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Sammanfattning 
Abstract 

 Hunger is a problem faced by many people all over the world, and as the population 
grows, so does the need for food such as cereals. Because of this, the need for food 
with higher protein and nutrient content will be increasingly important. NAM-B1, a 
NAC-protein gene in wheat, has been shown to control the grain protein content and 
nutrient values, as well as senescence. In barley, two orthologs of this gene have been 
found, HvNAM1 and HvNAM2. This study focuses on Nordic barley accessions and 
how haplotypes of HvNAM1 and HvNAM2 correlate to the GPC and nutrient content. 
No correlations between the different haplotypes of the HvNAM genes and the 
nutrient content and GPC were found. No differences in nutrient content and GPC 
were found in Nordic accessions originating from Sweden, Norway, Finland, or 
Denmark, nor were differences found for improvements status groups or for six-row 
barley and two-row barley. The Nordic accessions were shown to generally have high 
GPC when compared to control groups Karl and Lewis. However, even if the results 
of this study indicate that the HvNAM genes do not have major effects on the nutrient 
contents or GPC, Nordic barley might still be good material for plant improvement. 
Other factors such as other genes, environmental effects, and gene expression should 
therefore be investigated. 
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1 Abstract 
Hunger is a problem faced by many people all over the world, and as the 
population grows, so does the need for food such as cereals. Because of 
this, the need for food with higher protein and nutrient content will be 
increasingly important. NAM-B1, a NAC-protein gene in wheat, has been 
shown to control the grain protein content and nutrient values, as well as 
senescence. In barley, two orthologous genes have been found, HvNAM1 
and HvNAM2. This study focuses on Nordic barley accessions and how 
haplotypes of HvNAM1 and HvNAM2 correlate to the grain protein 
content (GPC) and nutrient content. No correlations between the different 
haplotypes of the HvNAM genes and the nutrient content and GPC were 
found. No differences in nutrient content and GPC were found in Nordic 
accessions originating from Sweden, Norway, Finland, or Denmark, nor 
were differences found for improvements status groups or for six-row 
barley and two-row barley. The Nordic accessions were shown to 
generally have high GPC when compared to control groups Karl and 
Lewis. However, even if the results of this study indicate that the HvNAM 
genes do not have major effects on the nutrient contents or GPC, Nordic 
barley might still be good material for plant improvement. Other factors 
such as other genes, environmental effects, and gene expression should 
therefore be investigated. 

2 Introduction 
Malnutrition and hunger are already serious problems occurring in many 
countries around the world (FAO, 2014). Major reasons for this are 
poverty, unequal distribution of food in the world, and environmental 
issues (Rome Declaration on Nutrition 2014). Malnutrition can have 
many different consequences and can lead to people becoming 
underweight or obese. It can also lead to deficiency in micronutrients, 
which in turn can lead to a less effective immune system, and impact 
physical health and cognitive development negatively (Rome Declaration 
on Nutrition 2014). Additionally, the world population is growing, and is 
predicted to grow to about 9 billion people by 2050 (Godfray et al. 2010). 
In such a situation, the need for food would also increase further. The 
production of the main cereals (wheat, barley, maize, rice, and oats) has 
increased with the growing population since 1960 (Godfray et al. 2010). 
Barley is an adaptable species which grows well in climates and soils 
sub-optimal for agriculture. Although it is currently used primarily for 
malt and beer production (30 % - 40 %), and in animal feed (55 % - 60 
%) (Ullrich 2011), a wider use for human consumption is an interesting 



 5 

perspective. Additionally, a focus on cultivating grains with higher grain 
protein content (GPC) and with higher nutritional values might be of help 
when finding a sustainable solution to world hunger. 
  
Much research has been done on what controls the GPC and nutrient 
values of both wheat and barley. There is a strong commercial interest in 
barley used for malt and beer production which should have a low GPC, 
around 11.5 %, to decrease beer chill-haze (Cai et al. 2013, Distelfeld et 
al. 2008). The GPC in barley used for feed and food should be higher 
(Cai et al. 2013). In wheat, the NAC transcription factor gene NAM-B1 
has been found to control senescence, GPC, and the remobilization of 
nutrients from leaves to the developing grains (Uauy et al. 2006a). As a 
transcription factor, NAM-B1 controls the remobilization of iron, zinc, 
and nitrogen by affecting their translocation to the grains (Waters et al. 
2009). In wheat, the nitrogen content, and therefore the GPC, is 
negatively correlated to yield (Acreche & Slafer, 2009). While the wild 
type allele, primarily occurring in wild wheats, is active, in modern 
wheat, a 1-bp substitution causing a frame-shift mutation, has rendered 
the allele non-functional (Uauy et al. 2006a). In cultivated barley 
(Hordeum vulgare L.), two orthologous genes, HvNAM1 and HvNAM2, 
play a role in the control of GPC (Distelfeld et al. 2008). In H. bulbosum 
(from Albania), an introduction of a stop codon rendered the gene non-
functional, which in turn lead to lower GPC, suggesting that GPC is 
influenced by HvNAM (Jamar et al. 2010). Also, both H. vulgare and H. 
spontaneum (from Azerbaijan) have functional HvNAM genes, but GPC 
is higher in H. spontaneum, suggesting that there can be differences in the 
functional alleles as well (Jamar et al. 2010). 
 
