
~ 
I CAR 

B M Z . I Bundesmini&tllriumfiir 
wirtscha~liche Zusammenarbeit 
und Entwicklung CIMMYT~ 

ICAR-CIMMYT molecular breeding 
.. course in wheat 

Susanne Dreisigacker, Ratan Tiwari and Sonia Sheoran J 

Directorate of Wheat Research 
(ICAR), Karnal 



Laboratory Manual 

ICAR-CIMMYT molecular breeding 
course in wheat 

Susanne Dreisigacker 

Ratan Tiwari 

Sonia Sheeran 

Cover Picture: A recombinant inbred line population from winter x spring cross showing segregation 

for days to heading and vernalization requirements {photo by Raton Tiwari). 

Directorate of Wheat Research (ICAR), 
Karnal (Haryana)-132 001, India 



Correct Citation: 

Published by : 

First Print: 

Copies: 

Printing : 

Susanne Dreisigacker, Ratan Tiwari and Sonia Sheoran. 2013. "Laboratory 

Manual. ICAR-CIMMYT molecular breeding course in wheat". Directorate of 

Wheat Research Karnal, India 

BMZ Project 

Directorate of Wheat Research 

Karnal - 132001, Haryana, India 

Tel.: 0184-2267490, Fax: 0184-2267390 

E-mail: dwr@vsnl.com, wheatpd@gmail.com 

Web site: www.dwr.in 

August, 2013 

200 

lntech Printers & Publishers 

SCO 343, 1st Floor, Mughal Canal 

Karnal- 132 001 (Haryana) 

Contact: 0184-4043541, 9315780004 

Email: jobs.ipp@gmail.com 



Table of Contents 

Section Contents Pages . 

1 Plant genomic DNA isolation 1 

2 Quantification and Quality Control of 8 

DNA 

3 STS and SSR Protocols 10 

4 Resolution of Amplified products using 13 

Agarose and Polyacrylamide Gel 
Electrophoresis 

5 KASP ASSAY protocol used at 20 

CIMMYT . 
. 

6 General stocks solutions 25 

7 Relative features of different marker 29 

techniques 

8 Appendices 30 





Plant genomic DNA isolatio 

Small-Scale Extraction 

Tissue sampling 

1. Cut small portions of the leaf ( -1.5 em) from each plant and placed in 8-strip 1.1 ml 

tubes up to 12 strips located in 96-well racks. 

2. Keep tubes of leaves cool until they are frozen, but freeze as soon as possible. Freeze 

in a -80°C freezer for at least two hours or using liql!id nitrogen. Samples must not 

thaw before lyophilization. 

3. Place trays of the open tubes containing frozen leaf materials into the lyophilizer. Lids 

of the tubes must be OPEN. 

4. Be sure that the lyophilizer chamber is at -60°C at all times. Verify that it has reached 

the proper vacuum level after loading the samples, and that it maintains a vacuum 

level of- 100 microns. Normally, the small leaf size in tube makes it hard to overload 

the machine. Typically, samples must dry for12-24 h, but may take less time using 

this method. 

5. Dried tissue may be stored in the tubes (with the lids CLOSED) at room temperature 

for a few days, or can be stored for longer periods at -20°C. DNA extraction can be 

done in the same tubes. 

Grinding 

1. The stainless steel balls used in this procedure are 5/32" ( 4 mm). 

2. Place 1-2 stainless steel balls into each tube and close securely. Place the entire plate 

in a tissue grinder and grind 2-3 min until the leaf tissue is ground to fine powder. 

3. Leaf powder can be stored in closed tubes, or DNA extraction can begin immediately 

in the same tubes. 

Note: If samples are not fully dried before grinding, grinding will not be efficient and DNA 

yield will be poor. The finer the powder, the higher the yield of DNA will be. 

DNA extraction 

1. Preheat the CTAB isolation buffer to 65°C. 
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2. Add 400 ~1 of CTAB isolation buffer. Mix by gentle swirling to homogenize the 

tissue with the buffer. 

3. Incubate the samples at 65°C for 90 min with continuous gentle rocking. 

4. Remove tubes from the oven and allow them to cool for 10 min. 

5. Add 300 ~1 of chloroform: octanol (24:1). Mix gently with continuous ro~king for 15 

min at room temperature. 

6. Centrifuge at 3750 rpm at room temperature for 30 min at RT to generate a yellow 

aqueous phase and a green organic phase. 

7. Remove approximately 300 ~1 of the yellow aqueous phase and place in a new set of 

strips containing 15 ~lRNAse. Optional step: Repeat the chloroform treatment on 

theaqueous phase. This produces cleaner DNA, but a lower yield. 

8. Mix with gentle inversion and incubate at 37°C for 30 min. 

9. Add 280 ~1 of 100% isopropanol (2-propanol), Mix very gently to precipitate the 

nucleic acid Optional step: Incubate samples at -20°C for 30 minutes or 1 hour. 

10. Centrifuge at 3750 rpm at 4°C room temperature for 30 min to forrp. a pellet at the 

bottom of the tube. Discard the supernatant. 

11. Add 400 ~1 of 70% ethanol. Wash the DNA pellet gently. 

12. Centrifuge at 3750 rpm for 20 min. 

13. Discard ethanol by decantation. 

14. Add 400 ~1 of 70% ethanol. Wash the DNA pellet gently. 

15. Centrifuge at 3750 rpm for 20 min. 

16. Discard ethanol by decantation. 

17. Allow pellet to air-dry until ethanol evaporates completely (Any remaining alcohol 

smell indicates pellet is not completely dry). 

18. Re-suspend the DNA pellet in 200 ~1 of Tris - HCl, 1mM pH 8 or double-distilled 

water. 

19. Store samples at 4 oc until use; if DNA will not be used for a long time, store at -

20°C. 

Note: DNA that is refrozenafter being thawed begins to break after each freezing session, so freeze 
DNA only for long-term storage and preferably after all testing is finished. If DNA will be used for 
multiple projects with long periods of time between projects, it can be aliquoted into several tubes and 
frozen, so that each aliquot is thawed only once at the start of each project. 
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CTAB extraction buffer1 

STOCK FINAL 1 RXN 5 RXN 10 RXN 20 RXN 
10ml SOml 100ml 200ml 

dHzO 6.5 ml 32.5 ml 65.0 ml 130.0 ml 
1M Tris-7.5 lOOmM l.Oml 5.0ml 10.0 ml 20.0 ml 
5 MNaC1 700mM 1.4 ml 7.0ml 14.0 ml 28.0 ml 
o.5 M EDTA- 50mM 1.0ml 5.0 g 10.0 ml 20.0 ml 
8.0 
CTAB2 1% 0.1 g 0.5 g l.Og 2.0 g 
14MBMEj 140mM 0.1 ml 0.5 ml 1.0 ml 2.0 ml 
1 Use freshly made; warm buffer to 60-65°C before addmg the CTAB and BME. 
2 CTAM= Mixed alkyltrimethyl-ammonium bromide. 
3 Add BME (fi-mercaptoethanol) just prior to use. 

CHLOROFORM:OCTANOL ::24:1 
STOCK 100ml 200ml 300ml 400ml 
Chloroform 96ml 192 ml 288 ml 284ml 
Octanol 4ml 8 ml 12 ml 16ml 

10 mg/ml RNAse A 

so RXN 60 RXN 
SOOml 600ml 
325.0 ml 390.0 ml 
50.0 ml 60.0 ml 
70.0ml 84.0 ml 
50.0 ml 60.0 ml . 
5.0 g 6.0g 
5.0ml 6.0ml 

SOOml 
480ml 
20ml 

Dissolve 100 mg of RNAse (Sigma# R4875) in 10 ml of 10 mMTris - 1.5, 15 mMNaCl. 
Heat in boiling water for 15 min and allow cooling slowly to room temperature. Dispense 
into 1 ml aliquots and store at -20°C. Working stock may be stored at 4°C. 

5 M NaCI: 5 M Sodium chloride 
Dissolve 292.2 g NaCl (MW=58.44) in dH20 to a final volume of 1000 mi. Autoclave. 

1M Tris- pH 7.5, 8.0 or 9.5 
Dissolve 121 g Tris-Base in approx. 750 ml dH20. Add cone. HCl until desired pH is reached 
(75 ml HCl =pH 7.5, 49 ml HCl =pH 8.0). Bring solution to 1000 ml ~ith dH20. Autoclave. 

Large-Scale DNA Extraction (15ml tubes) 

Lyophilization 

1. Harvest leaves from greenhouse or field grown plants. It is preferable to use young 

leaveswithout necrotic areas or lesions, although older leaves which are not senescent 

maybe used. 

2. If the midrib is thick and tough, remove it. Cut or fold leaves into 10-15 em sections 

and place in a paper bag along with the tag identifying the sample. Place your paper 

bags in bigger plastic bags and then in an ice chest or other container with ice to keep 

samples cool (but do not allow them to freeze). Make sure samples do not get wet. 

