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Nitrogen is one of the most important elements for plants, needed in larger amounts than 

other elements. If plants suffer from nitrogen deficiency it may lower crop growth but on the 

other hand over fertilizing may cause serious environmental problems. Finding optimal 

nitrogen rate is difficult due to different demand in crops and various amount of nitrogen in 

soil stock within fields. Aim of this thesis was to get overview about AMT1 and AMT2 

genes in barley and to see how these genes expression levels differs depending on 

fertilization.  Both genes were tested to see gene expressions in different treatments. Both 

genes did not show significant differences between different treatments compared to control 

treatment. Although significant differences were in both genes between lowest and highest 

gene expression treatments. In AMT1 case highest gene expression treatment were Org1 and 

lowest Conv2. For AMT2 lowest gene expression was in treatment with 40-50 kg/ha mineral 

nitrogen applied (Conv1) and highest in treatment with green manure applied (Org1). 

Keywords: Barley, Ammonium transporter, organic- and conventional farming, gene 

expression 

  



3 

 

Eesti Maaülikool Kreutzwaldi 1, Tartu 

51014 

Magistritöö lühikokkuvõte 

Autor: Aleks Mõttus Õppekava: Põllumajandussaaduste tootmine 

ja turustamine 

Pealkiri:  Viljelusviisi mõju ammoonium transporteri geenide aktiivsusele odras 

Lehekülgi: 41 Jooniseid: 7 Tabeleid: 5 Lisasid:1 

Osakond / Õppetool: Taimekasvatus ja taimebioloogia 

ETIS-e teadusvaldkond ja CERC S-i kood: Taimekasvatus, B390 

 Juhendaja(d): Keyvan Esmaeilzadeh Salestani, Evelin Loit  

Kaitsmiskoht ja -aasta: Tartu, 2020 

Lämmastik on üks olulisemaid elemente taimede jaoks, mida on vaja kõige suuremates 

kogustes. Taimed mis kannatavad lämmastiku vaeguse all võivad olla kehvema kasvuga 

kuid teisest küljest üleväetamine võib põhjustada tõsiseid keskkonna alaseid probleeme. 

Optimaalse lämmastiku koguse leidmine on raske kuna lämmastiku vajadus varieerub 

olenevalt taimest ja mullas olev lämmastiku varu võib erineda põldudel. Selle töö eesmärk 

oli saada parem ülevaade AMT1 ja AMT2 geenidest odras ja uurida kuidas nende geenide 

ekspressioon sõltub väetusviisist. Mõlema geeni ekspressiooni vaadeldi erinevates 

viljelusviisides. AMT1 ja AMT2 geeni ekspressioon ei sõltunud viljelusviisist. Kuid mõlema 

geeni ekspressioon sõltus oluliselt lämmastiku normist. AMT1 geeni puhul oli kõige 

kõrgema ekspressiooniga variant Org1 ja madalaim Conv2. AMT2 geeni puhul osutus 

väikseima ekspressiooniga variandiks tavaviljeluse variant kus väetusnormiks oli 40-50 

kg/ha lämmastiku (Conv1) ja kõige suurema ekspressiooniga variandiks oli haljasväetisega 

maheviljeluse variant (Org1) 

Märksõnad: Oder, Ammoonium transporter, Mahe- ja tavaviljelus, geeni ekspressioon 
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1. INTRODUCTION 

Agriculture is facing a big challenge, world population is growing and needs food. By 

year 2050 world's population is  predicted to rise over 9 billion what means that food 

supply is increasing and with it higher production will be necessary (Nigro et al., 

2016). However, arable land amount to satisfy this demand is not increasing, and 

therefore, an alternative ways must be found to increase food production (Tilman et 

al., 2002). Global agriculture is in urgent need of a modification of classic breeding 

methods and management strategies. In addition to the agricultural value of barley, 

the barley genome is treated as a model for Triticeae crop species, which include 

wheat and rye (Alqudah et al., 2019) Wide range of markers and sequence resources 

has been developed so barley can be more effectively utilized (Rollins et al., 2013). 

Several studies in the past decade have showed that ammonium cause multiple 

physiological and morphological responses, such as explicit variations in gene 

expression, redox status, metabolism or root system formation (Patterson et al., 2010). 

Yield formation factors have not been studied as deeply as photosynthesis efficiency 

(Parry et al. 2011). There have been empirical studies with crops that show how many 

nutrients move to different plant organs during yield formation but genetical factors 

that alter yield formation has not been studied much (Foulkes et al. 2011) In last 50 

years nitrogen fertilizer usage per hectare has increased but nitrogen uptake 

effectivity, on the contrary, has decreased. In addition higher nitrogen fertilizer 

standards has caused environmental and economical problems (Hirel et al., 2008). 

Aim of this study was to characterize the expression of genes that are responsible for 

ammonia assimilation and transport in barley under different management systems. 

Hypothesis of this study was that gene expression of ammonium transporters is higher 

in organic farming treatments compared to the conventional farming treatments. 

 

I would like to thank my supervisors Evelin Loit and Keyvan Esmaeilzadeh Salestani 

who helped to complete this thesis. 
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2. LITERATURE OVERVIEW 

2.1 Farming systems 

    2.1.1  Conventional farming 

Conventional Framing is the predominant type of intensive agriculture in the European Union, 

with high inputs of synthetic pesticides and mineral fertilizers directly to increase yield. 