In a study from 2013, Cai et al. could show that Tibetan wild barley has a 
higher GPC than cultivated barley. This was strengthened by the fact that 
Wang et al. (2015) found that Tibet is a center of cultivated and 
domesticated barley. They also found that the Tibetan wildtype produced 
a higher GPC than cultivated barley (Wang et al. 2015). This suggests 
that the nutritional values of barley have decreased during the breeding of 
barley for modern use. In Sweden, improvement schemes have been 
carried out for two types of barley; two-row barley and six-row barley 
(Persson 1995). Six-row barley has been grown in the north of Sweden, 
adapted to the shorter growing seasons in that area, while two-row barley 
is more adapted to the environment in the south (Persson 1995). It has 
been shown in wheat, that since the NAM-B1 gene accelerate senescence 
(Uauy et al. 2006b), the wildtype might have been conserved in the areas 
with shorter growing seasons, such as the Nordic countries (Hagenblad et 
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al. 2012). The same might be true for barley, making Nordic barley an 
interesting study system. 
 
In this study, I have explored the possibility that different haplotypes of 
HvNAM1 and HvNAM2 in Nordic barley accessions can be correlated to 
the nutritional values. In addition, I have examined how the nutritional 
values of iron, zinc, and nitrogen correlate to country which the barley 
originated from (Sweden. Norway, Finland, or Denmark). I have also 
looked into how the nutritional values are related to improvement status 
group, i.e. landrace or cultivated barley from different time periods, as 
well as subtype (two- or six-row barley). Furthermore, I have investigated 
how the nutritional values are correlated to thousand grain weight.  

3 Material & methods 

3.1 Plant material 
Plant material (Karl (Clho 15487) and Lewis (Clho 15856)) for PCR 
optimization was grown in a greenhouse from March 8 to March 18, 
when samples were taken. The samples were then stored in a - 80°C 
freezer until April 4 when the DNA was extracted. Karl and Lewis are 
also used as control groups, with Karl as the low GPC control and Lewis 
as the high GPC control. In addition, DNA was already available for 
another 80 accessions, listed in table 1 of the appendix. 

3.2 DNA extraction 
DNA from the controls was extracted using the DNeasy Plant Mini Kit 
from Qiagen and following the manufacturer’s instruction (Qiagen, 
DNeasy Plant Handbook, June 2015). The plant material was first 
homogenised with a pestle after addition of AP1. The centrifugations 
were executed at a maximum speed of 17.000 x g. When eluating the 
sample, 75 µl of the Buffer AE was added instead of 100 µl which is 
stated in the manual/handbook. The eluate was then collected in a 1.5 µl 
microcentrifuge tube, and then stored in a refrigerator.  

3.3 PCR amplification 
For the PCR amplification an S1000 Thermal Cycler (Bio-rad 
Laboratories) was used. The PCR reaction mixture for HvNAM1 
contained 15 µl milliQ-water, 2 µl 10x DreamTaq Buffer, 0.4 µl dNTP 
(10 mM), 0.2 µl forward primer (10 µM), 0.2 µl reverse primer (10 µM), 
1 µl of 100 % Dimethyl sulfoxide (DMSO), 0.2 µl DreamTaq DNA 
Polymerase (5 U/µl), and 1 µl DNA-template, adding up to 20 µl. For 
HvNAM2, the same final volume of PCR reaction mixture and the same 
volume of the components was added, except for the DMSO and milliQ-
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water of which 0.5 µl and 15.5 µl were added respectively. The primer 
sequences for both HvNAM1 and HvNAM2 are listed in table 1. 
 
Table 1. Primer sequences for the primers used for the PCR-amplification and 
also for sequencing. HvNAM1F, HvNAM1R, HvNAM2F, and HvNAM2R were 
used for PCR-amplification and for sequencing. HvNAM1SeqF, 
HvNAM1SeqR, HvNAM2SeqF, and HvNAM2SeqR were used for sequencing. 
 

 
 
For the HvNAM1 samples, a Touchdown PCR was conducted. The PCR-
program was set to: 94 °C for 2:30 min for the initial denaturation, then 
for eight cycles of denaturation at 94 °C for 0:30 min, annealing at 63 °C 
with the temperature decreasing 1°C for every cycle for 0:30 min, and 
elongation at 72 °C for 1:30 min. This was then followed by 30 cycles of 
denaturation at 94 °C for 0:30 min, annealing at 55 °C for 0:30, and 
elongation at 72 °C for 1:30 min. The final elongation step was set at 72 
°C for 10:00 min, after which a resting step was set at 4 °C. 
 