3. Place you plastic bags at -80°C until ready to be lyophilized. 
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4. Transfer frozen leaf samples in the paper bags to a lyophilizer. Make sure the 

lyophilizer is down to temperature (the chamber is :::; -50°C) and pulling a good 

vacuum (:S 10 microns Hg) before loading samples. Do not overload lyophilizer: 

make sure the vacuum is always:::; 100 microns and condenser temperature is:::; -50°C. 

Samples should be dry in 72 hours. Typically, fresh weight~ lOX dry wei.ght. 

5. Dried leaf samples may be stored in sealed plastic bags at room temperature for a few 

daysor, preferably, at -20°C for several years. 

Grinding 

1. Grind dried leaf samples to a fine powder with. a coffee miller into a plastic 

scintillation vial or any other appropriate plastic container that can be closed airtight. 

The finer the grind, the greater the yield of DNA from a given amount of material. 

2. Store ground samples tightly capped at -20°C. Samples are stable for several years. 

Genomic DNA Isolation(based on method of Saghai-Maroofet al., 1984) 

1. Weight 300-400 mg of ground, lyophilized tissue, into a 15 ml polypropylene 

centrifuge tube. DNA yields range from 50 to more than 100 Jlg DNA/100 mg dry 

tissue. If higher amounts are needed, start with 1 g lyophilized tissue into a 50 ml 

polypropylenecentrifuge tube, and triple all the amounts given below. If lower 

amounts are needed, thenweigh 100-150 mg lyophilized tissue into a 5 ml 

polypropylene centrifuge tube, and use 1/3of the amounts given below. 

2. Add 9.0 ml of warm (65°C) CTAB extraction buffer to the 300-400 mg ground. It is 

best to distribute tissue along the sides of the tube before adding buffer, to avoid 

clumping of dry tissue in the bottom. Mix several times by gentle inversion. 

3. Incubate for 60-90 min, with continuous gentle rocking in a 65°C oven. 

4. Remove tubes from oven, wait 4-5 min for tubes to cool down, and then add 4.5 

mlchloroform/octanol (24:1). Rock gently to mix for 15 min. 

5. Spin in a table-top centrifuge for 30 min at 3750 rpm at RT(Below l5°C the 

CTAB/nucleic acid complex may precipitate. This could ruin the preparation and 

damage the centrifuge). 

6. Pour off top aqueous layer into new 15 m1 tubes. Add 4.5 ml chloroform/octanol and 

rock gently for 15 min at RT. 

7. Spin in a table-top centrifuge for 10 min at 3750 rpm at RT. 
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8. Pipette top aqueous layer into new 15 ml tubes containing 40 Ill of 10 mg/ml RNase 

(preboiled). Mix by gentle inversion and incubate for 30 min at RT. 

9. Add 6.0 ml of isopropanol (2-propanol). Mix by very gentle inversion until you see 

the DNA strand. 

10. Remove precipitated DNA with glass hook. 

11. Place hook with DNA in 5 ml plastic tube containing 3-4 ml of WASH 1. Leave DNA 

onhook in tube for about 20 min. 

12. Rinse DNA on hook briefly in 3-4 ml of WASH 2 and transfer DNA to 2 ml 

microfuge tube containing 0.3-1.0 ml TE; gently twirl hook until DNA slides off the 

hook. Cap tube and rock gently overnight at room temperature to dissolve DNA Store 

samples at 4 oc 

CTAB extraction buffer1 

STOCK FINAL 1 RXN 5 RXN 10 RXN 20 RXN 
10ml SOml 100ml 200ml 

dH20 6.5 rnl 32.5 rnl 65.0 rnl 130.0 rnl 
1M Tris-7.5 100mM 1.0 rnl 5.0 rnl 10.0 rnl 20.0 rnl 
5 MNaC1 700mM 1.4 rnl 7.0 rnl 14.0 rnl 28.0 rnl 
o.5 M EDTA- 50mM 1.0 rnl 5.0 g 10.0 rnl 20.0 rnl 
8.0 
CTAB2 1% 0.1 g 0.5 g l.Og 2.0 g 
14MBMEj 140mM 0.1 rnl 0.5 rnl 1.0 rnl 2.0 rnl 
1 0 Use freshly made, warm buffer to 60-65 C before addmg the CTAB and BME. 
2 CTAB =Mixed alkyltrimethyl-ammonium bromide 
3 Add BME (fJ-mercaptoethanol) just prior to use, under a fume hood. 

WASH 1:76% EtOH, 02. M NaOAc 
STOCK 100ml 200ml 300ml 400ml 
AbsoluteEtOH 76ml 152 ml 228 ml 304ml 
2.5 MNaOAc 8 ml 16ml 24ml 32ml 
dHzO 16 ml 32 ml 48 ml 64ml 

WASH 2: 76% EtOH, 10 mM Na40Ac 
STOCK 100ml 200ml 300ml 400ml 
AbsoluteEtOH 76ml 152 ml 228 ml 304ml 
1 MNa04Ac 8 ml 16ml 24ml 32ml 
dHzO 16 ml 32ml 48 ml 64ml 

CHLOROFORM:OCTANOL :: 24:1 
STOCK 100ml 200ml 300ml 400ml 
Chloroform 96ml 192 ml 288 ml 284ml 
Octanol 4ml 8 ml 12 ml 16ml 

50 RXN 60 RXN 
SOOml 600ml 
325.0 rnl 390.0 rnl 
50.0 rnl 60.0 rnl 
70.0 rnl 84.0 rnl 
50.0 rnl 60.0 rnl 

5.0 g 6.0 g 
5.0 rnl 6.0 rnl 

SOOml 
380ml 
40ml 
80ml 

SOOml 
380ml 
40ml 
80ml 

SOOml 
480ml 
20ml 

5 



DNA extraction from small amounts of lyophilized tissue (2 ml Tubes) 

To extract DNA from small amounts of lyophilized tissue (- 50 mg), use 2 ml tubes and 
proceed as follows: 

Lyophilization 

1. Harvest small leaves parts from greenhouse or field grown and place into 2ml tubes 

(3/4 of the tube). 

2. Keep tubes of leaves cool until they can be frozen. 

3. Place tubes at -80°C. 

4. Transfer the tubes into a Lyophilizer for 1-5 days. Lids of the tubes must be OPEN! 

Grinding 

As given in previous section 

Genomic DNA Isolation 

1. Preheat the CTAB isolation buffer to 65°C. If the samples were in refrigeration or -

20°C let them some minutes at room temperature. 

2. Add 1 ml of CTAB buffer at 65°C, mix by gentle swirling to homogenize the tissue 

with the buffer. 

3. Incubate at 6SOC for 60-90 min with continuous gentle rocking. 

4. Remove tubes from incubator; let them cool for 15 min. 

5. Add 800 J..ll of chloroform:octanol (24:1). Mix for 15 min at RT with continuous 

rocking. 

6. Centrifuge for 30 min. at 3750 rpm at RT. 

7. Remove 600 to 700 J..ll of the top yellow aqueous layer and place in a new tube with 

RNase with 10 J..ll of 10 mg/ml RNase A. 

8. Mix with gentle inversion and incubate for 30 min.at 37°C oven, or 1hour at room 

temperature. 

9. Add 500ul of isopropanol (2-propanol) previously cooled at-20°C and mix by 

inversion. 

10. Incubate for 30 minutes or 1 hour at -20°C. 

11. Centrifuge tubes for 30 min at 3750 rpm at 4°C to precipitate DNA. Remove the 

supernatant. 

12. Add 1 ml of 70% Ethanol (EtOH). 
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13. Centrifuge tubes for 15 min at 3750 rpm. 

14. Remove the Ethanol by decantation. 

15. Add 1 ml of 70% Ethanol (EtOH). 

16. Centrifuge tubes for 15 min at 3750 rpm. 

17. Remove the Ethanol by decantation. 

18. Dry the DNA at RT overnight. 

19. Re-suspend in 150-200 111 ddH20, TE pH 8, Tris-HC11mM pH 8. Store samples at 

4°C 

1Saghai-Maroof, M.A., K. Soliman, R.A. Jorgensen, and R.W. Allard. 1984. Ribosomal DNA spacer-length 

polymorphisms in barley: Mendelian inheritance, chromosomal location, and population dynamics. PNAS 

81:8014-8018. 
2 3000-3200 rpm in a Beckman GP or GPR centrifuge with swinging rotor (holding 56 x 15 ml tubes) 
3 Prepare glass hook by first sealing the end of a 23 em glass transfer pipette by heating in a flame for a few 

seconds. Then gently heat the tip 1 em while twirling the pipette. When soft, allow the tip to bend into a hook. 

Cool before use. Used hooks can be cleaned by washing in dH20 and EtOH. 
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Quantification and Quality Control f 
DNA 

• UV Quantification of DNA with a N anoDrop SOOO Spectrometer (Thermo Scientific) 

- After dilution of your DNA in TE, Tris pHS, or ddH20 read OD260 and OD280 to 

determine the purity of your DNA with a NanoDrop SOOO Spectrometer (Thermo 

Scientific). 