(Robertson et al., 2014 ; FAO,2013). It has been frequently reported that increasing yield in 

cereal depends on nitrogen transfer from vegetative organs to grain, which is strongly connected 

to the fertilizing time and amount of fertilizer (Gous 2015). But intensification of agriculture has 

led to decrease of soil organic matter and biodiversity of soil (FAO, 2013). These processes are 

predicted to go on in most parts of the world because intensification is still continuing (Lal, 

2004). This may lower buffering size of soils facing adverse conditions (Bot and Benites, 2005) 

resulting in increased receptiveness to drastic weather effects, outbreaks of pests and plant 

diseases as well as degradation of nutrients to water erosion and greenhouse gas emissions 

(Gattinger et al., 2012). 

 

      2.1.1.1. Nitrogen 

Nitrogen is one of the most important elements that plants need. Nitrogen is mainly absorbed by 

plants in the form of nitrate or ammonium (Krapp et al 2015). Plants need nitrogen in larger 

amounts than other mineral elements (Good et al 2011). If plants have nitrogen deficiency, they 

are stunted, resulting in plants having small leaves that may be chlorotic. Nitrogen deficiency 

may also result in less chlorophyll which means less photosynthesis and lower crop growth since 

nitrogen is a component of chlorophyll (Hue and Silva 2000). On the other hand, application of 

high amount of nitrogen may cause optimal conditions for eutrophication, which have serious 

negative effects on the environment. Therefore it is very important to optimise nitrogen usage to 

save money and environment (Good et al 2011).  If the nitrogen fertilizer amount is increased 

over optimal the risk of nitrate leaching  (Van Es et al. 2002)  and  nitrous oxide 
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emissions  (Zebarth et al. 2008) elevate fast. Substantial efforts have been made to optimize 

nitrogen fertilizers rates because of its crucial role in the economics of farmers and in ecosystem 

prosperity (Zebarth and Rosen 2007). Selecting optimal nitrogen rate is hard due to the variety 

of nitrogen demand in crops and in soil nitrogen stock among and within fields  (Olfs et al. 2005; 

Scharf et al. 2005). Nitrogen fertilizers are one of the biggest costs to cereal and barley producers, 

knowledge of how plant genotypes respond to nitrogen absorption may bring economic benefit 

while not decreasing yield (Good et al 2011). Favored nitrogen source is different among 

organisms but all of them have nitrogen uptake systems that obtain nitrogen in two forms, one 

is nitrate and the other is ammonium which are transported by nitrate transporters (NRT) and 

ammonium transporters (AMT) (Loqué, 2005). Ammonium uptake compared to nitrate takes 

less energy to synthesize organic nitrogen compounds  (Williams et al., 1987). 

 

      2.1.1.2 Phosphorus 

Phosphorus is an anatomical component of DNA and RNA, genetic materials that are responsible 

for growth and reproduction. Phosphorus is not needed in such large quantities as nitrogen, but 

same as nitrogen deficiency, phosphorus shortage in soils may limit crop production. Decreased 

synthesis of RNA leading to stunted plants is the result of low phosphorus supply (Hue and Silva 

2000). In Western and Northern Europe conventional farming systems phosphorus fertilizers 

surplus plant needs (Barberis et al., 1995). These practises result in increased losses of 

phosphorus to water erosion, leading to water eutrophication (Sharpley et al., 1994; Jordan et al., 

2000). If the input of phosphorus exceeds the removal of phosphorus with crops, then almost 

all  of excess phosphorus will accumulate in soil  (Hooda  et  al.,2001). In the soil some of this 

phosphorus will steadily turn into a less reactive form but still is vulnerable to transport processes 

(Sharpley   and Menzel,  1987). 

      2.1.1.3 Potassium 

Potassium, like nitrogen, is largely needed as on of important elements for most plants. 

Potassium is responsible for plants maintaining water content of cells, which helps to keep plant 

tissues turgid. Potassium has an important role in plant water relations by administering osmotic 

potential of cells and leaf stomata opening and closing, which helps to keep plants cool because 

openings in the leaf allows moisture to depart. Potassium is participating in water uptake from 

soil, holding water in plant tissues and transportation of water in xylem and photosynthates in 
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phloem. Potassium also alters cell extension, with enough potassium in plants, cell walls are 

firmer thereby increasing plant resistance to lodging, pests and pathogens. Potassium deficiency 

in plants results in low resistance to disease and shriveling of seeds and fruits. Potassium is 

absorbed by roots in ionic form (K+) in soil. Potassium leaching may be reduced with organic 

soil amendments for example manure and green manure (Hue and Silva 2000). 

2.1.1.4 Pesticides, herbicides and insecticides  

By advent of the green revolution, agriculture production has been raised by higher amounts of 

fertilization and usage of pesticides, enhanced irrigation, soil and crop management regimes and 

extensive land conversions(Tilman et al., 2002). There is growing concern about intensification 

of farming which can lead to degradation of ecosystem and decrease of productivity in longer 

terms. Soil degradation, heightened greenhouse gas emissions, decreasing availability and 

quality of water are the negative environmental factors that this sage of pesticides have been 

practiced for many decades but still fungi and insects are recognized as huge threat for damaging 

crops in all world. Usage of chemical pesticides is hugely considered as secure and profitable 

option for getting rid of pests (Singh et al., 2014). Chemical pesticides which can destroy weed 

and pests that are harmful to crops and agricultural products are toxic substances that are in 

general use in agriculture. Chemical pesticides can lower losses of food during transport and 

storage, also pesticides have a huge role in elimination of diseases harmful to humans carried by 

insects. A big concern is about as well as accumulation of pesticides (Tilman et al., 2001). 