For HvNAM2, the PCR setup was set to initial denaturation at 94 °C for 
2:30 min, then 35 cycles of denaturation at 94 °C for 0:30 min, then an 
annealing step at 58 °C for 0:30 min, and elongation at 72 °C for 1:30 
min. Following this, a final elongation step was set to 72 °C for 10:00, 
and a resting step at 4 °C. 

3.4 ExoTAP purification 
The PCR-products were purified using the Exonuclease Thermosensitive 
Alkaline Phosphatase (ExoTAP) purification method. To 15 µl of PCR-
product, 0.3 U Exonuclease I and 0.15 U of Thermosensitive Alkaline 
Phosphatase was added. MilliQ-water was then added to a final volume 
of 26 µl. The samples were then incubated in an S1000 Thermal cycler 
(Bio-rad) at 37 °C for 36 min and following this, at 95 °C for five 
minutes. 

3.5 DNA sequencing 
The samples were sequenced by Macrogen Europe (the Netherlands). 
Every DNA-fragment was sequenced in two parts by using four different 

Primer Primer sequence PCR Sequencing 

HvNAM1F 5’-ATGGGCAGCCCGGACTCATCCTCC-3’ X X 
HvNAM1R 5’-TACAGGGATTCCAGTTCACGCCGGAT-3’ X X 
HvNAM1SeqF 5’-GCATGAGTACCGCCTCAC-3’  X 
HvNAM1SeqR 5’-GTGAGGCGGTACTCATGC-3’  X 
HvNAM2F 5’-ATGGGCAGCTCGGACTCATCTTCC -3’ X X 
HvNAM2R 5’-TCAGGGATTCCAGTTCACGCCGGA -3’ X X 
HvNAM2SeqF 5’-GCAGTAACCGATCTCCGTATTT-3’  X 
HvNAM2SeqR 5’-GGAGATCGGTTACTGCTTGAC-3’  X 
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primers for both HvNAM1 and HvNAM2. These primers were the ones 
used for DNA-amplification, and as well as two internal primers, one 
forward and one reverse (Table 1). For HvNAM2 as well as the control 
groups Karl and Lewis, sequences available from an earlier study were 
included in this study (Lilja 2015, Ödling 2015). 
3.6 Statistical analysis 
The sequences from Macrogen Europe were aligned, tidied, and analyzed 
for SNPs using the software Geneious 6.1.8. 
 
For the statistical analyses, the software SPSS Statistics was used. The 
data had a normal distribution, and for the analysis of the different 
haplotypes of HvNAM1 found, and their correlation to the nutrient values, 
an independent samples T-test was conducted. One-way ANOVAs were 
done to see if there were any differences between the nutritional values 
and the Nordic countries, and also among the different improvement 
status groups. An independent samples T-test was also conducted to 
analyze the nutritional values of six- and two-row barley, and if there 
were any differences between them. For the analysis of the thousand 
grain weight and its relationship with the two subtypes (six- and two-row) 
of barley, a Pearson correlation test was carried out. As GPC and nitrogen 
are correlated to each other, nitrogen is used as a measure of GPC in this 
study. Significance levels of 0.05 were used for all tests. 

4 Results 

4.1 Haplotypes of HvNAM1 
HvNAM1 sequences for Karl and Lewis were already available from a 
previous study (Lilja, 2015). The rest of the HvNAM1 sequences used in 
this study were tidied using Geneious, resulting in 18 good quality 
sequences (appendix table 1). Those sequences were then aligned, 
resulting in an alignment of 1491 bases, and analyzed for SNPs. A single 
base substitution was found at position 1450 in five of the accessions. 
These five accessions were NGB1483, NGB1487, NGB2658, NGB4611, 
and NGB6272. Based on this, the sequences were divided into two 
different haplotypes, HvNAM1-1 and HvNAM1-2 (Appendix table 1). 
For Karl, base substitutions were found at position 180, 490, and 1379. 
 
The sample NGB2658 was excluded from the analysis since no data of 
the nutritional values were available. The two haplotypes HvNAM1-1 
and HvNAM1-2 were tested for differences in their micronutrient content 
and well as their nitrogen content. No significant difference between the 
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two haplotypes and the nutritional values was found (N: t = 1.14, p = 
0.27, Fe: t = 1.30, p = 0.21, Zn: t = 1.13, p = 0.28,) for any of the 
nutritional values (Table 2, Fig. 1).  
 
Table 2. Means and standard deviations for the nutritional values of the two 
haplotypes of HvNAM1. 
 