4 For reading load first a reference sample of 2 )!I TE, Tris pHS, or ddH20, then load 2 

)!I of your sample. 

- After UV quantification, adjust the concentration of each DNA sample to 0.3 )!g/)!1 or 

a concentration of your choice with TE, and store at 4 oc. Sample should be usable for 

up to 6months. For longer term, storage at freezing temperatures is more desirable. 

- DNA concentration ()!g/)!1) = OD26o x 50 (dilution factor) x 50 )!g/ml /1000. 

- The ratio OD26o/OD28o should be determined to assess the purity of the sample. If this 

ratio is l.S - 2.0, the absorption is probably due to nucleic acids. A ratio of less than 

l.S indicates there may be proteins and/or other UV absorbers in the sample, in which 

case it is advisable to re-precipitate the DNA. A ratio higher than 2.0 indicates the 

samples may be contaminated with chloroform or phenol and should be re

precipitated with ethanol. 

DNA Quality Control 

- This step is essential for checking that the isolated DNA is of high molecular weight. 

Native DNA should migrate as a tight band of molecular weight :::: 40 Kb. However, 

degradation of part of the isolated DNA is inevitable, and the protocol below is 

designed to run the DNA under optimal conditions for ascertaining the relative 

amounts of degraded and high molecular weight DNA. The procedure also allows for 

verifying the UV quantification performed above. 

4 If you have few DNA samples (say, less than 25), check all of them. Otherwise, check 

onlyl0-20% of the samples, making sure that the selection is totally random. 
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Procedure: 

1. Prepare a 10 ng/j..tl dilution of the selected samples (e.g., 4 j..tl DNA at 0.3 j..tg/j..tl + 116 

Ill TE). 

2. Load 100 ng of each diluted sample (10 j..tl DNA+ 2 j..tl 5X SGB) in a 0.7% agarose 

gel. Include at least one lane per comb of uncut Lambda DNA (/...) as a molecular 

weight marker. Load 100 ng (from a 10 ng/j..tl dilution) of this marker to check both 

quality and quantity ofthe sample DNAs. 

3. Run the gel at 50 rnA for about 90 minutes. See the section on gel electrophoresis for 

details about gel preparation, running conditions, and DNA visualization 
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STS and SSR Protocols 

Sequence tagged sites (STSs) are typically based on sequence information. The terminal 
sequences of a given probe may be available, and primers may have to be designed for 
amplification of the intervening sequence. Sometimes there are published sequences of usable 
primer pairs. Simple sequence repeats (SSRs or microsatellites) have become easily 
accessible over the past few years. Increasing numbers of primer pairs for detecting SSR loci 
in a wide variety of crops are being published or made available through other means. Good 
sources of sequence information for both marker systems can be accessed via the Internet. 

GrainGenes at http://wheat.pw.usda.gov. 

Amplification 
1. Prepare a bulk reaction mix containing all the components listed below except DNA or 
primers, depending on whether you are preparing several reactions using the same primers for 
different DNA samples or different primer pairs for the same DNA samples. 

Note: The optimum concentrations ofvarious components are slightly different for maize and 
wheat.lfyou need to prepare the bulk mix in advance, we suggest you include all components 
except the Taq polymerase and keep the mixture at either 4°C or -20°C until needed. The 
Taqenzyme would be added just before aliquoting the bulk mix. 

General mix: 
STOCK or Amount [FINAL] 20 Jll RXN 

ddH201 
------------ 4.7!ll 

TaqBuffer (lOX; Mg- IX 2.0 Ill 
free) 

MgC12 (50 mM)2 2.5mM 1.0 Ill 

dNTPMix (2.5 mM 200 11M 1.6!ll 
each) 

Primers F + R (1.0 !lM 
each)4 

0.25!lM each 

TaqEnzyme (5U/!ll) IU 0.2!ll 

DNA (10-50 ng/!ll) 50-IOO ng 5.0ul 

Using TAQ (Promega) Cat.# M8295 
STOCK or Amount [FINAL] 

ddH201 

5X Green or Colorless IX 
GoTaq®Flexi 

25mMMgCh I.SmM 

dNTP Mix (2.5 mM each) 

Primers F + R (1.0 !lM each) 4 

15 Jll RXN 

2.73!ll 

1.5 Ill 

0.75 Ill 

1.2!ll 

3.6!ll 

0.2!ll 

5.0 ul 

10 Jll RXN 

--------
1.0 Ill 

0.5 Ill 

. 0.8!ll 

2.5!ll 

0.2!ll 

5.0 ul 

11 Jll RXN 

0.05 Ill 

2.0 Ill 
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Gotaq(® DNA Polymerase (5U/J.L) 1 U 

DNA (10-50 ng/J.Ll) 50-100 ng 

I Sigma Cell Culture Water, Cat.# W-3500. 
2 It is essential to determine optimal concentrations of MgC12 and Taqwith each new lot of enzyme and DNA 
from species to be analyzed. 
4 Both forward and reverse primers are present in the same tube. 

Using REDTAq (Promega) Cat.# M8295 
STOCK or Amount [FINAL] 
REDTaq®ReadyMixTM IX 
PCR Reaction Mix with MgCh 
Catalog Number R2523 
SIGMA-ALDRICH® 

Primers F + R (1.0 J.LM each) 

DNA (10-50 ng/J.Ll) 

0.25J.LM each 

50-100 ng 

2. Add primers or DNA sample to each labeled microtiter plate cell. 
3. Aliquot bulk mix into each labeled microtiter plate cell. 
4. Amplify using either of the following programs 5: 

Standard PCR program 
1 cycle of: 94 oc for 2 min 
30 cycles of: 94 oc for 1 min, 50-68°C for 2 min, 72°C for 2 min 
1 cycle of: 72°C for 5 min 
Final temperature: 15°C 

Touchdown (TD) PCR program 
Example TD57 (annealing temperature can be varied) 
1 cycle of: 
1 cycle of: 94 oc for 2 min 
7 cycles of: 94 oc for 1 min, 64 oc for 1 min, 72°C for 1 min, 
Annealing temperature decrease of 1 oc each cycle up to 57°C 
35 cycles of: 94°C for 1 min, 57°C for 1 min, 72°C for 1 min 
1 cycle of: 72°C for 5 min 

12.5 f.ll RXN 

5.0 J.Ll 

2.5 J.Ll 

5.0 J.Ll 

Note:Each pair of primers has an optimal annealing temperature that should be determined 
from their sequences. For SSRs, we have been able to amplify most at X=60°C annealing 
temperature with the standard program and Z=57°C for the touchdown program. Therefore, 
we start testing new primers at these temperatures. If satisfactory amplification does not 
occur, we either reduce or increase the temperature by 4-5°C. The touchdown program may 
eliminate some unspecific bands compared to the standard program. 

5. Add 3-4 J.Ll1X SGB to each tube and load on the desired gel system. 

5Conditions optimized for MJ Research DNA Engine TetradTM System Thermocyclers and GeneAmp® PCR 
System 9700 AB Applied Biosytems 
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Multiplexing primer pairs 
For primers pairs resulting in amplification products of distinct sizes, a procedure called 
multiplexing allows the simultaneous amplification of two or more microsatellites, provided 
theyhave similar annealing temperatures. We have mostly used the procedure-in duplexing 
(twoprimer pairs at a time). Follow the same procedure as described above but with the 
followingformula: 

General mix: 
STOCK or Amount [FINAL] 20plRXN 15 pi RXN 10 plRXN 
ddH201 

--------------- 4.7~1 

TaqBuffer (lOX; Mg-free) IX 2.0~ 

MgCh(50mMh 2.5mM 1.0~ 

dNTP Mix (2.5 mM each) 200pM 1.6~ 

Primer I F + R (1.0 ~ each)4 0.25pMeach 2.5~1 

Primer 2 F + R (1.0 ~ each)4 0.25pMeach 2.5~1 

DNA (10-50 ng/~1) 50-100 ng 5.0ul 
TaqEnzyme (5U/~l IU 0.2~1 

DNA (10-50 ng/~1) 50-100 ng 5.0ul 

Using TAQ (Promega) Cat.# M8295 
STOCK or Amount [FINAL] 
ddH201 

5X Green or Colorless GoTaq®Flexi 
25mMMgCh 
dNTP Mix (2.5 mM each) 
Primer IF+ R (1.0 ~each) 
Primer 2 F + R (1.0 ~each) 
Gotaq(® DNA Polymerase (5U/~) 
DNA (10-50 ng/~1) 

IX 
I.5mM 
200pM 
0.25pMeach 
0.25pM each 
IU 
50-IOO ng 

Using REDTAq (Promega) Cat.# M8295 
STOCK orAmount [FINAL] 
REDTaq®ReadyMixTM PCR Reaction IX 
Mix with MgCh 
Catalog Number R2523 
SIGMA-ALDRICH® 
Primer I F + R (1.0 ~each) 
Primer 2 F + R (I.O ~each) 
DNA (I0-50 ng/~1) 

0.25pM each 
0.25pMeach 
50-IOO ng 

2.73~1 

1.5~1 

0.75~1 

1.2~1 

1.875~1 

1.875~1 

5.0ul 
0.2~1 

5.0ul 

--------

1.0~1 

0.5~1 

0.8~1 

1.25~1 

1.25~1 

5.0ul 
0.2~1 

5.0ul 

11 pi RXN 
0.05~1 

2.0~1 

0.6~1 

0.8~1 

1.25~1 

1.25~1 

0.05~1 

5.0~1 

12.5 pi RXN 
5.0~1 

1.25~1 

1.25~ 

5.0 ~1 

Note: In some cases, combining two sets of primer pairs results in the preferential 
amplification of one of the two products. To improve the amplification of the other product, 
suggestions are to increase the amount of primers of the poorly amplified SSR or STS and/or 
decrease the amount of primers of the other SSR or STS, decrease the annealing temperature, 
and/or use a higher quality Taqpolymerase. 

