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Grain protein content (GPC) in wheat has been found to be regulated by the gene NAM-B1. Homologues to 
the NAM-B1 gene have been found in barley, HvNAM-1 and HvNAM-2. Previous studies have found that 
base mutations in the NAM-1 gene at base position 544 might have an impact on GPC. Previous studies 
also found that landrace of barley showed higher GPC than cultivated barley, indicating that plant 
improvement might have affected base mutations and therefore GPC. I wanted to study if there are any 
nutritional differences in Nordic barley and if those differences might correlate with haplotypes. 
Comparisons of barley varieties from four Nordic countries, and two varieties from the US used as low and 
high GPC controls, did not show any significant differences depending on their origin country and no 
differences regarding plant improvement status between the countries.  
 
When sequencing Nordic barley varieties, five haplotypes were found for the gene HvNAM-1, and two 
haplotypes for the gene HvNAM-2. A low polymorphism for both genes indicate a strong natural selection 
for the consensus haplotype which might be preferable for Nordic climate with a short growing season and 
cold temperatures. Even though it is not clear what is the cause of the low polymorphism in Nordic barley 
varieties, they showed a generally higher nutrient content than barley varieties of the high GPC and may be 
suitable for breeding for a yield with a high nutrient content. 
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1 Abstract 
Grain protein content (GPC) in wheat is regulated by the gene NAM-B1. Homologues to the 
NAM-B1 gene have been found in barley, HvNAM-1 and HvNAM-2. Previous studies have 
found that base mutations in the HvNAM-1 gene at base position 544 might have an impact 
on GPC. Previous studies also found that landraces of barley showed higher GPC than 
cultivated barley, indicating that plant improvement may have affected base mutations and 
therefore GPC. I wanted to study if there are any nutritional differences in Nordic barley and 
if those differences might correlate with haplotypes. Comparisons of barley varieties from 
four Nordic countries, and two varieties from the US used as low and high GPC controls, did 
not show any significant differences in nutrient content depending on their origin country and 
no differences regarding plant improvement status between the countries.  
 
When sequencing Nordic barley varieties, five haplotypes were found for the gene HvNAM-1, 
and two haplotypes for the gene HvNAM-2. A low polymorphism for both genes indicate a 
strong natural selection for the consensus haplotype which might be preferable for Nordic 
climate with a short growing season and cold temperatures. Even though it is not clear what is 
the cause of the low polymorphism in Nordic barley varieties, they showed a generally higher 
nutrient content than barley varieties of the high GPC and may be suitable for breeding for a 
yield with a high nutrient content. 
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2 Introduction 

2.1 Background 
794 million people were suffering from malourishment in 2015 (FAO, 2015) and according to 
the World Health Organization, 2 billion people suffer from deficiencies in micronutrients 
such as iron and zinc (WHO, 2006). One of the solutions to this problem is more nutritious 
food and food that has a high nutrient and protein content (Welch and Graham, 1999). 
 
Barley (Hordeum vulgare) is the fourth most common grain grown worldwide. Barley was in 
2014 harvested on an area of 49 million ha and farmers worldwide produced around 144 
million tonnes of barley according to the Food and Agriculture organization of the United 
Nations (FAO, 2014). Barley has been grown for at least 10,500-10,100 years before present 
time (Zohary et al, 2012) and is today used as food for humans, feed for animals and as 
fermentable material in the production of beer (Baik and Ullrich, 2008).  
 
Doebley et al (2006) found that barley has suffered genetic bottlenecks during plant 
improvement since the domestication of barley over 10,000 years ago, which have resulted in 
a smaller genetic variation in later cultivated barley as opposed to early domesticated landrace 
barley. Villa et al (2005) defined a crop landrace as “a dynamic population(s) of a cultivated 
plant that has historical origin, distinct identity and lacks formal crop improvement, as well as 
often being genetically diverse, locally adapted and associated with traditional farming 
system”. The modern cultivars have in large scale replaced landrace barley in production 
during the 20th century and they are producing more yield under good conditions, but are not 
as strong during harsher climates (Fischbeck, 2003; Jones et al, 2011; Martines-Moreno et al, 
2017).  
 