Nutrient Haplotype Mean  Standard 
deviation 

N HvNAM1-1 1.46 0.22 
 HvNAM1-2 1.63 0.39 

 
Fe HvNAM1-1 41.77 8.3 

 HvNAM1-2 45.13 2.38 
 

Zn HvNAM1-1 25.38 7.05 
 HvNAM1-2 29.64 

 
4.38 

 
 

 
Figure 1. Comparison of micronutrient and nitrogen content for the two 
haplotypes HvNAM1-1 (1) and HvNAM1-2 (2). A) Nitrogen content. B) Iron 
content. C) Zinc content. 
 

A B 

C 
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4.2 Haplotypes of HvNAM2 
The six samples (NGB277, NGB1487, NGB2658, NGB287, NGB6305, 
and NGB1505) that were sent to Macrogen Europe for sequencing were 
tidied after the sequences were obtained. None of the sequences were of 
good quality and could therefore not be used for analysis. Instead, 
sequences from an earlier study were used (Lilja 2015, Ödling 2015) 
(Appendix table 1). Those sequences were tidied and aligned, resulting in 
an alignment for HvNAM2 at 1507 bases. For the Nordic accessions, a 
deletion was found at position 1251 for NGB13022. This means that two 
haplotypes of HvNAM2 was found, but as one of the haplotypes 
contained only one accession, no statistical analysis could be carried out. 
For Karl, base substitutions were found at position 551, 732, 1223, and 
1472.  

4.3 Nutritional values in the Nordic accessions and improvement 
status groups 

To find any differences in nutritional values in barley originating from 
the Nordic countries Sweden, Norway, Finland, and Denmark, and for the 
improvement status groups, One-way ANOVAs were carried out. The 
nutritional data from 78 accessions was used, with 19 accessions 
originating from Denmark, 20 accessions from Finland, 19 accessions 
from Norway, and 20 accessions from Sweden (Appendix table 1). 
However, no correlation between the nutritional values and the countries 
the samples originated from was found (N: F = 0.64, p = 0.59, Fe: F = 
1.85, p = 0.15, Zn:  F= 1.50, p = 0.22,) (Table 3). However, when 
comparing the control accessions, Karl and Lewis, and the means of the 
nutritional values of the Nordic accessions, both control groups were 
found have lower nitrogen content than the Nordic accessions (Fig. 2A). 
Karl, the low GPC control, has a nitrogen content much lower than the 
Nordic accessions. However, also the nitrogen content in Lewis, the high 
GPC control, although higher than Karl, is lower than that of most of the 
Nordic accessions. The opposite is true for the iron content, where the 
iron content of the control groups is higher than the mean iron content in 
the Nordic accessions (Fig. 2B). Lewis has the highest iron content, while 
Karl is closer to the mean iron content of the Nordic accessions. For the 
zinc content, the control groups are both close to the mean for the Nordic 
accession, with the zinc content of Lewis being slightly over the mean 
and the zinc content of Karl being slightly under it (Fig. 2C). 
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Table 3. Mean and standard deviation values for the nutrient contents of the 
Nordic barley accessions from the different countries Sweden, Norway, 
Finland, and Denmark. 
 
Country N Mean Std. deviation 
Sweden 20 N: 1.50 % 

Fe: 43,18 (mg/kg) 
Zn: 24.90 (mg/kg) 

N: 0.32 
Fe: 6.24 
Zn: 5.28 

Norway 19 N: 1.49 % 
Fe: 43.92 (mg/kg) 
Zn: 27.35 (mg/kg) 

N: 0.30 
Fe: 7.07 
Zn: 7.29 

Finland 20 N: 1.44 % 
Fe: 39.77(mg/kg) 
Zn: 24.44 (mg/kg) 

N: 0.25 
Fe: 6.62 
Zn: 4.37 

Denmark 19 N: 1.39 % 
Fe: 43.74(mg/kg) 
Zn: 23.91 (mg/kg) 

N: 0.20 
Fe: 5.39 
Zn: 4.35 

Total 78 N: 1.46 % 
Fe: 42.62 (mg/kg) 
Zn: 25.14 (mg/kg) 

N: 0.27 
Fe: 6.47 
Zn: 5.49 

 
 

 
 
Figure 2. Comparison of nutrient values of Nordic accessions and control 
accessions for A) nitrogen, B) iron, and C) zinc. 
 

A 

B 

C 
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To find differences for the nutritional values and the different 
improvement status groups, One-way ANOVAs were carried out. No 
significant differences between the nutritional values and the 
improvement status groups (N: F = 1.28, p = 0.29, Fe: F = 1.18, p = 0.32, 
Zn: F = 1.72, p = 0.55) was found (Fig. 3). To compare the nutritional 
content of the landraces and the cultivars, independent samples T-tests 
were done. A significant difference in the iron content of the landraces 
and the cultivars was found (F = 5.10, p = 0,03,), with higher iron values 
for the landraces. No difference was found for the nitrogen and zinc 
contents of the landraces and the cultivars (N: F = 2.17, p = 0.48, Zn: F = 
1.10, p = 0.20). 
 