1 Sigma's Cell Culture Water, Cat.# W-3500. 
2 It is essential to determine optimal concentrations ofMgCl2 and Taqwith each new lot of enzyme and DNA from 
species to be analyzed 
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Resolution of Amplified products using 
Agarose and Polyacrylamide Gel 
Electrophoresis 

AgaroseGel electrophoresis 

The choice of the gel electrophoresis system to be used, and of its various components, 

depends on the expected size of the amplification product(s), on the resolution required to 

clearly see the difference in size among the amplified products and, to a lesser extent, on the 

intensity of the amplified products. In our laboratory, we have tried horizontal agarose gels of 

different concentrations and various ratios of higher quality: normal quality agarose; small 

polyacrylamide vertical gels with different concentrations and ratios of acrylamide: 

bisacrylamide, stained with ethidium bromide and GelRed. 

Below are the conditions we have been using for both agarose and small non-denaturing 

polyacrylamide gel electrophoresis (PAGE). 

Some general rules we follow: 

• Use agarose gels for STSs due to the larger fragment sizes. 

• For SSRs used for genetic diversity/fingerprinting purposes, always use PAGE due to 

the required higher resolution. 

- For SSRs used in mapping studies, we start by screening parental lines for 

polymorphisms on agarose gels and re-run on polyacrylamide only the SSRs with 

such small differences or low intensity that they are not clearly seen on agarose gels. 

Agarose gel electrophoresis 

Factors you should consider when deciding on the type and size of agarose gels to be used: 

._ Agarose concentration, depending on the size of the amplified products; typically we 

use 1.5% for larger fragments (200-3500 bp) such as STSs and 4% for smaller 

fragments (under 400 bp) such as SSRs. 

,. Migration distance and ratio of better quality agarose to normal quality agarose 

are the factors involved in the resolution of the differences in amplification product 

sizes. The larger the distance, the better the resolution (see point below on choice of 

electrophoresis tanks). For best resolution we use 4% Metaphor-agarose gels then 2:1 
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Metaphor:SeaKemagarose gels; slightly lower resolutions are obtained with 2:1 

Metaphor:Seakem. 

5X TBE gel buffer: 0.45 M Tris-borate, 10 mM EDTA 

STOCK lliter 2liters 3liters 
Tris Base (MW=121.10) 54.0 g 108.0 g 162.0 g 
Boric acid (MW=61.83) 27.5 g 55.0 g 82.5 g 
0.5 M EDTA pH 8.0 20.0 ml 40.0 ml 60.0 ml 
pH to 8.0 w1th glacial acetic acid or HCI (acetic acid for PAGE). 

A precipitate may form when stored for long periods of time. 

lOX TBE gel buffer: 0.9 M Tris-borate, 20 mM EDTA 

STOCK lliter 2liters 3liters 
Tris Base (MW=l21.10) 108.0 g 216.0 g 324.0 g 
Boric acid (MW=61.83) 55.0g 110.0 g 165.0 g 

4liters 
216.0 g 
110.0 g 
80.0 ml 

4liters 
432.0 g 
220.0 g 

0.5 M EDTA pH 8.0 40.0 ml 80.0ml 120.0 ml 160.0 ml 
pH to 8.0 with glacial acetic acid or HCl (acetic acid for PAGE). 

A precipitate may form when stored for long periods of time. 

Electrophoresis Agarose System 

5liters 
270.0 g 
137.5 g 
100.0 ml 

51iters 
540.0 g 
275.0 g 
200.0 ml 

For STSs, load 12 !ll of each sample in a 1.5% agarose gel prepared with IX TBE gel buffer. 

Electrophorese in IX TBE at 150 V, constant voltage, until the blue dye has migrated as 

required. 

For SSRs: 

1. Add agarose to proper amount of IX TBE gel buffer and record the weight of both 

agarose and buffer. 

2. Melt agarose in microwave oven, mixing vigorously several times during heating. 

Make sure all the agarose is dissolved (it takes longer to dissolve than lower 

concentrations). Weigh again and make up for the lost weight (due to evaporation) 

with ddH20, and heat up one more time. 

3. To eliminate very small bubbles created by much mixing, apply some vacuum to the 

flask (can be done by placing in a dessicator connected to the vacuum). 

4. Pour agarose right away into gel tray with taped ends and insert combs. Allow to 

solidify (20-30 min). You may want to cool it at 4°C for 15 min before loading your 

samples. We also often prepare such gels one day ahead and keep them covered with 

Saran Wrap in the cold. 
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5. Remove tape and either load the samples in the "dry" gel using a multichannel pipette 

or place tray in rig with IX TBE gel buffer. Remove combs only when ready to load 

samples. Pour enough IX TBE buffer into the gel rig to cover the gel by at least 0.5 

em. 

6. Run samples into gel at 150 Volts, constant voltage, for about 2-3 h, until the 

bromophenol blue dye has migrated to just above the next set of wells. 

7. Remove tray from rig and stain in 1 J!g/ml ethidium bromide ( 100 J!l of 10 mg/ml 

ethidium bromide in 1000 ml dH20) for 20 min with gentle shaking. 

8. Rinse gel in dH20 for 20 min, slide gel onto a UV transilluminator, and photograph. 

Caution: Ethidium bromide is extremely mutagenic-wear a lab coat and double gloves when 

handling and use extra precaution. 

Polyacrylamide gel electrophoresis 

Polyacrylamide gel electrophoresis is used when higher band resolution is ,required. We have 

been using two systems in the lab. 

BioRadSequi-Gen GTor ATT07 AE-6220 electrophoresis system 

MGV-216-33 of CBS Scientific Co. 

1. How to set up glass plates 

Assemble glass plates and sealers using clamps. Be sure the sealers are at the appropriate 

position between the two glass plates to avoid leaking. Two gels can be set in one apparatus. 

We use combs with 28 wells so that multi-channel pipettes fit to every other welL This is 

very convenient when a large number of samples have to be loaded. 

2. Gel preparation 

Non-denaturing gels: Since fragment size by most SSR primers ts 80-300 bp, we 

recommend using 12% of 29: I acrylamide:bisacrylamide as a starting point. Concentration 

may be reduced (e.g., to 8%) or increased (e.g., to 16%) for larger or smaller fragments, 

respectively. Prepare the 40% stock of acrylamide/bisacrylamide"in-bottle" to avoid 

weighing acrylamide and bisacrylamide. Filter the solution using 0.45 J.tm pore filter and 

store the solution in dark bottles. The stock can be stored at 4 °C for a few months. 
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ACRYLAMIDE GELS PREPARATION 

Gels 6% 1X 2X 

Acry1amide 40% (29:1) 1 3ml 6ml 

TG Buffer 5X 4m1 8m1 

ddH20 13m1 26m1 

APS225% 70jl1 140jl1 

TEDMED3 10 jl1 20 jl1 

Gels 8% 1X 2X 

Acry1amide 40% (29:1)1 4m1 8 m1 

TG Buffer 5X 4ml 8rnl 

ddH20 12m1 24m1 

APS225% 70jl1 140jl1 

TEDMED3 10 jl1 20 jl1 

Gels 10% 1X 2X 

Acry1amide 40% (29: 1) 1 5 m1 10m1 

TG Buffer 5X 4m1 8m1 

ddH20 11 m1 22m1 

APS225% 70jl1 140jl1 

TEDMED3 10 jl1 20 jl1 

Gels 12% 1X 2X 

Acry1amide 40% (29:1)1 6m1 12 ml 

TG Buffer 5X 4m1 8 m1 

ddH20 10m1 20m1 

APS225% 70jl1 140jl1 

TEDMED3 10 jl1 20 jl1 

1 Acrylamide/Bisacrylamide 29:1 
2 APS -Ammonium Persulfate 

3TEMED (1,2-Bis( dimetilamino-etano) 

ACRYLAMIDE GELS PREPARATION- of CBS Scientific Co. 

