1.00
2.75
3.00
1.25
1.00
2.00
2.50

5.00
4.75
9.00
4.50
2.75
3.25
6.75
3.50
4.00
3.25
4.50
4.25
3.75
4.00
2.25
6.00
6.50
3.50
2.25
5.50
5.50

2.50
2.25
4.75
2.00
1.00
2.25
4.50
1.00
2.75
1.50
2.25
2.00
1.75
1.75
1.25
4.50
4.00
1.50
1.25
2.75
4.00

5.50
5.50
12.00
6.00
3.50
3.50
9.75
5.50
5.25
4.00
5.00
5.00
4.50
5.00
2.75
9.00
7.75
4.00
2.50
8.25
8.00

2.50
2.50
7.25
2.00
1.00
2.25
5.75
1.00
2.75
1.75
2.25
2.00
1.75
1.75
1.25
5.75
5.50
1.25
1.25
3.50
4.25
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38
41
42
44
46
49
50
52
53
55
56
57
61
62
63
64
67
68
70
71
74
75
76
79
81
82
83
86
88
89
90

6.50
6.75
4.00
6.50
5.50
6.00
5.50
5.50
5.00
6.25
5.00
5.50
6.00
4.25
5.25
7.75
4.75
5.00
5.75
6.00
4.75
6.25
6.00
4.75
5.00
4.50
5.25
7.00
6.25
5.00
5.50

4.75
5.50
4.50
6.25
4.75
4.50
4.25
4.50
3.75
6.25
4.25
4.25
4.50
3.50
4.00
6.25
4.25
3.50
5.75
6.00
3.84
6.00
4.50
3.75
3.75
4.00
4.50
4.50
4.50
3.75
3.25

19.25
20.75

8.00
19.75
15.25
15.50
14.00
15.75
13.50
19.00
10.75
11.50
14.25

9.25
12.75
21.00
10.75
11.50
13.75
14.75

9.75
18.25
13.25
13.00
10.75
11.50
15.00
18.00
16.75
11.75
13.50

10.50
11.75
6.25
10.75
9.25
9.00
8.00
9.25
6.25
13.25
6.25
6.50
8.00
6.75
5.75
13.25
6.25
6.00
9.00
8.75
5.80
11.25
7.00
6.75
6.75
8.50
8.50
9.75
8.25
8.25
5.75

31.75
35.25
10.25
31.50
24.25
25.25
23.75
23.00
16.25
30.75
15.25
17.75
20.00
13.75
22.25
34.00
17.25
17.50
19.50
23.25
14.50
30.00
19.25
20.25
17.00
16.75
21.25
29.75
24.75
19.25
19.50

14.25
16.75
6.75
16.25
14.00
12.25
11.75
13.75
7.25
19.50
8.00
8.25
10.50
8.75
7.75
21.50
8.75
7.75
11.75
14.25
6.45
16.50
10.25
9.75
9.75
11.50
12.25
15.00
10.75
12.25
7.50

2.75
2.75
1.50
3.00
2.50
2.75
2.25
2.25
2.00
2.50
2.25
2.50
2.50
1.50
2.50
3.25
1.75
2.00
2.50
2.75
1.50
2.75
2.75
2.00
1.75
1.50
2.25
3.00
2.50
2.00
2.25

2.00
2.50
1.25
2.75
2.25
1.75
2.00
2.25
1.25
2.75
1.25
1.25
1.75
1.25
1.25
3.25
1.25
1.25
2.25
2.00
0.92
2.75
2.25
1.00
1.50
1.50
1.50
2.25
2.00
1.75
1.00

6.50
6.75
1.50
6.75
5.00
5.00
5.25
5.00
3.50
6.75
3.25
3.75
4.25
2.75
4.25
7.50
3.25
3.25
4.00
4.50
2.25
6.25
5.00
4.25
3.50
3.50
4.75
6.75
5.25
4.00
4.25

3.75
3.75
1.25
3.75
3.25
3.00
2.75
3.75
1.00
4.75
1.50
1.75
2.25
2.00
1.50
4.50
1.25
1.25
2.25
3.00
0.87
4.00
2.00
2.25
2.00
3.00
3.00
3.75
2.50
2.75
1.50

10.00
10.50
1.75
10.25
7.25
8.25
7.25
6.50
3.50
8.75
3.00
4.50
5.00
3.25
6.25
10.75
4.00
3.75
4.75
6.25
3.25
9.50
5.75
5.25
4.50
4.50
6.75
9.50
6.50
6.00
4.50