 

 
Figure 3. Comparison of the means of the nutritional contents for the different 
improvement status groups landrace, barley cultivated in 1890-1940, 
cultivated in 1941-1970, and cultivated in 1971-present time. All comparisons 
were non-significant. A) Nitrogen content, B) iron content, and C) zinc content. 

4.4 Thousand grain weight, six- or two row barley, and nutrient 
content 

The two subtypes were analyzed separately, since the kernels of the six-
row barley generally is smaller than the kernels of two-row barley 
(Persson 1997). No differences were found between nitrogen content, 

A 

B 

C 
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iron content, or zinc content when comparing six- and two-rowed barley 
(N: F = 0.79, p = 0.79, Fe: F = 0.77, p = 0.10, Zn: F = 0.20, p = 0.21). 
There were, however significant negative correlations found between the 
thousand grain weight of two-row barley, and nitrogen and zinc content 
(N: p = 0.00, N = 40, r = -0.42, Zn: p = 0.00, N = 40, r = -0.32) (Fig. 4A, 
Fig. 4B), although not for the iron content (Fe: p = 0.80, N = 40, r = -
0.32) (Fig. 4C). For six-row barley, no correlation was found for the 
thousand grain weight and nitrogen content (N: p = 0.11, N = 37, r = 
0.071) (Fig. 4D). Significantly positive correlations were, however, found 
for the thousand grain weight, and the iron and zinc values (Fe: p = 0.01, 
N = 37, r = 0.18, Zn: P = 0.00, N = 37, r = 0.46) (Fig. 4E, Fig. 4F).  
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 Two-row barley    Six-row barley 

 

 
 
Figure 4. The correlations of the thousand grain weight of the two subtypes of 
barley, six- and two-row barley, and the nutrient contents. A) Nitrogen content 
of two-row barley, B) zinc of two-row barley, C) iron content of two-row barley, 
D) nitrogen content of six-row barley, E) zinc content of six-row barley, and F) 
iron content of six-row barley. 

5 Discussion 

5.1 Societal & ethical considerations 
The second of the Sustainable Development Goals is to end hunger, 
achieve food security and improved nutrition, and promote sustainable 

A D 

B 

C 

E 

F 
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agriculture (United Nations, 2016). The problem is most serious in the 
developing countries, where it is estimated that 12.9 % of the population 
suffers from undernourishment. Malnutrition is also one of the most 
common causes of death in children with 3.1 million children dying each 
year (United Nations, 2016). One thing that can be done to combat such a 
serious problem is to find food with high contents of micronutrients, as 
well as food with higher protein content. Grains such as wheat and barley 
are important cereals to work with, since they are very common.  
 
According to the Food and Agriculture organization, wheat production is 
estimated at 717 million tons and barley at 140 million tons in 2016 
(www.fao.org, 2016). Wheat is widely used for human consumption, in 
food such as pasta and bread. Barley is currently mainly used for animal 
feed and malt production. Barley is, however, adaptable and can be 
cultivated even if the environment is not optimal, which is why it could 
be a useful grain in many parts of the world. Barley high in protein and 
micronutrients would be suitable for human consumption, and could be 
cultivated in countries were hunger is most apparent, on land not suitable 
for other grains such as wheat.  
 
The Nordic accessions high in nutrients can be bred with barleys adapted 
for cultivation in other climates. The information about the HvNAM 
alleles of barley with high GPC could be used as a basis for GMO 
(genetically modified organisms). In the parts of the world where the 
public resistance against GMO is high, traditional breeding would be an 
alternative. Where the resistance is lower, the GMO varieties should be 
made available to everyone to grow as long as no negative effects on the 
existing ecosystems are found, in order to maximize its impact on 
reducing world hunger. 

5.2 Haplotypes of HvNAM1 and HvNAM2 
The SNP found at position 1450 of the HvNAM1 sequence divided the 
accessions into two haplotypes of the Nordic accessions. However, there 
were no differences in the nutritional values of these haplotypes. 
HvNAM1, like NAM-B1, is a NAC transcription factor. It contains a 
NAC-domain region, which all NAC-domain proteins have in common, 
and a highly variable C-terminal region (Distelfeld et al., 2008). The 
ability to bind DNA is associated with the NAC-domain region 
(Distelfeld et al. 2008), and a change in DNA sequence causing an an 
amino acid substitution in the C-terminal region might not affect the 
function of the protein. 
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The genetic diversity found for HvNAM1 for the Nordic accessions in this 
study is very low, with one SNP being found in five of the accessions. In 
a study comparing cultivated barley and Tibetan wild barley published in 
2013, Cai et al found three SNPs in HvNAM1 at positions 234, 544, and 
1433 in cultivated barley, and at positions 544, 1190, and 1427 for the 
Tibetan wild barley. This resulted in five amino substitutions but no 
association with the GPC was found (Cai et al 2013). None of the 
polymorphisms reported by Cai et al (2013) were found in this study. The 
polymorphisms found by Cai et al (2013) were found within the coding 
region. If this is true for the substitutions found in this study, that might 
explain why there is no differences in nutritional values between the 
haplotypes. However, the expression of the HvNAM genes should also be 
studied. 
 