Herbicides are used to control weeds, they have physical and chemical properties that allow them 

to move to target sites when coming in contact with plant tissues and then injury and kill targeted 

weed or crop species (Powles and Holtum, 1994). In Europe usage of herbicides for weed control 

has turn into standard action in conventional farming. There are three huge problems with high 

usage of herbicides for one plant diversity reduce in agroecosystems (Seifert et al., 2015) 

secondly pesticides are showing signs in neighboring environmental compartments (Reus et al., 

2002) lastly weeds are growing resistance to herbicide (Norsworthy et al., 2012 ).  In europe one 

of the intentions is to work towards to more sustainable agricultural systems and this is done by 

lowering inputs into crop production, farmers are required to lower pesticide use by following 

principles of Integrated Pest Management (European Directive 2009/128/EC on sustainable use 

of pesticides) 

 

https://www.sciencedirect.com/science/article/pii/S0261219419303576#bib24
https://www.sciencedirect.com/science/article/pii/S0261219419303576#bib21
https://www.sciencedirect.com/science/article/pii/S0261219419303576#bib21
https://www.sciencedirect.com/science/article/pii/S0261219419303576#bib17
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2.1.2 Organic farming 

Organic farming system is based on increasing soil organic matter to improve soil properties 

chemically, biologically and physically. Soil processes has important role in decreasing weeds, 

pests and diseases (Watson et al., 2002). In recent years organic farming has increased rapidly 

because as alternative to conventional farming systems it is less reliant on mineral fertilizers and 

pesticides (Stockdale et al., 2001). Nutrient input levels are mostly lower in organic farming than 

conventional farming (Oberson and Frossard, 2005), which may lead to nutrient deficiency 

(Gosling and Shepherd 2005). Although Organic farming yields are usually lower than 

conventional farming yields, organic farming may be the key to countering loss of soil organic 

matter and soil biodiversity (Mäder et al., 2002). 

 

2.1.2.1 Cover crops 

Nitrogen fixing legumes and economic crops are grown in rotation with cover crops. Cover crops 

may be grown in short duration as green manure crops or for longer duration (entire season 

between economic crops). Longer duration cover crops are grown in purpose of conserving 

nitrogen and to control weeds (Hue and Silva 2000). If legume crops are managed properly they 

can fix up to 168-224 kg/ha nitrogen in three to six months (Bugg and Miller 1991). Cover crop 

takes up nitrogen from soil which may be lost by leaching of denitrification if field is left fallow 

this can reduce nitrate pollution and may conserve nitrogen which can be taken up by following 

crops when cover crops are ploughed into soil. Also cover crops can reduce soil erosion (Hue 

and Silva 2000). 

 

2.1.2.2 Manure 

Manure is one of the most commonly used organic fertilizers.  Manure is very important in 

organic farms to ensure that soils are staying fertile. Nutrient balance should be base of how 

manure usage is planned. Usage of manure with crop rotations has shown extensive effects on 

grain quality and yield including elevation of protein in cereals (Stein-Bachinger 1996; 

Frederiksson et al. 1997). Soils that are treated with manure usually have higher levels of soil 

organic matter and larger soil microbial biomass and activity compared to soils that are only 

treated with mineral fertilizers (Liebig and Doran, 1999). In organic farms manure is one of the 
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most important phosphorus source. Phosphorus in manure is formed of inorganic and organic 

forms (Toor et al., 2006).  

2.2 Barley 

Barley (Hordeum vulgare L.) is one of the founder crops of Old World agriculture. 

Archaeological remains of barley grains found at various sites in the Fertile Crescent (Zohary 

and Hopf 1993). Barley has been cultivated by humans at least for 10,000 years since it's wild 

ancestor domestication (Pankin and von Korff 2017). Barley is grown in a wide range of 

environments all over world because of its good adaptability to different agro-climatic conditions 

(Russell et al. 2016). Barley is mainly used for animal feed and alcoholic beverages although a 

minor proportion of barley production is used as human food (Gous 2015). Currently increasing 

interest for nutritional benefits of beta-glucans in grains are changing insights towards the barley 

(Munoz Amatriain et al. 2014). Previously straw was considered a low value byproduct but it is 

also receiving attention as renewable energy source (Dockter and Hansson 2015). In the last 20 

years according to the FAO statistics barley yield and total crop area are decreasing, yield is 

decreasing 0,37% (0,51 million tons) in a year and total crop area is decreasing 1,92% (0,89 

million ha) in a year. To cover the increasing need for barley, the yields per ha should be 

increased. Some options are to optimize crop nutrient to get higher yields. Barley grain consist 

60-80% yeast, 9-13% nitrogen compounds, 1-2% lipids and 10-15% water (Asare et al., 2011).  