4.75
5.25
1.25
5.25
4.00
3.50
3.25
4.00
1.00
6.25
1.50
1.50
2.25
2.00
1.75
6.25
1.25
1.25
2.50
3.50
0.91
5.25
2.50
2.25
2.75
3.25
3.50
4.25
2.25
3.75
1.25
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91

92

95

98
100
101
103
104
105
107
109
110
113
114
116
118
119
121
122
125
126
127
129
130
131
132
133
134
138
140
143

5.50
5.00
5.00
5.50
4.75
5.00
4.25
5.75
6.75
5.00
6.00
4.50
5.74
4.75
5.50
5.25
5.25
5.50
5.00
7.50
6.00
6.25
5.75
5.75
4.25
5.75
5.25
5.75
5.50
5.75
6.00

5.50
4.25
4.25
4.00
3.50
4.50
3.50
4.25
6.50
4.00
5.50
3.75
4.25
4.50
4.75
4.00
4.25
4.50
5.00
6.00
4.50
6.25
5.25
4.75
4.50
6.25
4.50
4.25
4.75
5.50
4.75

15.25
11.75
15.25
13.50
10.50
11.00
10.25
14.25
14.50
11.25
16.75
11.75
16.63
14.75
13.25
12.50
16.00
12.75
13.00
18.75
14.75
18.75
14.75
17.75
11.25
16.25
13.00
15.00
11.00
13.50
14.75

9.00
6.50
8.50
6.25
6.00
6.50
5.75
7.75
11.25
5.50
11.00
5.25
8.75
8.25
8.00
7.00
8.75
7.50
7.50
11.25
8.25
11.00
10.25
10.25
9.50
10.75
8.00
8.00
8.25
9.50
8.50

25.00
17.50
24.75
16.25
14.75
14.75
14.75
18.00
20.25
17.00
27.75
17.50
33.45
21.00
18.25
17.50
27.00
18.00
18.50
31.25
24.25
30.50
24.75
26.25
17.00
24.50
21.00
24.25
14.25
22.75
22.00

13.75
10.00
11.75
7.00
7.00
8.25
7.25
9.00
13.25
6.75
15.00
7.25
13.25
13.50
9.25
8.75
13.50
9.00
11.00
15.75
11.75
17.25
14.00
13.75
13.50
16.25
12.25
13.25
10.25
13.75
12.00

2.50
1.75
2.00
1.75
1.75
2.00
1.25
2.50
3.00
2.25
3.00
1.50
2.06
2.00
2.00
2.00
2.25
2.25
2.00
3.00
2.75
2.75
2.75
2.25
1.75
2.75
2.25
2.50
2.00
2.75
2.75

2.25
1.25
2.00
1.00
1.25
1.50
1.00
1.50
3.00
1.00
2.50
1.00
1.75
2.00
1.75
1.75
2.00
1.50
2.00
2.75
1.75
3.00
2.25
2.25
1.75
2.50
2.00
1.75
1.75
2.25
2.00

4.50
3.50
4.75
3.50
2.75
3.25
3.00
4.00
3.50
3.00
5.75
3.75
5.59
4.50
3.50
4.25
5.50
3.75
4.25
6.75
5.00
6.75
5.25
5.50
4.00
5.50
4.50
5.00
3.25
4.00
5.00

3.00
2.00
2.75
1.00
1.25
1.25
1.00
2.00
2.50
1.25
3.75
1.00
3.00
3.00
1.50
2.25
3.00
1.75
2.50
3.75
2.25
4.00
2.75
3.25
3.00
3.50
2.75
3.00
2.00
3.00
3.00

6.00
4.50
8.00
3.75
3.50
3.25
3.00
4.75
4.25
4.00
8.25
4.50
8.59
5.75
4.25
5.00
8.75
4.25
5.00
9.50
6.00
8.00
6.75
8.50
5.25
7.00
6.50
7.50
3.50
7.00
6.00

3.25
2.00
3.50
1.00
1.25
1.25
1.00
2.00
2.50
1.00
4.25
1.00
3.25
4.50
1.50
2.50
3.75
1.75
2.75
4.00
2.50
5.75
4.00
4.50
4.25
4.75
4.00
4.00
1.75
3.25
3.25
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