Barley is divided in two subtypes, called two-row and six-row (figure 1a and 1b), based on 
morphology. The spikelets of barley are arranged in triplets. Two-row barley is fertile only in 
the central spikelet and produces only two rows of seeds which gives it a slim appearance. 
Six-row barley has a fuller appearance since it is fertile in all three of the spikelets and 
therefore produces six rows of seeds (Baik and Ullrich, 2008) Six-row barley is mainly used 
as animal feed due to its higher grain protein content compared to two-row barley, whereas 
two-row barley is more often used as malting material in the production of beer (Baik and 
Ullrich, 2008; Gouis, et al 1999). 
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Figure 1a. Two-row barley, photo: Matti Wiking Leino. 

 

Figure 1b. Six-row barley, photo: Matti Wiking Leino 
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The grain protein content (GPC) in wheat is regulated at a quantitative trait locus (QTL) 
called the Gpc-B1 locus (Uauy et al. 2006). The Gpc-B1 locus encodes a NAC domain 
protein, which plays an important role in the growth and development of wheat, auxin 
signaling, defense and stress responses and regulation of senescence (Uauy et al 2006). The 
gene found in wheat was designated NAM-B1, due to shared similarities with the NAC 
domain protein NAM, with a two-letter prefix designating the chromosome where it is found 
(Uauy et al 2006). When the transcript levels of the NAM gene were reduced, using RNA 
interference (RNAi), the concentrations of nutrients such as nitrogen, iron and zinc decreased 
between 30 % to 40 % (Uauy et al 2006). Homologues to the NAM-B1 gene, HvNAM, have 
been found in barley, with the two-letter prefix standing for Hordeum vulgare (Jamar et al, 
2010). There are two orthologues of the HvNAM gene in barley, HvNAM-1 and HvNAM-2, 
that show a correlation with GPC expression levels (Jamar et al 2010; Cai et al 2013).  
 
Studies on Fennoscandian wheat have found that a wildtype NAM-B1 allele affect senescence 
(Asplund et al, 2013). It is not clear if barley has a similar wildtype allele with the same 
regulatory characteristics. A low genetic variety in wheat might be a sign of selection, either 
artificial selection with aim for changes in nutrient content or yield, or natural selection 
favorable to the wildtype NAM-B1 allele (Hagenblad et al, 2012). Potential differences 
between cultivated barley and landraces of barley regarding GPC were studied by Wang et al 
(2015) and they found that base mutations in the HvNAM-1 gene at base position 544 might 
have an impact on GPC. However, it is difficult to determine the effect that the base 
mutations have on GPC in barley due to the pleiotropic characteristics of the NAM gene 
(Uauy et al, 2006). The Asian landrace barley showed higher GPC than cultivated barley, 
indicating that plant improvement might have affected genetic polymorphism and therefore 
the GPC (Wang et al 2015). European barley did not show a large amount of polymorphism 
in a study performed by Jamar et al (2010). 
 
In wheat,  plant improvement for a large yield and a lacking focus on nutrient content resulted 
in declines of iron and zinc concentrations during the 20th century (Fan et al, 2008). Based on 
the results from Fan et al (2008), the same declining levels of nutrient might be detectable in 
barley since it is also a grain that has gone through plant improvement  
 
In Sweden, there was a strong demand for long straw of good quality coming from barley 
production around 1890, and farmers wanted low nitrogen content in the grain to gain that 
long straw (Persson, 1997). Different varieties of barley with focus on long and sustainable 
straw from other Nordic countries were introduced in Sweden around the 1920’s. The newly 
introduced types of barley were threatened by parasites shortly after their introduction to the 
Swedish agriculture, and Danish barley varieties who were more parasite-proof were 
introduced to the southern parts of the country (Persson, 1997). During the 1950’s, Swedish 
farming had formed a clear division between two-row and six-row improvement where the 
six-row barley proved more suited for the short growing season and sour soils in the northern 
parts of the country (Persson, 1997). Plant improvement in the 1970’s was more focused on 
parasite resistant barley and Danish barley was once again imported into Sweden (Persson, 
1997). In the 1990’s, Swedish two-row barley varieties were sent to Norway, Finland and 
Denmark as the farming landscape desired barley with good malting properties (Persson, 
1997). This close agricultural collaboration is something that might have affected the way that 
nutrient content differs between Nordic countries. 
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2.2 Aim and hypothesis 
Genetic research today know that genes do not act on their own and that many genes in the 
genome are affected by surrounding genes. This means that there are no guaranties that the 
effect of a gene found in one variety will be presented the same way in another variety. There 
are yet no studies written about what effect the HvNAM genes may have on Nordic barley. 
This study aims to increase the knowledge about what effect the orthologues HvNAM-1 and 
HvNAM-2 may have on nutrient content in barley by comparing sequences in varieties of 
barley and comparing nutrient content from varieties from different Nordic countries, 
developed during different stages of plant improvement. More specifically, I wanted to 
answer, “Do Nordic countries differ in nutrient content?”, “Has plant improvement affected 
the nutrient content in any way?”, “Is there a nutritional difference between two-row and six-
row barley?” and “Could differences in nutrient content be connected to genetic diversity?” 