2.3 Transporter genes 

There are many different genes found in cereal which control morphological changes in roots 

depending on available nitrogen in soil. Some of these genes are responsible for nitrate and 

ammonia transport. Nitrate and ammonia both move through root cells to membrane with help 

of NRT (nitrate transporter gene) for nitrate and AMT (ammonium transporter gene) for 

ammonia. Effective nitrogen movement from roots to shoot is very important for plant growth 

(He et al., 2015). There are many more different transporter genes for example transporter genes 

for Zn transport which is called ZIP what was studied in Arabidopsis and found in four different 

subfamilies (Grotz et al., 1998).  
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2.3.1 Ammonium Transporters 

Plants can take ammonium up from the soil or through symbiotic interactions with 

microorganisms through root system (Morgan et al. 2013). Ammonium uptake of plants are 

mediated by ammonium transporter family. AMT family can be divided in two subfamilies: 

AMT1 and AMT2. AMT2.1 ammonium transport capacity is at least ten times lower at pH 6.1 

than AMT 1.1 but AMT 2.1 ammonium transport capacity seems to increase with increasing pH 

(Sohlenkamp et al., 2002).  Ammonium transport and methylammonium permease family can 

mediate secondary ammonium uptake in prokaryotic and eukaryotic organisms. In tomato root 

hairs two transporter genes (LeAMT1;1 and LeAMT1;2) are expressed preferentially, suggesting 

that gene products have a role in NH+ acquisition from rhizosphere. Opposite responses of 

LeAMT1;1 and LeAMT1;2 to nitrogen supply indicate that depending on soils nitrogen level 

different transporters are required to meet plants demand (Wiren et al. 2000).  Ammonium 

transporters are participating in the uptake of ammonium by plant roots, specially the plants with 

high-affinity uptake systems (Loqué et al. 2006). 

2.4 Gene expression analysis 

 Current chemical and optical methods of crop nitrogen sufficiency while useful may provide 

indirect measurements and may be altered by availability of nutrients and water, and also by soil 

and environmental surroundings (Olfs et al. 2005). Biotic and abiotic stress responses in plant 

are mediated through changes in gene expressions (Hazen et al. 2003). Gene expressions may 

give more direct measures of nitrogen sufficiency. During plant growth and development gene 

expression is known to be hugely dynamic and  reactive to environmental aspects (Schmid et al. 

2005; Schnable et al. 2004).  
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3. MATERIAL AND METHODS  

3.1 Field experimental design 

Experimental field was located at University of Life science, Eerika trial field.  The experiment 

was established in 2008 with five-field crop rotation, barley (Hordeum vulgare L.) undersown 

with red clover (Trifolium pratense L.), red clover, winter wheat (Triticum aestivum L.), pea 

(Pisum sativum L.) and potato (Solanum tuberosum L.). In conventional system, there were four 

different treatments for each crop, which differed in terms of application rates of mineral 

nitrogen (N) fertilizer: Conv0 as a control (with no additional fertilizers); Conv1: 40 kg/ha ; 

Conv2: 80 kg/ha ; Conv3: 120 kg/ha N. In organic farming system, cover crops were grown after 

main crops. winter oilseed rape was sown after pea, winter rye after potato and ryegrass after 

winter wheat. organic farming system had three different treatments; Org1 without any 

fertilization; Org2 with cover crops as green manure and Org3 with green manure and 40 t/ha 

manure. Chemical plant protection products were only used in conventional farming system.  

3.2 Sampling of barley 

Samples were collected at the tillering growth stage. Ten plants were randomly selected from 

each plot. Plants were transferred to laboratory and kept in the freezer (- 80 °C) till further 

processes. 

3.3 Sample analysis 

3.3.1. Extraction of genomic DNA 

DNA was extracted from shoot tissues using Qiagen Plant Mini Kit Dneasy.  First, shoot tissues 

were ground using mortar and pestle in liquid nitrogen and 100 mg of powdered samples was  

weighed and placed into 1.5 ml collection tube. Then, 400 µl buffer AP1 and 4 µl Rnase A was 

added and the mixture was vortexed and incubated at 65 °C for 10 minutes. 130 µl buffer P3 was 

added, mixed and then incubated for 5 minutes on the ice. lysate was pipetted into new spin 

column into a QIAshredder spin column placed in a 2 ml collection tube and centrifuged for 2 

minutes at 14,000 rpm. Flow-through was transferred into new tube without disturbing the pellet. 
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Afterwards, 1.5 volumes of buffer AW1 was added and mixed by pipetting. Then, 650 µl of 

Mixture was transferred into a DNeasy Mini spin column placed in 2 ml collection tube and 

centrifuged for a 1 minute at 8000 rpm. Flow-through was discarded and the same step was 

repeated with remaining sample. Spin column was placed into a new collection tube, added 500 

µl buffer AW2 and centrifuged for 1 minute at 8000 rpm. flow-through was discarded, 500 µl 

buffer AW2 was added again and centrifuged for 2 minutes at 14,000 rpm. Spin column was 

transferred into a new microcentrifuge tube, 100 µl buffer AE was added for elution, incubated 

for 5 minutes at room temperature and centrifuged for 1 minute at 8000 rpm. Last step was 

repeated once more to acquire high DNA concentration. Finally, quality of extracted DNA was 

analysed by electrophoresis of 1% agarose gel and quantity was measured using Thermo 

Scientific NanoDrop 2000c spectrophotometer. 