Gel10% 

Acry1amide 40% (29:1)1 

1X 

15 m1 

2X 

25 m1 

3X 

9ml 

12m1 

39m1 

210jl1 

30 jl1 

3X 

12m1 

12 ml 

36 m1 

210jl1 

30 jl1 

3X 

15 m1 

12 m1 

33 m1 

210jl1 

30 jl1 

3X 

18 m1 

12 m1 

30m1 

210jl1 

30 jl1 

3X 

45 ml 

4X 

. 12ml 

16m1 

52m1 

280jl1 

40jl1 

4X 

16 m1 

16 ml 

48m1 

280jl1 

40jl1 

4X 

20m1 

16m1 

44ml 

280jl1 

40jl1 

4X 

24m1 

16m1 

40m1 

280jl1 

40jl1 

4X 

50 
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TG Buffer 5X 12ml 20m1 36m1 40 

ddH20 33 m1 55 m1 99m1 110 

APS 1 25% 240 !J1 400 !J1 720 !J1 800!J1 

TEDMED2 30 !J1 50 !J1 90 !J1 lOO!J1 

Gell2% lX 2X 3X 4X 

Acry1amide 40% (29:1) 1 18 m1 30m1 54m1 60ml 

TG Buffer 5X 12 m1 20m1 36 m1 40m1 

ddH20 30m1 50m1 90m1 100m1 

APS2 25% 240 !J1 400 !J1 720 !J1 800!J1 

TEDMED3 30 !J1 50 !J1 90 !J1 lOO!J1 

Gell4% lX 2X 3X 4X 

Acry1amide 40% (29:1) 1 21 m1 35 m1 63 m1 70m1 

TG Buffer 5X 12 m1 20m1 36 m1 40ml 

ddH20 27 m1 45 m1 81 m1 90m1 

APS2 25% 240 !J1 400 !J1 720 ~1 800!J1 

TEDMED3 30 !J1 50 !J1 90 !J1 lOO!J1 

Gell6% lX 2X 3X 4X 

Acry1amide 40% (29:1)1 24 ml 40ml 72 ml 80ml 

TG Buffer 5X 12 m1 20m1 36 m1 40m1 

ddH20 24m1 40m1 72m1 80m1 

APS2 25% 240 !J1 400 !J1 720 !J1 800!J1 

TEDMED3 30 !J1 50 !J1 90 !J1 lOO!J1 

1 Acrylamide/Bisacrylamide 29:1 
2 APS -Ammonium Persulfate 

3 TEMED (1,2-Bis(dimetilamino-etano) 

Caution: Aery/amide, a potent neurotoxin, is absorbed through the skin. It should be handled in a 

fume hood-wear a lab coat, eye protection, mask, and gloves when handling powdered aery/amide 

and bisacrylamide, and use extra precaution. Wear a lab coat and gloves when handling solutions 

containingthese chemicals. 
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25% Ammonium persulfate (APS) 

STOCK 10 ml, 20 ml, 30 ml 

Ammonium persulfate 2.5 g, 5.0 g, 7.5 g 

Dissolve in ddH20 to the final volume. The stock can be stored at 4°C for up to a month. 

CAUTION: APS is a hazardous chemical-wear a lab coat, eye protection, and _gloves when 

handling. 

CAUTION: TEMED is highly flammable and corrosive-wear a labcoat, eye protection, and 

gloves when handling. 

One electrophoresis tank requires about 1 liter of lX TBE or lX TG. Place the plates with 

gels in theapparatus. Remove the combs and flush out the. wells using a syringe. This is a 

critical step,especially for polymorphic bands that are close to each other. Otherwise, 

unpolymerizedacrylamide solution will be polymerized at the bottom of the wells and will 

affect the migrationof the fragments. 

Note: For non-denaturing gels, tris-glycine buffer (25 mMtrizma-base, 192 mM glycine) can 

be used. This buffer requires a longer time for running, but results , in better band 

separation. The pH of TBE buffer should be adjusted with acetic acid so that the background 

of the gels is much reduced after silver staining. 

The same stock of TBE should be used to prepare both the gel and the running buffer. 

Polymerization is caused by both the APS and TEMED. Once you add those components, you 

should quickly pour the gel. The amount of APS added may be changed depending on 

ambient temperature and time required for polymerization. 

3. Sample loading 

For non-denaturing gels, add 2-4 Jll of lX SGB with BPB and XC to each sample and load 

6-10J.tl of each sample using a micropipette. Use an appropriate MW marker in one or two 

wells; we use about 100 ng of the 100 bp ladder or Phi (q>Xl74RF) plasmid digested with 

Haeiii. Fordiversity studies, use an internal weight marker in each lane (see molecular weight 

markers protocol). 

10 x TG Running Gel Buffer: 

Stocks 2L 8L 10L 
TrizmaBase(MW=l21.10) 60gr 240gr 300gr 

Glycine(MW=75.07) 288gr 1152gr 1440gr 
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SX SGB-XC: Sample gel buffer (Loading Buffer for Acrylamide gels) 

STOCK [FINAL] SOml lOOml 
1M Tris-8.0 50mM 2.5 ml 5.0ml 
0.5 M EDTA-8.0 5mM 0.5 ml 1.0 mi 
Sucrose 25% 12.5 g 25 g 
Bromophenol blue 2mg/ml lOOmg 200mg 
Xylene cyanole 2mg/ml 1000 mg 200mg 
ddHzO up to 50 ml up to 100 ml 
Dilute to prepare a IX dilution 

4. Electrophoresis 

Non-denaturing gels: Run gels at constant 250V for 2-5 4, depending on the acrylamide 

concentration. Generally, it takes 2 h for 8%, 3 h for 12%, and 5 h for 16% gels. 

Remove gels from plates and cut one or more comers of the gels so the direction of the gel 

andthe gel number can be identified after silver staining. 

Optional and non-toxic: Stain with GelRedGelRed® STAINING PRO~OCOL 

GelRed™Nucleic Acid Gel Stain, IO,OOOX in water. 

1. Dilute 50 111 of GelRedlO,OOOx in 500 ml of distilled water. Mix. 

2. Put the gel into. 

3. Incubate for 30 min. 

4. Take picture on UV lamp-transilluminator. 

Note: Deionized-distilled water is recommended for all solutions involved in the staining process. 

Trays should be cleaned by wiping with soft wet paper towels to remove silver. If not cleaned, the 

suiface of subsequent gels may become black because of the silver residue. The weaker the band 

intensity, the longer the developing time, resulting in a higher background. In this case, load more 

sample, or optimize PCR conditions to give better amplification. 
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KASP ASSAY protocol used at CIMMYT 

The KBiosciences Competitive Allele Specific PCR SNP genotyping system (KASPar) is a 

novel homogeneous fluorescent genotyping system. It has been developed at KBiosciences 

and is currently in use on a daily basis. KASPar offers a simple, cost effective and flexible 

way to determine SNP genotypes. Analysis can be carried out in a variety of formats and the 

chemistry has been shown to function well in 48, 96, 384 and 1536 well plate formats. 

The KASP genotyping system is comprised of two components: 

1. The SNP-specific assay (a combination of three unlabeled primers, called Assay 
Mix). 

2. The Reaction Mix (2X KASP Reaction Mix), which contains all other required 
components including the universal fluorescent reporting system and a 

specially-developed Tag polymerase. 

KASPar has been shown to work with a number of plate readers such as ABI7700, ABI7900, 

BMG Pherastar, TecanSaffire& PerkinElmer Envision, just you have to make sure in select 

the correct filters and detectors to read the fluorescent dyes (FAM and VIC). 

DNA Samples 

DNA samples may be arrayed in any microliter PCR plate; Typically 96 or 384 well plates 

are used. At CIMMYT we recommend amounts of DNA to use: 5 - 7 fll of DNA at 50 ng/fll 

for 96 well plates and 2.5- 3.5 111 of DNA at 50 ng/fll for 384 well plates. Genotyping should 

be carried out on at least 24 samples (included 12 controls) to ensure there are sufficient 

genotypes to show clustering. It is also strongly recommended that at least 3 FAM, 3 VIC, 3 

heterozygote (HET) and 3 water samples be included per 96 or 384 well plates to act as a 

known controls. After arraying, samples and controls can be dried on the 96 or 384 well 

plates at oven by 60 minutes and 60 degrees Celsius. Drying the samples in the plate is often 

useful when performing large scale genotyping, as it allows many plates to be prepared in 

advance, without the concern of sample evaporation altering the reagent concentrations. 