3 Material & methods 

3.1 Nutritional data 
A large amount of nutritional data was required for the comparisons of nutrients content 
between varieties of barley. The micronutrients looked at for the study of nutrient content 
were iron and zinc. Nitrogen content correlates with the protein content in the grain and was 
therefore also included in the study. The protein content of grains is calculated by multiplying 
the total nitrogen content with a conversion factor determined from the amino acid 
composition in the grain. For barley, this conversion factor is 5.5 (Mossé, 1990).  
 
 A set of already available concentration values for nitrogen, iron and zinc from 82 varieties 
of barley, was used (appendix: A1). These values were used for most of the statistical 
correlations regarding plant improvement differences, country of origin and potential 
differences between two-row and six-row barley. Most of these varieties also had gene 
sequence data for HvNAM-1 and HvNAM-2. DNA extraction, molecular analysis and 
sequencing was performed on the accessions that did not have complete gene sequences for 
HvNAM-1 or HvNAM-2. 

3.2 DNA extraction from plant material 
Leaf material from individual plants of Clho15487 (a low GPC control variant of barley) and 
Clho15856 (a high GPC control variant of barley) was dried with silica gel, before being 
ground using a Tissuelyzer II from Qiagen®. The DNeasy Plant mini kit from Qiagen® was 
used for the extraction and the protocol DNeasy® plant handbook was followed with the 
change to17k x g instead of 20k x g for the centrifugation as the protocol described. 75 ml of 
AE buffer, instead of 100 ml, was added to the membrane in the elution step to increase the 
final DNA concentration. The DNA quality was measured with a Nanodrop ND-1000 
Spectrophotometer for the ratio A260/A280.  

3.3 Molecular analysis  
Molecular analysis was performed on two sets of DNA samples. The first set consisted of 
Clho15487 and Clho15856, and was used for optimizing the PCR protocols. The second set 
consisted of 17 previously extracted DNA samples, from students and Jenny Hagenblad at 
Linköpings University. The second set contained the samples that were sent for sequencing 
(table 1).  
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Table 1. The 17 accessions of barley used in the second set of DNA, and the primers used for 
the sequencing. Black star (*) indicates accessions who have previously been sequenced for 
HvNAM-1 and HvNAM-2. 

 
PCR reactions on all the 17 accessions were performed in a S1000 Thermal cycler in 0.2 ml 
PCR tubes and followed the PCR-protocols (appendix: B1, B2 and B3). The PCR reaction 
mixture of 20 µl contained 1 µl of extracted DNA sample, 16 µl MilliQ water, 2 µl 
10xDreamTaq Buffer (20 mM MgCl2) from Thermo Scientific®, 0.4 µl dNTP (10 mM) from 
Thermo Scientific®, 0.2 µl of each primer (10 µM) and 0.2 µl DreamTaq polymerase (5 U/µl) 
from Thermo Scientific®. The primers used for amplification of HvNAM-1 and HvNAM-2, 
(table 2) were forward and reverse primers for the whole sequences. In addition, internal 
sequencing primers HvNAM2SeqF and HvNAM2SeqR, for the gene HvNAM-2, were used 
due to lack of amplification of the sequences from the original primers for some samples.  
Table 2. Primer sequences for primers used. 

Primers Sequence Usage 
HvNAM1F 5’-ATGGGCAGCCCGGACTCATCCTCC-3’ PCR+ sequencing 
HvNAM1R 5’-TACAGGGATTCCAGTTCACGCCGGAT-3' PCR+ sequencing 
HvNAM1SeqF 5’-GCATGAGTACCGCCTCAC-3’ Sequencing 
HvNAM1SeqR 5’-GTGAGGCGGTACTCATGC-3’ Sequencing 
HvNAM2F 5’-ATGGGCAGCTCGGACTCATCTTCC -3’ PCR+ sequencing 
HvNAM2R 5’-TCAGGGATTCCAGTTCACGCCGGA -3’ PCR+ sequencing 
HvNAM2SeqF 5’-GCAGTAACCGATCTCCGTATTT-3’ Sequencing 
HvNAM2SeqR 5’-GGAGATCGGTTACTGCTTGAC-3’ Sequencing 
 