Karl differed from the Nordic accessions in the three positions 180, 490, 
and 1379 in HvNAM1 and in the positions 551, 732, 1223, and 1472 in 
HvNAM2, but no substitution was found in Lewis in HvNAM1. The lower 
GPC in Karl might be the result of these substitutions. This is in line with 
the fact that the GPC of Lewis and the Nordic accessions are similar, with 
the GPC of Lewis not being much lower than that of the Nordic 
accessions. This, taken together with the fact that both HvNAM1 and 
HvNAM2 were found to be almost completely invariable, suggests that 
the Nordic barley accessions generally have higher GPC and that the 
genes might not be appropriate to use when finding associations with 
GPC and nutritional values. Haplotypes of wheat resulting in higher GPC 
and nutrition have been conserved in the Nordic countries (Hagenblad et 
al 2012), and it is possible that this has occurred in Nordic barley as well. 
The high GPC found in the Nordic accessions compared to the control 
groups, and the invariable HvNAM genes, might be the result of a 
selective sweep occurring for the Nordic accessions as an adaptation to 
the environment in the Nordic countries. 

5.3 Nutritional values in the Nordic accessions, improvement status 
groups, and subtypes  

5.3.1 Nutritional values in the Nordic accessions 

Barley originating from the different Nordic countries were found not to 
differ in their nutritional values. This is not unexpected, as many different 
lines of barley for example have gained popularity in Sweden after being 
cultivated in Denmark (Persson 1997). This might be true for the barley 
accessions originating from Norway and Finland as well.  



 17 

5.3.2 Improvement status groups and subtype 

Different improvements status groups did not differ in their nutritional 
values. This suggests that there is no apparent difference in the nutrient 
composition or GPC in Nordic barley over time. Previous studies in 
wheat have shown that an effect of cultivation have been decreased 
nutrient contents (Fan et al 2008, Garvin et al 2006). In this study, no 
differences in zinc or nitrogen contents for the landraces and the cultivars 
were found. This suggests that the Nordic barley has not been bred for a 
specific GPC. However, higher iron values were found for the landraces, 
which corresponds to the earlier studies (Fan et al 2008, Garvin et al 
2006), meaning that the iron contents of Nordic barley might have 
decreased as a consequence of the plant improvement process. Barley has 
been selected for different traits, which have changed as society has 
developed (Persson 1997). These traits have been higher yield, higher 
GPC for feed, or lower GPC for malting, as well as thousand grain weight 
(Persson 1997). Different varieties of barley have also been more 
cultivated during different time periods, for example the line Prinsess 
(NGB9424) with widespread use in the late 19th century. Other widely 
cultivated lines include Gullkorn which was marketed in 1913 and Ingrid 
(NGB2671), which gained popularity in 1959 and was widely used for 16 
years (Persson, 1995). Prinsess, for example, has higher nutrient values 
than Ingrid, which is in line with the results from Fan et al (2008) and 
Garvin et al (2006). 
 
For the two subtypes, six-row barley and two-row barley, no differences 
in nutrient contents were found. The two subtypes have both been 
developed from landraces. Two-row barley has been cultivated for use in 
locations with longer growing seasons and has a maturation period of 130 
days while six-row barley has a maturation period of 90 days and has 
been cultivated for shorter growing seasons (Persson 1997). In wheat, the 
NAM-B1 wild type allele has been shown to cause faster maturation in 
areas with shorter growing seasons (Uauy et al 2006b). The wheats with 
the wild type allele have higher protein contents and higher nutrient 
content. The presence of a wild type allele in six-row barley resulting in 
higher GPC and nutrition contents would be more advantageous for six-
row barley than for two-row barley, because of its adaptation to shorter 
growing seasons. However, this is not the case in this study. This 
suggests that something other than the HvNAM genes might be affecting 
the nutrient contents in Nordic barley. 
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5.4 Thousand grain weight and nutrient content 
When comparing the thousand grain weights of the two subtypes with the 
nutrient values, a significant negative correlation was found for the 
nitrogen and the two-row barley. For six-row barley, no correlation was 
found. Uauy et al (2006b) found that in wheat, NAM-B1 was correlated to 
senescence period and an increase in nutrient remobilization to the grain. 
They also found that the GPC of the wheat was correlated to the size of 
the kernel, with large kernel size corresponding to low GPC (Uauy et al 
2006b). This could explain the negative correlation for the two-row 
barley and the nitrogen content, as the grain of the two-row barley 
generally is larger than the grains of six-row barley (Persson 1997). Uauy 
et al. (2006b) could also show that thousand grain weight and GPC could 
be affected by environmental factors as well as senescence periods, and 
that both variables increased with shorter maturation periods. No 
correlation between the nitrogen content of six-row barley and thousand 
grain weight was found, which supports the findings that the HvNAM 
genes of Nordic barley are very homogeneous. 
 