3.3.2 Regular PCR and primer Optimization 

Polymerase chain reaction (PCR) is a method that allows to make millions of copies from a small 

DNA or RNA fragments. DNA or RNA molecules are broken down and built up again with 

special primers. AMT1.1 and AMT2.1 primers were designed by Oligo software based on related 

sequences available in NCBI database (GenBank: AK354234.1 and AK252569.1 for AMT1.1 

and AMT2.1, respectively). A gradient PCR was performed by QIAGEN HotStarTaq Mastermix 

kit to acquire optimum annealing temperature. 4 µL of PCR product was mixed with loading dye 

and put into the  wells of 1 % agarose gel . Electrophoresis was run for 45 min with 100V and 

the bands compared with DNA ladder to measure the length of amplified fragments. Finally, 

image of gele was taken using LaboChema to be visible on the screen. 

Table1. Specific primers used for quantitative real-time PCR 

Gene 

name 

Forward primer (5'-3') Reverse primer (5'-3') 

Fragment length 

(bp) 

HvAMT1.1 ATGCTCACCAACGTGCTCG GCCCACTGGAAGAGGAAG 170 

HvAMT2.1 CCACCGTCGTCTACTTCCA GTAGGAGAAGGTGAGCCAGAG 128 

HvActin GGAAATGGCTGACGGTGAGGAC GGCGACCAACTATGCTAGGGAAAAC 122 
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3.3.3 RNA extraction and cDNA synthesis 

Extraction of Total RNA 

RNA was extracted using Qiagen RNeasy Plant Mini Kit. First, 100 mg of shoot tissue was 

disrupted and transferred into 2 ml collection tube. 450 µl buffer RLT was added and votexed. 

lysate was transferred to a QIAshredder spin column placed in a 2 ml collection and centrifuged 

for 2 minutes at maximum speed (14,000 rpm).  Supernatant was carefully transferred to a new 

tube without disturbing the cell-debris pellet.  0.5 volume of  ethanol (96%) was added to lysate 

and mixed immediately by pipetting. Then, sample was transferred to RNeasy Mini spin column 

in 2 ml collection tube and centrifuged for 15 seconds at 10000 rpm. Flow-through was discarded 

and 700 µl buffer RW1 was added to spin column an centrifuged for 15 seconds at 10000 rpm.  

Flow-through discarded and 500 µl of buffer RPE was added to spin column and centrifuged for 

15 seconds at 10000 rpm. Flow-through was discarded and again 500 µl buffer RPE was added 

to spin column and centrifuged for 2 minutes at 10000 rpm. Afterwards, Rneasy spin column 

was placed in a new collection tube and 35 µl of RNase-free water was added directly to center 

of the spin column membrane and centrifuged for 1 minute at 10000 rpm to elute RNA. Last step 

was repeated to acquire high RNA concentration. Finally, quality of extracted RNA was analysed 

through electrophoresis of 1% agarose gel and quantity was measured by Thermo Scientific 

NanoDrop 2000c spectrophotometer.  

 

3.3.4 DNase Treatment 

DNase treatment was done using DNase I, RNase-free kit (Thermo Fisher scientific) according 

to manufacturer's protocol. DNase I is an endonuclease that digests single and double-stranded 

DNA. To avoid degrading RNA, RiboLock RNase Inhibitor, purchased from Thermo Fisher 

scientific, was used. 2 µl of 10*buffer, 1 µl of Dneas and 0.25 µl of riblock were added to 1µg 

RNA of each sample. For DNase activation, the mixture was incubated 30 minutes at 37°C (table 

2). Then, 2 µL EDTA was added to the mixture and incubated 10 minutes at 65°C in order to 

inactivating DNase activity.  
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Table 2. DNase treatment program 

Activity Type Temperature Incubation Time 

DNase Activation 37°C 30 min 

DNase Inactivation 65°C 10 min 

 

 

 

 

3.3.5 Synthesis of cDNA 

cDNA was synthesized by with FIREScript RT cDNA Synthesis MIX, purchased from Solis 

BioDyne (Tartu, Estonia), according to manufacturer's protocol. Synthesis of cDNA 

is based on reverse transcription activity, which aims to synthesise complementary DNA 

molecule from RNA molecule by thermocycler PCR. 16.5 µl of RNA treated with DNase, 2 µl 

of 10x RT Reaction Premix with Oligo (dT) and Random primers and 1.5 µl of FIREScript 

Enzyme Mix were added to a nuclease-free microcentrifuge tube. finally, the following 

programme for cDNA synthesis was used (table 3). 

 

Table 3. cDNA synthesis protocol 

Steps Temperature  Incubation Time 

Primer annealing 25 °C 5 min 

Reverse transcription 42 °C 30 min 

Enzyme inactivation 85 °C 5 min 
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3.3.6 Real-time qPCR 

Real-time polymerase chain reaction (qPCR) was used to analyse expression of genes 

responsible for nitrogen uptake and transportation (AMT1.1 and AMT2.1). Real-time monitors 

the amplification of a targeted DNA molecule during the PCR, not at its end, as in conventional 

PCR. Real-time qPCR reaction was done through 5x HOT FIREPol® EvaGreen® qPCR 

Supermix purchased from Solisbiodyne. This kit an optimized ready to use solution for real time 

quantitative PCR assays, incorporating EvaGreen® dye. EvaGreen is a non-specific fluorescent 

dyes that intercalates with any double-stranded DNA. Each reaction contained 6 µL of 5x HOT 

FIREPol® EvaGreen® qPCR Supermix, 1.5 µL of cDNA template, 0.6 µL of each forward and 

rivers primer and 22.3 µL of nuclease-free water. Hot Firepol DNA polymerase, in the qPCR 

Supermix, is activated by an incubation at 95°C for 12 minutes step. This step avoids extension 

of non-specifically annealed primes and primer-dimers which are formed at low temperatures 

during qPCR setup. Rotor Gene Q with 72 wells rotor was used to amplify the genes of interest. 