The PCR products were run on a 1% agarose gel electrophoresis. The agarose gel contained 
Agarose standard from Saveen Werner AB, SYBR Safe DNA gel stain from Invitrogen, 0.5 

Accession number Desired primers  
Clho 15487 HvNAM-1F, 1R, 1SeqF, 1SeqR, HvNAM-2F, 2R, 2SeqF, 2SeqR  
Clho 15856 HvNAM-1F, 1R, 1SeqF, 1SeqR, HvNAM-2F, 2R, 2SeqF, 2SeqR 
NGB15178 * 
NGB15103 HvNAM-2F, HvNAM-2R 
NGB277 * 
NGB2075 * 
NGB1480 * 
NGB13660 * 
NGB6925 HvNAM-2R 
NGB2066 * 
NGB1493 HvNAM-2F, HvNAM-2R 
NGB2070 * 
NGB1487 * 
NGB27 * 
NGB9554 HvNAM-2R 
NGB6605 HvNAM-1F, 1R, 1SeqF, 1SeqR, HvNAM-2SeqF, 2SqeR 
NGB9944 * 
NGB12276 * 
NGB13913 HvNAM-2F 
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% Tris-Acetate-EDTA buffer from Sigma-Aldrich. All the samples were dyed with loading 
dye from Thermo Scientific® and 6 µl GeneRuler DNA Ladder ready-to-use from Thermo 
Scientific ® was applied in the first well of the agarose gel. 

3.4 Sequencing 
Ten successful PCR products, for six barley accessions from NordGen were cleaned from 
unincorporated dNTP and primers using the ExoTap-protocol. 0.015 µl of Exonuclease (20 
U/µl), 0.15 µl Thermosensitive alkaline phosphatase (1 U/µl) and 5.835 µl of MilliQ water, 
combined to a total of 6 µl reaction mixture, was added to 15 µl of PCR product. The PCR 
products, with added reaction mixture, were incubated in a S1000 Thermal cycler for 30 
minutes at 37 °C, followed by a denaturation step of 5 minutes at 95°C. The cleaned PCR 
products where mixed with the desired primer with a concentration of 5 pmole/µl (table 1) 
and the prepared products were sent to Macrogen Europe, the Netherlands, where the 
sequencing was performed. 

3.5 Data analysis 
The set of DNA from 82 accessions was edited and accessions with no nutritional data were 
removed. 
 
The gene sequences from Macrogen Europe were edited using Geneious 10.1.3. The 
sequences were aligned with previously sequenced parts of the genes HvNAM-1 and HvNAM-
2 in the barley varieties studied. The aligned sequences were edited both automatically with 
the trim tool in Geneious 10.1.3, and manually to result in as correct sequences as possibly, 
comparing with the consensus for each individual base. The edited sequences where then 
compared with sequences from the accessions with previously available nutritional data, and 
haplotypes were detected. The manual editing of bases resulted in used in a numbering of the 
base positions that is not representative for the base numbers in other similar studies. 
 
One-way-ANOVA tests in MiniTab Express were used for the analysis of nutrient content 
between countries and plant improving over time. T-tests were performed for the comparison 
between two-row and six-row barley and as a complementary test to the ANOVA where 
needed. 

4 Results 
Nutrient values from different varieties of barley were analyzed in order to find differences of 
nutrient content with focus on plant improvement status, origin country and subtype. Potential 
correlations between these nutrient concentrations and genetic diversity in HvNAM-1 and 
HvNAM-2 was also looked at. 
 
The accessions who showed a base substitution at SNP 50 were compared to the accessions 
who carried the consensus haplotype with the aim of finding nutritional differences 
(appendix: A1, and table 7). 

4.1 The variation of nutrient content between different varieties of barley  

4.1.1 Nutritional difference between two-row and six-row barley  

There was no statistical significant difference in nutrient content between two-row barley and 
six-row barley between all accessions, over all time periods and between all countries (table 
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3, figure 2). Statistical test between time periods and within each country could not be 
performed due to small sample sizes.  

Table 3. T-test for comparison between two-row barley and six-row barley. Significance level 
of p=0.05. n=75. 