As for the micronutrient content, a significant positive correlation was 
found for the zinc content in six-row barley, and in two-row barley a 
significant negative correlation was found. The negative correlation in 
two-row barley might be due to a dilution effect caused by increased 
yield. Such a dilution effect has been shown in a previous study on wheat, 
which could also show that it is the harvest index (grain yield as a 
percentage of total yield), and not the grain yield, that has a significant 
effect on the iron content (Fan et al 2008). This can explain why no 
significant correlation can be shown for the iron content and the thousand 
grain weight of two-row barley.  

5.5 Conclusions 
In this study, two haplotypes were found for HvNAM1. The nutrient 
content and the GPC of the accessions of the two haplotypes did not 
differ. For HvNAM2, the sequence was almost entirely invariant for the 
Nordic accessions, except for one deletion for one of the accessions. The 
low diversity might be due to the fact that the Nordic barley has been 
cultivated for shorter growing seasons, making it unsuitable for studying 
the effect of the HvNAM genes. The sequences for both HvNAM genes of 
the control group Karl had substitutions, which might explain the low 
GPC in Karl. Both control groups Karl and Lewis had lower GPC than 
the Nordic accessions, suggesting that the Nordic accessions generally 
have high GPC. Because of this, Nordic barley might be useful for plant 
improvement. However, as nutrient content has been shown to decrease 
as a result of plant improvement, it would be important to avoid this 
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effect in Nordic barley. This was also shown in this study, as the iron 
values were found to be higher in the landraces than in the cultivated 
barley accessions. 
 
To find a solution to the problem with world hunger, the haplotypes of 
non-Nordic barley of the NAC-genes HvNAM1 and HvNAM2 and their 
correlation to nutrients and GPC should be investigated. Also, other 
factors that could affect the GPC and nutrient contents should be 
considered. 
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8 Appendix 
 
Table 1. The Nordic accessions and control groups used in this study. The 
HvNAM1 sequences were acquired in this study, while the HvNAM2 
sequences were acquired in a previous study. However, both the HvNAM1 
and the HvNAM2 sequences were aligned and analyzed for polymorphisms in 
this study. The haplotypes found are listed in the haplotype column with the 
name of the gene and which haplotype the accession belongs to, for example 
HvNAM1-1 means that a haplotype was found for HvNAM1 and that the 
accession belongs to groups one (no substitution). The nutritional data for all 
the accessions listed was used.



ACCESSION 
NUMBER 

ACCESSION NAME ORIGIN 
COUNTRY 

SUBTYPE IMPROVEMENT 
STATUS GROUP                

HAPLOTYPE NEW SEQUENCES 
IN THIS STUDY 

NGB4613 Gammel dansk Denmark Two-row Landrace   
NGB4641 Støvring  Denmark Two-row Landrace   
NGB6929  Gaffel dækket Denmark Two-row Landrace HvNAM2-1 From previous study 
NGB9511 Langeland Denmark Two-row Landrace   
NGB9529 Lynderupgaard Denmark Six-row Landrace   
NGB468 Trysil Norway Six-row Landrace   
NGB469 Bjørneby Norway Six-row Landrace   
NGB2072 Kr Finset Norway Six-row Landrace HvNAM2-1 From previous study 
NGB15358 Amble a-sogne-fjord Norway - Landrace   
NGB15178 Skaneslet Sweden Six-row Landrace HvNAM1-1 X 
NGB2565 Kääs, local Öland Sweden Two-row Landrace   
NGB6927 Uforaedlet Jämtland Sweden Six-row Landrace HvNAM2-1 From previous study 
NGB9472 Östgöta flaettring Sweden Two-row Landrace HvNAM2-1 From previous study 
NGB13504 Lantkorn från Gotland Sweden Two-row Landrace   
NGB15103 Lulea 31/185 Sweden Six-row Landrace   
NGB27 Sarkalahti ME0103 Finland Six-row Landrace   
NGB308 Veteläinen Finland Six-row Landrace   
NGB321 Törmälä Finland Six-row Landrace   
NGB316 Piita Finland Six-row Landrace   
NGB277 Lähde Finland Two-row Landrace   
NGB4585 Juli Abed Denmark Six-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB9465 Rex Abed Denmark Two-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB6273 Karls Denmark Six-row cultivar, 1890-1940   
NGB4619 Opal Abed Denmark Two-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB8815 Maja Abed Denmark Two-row cultivar, 1890-1940   
NGB459 Maskin Norway Six-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB2075 Mjøs Norway Six-row cultivar, 1890-1940   
NGB466 Jotun Norway Six-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB2077 Polar Norway Six-row cultivar, 1890-1940 HvNAM2-1  
NGB2064 Fløya Norway Six-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB9424 Prinsess Sweden Two-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB1483 Primus Sweden Two-row cultivar, 1890-1940 HvNAM1-2 