AMT1.1 and AMT2.1 were the target genes and Actin (ACT) was the reference gene. Every run 

of Real-time was done with 3 qPCR replicates and no template control (NTC) for each gene 

(appendix 1). Results are given in cycle threshold (Ct) which is defined as the number of cycles 

needed for flourosent singal to cross the threshold. The genes were amplified according to the 

program written in table 4. Gene expression analysis was done based on Ct values obtained 

through Rotor Gene Q machine mentioned in table 4. using Microsoft Excel by formula 1.1. ∆Ct 

shows target genes expression compared to reference gene. ∆∆Ct declares difference in 

expression level between groups and control. 2-∆∆Ct states fold change of each group compared 

to the control. 

 

 

  

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Fluorescent_dye
https://en.wikipedia.org/wiki/Fluorescent_dye
https://en.wikipedia.org/wiki/Intercalation_(biochemistry)
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Table 4. Rotor Gene Q program 

Cycle step Temperature  Time Cycles 

Initial activation 95 °C 12 min 1 

Denaturation 95 °C 12 s 

40 Annealing 54 °C 25 s 

Elongation 72 °C 25 s 
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4. STATISTICAL ANALYSIS 

Result calculations and analysis was done with RotorGene software and Microsoft Excel. 

Method used were relative quantification which uses normalization against a reference gene 

with ∆Ct values. All genes that were studied was compared by Ct values. Results were 

normalized against a reference gene (barley actin). Livaks method was used to compare target 

genes expression levels by using formula 1.1 (Livak ja Schmittgen, 2001). To see significany 

between different treatments least statistical difference (LSD) Fisher’s test were used with 

formula 1.2. 

 

Formula 1.1 

Fold change = 2^-(∆∆Ct) 

 

Formula 1.2  

LSD = t√ mean squares within group (1/n1+1/n2) where t=T.INV.2T(alpha value, degrees of 

freedom within groups). 
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5. RESULTS 

5.1 DNA Extraction and Optimization of Primers 

Extracted DNA quality was visually assessed from gel electrophoresis to see distribution of 

fragments. Genomic DNA was extracted well although some samples had better quality (2, 5 

and 7) than others (samples 1, 3, 4 and 6) (Figure 1). Measuring DNA quantity using nanodrop 

exhibited good concentrations, which were between 250-500 ng/µl, meaning enough amount for 

upstream experiments. 

 

Figure 1. Picture of gel electrophoresis for extracted DNA quality control. (M is DNA marker 

1kb and M* is DNA marker 100b) 

Designed primers were used to amplify ammonium transporter gene region using gradient PCR 

to find best annealing temperature. Different ranges of temperature were examined and PCR 

products was run into electrophoresis gel to be separated based on the fragment size. The 

designed AMT1, AMT2 and Actin primers were expected to amplify the fragments with the 

length of 170, 128 and 122 bp, respectively (Figure 2). Our result showed the fragments of your 

interest were amplified specifically and without any unexpected bands. The optimum annealing 

temperatures were 52, 53 and 54 °C for AMT1, AMT2 and actin, in a order. 
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Figure 2. AMT1 , AMT2 and ACT pcr gradient with optimum annealing temperatures (M is 

DNA marker and 1-5 represent different samples). 

5.2 RNA Extraction and Real-time PCR protocol optimization 

Quality and quantity of extracted RNA was analysed before starting running real-time PCR. 

Measured OD and concentration of RNA samples showed that the amounts of extracted RNA 

were enough and also out of protein contaminants (table 5).  

Table 5. RNA quality and quantity sampling 

Sample Concentration (µL) OD (260/280) 

N0 284.3  2.12 

N1 225.2  2.09 

N2 373.0  2.09 

N3 208.1  2.08 

M0 209.2  2.05 

M1 240.6  1.97 

M2 281.7  2.17 

 

The image of gel demonstrated the good quality of RNA, which is proven by 28S and 18s rRNA 

band on the gel. Since the plant tissues were not fresh and stored in freezer for a few months, 

18s rRNA bands were not sharp on the gel 
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Figure 3. Picture of gel electrophoresis of RNA for quality control (M is for DNA marker 1kb, 

M* is for DNA marker 100b and 1-7 represent different treatments from Conv0 to Org2)  

Real-time PCR protocol was optimized to work for AMT genes and actin gene. All three genes 

were run at the same time with three PCR replicates. One common program was written for them 

and 54 °C was considered as the best annealing temperature. Amplification curves were observed 

in all samples, which stated the pcr condition was good enough for all three genes to be amplified 

(Figure 2 ). Most importantly, sample with no cDNA template, with water, was run to be sure 

about lack of genomic contaminants in our experiment. We expected to see no amplified curves 

in these control samples and the flat lines at the base confirmed it. This was achieved after several 

trials.  

  

 

Figure 4. AMT1 and AMT2 qRT-PCR complete scan of 45 cycles 
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5.3 Expression of ammonium transporters 

5.3.1 AMT1 

 

Results showed that there was no significant difference between treatments and control. 