 T(0.05, 74)-value P-value 
Comparison between all accessions    
Nitrogen 0.26 0.793 
Iron -1.58 0.118 
Zinc -1.27 0.208 
 

4.1.2 Nutrient content depending on origin 

Concentrations of nitrogen, iron and zinc in barley from the different countries Denmark 
Finland Norway and Sweden was compared with an ANOVA test. None of the comparisons 
were statistically significant (table 4).  

Table 4. Analysis of variance regarding micronutrient content in the Nordic countries 
Significance level of p=0.05. n=76 

Nutrient F(3,75)-value P-value 
Nitrogen 0.56 0.642 
Iron 1.97 0.125 
Zinc 1.44 0.240 
 
In addition, nitrogen content correlates to protein content which makes it interesting to 
examine since protein is a popular topic in the modern nutrient discussion. Comparison of 
nitrogen content between the Nordic countries and the high and low GPC controls from US 
showed that the mean values of all the Nordic barley varieties where higher than the high 
GPC control Clho15856 (figure 2).  
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Figure 2. Comparison between the origin countries. Mean values is shown as black dots. 
Outliers are shown as stars. The bottom line of the US box is the measured value of the low 
GPC control, and the top line of the US box is the measured value of the high GPC control. 
Confidence interval of p=0.005 where the confidence interval is corrected with 𝛼/2𝑔 where 
𝑔 is the number of intervals. The boxes show the quartiles of each sample. 

4.1.3 Plant improvement – Comparisons of landrace barley to present day 
between, and within, countries. 

When comparing plant improvement status for all the Nordic countries there was no statistical 
significant difference (table 5, figure 3).  

Table 5. Analysis of variance regarding plant improvement between the landrace and plant 
improvement periods 1890-1940, 1941-1970 and 1971-present day. 95% Confidence interval. 
n=76 

Nutrient F(3,75)-value P-value 
Nitrogen 1.25 0.296 
Iron 1.03 0.386 
Zinc 0.71 0.547 
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Figure 3. Comparison of nitrogen content between different cultivation periods. Mean values 
are shown as black dots. Outliers are shown as stars. Confidence interval of p=0.005 where 
the confidence interval is corrected with 𝛼/2𝑔 where 𝑔 is the number of intervals. The boxes 
show the quartiles of each sample. 

The analysis of plant improvement status within countries from the landrace to present day 
showed statistical significant difference for Swedish zinc content, Finnish nitrogen content 
and Finnish zinc content (table 6, figure 4, figure 5 and figure 6). Finnish zinc content showed 
a greater difference when landrace was excluded from the analysis (F(3,17)=8.79, P=0.004). 
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Table 6. Analysis of variance of nutrient content in barley from different periods of within 
Nordic countries. Time periods compared are the landrace and cultivar periods 1890-1940, 
1941-1970 and 1971-present day. 95% Confidence interval. 

Denmark (n=19) F(3,18)-value P-value 
Nitrogen 1.71 0.208 
Iron 1.42 0.275 
Zinc 0.44 0.730 
Finland (n=18) F(3,17)-value P-value 
Nitrogen 4.07 0.027* 
Iron 2.49 0.1003 
Zinc 5.37 0.010* 
Norway (n=18) F(3,17)-value P-value 
Nitrogen 1.88 0.176 
Iron 0.37 0.777 
Zinc 1.58 0.235 
Sweden (n=19) F(3,18)-value P-value 
Nitrogen 2.85 0.070 
Iron 1.67 0.214 
Zinc 4.21 0.023* 
 
*Significant result 

  

 

Figure 4. Comparison of Swedish zinc content with regards to plant improvement over 
cultivation periods. Mean values are shown as black dots. Confidence interval of p=0.005 
where the confidence interval is corrected with 𝛼/2𝑔 where 𝑔 is the number of intervals. The 
boxes show the quartiles of each sample. 
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Figure 5. Comparison of Finnish nitrogen content with regards to plant improvement over 
cultivation periods. Mean values are shown as black dots. Confidence interval of p=0.005 
where the confidence interval is corrected with 𝛼/2𝑔 where 𝑔 is the number of intervals. The 
boxes show the quartiles of each sample. 

  

Figure 6. Comparison of Finnish zinc content with regards to plant improvement over 
cultivation periods. Mean values are shown as black dots. Confidence interval of p=0.005 
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where the confidence interval is corrected with 𝛼/2𝑔 where 𝑔 is the number of intervals. The 
boxes show the quartiles of each sample. 