The dried DNA samples are stable at room temperature for at least 3 months track changes 

turned on if protected from moisture. To dry the DNA samples, after arraying, the plates 

should be briefly centrifuged and placed in a drying oven at 60°C for 1-2hours. Faster drying 

will occur if the oven is fan assisted. A quick visual check is all that is required to ensure the 

samples are dry. 
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The Reaction and Assay Mix Preparation before the PCR 

KBiosciences recommends carrying out SNP genotyping using total reaction volumes of 4 111 

for 384 well genotyping. In the CIMMYT Wheat Molecular Breeding laboratory we are 

working with 5 111 for 384 well plates, because 5 111 is the smallest volume to run a PCR with 

our Thermo-cyclers. The calculations to prepare the reaction bulk are carriep using the 

customer KASP reaction volume calculator (Figure 1 ). Depending of the volume in the PCR 

reaction and the Wet or Dry DNA method decided to run, you have to take in consideration if 

is necessary to add water (see Table 1). Volumes must be scaled-up depending on the number 

of reactions required. The optimal MgC]z concentration in the reaction has been found to be 

2.2 mM, however the Reaction Mix is supplied at 1.8 mM as some assays must be run at this 

concentration (see troubleshooting/optimising guide), therefore for most assays, MgC}z must 

be added to a final concentration of 2.2 mM before use (i.e. an increase of 0.4mM, to increase 

the concentration from 1.8 mM to 2.2 mM). 100 fll of Assay Mix is sufficient to carry out at 

least 725 genotypes in 96 well format or at least 1450 genotypes in 384 well format (based on 

10 111 and 5 111 reaction volumes, respectively with plate type). Reaction M~ and AssayMix 

can be safely stored at 4°C for 1-2 weeks, approximately 1 year at -20 oc or indefinitely at-

80 oc. If the reaction mix is divided into aliquots, it is recommended that the tubes used are 

light-protective; assays may also be divided into convenient aliquots. Frequent freeze I 

thawing of both KASP reaction mix and assays will adversely affect performance, although 

up to 10 freeze thaws has been shown to not affect performance. 

Table 1 KASP Genotyping Mix Assembly 

Component Wet DNA Method (Jil) Dry DNA Method (JII) 
DNA* 2.5 5 N/A N/A 

2X KASP Reaction Mix 2.5 5 2.5 5 
Assay Mix 0.07 0.14 0.07 0.14 
ddHzO N/A N/A 2.5 5 
Total Reaction Volume 5 Jll 10 Ill 5 fll 10 Ill 

Constituent reagent volumes for making KASP genotyping mix in 96-well reaction volume (10 fll final volume) 
or 384-well reaction volume (5 fll final volume). *DNA samples diluted to final concentration of 30 ng/fll in the 
PCR. 
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Ei c E 

KASP Reaction Setup 

Total Reaction Volume 5.0 ul Ell 

DNA Volume 22 ul e 
Number of Samples to ~ ~not'fPI!d 400 

Anal Magnesium Olloride Corle. 
1.8 mM 

Reauir~ 12loKASP,...,.;onmillorOIIidod¥ 

12 
EEess Volume Required 0.0 ul 

13 
14 
15 

16 
2x KASP Reaction Mil 1000.0 uf 

18 ddH,O 92.5 uf 

20 
Assay Mix 27.5 ul 

22 
Mqnesium Chloride (50mMt ul 

24 
Torat Reaetioo Volume 2000.0 ul 

25 

26 
Total Reaction Mix to add to each weU GJid 

27 
28 

Sheet1 ® 

Figurel. Customer KASP reaction volume calculator, it is an useful tool to calculate the !Jl 
of Master and Assay Mix that are necessary to carried a specific number of samples to be 
genotyped. 

Dispensing the KASP Genotyping Mix samples and sealing of plates. 

Dispensing can be carried out robotically or manually with a suitable pipette, depending on 

plate type and sample number. If you have been working with the Dry DNA Method for 5 !Jl 

PCR reaction, you have to dispense 5 !Jl of KASP Genotyping Mix. KBioscience 

recommends the use of the Flexi-seal heat-based plate sealer, however in our laboratory we 

use a rubber cover lid for the PCR, this cover lid has guaranteed a perfect seal and decreases 

the cost of the technique. 

Thermo-cycling conditions 

PCR cycling can be performed on any PCR thermo-cycler, optimal results are generally 

obtained using the 2 step or touchdown cycling programs detailed below. Cycling conditions 

can be adapted as required (see troubleshooting guide). 
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2 step cycling program: 

94°C for 15 minutes Hot-start enzyme activation 

94 oc for 10 seconds 

I 57°C for 5 seconds 20 cycles 

72°C for 10 seconds 

94 oc for 10 seconds 

118 cycles 57°C for 20 seconds 

72°C for 40 seconds 

Touchdown cycling program: 

94 °C for 15 minutes Hot-start enzyme activation 

94 oc for 20 seconds 

Touchdown over 65-57°C for 60 seconds 10 cycles (dropping 0.8°C per cycle) 

94 °C for 20 seconds L 26 cycles 

57°C for 60 seconds r 
Read plate 

The plate should be read on a suitable fluorescent plate reader according to its specifications, 

for our laboratory we are using a Pherastar Plus (Figure 2). Reading temperature should be 

40°C or below (preferably ambient). Most FRET -capable plate readers (with the relevant 

filter sets) can be used in conjunction with KASP. Some plate readers can be set to read at a 

range of temperatures but elevated temperatures (above 40°C), will lead to poor I no data (see 

the troubleshooting guide). Because of the underlying mechanism of the KASP chemistry, 

careshould be taken that KASP genotypes are only analysed at ( oraround) ambient 

temperature. Whilst using real time PCR machines, plates should be read at ambient 

temperature after the completion of the PCR, run rather than using the real time data to 

generate end point curves. KASP uses the fluorophores FAM and CAL Fluor Orange 560 for 

distinguishing genotypes. The relevant excitation and emission wavelengths are shown in 

Table 2. If you are using a plate reader optimized for use with the dye VIC (e.g. Applied 

Biosystems), no modification of settings will be necessary as the excitation and emission 

values for VIC and CAL Fluor Orange 560 are extremely close. 
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Table 2.Excitation and Emission values for the fluorescent dyes used in the KASP 
h . t c eiDisrry. 

Excitation (run) Emission (nm) 
FAM 485 520. 

CAL Fluor Orange 560* 534 560 
*The excitation and emissiOn values for CAL Fluor Orange 560 are the same as those of VIC I JOE. 

Figure 2.Pherastar plate reader from BMG Labtech Company. 

Plotting of Data. 

The FAM and VIC data are plotted on the x andy axes, respectively. Inclusion of a passive 

reference dye (ROX) allows data to be normalized by dividing FAM and VIC values by the 

passive reference value for that particular well, thus removing the variable of liquid volume. 

Genotypes can then be determined according to sample clusters (Figure 3). The inclusion of a 

passive reference leads to tighter clustering and, as a result, more accurate calling of data. 
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Figure 3: An array profile and cluster data presentation distinguishing genotypes using 

fluorophores technique 
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1 M N~OAc: 1 M ammonium acetate 

Dissolve 7.71 g ammonium acetate (MW::::77.08) in dH20 to a final volume of 100 ml. Filter 

sterilize. 

7.5 M NH40Ac: 7.5 M ammonium acetate 

Dissolve 57.83 g ammonium acetate (MW::::77.08) in dH20 to a final volume of 100 ml. Filter 

sterilize. 

1 M CaCh: 1 M calcium chloride 

Dissolve 11.0 g CaClz (anhydrous MW::::llO.O) in dH20 to a final volume of 100 ml. 

Autoclave. 

DNTP mix (2.5 mM each of dCTP, dGTP, dATP, and dTTP) 

We recommend using a deoxynucleoside triphosphate set, PCR grade (Roche, cat. 1969064). 

Each setcomes with 4 individual tubes containing dCTP, dGTP, dATP, and dTTP at 100 mM 

concentration. Tomix, place 250 Jll of each nucleotide in a 10 ml tube and add 9000 Jll of 

sterile ddH20 to obtain a 2.5 mM concentration of each nucleotide. 

Make 1 ml aliquots and label each tube with different color dots (red for dTTP, blue for 

dCTP, black fordATP, and green for dGTP) to indicate contents. Store at -20°C. 

For individual nucleotide solutions, mix 250 Jll of each nucleotide separately with 2,250 Jll 

sterile ddH20.Make 200 Jll aliquots and label. Store at -20°C. 

0.5 M EDTA-8.0 

Dissolve 186.12 g Na2EDTA•2H20 (MW::::372.24) in approx. 750 ml of dH20. Add NaOH 

pellets to bringpH to 8.0. After EDTA is in solution, bring to 1000 ml with dH20. Autoclave. 

10 mglml ethidium bromide stock 

Dissolve 100 mg of ethidium bromide in 10 ml sterile ddH20. Wrap tube in aluminum foil 

and store at 4 °C. 

Caution: EtBr is extremely mutagenic. 
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1 M MgCh: 1 M magnesium chloride 

Dissolve 20.33 g MgCh•6H20 (MW=203.30) m dH20 to a final volume of 100 ml. 

Autoclave. 

OLB TE-7: 3 mMTris-HCl, 0.2 mM EDTA, pH 7.0 

Add 300 J.!l of 1 M Tris-HCl pH 7.5, and 40 J.!l of 0.5 M EDTA-8.0 to 90 ml of ddH20 Check 

pH by dropping a few J.!l onto a pH paper. 

Do not contaminate this solution because it is used for PCR reactions. If necessary, bring 

pH to 7.0with HCl and make volume up to 100 ml.. 