Although a fluctuation in expression level of AMT1 was seen, these differences were not 

considerable (Fig 5). Interestingly, conventional farming stimulated down-regulation of the 

gene while organic farming showed up-regulation induction. It means, AMT1 had higher 

expression in organic treatments and lower expression in conventional ones compared to 

control. The lowest expression of AMT1 was observed in treatment with 80-100 kg/ha (Conv 

2) mineral nitrogen. Highest expression was seen in treatment org1, where cover crops was 

used as green manure. Surprisingly, the difference between these two groups (highest and 

lowest) was significant, indicating that different farming systems may affect the genes 

expression pattern. It was found, in Arabidopsis and rice, that the expression of AMT is not 

only dependant on ammonium conditions but also is dependant on N deprivation (Sonoda et 

al., 2003; Loqué et al., 2006). Lu (2005) found that differences in non-organic and organic 

treatments are not simply because of increased organic matter content. In treatments where 

only organic nitrogen is applied, nitrogen may become subsequent limited and because of this 

genes that are responsible for nitrogen uptake and metabolism may be up-regulated to fulfil 

yield potential. Wang (2020) found that organic management treatments had increased nitrogen 

uptake compared to the conventional farming treatments in pak choi plants. Lowering 

ammonium nitrate solution amount that is transferred to plant caused rapid increase of 

AtAMT1 mRNA expression (Li et al., 2017). 

 

https://www.frontiersin.org/articles/10.3389/fpls.2017.01637/full#B44
https://www.frontiersin.org/articles/10.3389/fpls.2017.01637/full#B44
https://www.frontiersin.org/articles/10.3389/fpls.2017.01637/full#B24
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Figure 5. mRNA fold change in different fertilizer groups for AMT1 gene 
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5.3.2 AMT2 

AMT2 gene expression did not show significant difference in investigated treatments 

compared to control (Fig 6). Same as AMT1, AMT2 down-regulated in conventional farming 

and up-regulated in organic farming. This states that AMT2 had lower gene expression in 

conventional treatments and higher gene expression in organic treatments compared to control. 

Similarly, highest gene expression was observed in Org 1 while lowest expression belonged to 

Conv 1 (treatment with 40-50 kg/ha mineral nitrogen). There was also a significant difference 

between Org 1 and Conv 1. Nitrogen metabolism genes which include ammonium transporters 

had higher gene expression in farm yard manure fertilization than in N4 which used non-

organic fertilizers in wheat plants (Lu et al., 2005).  In maize it was found that ZmAMT2 

showed higher gene expression levels in shoot compared to the control when exposed to the 

nitrogen starvation (Dechorgnat et al., 2019). Same result was found in Arabidopsis where 

nitrogen deficient plants showed highest transcript level for AMT2.1 (Yuan et al., 2007) 
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Figure 6. Log2 fold change in different fertilizer groups  for AMT2 gene  
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5.3.3 Comparsion between AMT1 and AMT2 

Wu et al (2015) found that AMT1.1 had higher relative expression in leaves compared to the 

AMT2.1 also AMT1 had higher relative expression when exposed to different concentrations 

of ammonium compared to the AMT2. In wheat plants same result was found where TaAMT1 

gene had higher relative expression compared to the TaAMT2 (Li et al., 2017) 
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Figure 7. ∆Ct value comparison between AMT1 and AMT2  

Results showed that AMT1 had higher gene expression compared to AMT2 in all studied 

treatments (fig 7). These differences in expression level between two genes were significant in 

both farming systems. This result exhibited that AMT1 is more active and responsible for 

nitrogen in form of ammonium in barley compared to AMT2. 
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5.4 Correlation between AMT1 and AMT2 

 Scatter graph, showing correlation between two genes, was drawn based on -∆∆Ct datapoints 

(Fig 8). Calculated correlation coefficient was 0.52 for expression pattern of these two genes. 

This correlation was positive albeit was not strong, meaning by increasing expression level of 

one gene, another gene also will be expressed more. This trend was shown in comparison 

figure, which both genes followed the same pattern (fig 8). R-squared value was 0,499 which 

means that correlation between these two factors can be explained by other factor by 49,9%.  

Similarities was found on AtAMT1 and AtAMT2 behaviour when exposed to altered nitrogen 

supply (Sohlenkamp et al., 2002) 

 

 

Figure 8. Correlation between AMT1 and AMT2 r-value: 0,52 
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6. CONCLUSION 

World's population is predicted to rise over 9 billion by year 2050 which means that need for 

food is only growing which means that higher production of food is needed. Barley has good 

adaptability to different agro-climatic conditions and is grown all over the world. For plants 

nitrogen is one of the most needed elements and it is needed in larger amounts than other 

mineral elements. Knowledge of plant genotype response to nitrogen absorption may be 

beneficial to producers because nitrogen fertilizers are one of the biggest costs. Deficiency of 

nitrogen may lower crop growth but on the other end too high amounts of nitrogen applications 

may have serious negative effects on environment which is the reason that it is important to use 

optimal nitrogen amounts to save money and environment.  

 

Aim of this thesis was to give overview about ammonium transporters gene expression in 

barley specifically AMT1 and AMT2. Thesis was based on the hypothesis that in organic 

farming the gene expression of these genes is higher than in conventional farming.  