4.2 Differences in gene sequences found in varieties of barley 
Alignment and comparisons between varieties of barley showed two haplotypes for the gene 
HvNAM-2 and five haplotypes for gene HvNAM-1 (table 7). Most of the nitrogen 
concentrations of haplotype 1 were all above the high GPC control Clho15856 (appendix A1). 
After a manual editing of SNPs, which results in a non-representative numbering of the bases 
in comparison with other similar studies, SNP 50 was the base where there was more than one 
copy of a polymorph base. Hence, statistical testing was only possible for SNP 50. When 
comparing all the consensus accessions with haplotype 1, there was no statistical significant 
difference (table 8, figure 7) 

Table 7. Summary of barley varieties which carry different haplotypes for the genes HvNAM-
1 and HvNAM-2. Letters and colours represents a change in base from the consensus 
sequence.  

 HvNAM-1 HvNAM-2  

SNP 50 222 533 1052 1157 1423 453 634 1125 Accessions 
Consensus A G G G G G C G C All other accessions  

Haplotype 1 T G G G G G C G C NGB466, NGB6272, 
NGB9562, NGB1487, 
NGB4611, NGB1483, 
NGB9637 

Haplotype 2 A G G C G G C G C NGB9343 
Haplotype 3 A G G G A G C G C NGB6929 
Haplotype 4 A C C G G A A T G Clho15487 
 

Table 8. T-test for comparison between base A and base T at SNP 50. Significance level of 
p=0.05. n=76 

Nutrient T(0.05,75)-value P-value 
Nitrogen -0.39 0.708 
Iron 0.64 0.541 
Zinc -0.38 0.712 
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Figure 7. Comparison between all accessions of HvNAM-1. Mean values are shown as black 
dots. Outliers are shown as stars. The boxes show the quartiles of each sample. 

5 Discussion 
Previous studies have found that the NAM-1 gene correlates with nutrient content (Cai et al 
2013) and that the nitrogen content can differ within varieties of barley, such as between two-
row and six-row and landrace compared to cultivars (Wang et al, 2015). I wanted to 
investigate if there are similar differences between Nordic barley accessions.  

5.1 Is there any nutritional difference between two-row and six-row 
barley? 

Two-row and six-row barley is today used for different purposes with different desired 
protein content. Two-row barley is used mainly as malting material in beer production while 
six-row barley is mainly used as feed for animals due to its higher protein content (Baik and 
Ullrich, 2008; Gouis, et al 1999). In spite of this, I could not detect any difference in protein 
content between Nordic barley subtypes.  
 
Elia et al (2010) did a study of cross-breeding European two-row barley with American six-
row barley, with the aim of finding differences in malting quality, and they found that the 
high protein allele was carried by the two-row parent. Their results indicated that European 
two-row barley have a higher protein content than American six-row barley (Elia et al, 2010). 
Gouis et al (1999) showed that the European six-row barley have a higher protein content 
than the European two-row barley, which supports the modern usage of the subtypes. There 
are not a lot of studies on nutrient content division between two-row and six-row barley in 
only Nordic accessions, but Kolodinska Brantestam et al (2007) found in their study, that 
there were not big nutritional differences between two-row and six-row barley due to the 
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presence of the other subtype in their pedigrees. The close agricultural collaboration between 
Nordic barley (Persson, 1997) might have contributed to the mix between two-row and six-
row barley (Kolondinska Brantestam et al, 2007), resulting in no significant differences in 
nutrient content between the two subtypes. Brantestam et al (2007) found differences between 
the subtypes when they looked at geographical areas where six-row barley generally 
performed better in the northern parts, therefore having been more isolated from two-row 
barley during plant improvement creating a difference in nutrient content between the two 
subtypes. 

5.2 Do Nordic countries differ in nutrient content? 
There were no significant nutritional differences found when the Nordic countries were 
compared to each other. Tondelli et al (2013) did not find any nutritional differences among 
European two-row barley over geographical areas which they conclude was a result of the 
countries sharing barley varieties over the borders. The Nordic countries have had a close 
agricultural collaboration over more than a century (Persson, 1997) which supports the 
conclusions made by Tondelli et al (2013). 
 
The mean values for nitrogen content in the Nordic barley varieties was higher than the high 
GPC control Clho15856, while the opposite occurred when comparing iron content for Nordic 
barley varieties and the high GPC control. Uauy et al (2006) found that the NAM gene is 
pleiotropic in its effect on nutritional content in wheat towards senescence. The pleiotropic 
effects of the NAM gene are presumably also present in HvNAM-1 and HvNAM-2 in Nordic 
barley based on the findings of similar properties between the gene and the orthologues (Cai 
et al, 2013). It is therefore possible that nutrient content in Nordic barley is affected by other 
genes in collaboration with HvNAM.  
 