10 mg/ml RNAse A 

Dissolve 100 mg of RNAse (Sigma# R4875) in 10 ml of 10 mMTris - 7.5, 15 mMNaCl. 

Heat in boiling water for 15 min and allow to cool slowly to room temperature. Dispense into 

1 ml aliquots and store at -20°C. Working stock may be stored at 4°C. 

500 U/ml RNAse T1 

Dilute RNAse T1 (Sigma #R8251) with 10 mMTris- 7.5, 15 mMNaCl to 500 U/ml. Heat in 

boiling waterfor 15 min and allow to cool slowly to room temperature. Dispense into 1 ml 

aliquots and store at -20°C. 

5X SGB: Sample gel buffer 

STOCK 

1M Tris-8.0 

0.5 M EDTA-8.0 

Sucrose 

BPB 

[FINAL] 

50mM 

5mM 0.5ml 

25% 

2 mg/ml 

Xylene cyanole (optional) 2 mg/ml 

ddH20 up to 50.0 ml up to 100.0 ml 

2.5 ml 

BPB = Bromophenol Blue, sodium salt 

2.5 M NaOAc: 2.5 M Sodium acetate 

50ml 100ml 

5.0ml 

1.0 ml 

12.5 g 25.0 g 

100.0 mg 200.0mg 

100.0 mg 200.0mg 

Dissolve 20.5 g sodium acetate (anhydrous, MW=82.03) in dH20 to a final volume of 100 

ml. Autoclave. 
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5 M NaCl: 5 M Sodium chloride 

Dissolve 292.2 g NaCl (MW=58.44) in dH20 to a final volume of 1000 mi. Autoclave. 

1 M NaOH: 1 M Sodium hydroxide 

Dissolve 40 g NaOH (MW=40.00) in dH20 to a final volume of 1000 ml. Autoclave. (Best to 

weigh approx.40 g of pellets and then determine correct final volume for a 1 N solution.) 

1 M Na2HP04: 1 M sodium phosphate - dibasic 

Dissolve 268 g of sodium phosphate, dibasic, heptahydrate (MW=268.07) in dH20 to a final 

volume ofl 000 mi. Autoclave. 

1 M NaH2P04: 1 M sodium phosphate - monobasic 

Dissolve 138 g of sodium phosphate, monobasic, monohydrate (MW=137.99) in dH20 to a 

final volume ofl 000 ml. Autoclave. 

0.1 M spermidine 

Dissolve 1 g spermidine (MW= 145.2, Sigma# S2626) in ddH20 to a final volume of 69 mi. 

Filter sterilize 

and aliquot into 5 ml tubes. Store at -20°C; working stock may be stored at 4°C. 

2X SSC: 3.7 M NaCl, 0.375 M Na-Citrate, pH 7.4 

STOCK 10 liter 20 liter 

NaCl (MW=58.44) 175.2 g 350.4 g 

Na-Citrate•2H20 88.0 g 176.0 g 

(MW=294.10) 

Adjust pH to 7 .4. Autoclave. 

25X SSC: 3.7 M NaCl, 0.375 M Na-Citrate, pH 7.4 

STOCK 1 liter 2 liter 3 liter 4 liter 5 liter 

NaCl (MW=58.44) 219 g 438 g 657 g 876 g 1095 g 

Na-Citrate•2H20 110 g 220 g 330 g 440 g 550 g 

(MW=294.10) 

Adjust pH to 7 .4. Autoclave. 
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STE: Sodium Tris-EDTA buffer, pH 8.0 

STOCK [FINAL] 100 ml200 m1300 ml400 ml500 ml 

1 M Tris-8.0 10 mMl.O ml 2.0 ml 3.0 ml4.0 m15.0 ml 

0.5 M EDTA-8.0 1 mM0.4 ml 0.8 m11.2 mll.6 m12.0 ml 

5 M NaCllOO mM2.0 ml4.0 m16.0 ml8.0 ml10.0 ml 

1M Tris- pH 7.5, 8.0 or 9.5 

Dissolve 121 g Tris-Base in approx. 750 ml dH20. Add cone. HCl until desired pH is reached 

(75 ml HCl =pH 7.5, 49 ml HCl =pH 8.0). Bring solution to 1000 ml with dH20. Autoclave. 

TE-8: 10 mMTris- 8.0, 1 mM EDTA- pH 8.0 

STOCK 50ml 100ml 500ml 1000 ml 

1M Tris- 8.0 0.5 ml 1.0 m1 5.0ml 10.0 ml 

0.5 M EDTA- 8.0 0.1 m1 0.2 m1 1.0 m1 2.0 m1 

ddH20 to volume to volume to volume to volume 

10 mM TTP (Boehringer Mannheim 104 264) MW=570.2 

Dissolve 10 mg in 1753 Ill of OLB TE-7 (dissolve directly in original bottle). Store in 50 Ill 

aliquotsat -20°C. Mark tubes with red tops. 
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Relative features of different marker 
techniques 

Relative Throughput of Different Marker Types 

Low Medium High 

RFLP RAPD AFLP SSR GBS 

S.NO. Attribute 

1 DNA 2-10j..lg 5-10ng -1 j..lg 10-20ng 100ng 

2 DNA quality High Moderate Moderate Moderate High 

3 Cost High Less High High Low/ 
Moderate 

4 Reproducibility Very Low High High High 
High 

5 Radioactivity Yes - Yes - -
. 

6 Marker assayable <100 <100 <100 >5DO >1,000-

7 Technical Tedious Simpler Tedious Simpler Automated 
procedure 

8 Sample size <50-100 <100 <100 48-384 >1,000 

9 Sequence - - - Yes Yes 
information 

10 Multiplexing Difficult Difficult Possible Possible Possible 
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Appendices 

Recommended Gel concentrations for resolution of lineards DNA 

Agarose gel (%) Range of Separations (bp) 

0.5 --------------------------1,000-30,000 

0. 7 ---------------------------800-12,000 

1.0 ---------------------------500-10,000 

1.2 ---------------------------400-7,000 

1.3 ---------------------------200-4,000 

2.0 ---------------------------50-2,000 

Polyacrylamide gel (%) Range of Separation (bp) 

3.5 ------------------------------ 100-1,000 

5.0 ------------------------------ 80-500 

8.0 60-400 

12.0 ------------------------------ 40-200 

20.0 ------------------------------- 5-100 

Centrifugal force conversion 

rpm= 1000J RCF I 1.12 r 

RCF = 1.12 r (rpm I 1000)2 

rpm = revolutions per minute 

RCF =relative centrifugal force (xg) 

r = radius of rotor in mm 
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DNA I Protein Conversions 

lkb of DNA ::::333 amino acids= 3.7x104 Da 

10,000 Da protein= 270 bp DNA 

30,000 Da protein= 810 bp DNA 

50,000 Da protein= 1.32 kb DNA 

100,000 Da protein = 2.7 kb DNA 

Conversion Factors 

centi (c) 10 -2 

milli (m) 10-3 

micro (f.!) 10--6 

nano (n) 10-9 

pi co ( p) 10-12 

fern to (f) 10-15 

atto (a) 10-18 

Spectrophotometric Conversions forNucleic acids 

1A 260 of ds DNA =50 f..Lg/ ml 

1 A 260 of ss DNA = 33 f..lg I ml 

1A 260 of ss RNA = 40Jlgl ml 

Conversions of Oligouncleotides 

Molecular Weight 

MW=333xN 

Concentration of oligouncletides 

C ( f..Lm o1 pmall f..Ll) =A 260 I (0.01 X N) 

V ( f..lll ml) = ( A260 x M W) I ( 0.1 x N) 

MW - Molecular Weight, Da 
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Performa for maintaining lab record 

Quantifications of DNA 

Total TE & 

# SAMPLE A260 A280 260/280 119/I.Ll 119 TO ADD # 
DNA 

1 

2 

3 
4 

5 

6 

7 
8 

9 

10 

DNA extraction record: 

Name: Date: 

Tube Sample I.D. Tube No. Tube No. Sample I.D. 

No. Sample I.D -

1 5 9 

2 6 10 

3 7 11 

4 8 12 
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Bulk Mix calculations for PCR amplification 

Stock [Final] or Single reaction No. or Reactions Total Volume 

amount 

ddHzO . 
lOX Taqbuffer,Mg-
free 

50mMMgClz 

dNTP mix (10 mM 

Taq enzyme 

2 J.!M primer 1 

2 J.!M primer 2 

Gel# % Agarose . ....................... ~ mp/time . .•........•..•.. . . 
............................. Date: ............. ! .................. ! ............ 

Project & DNA type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... Quantity' : ........................... .. pg . . 
Vol : .•..••..••..•..... .....•••••••.•.. J.Il 

1 6 11 
. 