 

Barley plants were collected from Eerika trial field which was established in 2008. Experiment 

had five different crop rotations with different fertilization treatments with 4 conventional 

treatments and 3 organic treatments. For crop rotation it was barley undersown with red clover, 

red clover, winter wheat, pea and potato and for fertilizer systems there were: Conv0 with no 

additional fertilizers for control purposes, Conv1 where applied nitrogen amount was 40-50 

kg/ha, Conv2 where applied nitrogen amount was 80-100 kg/ha and Conv3 where applied 

nitrogen amount was 120-150 kg/ha. For organic treatments there were Org1  without any 

fertilization, Org2 where cover crops were grown as green manure and Org3 where green 

manure and 40 t/ha manure was applied. Ten samples was collected from each plot, chosen by 

random. From plats DNA and RNA were extracted which were bases for PCR and qRT-PCR. 

For gene expression relative quantification was used.  

 

Both AMT1 and AMT2 genes did not show significant differences between treatments and 

control.  AMT1 showed higher gene expression in organic treatments compared to the 

conventional ones. Statistically significant difference was found between highest gene 

expression treatment (Org1) and lowest one (Conv2). Same as in AMT1 gene expression  
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AMT2 did not show significant differences in studied treatments aswell but same as in AMT1 

gene higher gene expression were seen in organic treatments compared to the conventional 

treatments. Also there were statistically significant difference between highest (Org1) and 

lowest (Conv1) gene expression treatment. 

Hypothesis of this thesis can not be proven or denied based on these results. Because neither of 

genes had showed significant difference compared to the control treatment. To have more 

knowledge of these genes experiment should be done with more replicates and for more than 

one year.  
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Sample 

Number 

cDNA 

template 

cDNA 

source 

Gene Gene type 

CT value 

(rep. 1) 

CT value 

(rep.2) 

CT value 

(rep.3) 

1 N0 Shoot AMT 1.1 Target Obtained  Obtained  Obtained 

2 N1 Shoot AMT 1.1 Target Obtained  Obtained  Obtained  

3 N2 Shoot AMT 1.1 Target Obtained  Obtained  Obtained 

4 N3 Shoot AMT 1.1 Target Obtained  Obtained  Obtained  

5 M0 Shoot AMT 1.1 Target Obtained  Obtained  Obtained 

6 M1 Shoot AMT 1.1 Target Obtained  Obtained  Obtained  

7 M2 Shoot AMT 1.1 Target Obtained  Obtained  Obtained 

8 NTC Shoot AMT 1.1 Target Obtained  Obtained  Obtained  

9 N0 Shoot AMT 2.1 Target Obtained  Obtained  Obtained 

10 N1 Shoot AMT 2.1 Target Obtained  Obtained  Obtained  

11 N2 Shoot AMT 2.1 Target Obtained  Obtained  Obtained 

12 N3 Shoot AMT 2.1 Target Obtained  Obtained  Obtained  

13 M0 Shoot AMT 2.1 Target Obtained  Obtained  Obtained 

14 M1 Shoot AMT 2.1 Target Obtained  Obtained  Obtained  

15 M2 Shoot AMT 2.1 Target Obtained  Obtained  Obtained 

16 NTC Shoot AMT 2.1 Target Obtained  Obtained  Obtained  

17 N0 Shoot ACT Calibrator Obtained  Obtained  Obtained 

18 N1 Shoot ACT Calibrator Obtained  Obtained  Obtained  

19 N2 Shoot ACT Calibrator Obtained  Obtained  Obtained 

20 N3 Shoot ACT Calibrator Obtained  Obtained  Obtained  

21 M0 Shoot ACT Calibrator Obtained  Obtained  Obtained 
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22 M1 Shoot ACT Calibrator Obtained  Obtained  Obtained  

23 M2 Shoot ACT Calibrator Obtained  Obtained  Obtained 

24 NTC Shoot ACT Calibrator Obtained  Obtained  Obtained  

 

Appendix 1. Real-time qPCR sample replicates 

  



41 

 

Mina, Aleks Mõttus___________________________ ,(autori nimi) 

 sünniaeg ___1996__________,  

annan Eesti Maaülikoolile tasuta loa (lihtlitsentsi) enda koostatud lõputöö:  

 

Viljelusviisi mõju ammoonium transporteri geenide aktiivsusele odras 

___________________________________________________________________,  

(lõputöö pealkiri)  

mille juhendaja(d)on Evelin Loit, Keyvan Salestini___________________________,            

(juhendaja(te) nimi)  

1.1. salvestamiseks säilitamise eesmärgil,  

1.2. digiarhiivi DSpace lisamiseks ja 

 1.3. veebikeskkonnas üldsusele kättesaadavaks tegemiseks kuni autoriõiguse kehtivuse 

tähtaja lõppemiseni;  

2. olen teadlik, et punktis 1 nimetatud õigused jäävad alles ka autorile;  

3. kinnitan, et lihtlitsentsi andmisega ei rikuta teiste isikute intellektuaalomandi ega 

isikuandmete kaitse seadusest tulenevaid õigusi.  

Lõputöö autor ______________________________  

                                                             (allkiri) 

Tartu, _22.05.2020_______________  

                  (kuupäev) 

 Juhendaja(te) kinnitus lõputöö kaitsmisele lubamise kohta  

Luban lõputöö kaitsmisele.  

_______________________________________ _____________________  

(juhendaja nimi ja allkiri)                                                          (kuupäev) 

_______________________________________ _____________________                                  

(juhendaja nimi ja allkiri)                                                            (kuupäev) 