The pleiotropic effect of the NAM gene was found in a wildtype NAM-B1 allele that is 
believed to regulate maturation time and senescence, making Fennoscandian wheat suitably 
adapted for Nordic climates with short growing seasons (Hagenblad, et al 2013; Asplund et al, 
2012). Six-row barley did generally perform better under unfavorable conditions, such as 
Nordic climate, in a study by Fischbeck, et al (2002) while two-row barley have shown a 
decrease in nutrient content during such conditions (Weston et al, 1993). It could therefore be 
reasonable to believe that a pleiotropic gene, kept in Nordic barley due to natural selection for 
short maturation times, could also affect nitrogen uptake and hence a higher nitrogen content 
in Nordic barley accessions compared to American barley accessions. 

5.3 Has plant improvement affected the nutrient content in any way?  
Comparing plant improvement between Nordic countries does not give any statistically 
significant differences. Plant improvement have been shown to correlate with a decrease in 
nutrient content by Cai et al (2013), but this seems not to have been the case in Nordic barley. 
However, I noticed a trend with a decline in nutrient content, with nitrogen being the most 
prominent one, between Nordic countries since the cultivation period 1941-1970 to present 
day. That trend follows the hypothesis stated by Fan et al (2008) that a shift in farming focus 
from nutrient content to greater yield has resulted in a worldwide nutrient decrease. 
 
There were additional differences within the Nordic countries where Finland and Sweden 
showed significant differences. The decline in Swedish zinc content follows the results found 
by Fan et al (2008) whereas the increase in Finnish zinc content contradicts those findings. 
Finland, however, showed a significant decrease in nitrogen content that follows the nitrogen 
decrease in Nordic barley that was found in this study. Fan et al (2008) studied English wheat 
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and Finnish barley have been found to be very adapted for the current Finnish climate 
(Hakala, et al 2012).  

5.4 Are there any nutritional differences in varieties of barley? 
Landrace of Asian barley showed a higher GPC than cultivated Asian barley when Wang et al 
(2015) studied the origin of Asian barley. Wang et al (2015) believed that two haplotypes, 
caused by a substitution in base position 544 in the coding region of NAM-1 might be the 
reason for the lowered GPC. Jamar et al (2010) did not find a lot of polymorphism in 
European barley even though they found differences in GPC. In this study, there were only 
two haplotypes found for the gene HvNAM-2 and five haplotypes for the gene HvNAM-1 
(appendix: A1, table 7). My results agree with the results from Jamar et al (2010) who 
suggests that differences in GPC is related to the expression of HvNAM-1 or other genes who 
might contribute to the regulation of GPC.  
 
A possible explanation for the low polymorphism could be natural selection for a favorable 
allele that is present in Nordic barley. A wildtype NAM-B1 allele who have shown to increase 
protein and micronutrients but decrease yield was found by Hagenblad et al (2012) to be 
present in Fennoscandian wheat varieties. The wildtype was more frequent in Fennoscandian 
spring wheat who have a short growing season in the northern areas (Hagenblad et al 2012). 
The findings of the wildtype, together with the late maturation of spring wheat made them 
believe that the wildtype allele had been preserved in Fennoscandian wheat due to its 
favorable traits for the northern areas (Hagenblad, et al 2012). Asplund et al (2013) tested the 
effects of the wildtype NAM-B1 allele on 40 Swedish spring wheat varieties and found that 
the varieties that carried the wildtype had a faster maturation and reached senescence faster 
than the varieties that did not have the wildtype allele. Asplund et al (2013) believed that the 
wildtype NAM-B1 allele did not affect nitrogen content, but instead controlled the maturation 
time of the wheat varieties. Breeding of nutrient rich landrace wheat with fast maturation 
wildtype alleles over a century of Nordic wheat plant improvement, the NAM-B1 wildtype 
allele might have contributed to the preservation of the wildtype allele in Fennoscandian 
wheat (Asplund et al 2013).  
 