HvNAM2-1 
X 
From previous study 



 2 

NGB1480 Gull Sweden Two-row cultivar, 1890-1940 HvNAM1-1 X  
NGB15238 Vega Sweden Six-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB6272 Dore Sweden Six-row cultivar, 1890-1940 HvNAM1-2 X 
NGB8234 Piikkiönohra Finland Two-row cultivar, 1890-1940 HvNAM1-1 X 
NGB13660 Olli Finland Six-row cultivar, 1890-1940 HvNAM1-1 X 
NGB9343 Lapinohra Finland Two-row cultivar, 1890-1940 HvNAM2-1 From previous study 
NGB9562 Louhi Finland Two-row cultivar, 1890-1940   
NGB6925 Tammi Finland Six-row cultivar, 1890-1940   
NGB8818 Rigel Abed Denmark Two-row cultivar, 1941-1970   
NGB8814 Alfa Denmark Two-row cultivar, 1941-1970 HvNAM2-1 From previous study 
NGB4682 Drost A Denmark Two-row cultivar, 1941-1970   
NGB8887 Dana Denmark Two-row cultivar, 1941-1970   
NGB9637 Siri Denmark Two-row cultivar, 1941-1970 HvNAM2-1 From previous study 
NGB2105 Goliat Norway Two-row cultivar, 1941-1970   
NGB2066 Fræg  Norway Six-row cultivar, 1941-1970   
NGB1493 Domen Norway Two-row cultivar, 1941-1970   
NGB2070 Jarle Norway Six-row cultivar, 1941-1970   
NGB2106 Møyjar Norway Two-row cultivar, 1941-1970   
NGB4611 Balder Sweden Two-row cultivar, 1941-1970 HvNAM1-2 

HvNAM2-1 
X 
From previous study 

NGB1487 Åsa Sweden Six-row cultivar, 1941-1970 HvNAM1-2 X  
NGB2671 Ingrid Sweden Two-row cultivar, 1941-1970   
NGB2663 Särla Sweden Two-row cultivar, 1941-1970 HvNAM1-1 

HvNAM2-1 
X 
From previous study 

NGB9554 Helmi Finland Two-row cultivar, 1941-1970 HvNAM1-1 X  
NGB291 Otra Finland Six-row cultivar, 1941-1970   
NGB303 Arvo Finland Two-row cultivar, 1941-1970 HvNAM1-1 

HvNAM2-1 
X 
From previous study 

NGB287 Karri Finland Two-row cultivar, 1941-1970   
NGB328 Pomo Finland Six-row cultivar, 1941-1970 HvNAM2-1 From previous study 
NGB4704 Nordal Denmark Two-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB4718 Caja Denmark Two-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB6305 Alis Abed Denmark Two-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB16752 Otira Denmark Two-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB2084 Yrjar Norway Six-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB6605 Tore Norway Six-row cultivar, 1971-present HvNAM2-1 From previous study 
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NGB11311 Arve Norway Six-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB13022 Olsok Norway Six-row cultivar, 1971-present HvNAM1-1 

HvNAM2-2 
X 
From previous study 

NGB16729 Fager Norway Six-row cultivar, 1971-present HvNAM1-1 
HvNAM2-1 

X 
From previous study 

NGB1505 Simba Sweden Two-row cultivar, 1971-present HvNAM1-1 X  
NGB1510 Pernilla Sweden Two-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB9944 Ariel Sweden Two-row cultivar, 1971-present HvNAM1-1 X  
NGB12276 Svani Sweden Two-row cultivar, 1971-present   
NGB13913 Cecilia Sweden Two-row cultivar, 1971-present HvNAM1-1 X  
NGB296 Suvi Finland Six-row cultivar, 1971-present HvNAM1-1 X  
NGB4011 Arra Finland Six-row cultivar, 1971-present HvNAM2-1 From previous study 
NGB9942 Nord Finland Six-row cultivar, 1971-present   
NGB10654 Loviisa Finland Six-row cultivar, 1971-present   
- Rolfi Finland Six-row cultivar, 1971-present   
CLHO 15487 Karl US Six-row - Karl From previous study 
CLHO 15856 Lewis US Two-row - Lewis From previous study 



 