2 7 12 

3 8 13 

4 9 14 

5 10 15 
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Wheat database (important websites) 

Genome sequence 

International Wheat Genome Sequencing Consortium: http://www.wheatgenome.org/ 

WheatGenome.info: www. wheatgenome.info/ 

CerealsD B: http://www .cerealsdb. uk.net/ 

Physical maps 

International Wheat Genome Sequencing Consortium: http://www.wheatgenome.org/ 

Wheat-URGI: http://wheat-urgi.versailles.inra.fr/ 

Kansas State University: 3A: http://wggrc.plantpath.ksu.edu/wheat/3A/3A_index.html 

Kansas State University: lD, 4D & 6D: http://wggrc.plantpath.ksu.edu/wheat!Dgenome/ 

D genome project US: http://avena.pw.usda.gov/wheatD/ 

Transcriptome 

Triticeae Full-Length CDS DataBase: http://trifldb.psc.riken.jp/v3/index.pl 

KOMUGI database: http://www.shigen.nig.ac.jp/wheat/komugi/ests/tissueBrowse.jsp 

WheatPLEX: http:l/www.plexdb.org/plex.php?database=Wheat 

Genetic maps 

Graingenes: http://wheatpw.usda.gov/ggpages/map_shortlist.html 

CerealsDB: http://www .cerealsdb. uk.net/CerealsD B/SNPs/Documents/DOC_snps. php 

Wheat -UR GI: http://wheat -urgi. versailles.inra.fr/ 

Comparative genomics 

Gramene: http://www.gramene.org/ 

Munich Information Centre for Protein Sequences: http://mips.helmholtz-

muenchen.de/plant/index.jsp 

Ensembl Plants: http://plants.ensembl.org/index.html 

Integrated databases 

Grain genes: http://wheat. pw. usda.gov /GG2/index.shtml 

Wheat-URGI: http://wheat-urgi.versailles.inra.fr/ 

Wheat Atlas: http://wheatatlas.org/ 

T3 database: http://triticeaetoolbox.org/wheat/ 
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Detailed discription of VRN and PPD Markers 

Category Gene Marker Polymorphism Alleles eatec 

Growth and Development Vrn-Al 
Vrn-Al-9k001 +Vrn5A 

causal Vrn-Ala (spring), vrn-Al (winter) 
prom k38 

GroWl 

Growth and Development Vrn-Al Vrn Alb Marq causal Vrn-Alb (spring), vrn-Al (winter) GroWl 

Growth and Development Vrn-Al lntrl/ A/F2_1ntrl/ A/R3 causal Vrn-Alc (spring), vrn-Al (winter) Growl 
6 

Growth and Development Vrn-Al Vrn-Alv/w causal Vrn-Alv, Vrn-Alw Growt 

Growth and Development Vrn-Bl lntro Bl causal Vrn-Bla = 709bp, vrn-Bl = 1149bp Growt 

Growth and Development Vrn-Dl lntro Dl causal Vrn-Dl = 1671bp, vrn-Dl = 997bp Growtl 

Growth and Development Vrn-B3 VRN4-B-INS-F _VRN4-B-R causal Vrn-B3 = 1200bp (Hope) Growtl 

Growth and Development Ppd-Dla 
PPD-Dl,Rl,R2 and 

causal ppd-sensive=414bp, ppd-insensitive=288bp Growd 
TappdDDOOl 

Growth and Development Ppd-Dl TappdDIOOl causal 
Merica type (INS: loss of function, DEL: 

Growd 
sensitive) 

Growth and Development Ppd-Dl TappdDI002 causal 
Norstar type (INS: loss of function, DEL: 

Growd 
sensitive) 

Growth and development Ppd-Dl Ppd-Dlexon8 causal Ae.t = 336bp, CS=320 bp, Growd 

Growth and Development Ppd-Bla_cs TappdBJOOl causal 
CS tr~n copy (RT: insensitive, INT (intact): 

Growtl 
sensitiv.!'!) 

Growth and Development Ppd-Bla_cs Ppdl_BgF25 causal CS intercopy Growtl 

Growth and Development Ppd-Bla_CS Ta SNP Ppd Bl_lO causal Ta SNP Ppd Bl_lO Growtl 

Growth and Development Ppd-Bla_Son TaPpdBJ003 causal Sonora intercopy Growtl 

Growth and Development Ppd-Bl TaSN Pppd Bl-4 causal TaSNPppdBl-4 Growtl 

Growth and Development Ppd-Bl TaSNPppdBl-5 causal TaSNPppdBl-5 Growtl 

Growth and Development Ppd-Al GS100/GS105 causal Growtl 

Growth and Development Ppd-Al Cdex5-61D causal 
Cappelle-Desprez del (INS:sensitive, DEL: loss 

Growtl 
of function) 

Growth and Development Ppd-Al CSint5TEI causal CS del Growtl 

Growth and Development Rhtl/Rht-Bl RhtBl SNP causal C:wild type, T:dwarf Growtl 
Growth and Development Rht2/Rht-Dl RhtDl SNP causal G:wild type, T:dwarf Growtl 



Category Gene Summary/Comment Reference 

Growth and Development Vrn-A1 
SNP markers used to detect the winter wheat alleles vrn-A1 and spring 

Van et al 2004 wheat alleles Vrn-Ala. Vrn-A1a gives complete insensitivity to 

SNP markers used to detect the winter wheat alleles vrn-A1 and spring 

Growth and Development Vrn-A1 wheat alleles Vrn-A1b. Vrn-Alb is an alternative spring allele which has Van et al 2004 

less effect on flowering than Vrn-A1a 

Grov.'th and Development Vrn-A1 
STS marker used to detect the winter wheat alleles vrn-A1 and spring 

Fu et al. 2005 
wheat alleles Vrn-Alc. . 
A new marker for Vrn-Al. These are winter wheat alleles so do not 

give insensitivity to vernalization. It has been found that thew-allele (a 

Growth and Development Vrn-Al 
SNP in the winter allele) gives probably better cold tolereance, The 

Eagles et al 2011 
allele is common in Veery wheats. Six lines who the Vrn-Ala and Vrn-

Alw allele. This entries might be heterozgotes and are most likely 

spring type 

STS marker used to detect the winter and spring wheat allele. Vrn-81 
Zbynek et al. 2011, Santra 

Growth and Development Vrn-81 gives only partial insensitivity to vernalization requirement. In 
et al. 2009 

photoperiod sensitive lines Vrn-81 reflects facultative types 

Growth and Development Vrn-Dl 
STS marker used to detect the winter and spring wheat allele. Vrn-D1 

Fu et al. 2005 
gives only partial insensitivity to vernalization requirement 

Growth and Development Vrn-83 Van et al. 2006 

STS that detects Ppd-D1a and -D1b alleles. Ppd-D1a confers long day .. Growth and Development Ppd-D1a insensitivity. We could improve this marker a lot and data are much Baeles et al, 2007 

more reliable than last year 

Growth and Development Ppd-D1 
Insertion of a transposon in the gene. Sensitive allele. The allele 

Baeles et al, 2007 
present seems to have an effect on flowering time under short days. 

Growth and Development Ppd-D1 !Additional 5bp delition to the Norstar insertion. Sensitive allele Baeles et al, 2007 

Growth and development IPpd-D1 Ppd-D1 allele derived from Ae.tauschii. Baeles et al, 2007 

The Ppd-B1 effect on photperiod is lower than Ppd-Dl. Ppd-B1a allele 

~ 
Growth and Development Ppd-B1a_CS 

that is insensitive. The Ppd-B1b allele is sensitive. Various variations in 
Diaz et al., 2012 

the Ppd-Bal alleles have been found. This is a SNP that_identifies a 

trucated copy of the gene in Chinese Spring. 

GrD~A~th and Development Ppd-B1a_CS This is a SNP that identifies a copy of the gene in Chinese Spring Diaz et al., 2012 

Growth and Development Ppd-Bla_CS This is a SNP that identifies a copy of the gene in Chinese Spring Diaz et al., 2012 

lntercopy SNP of Sonora. Sonora has three copy numbers of the Ppd-

~ and Development Ppd-B1a_Son 
B1a allele (e.g. CS has four). It is speculated that copy number plays a 

Diaz et al., 2012 ; role in gene expression. This allele gives earlier flowering time that the 
i 

CS allele 

and Development Ppd-B1 Phenotype not clear 
Laurie personal 

communication 

and Development Ppd-Bl Phenotype not clear 
Laurie personal 

communication 

and Development Ppd-A1 
Ppd-Al insensitive alleles in durum wheat. Seen in some synthetic 

Willhelm et al. 2009 
derived lines. 

I Insertion in the Ppd-A1 allele which leads to a loss of function. Is 
1 ... 

.._ and Development Ppd-A1 present in the germ plasm but in combination with Ppd-D1a which 
Laurie personal 

gives insensitivity to photoperiod. 
communication 

Growth and Development Ppd-Al Insertion in the Ppd-Al allele. Neutral allele? 
Laurie personal 

communication 

Growth and Development Rhtl/Rht-Bl A gene specific SNP was used. Many lines have Rhtl Ellis et al 2002 
Growth and Development Rht2/Rht-D1 A gene specific SNP was used Ellis et al 2002 
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