Jamar et al (2010) found that orthologues of the NAM-B1 gene are present in barley as 
HvNAM-1 and HvNAM-2 and that they appear to have a similar role in the regulation of 
senescence and micronutrient uptake. It is therefore likely that there might be a nutrient 
regulating allele which has followed the same evolution as the wildtype NAM-B1 allele and 
that it is preserved in Nordic barley, causing the low genetic diversity due to natural selection 
for the favorable wildtype allele. Since other studies found low polymorphism in European 
barley (Jamar et al, 2010) indicating that the wildtype allele might be present in European 
barley as well as Fennoscandian barley. With the findings from Wang et al (2015), that barley 
originated from Tibet, it is not unlikely that the difference in climate could have caused a 
strong natural selection for such a wildtype, causing a bottle-neck effect and creating a low 
polymorphism. 
 
My results show low genetic diversity but an overall high nitrogen content compared with the 
high GPC control with origin in the US. This might mean that the strong plant improvement 
of American barley has resulted in a decrease in nutrient content as believed by Fan et al 
(2008). I did not find any clear differences or trends within the haplotype 1 that had a base 
exchange from base A to base T at base pair position 50 so it cannot be concluded from this 
study that there is a common allele regulating the nutrient content in Nordic barley.  
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6 Conclusion 
The Nordic barley varieties I looked at all came from Nordic countries, they were from 
different subtypes and different plant improvement groups, but did not show many significant 
differences and had a low polymorphism in the gene sequences. Since the accessions showed 
a genetically low polymorphism for the genes HvNAM-1 and HvNAM-2, it is not surprising 
that I did not find many differences between the Nordic barley varieties. My results do not 
contradict previous studies that found differences between the two subtypes, plant 
improvement and origin country.  
 
The lack of significant nutritional differences could also be the result of the closely shared 
agricultural history between the Nordic countries. Both landrace barley and plant improved 
barley, from both subtypes, have been shipped over the borders to settle different problems at 
that specific time, such as parasites, or to meet the demands for desirable traits.  
 
Even though the American barley used as high and low GPC controls are only two accessions, 
they are selected to be representative for barley varieties originating from the US. The Nordic 
barley showed a low polymorphism but an overall high nutrient content, compared to the 
American barley. It is not yet shown how nutrient content in Nordic barley is regulated and I 
have not been able to show an effect of HvNAM-1 and HvNAM-2. Regardless of how nutrient 
content is regulated, Nordic accessions appear to be good candidates for barley production 
with high nutrient focus  

7 Societal and ethical aspects 
Data from this project broadens our understanding of how nutrients in barley are regulated. 
An increased understanding of the genes HvNAM-1 and HvNAM-2 may contribute to more 
nutritious barley in general, and a production of more suitable barley for different purposes. 
 
More knowledge about how nutrients in barley are affected by pleotropic effects from 
HvNAM-1 and HvNAM-2 might affect the expanding plant improvement of barley which 
might affect the biodiversity, in the case that specific varieties of barley are being cultivated 
in greater numbers than others. 
 
The increase in Finnish nitrogen content is a positive result for the overall nutrient deficiency 
that is present in the world, and positive results for the study made by Ingvordsen et al (2015) 
who stated the need for more nutritious grains in the future. 
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10 Appendix 

A1. Supplement of all the nutrition data from all the 82 accessions of barley, and their gene 
sequences of HvNAmM-1 and HvNAM-2, is found as complementary Excel-file. Polymorphic 
bases are defined by squares. 

B1. PCR-protocol for Hv-NAM1 

Temp (°C) Time Rounds 
94 2 min 30 sec  

 
10x 

94 30 sec 
68 30 sec 

72 1 min 30 sec  
94 30 sec  

25x 63 30 sec 
72 1 min 30 sec  
72 10 min  
4 ∞  

 

B2. PCR-protocol for Hv-NAM2 

Temp (°C) Time Rounds 
94 2 min 30 sec  
94 30 sec  

 
35x 

56  25 sec 
72 50 sec 
72 10 min  
4 ∞  

 

B3. Touchdown PCR-protocol used for both Hv-NAM1 and Hv-NAM2. 

Temp (°C) Time Rounds 
94 2 min 30 sec  
94 30 sec  

 
11x 

63 (-1°/x) 30 sec 
72 1 min 30 sec 
94 30 sec  

 
30x 

55 30 sec 
72 1 min 30 sec 
72 10 min  
4 ∞  
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C1. Gene sequence for NGB6605 

C2. Gene sequence for NGB1493 
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C3. Gene sequence for NGB6925 

C4. Gene sequence for NGB9554 
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 C5. Gene sequence for NGB15103 

C6. Gene sequence for NGB13913 


