Arabidopsis Growth Media

Basic MS Medium (1): From Murashige & Skoog Salts
Note: It will be used for normal growth experiments when you want to grow the plants and collect seeds. 

Add the following to distilled water (~ 20% less than final volume)

	Ingredients
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	500 mL
	1 L
	500 mL
	1 L
	500 mL
	1 L

	Murashige & Skoog Salts†
	0.5375 g
	1.075 g
	1.075 g
	2.15 g
	2.15 g
	4.3 g

	Sucrose a
	2.5 g
	5 g
	2.5 g
	5 g
	2.5 g
	5 g


a Final concentration of Sucrose will be 0.5% in basic growth media used in the lab.  

Adjust to pH 5.6 – 5.8 with KOH or HCl. (Try to keep the pH around 5.7)

Adjust to final volume.

Add to bottles with agar (split in flasks to fill up to half of total volume; select flasks with double the volume of inside that flask so that your medium will not be lost in autoclave) b
b Eg. If total volume is 1 L, then separate it into 500 mL in two flasks. (In this case use 1L flasks) If total volume is 500 mL, then separate it into 250 mL in two flasks. (In this case use 500 mL flasks) 

	Final concentration

	
	0.8%
	1%
	1.5%

	
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L

	Agar c
	0.8 g
	2 g
	4 g
	8 g 
	1 g
	2.5 g
	5 g
	10 g 
	1.5 g
	2.5 g
	7.5 g
	15 g


c We use Sigma Agar E for many of the experiments; however, you can use Duchefa’s Plant Agar or Bacteriological Agar for general growth purposes.

Note: 0.8% and 1% agar is used when plate is kept horizontally, 1.5% agar is used when plate is kept vertically. 

Autoclave on liquid cycle (at 121°C) for 20 - 25 minutes. (Overall process including heating-up, autoclaving and cooling-down takes around 1.5 hours) 

Remove promptly from autoclave; swirl to dissolve agar. (If you forget the media in autoclave after the cycle is completed, the sugar will be caramelized and you will not be able to use those media)

Cool in 55°C water bath until comfortable to the touch. (If you cool it further below 55°C, the agar will start to solidify and you will ruin the media)

Pour plates in sterile tissue culture hood.

Basic MS Medium (2): From Scratch 

Note: It will be used for normal growth experiments when you want to grow the plants and collect seeds. 

Add the following to distilled water (~ 20% less than final volume)

	Bottle Numbers
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L

	I
	3.125 ml
	6.25 ml
	12.5 ml
	6.25 ml
	12.5 ml
	25 ml
	12.5 ml
	25 ml
	50 ml

	II
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml
	5 ml
	10 ml
	20 ml

	III
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml

	IV
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml

	V
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml


2.   Add sucrose

	
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	500 mL
	1 L
	500 mL
	1 L
	500 mL
	1 L

	Sucrose a
	2.5 g
	5 g
	2.5 g
	5 g
	2.5 g
	5 g


a Final concentration of Sucrose will be 0.5% in basic growth media used in the lab.  

3.  Adjust to pH 5.6 – 5.8 with KOH or HCl. (Try to keep the pH around 5.7)

4. Adjust to final volume.

5. Add to bottles with agar (split in flasks to fill up to half of total volume; select flasks with double the volume of inside that flask so that your medium will not be lost in autoclave) b
b Eg. If total volume is 1 L, then separate it into 500 mL in two flasks. (In this case use 1L flasks) If total volume is 500 mL, then separate it into 250 mL in two flasks. (In this case use 500 mL flasks) 

	Final concentration

	
	0.8%
	1%
	1.5%

	
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L

	Agar c
	0.8 g
	2 g
	4 g
	8 g 
	1 g
	2.5 g
	5 g
	10 g 
	1.5 g
	2.5 g
	7.5 g
	15 g


c We use Sigma Agar E for many of the experiments; however, you can use Duchefa’s Plant Agar or Bacteriological Agar for general growth purposes.

6. Autoclave on liquid cycle (at 121°C) for 20 - 25 minutes.  

7. Remove promptly from autoclave; swirl to dissolve agar. (If you forget the media in autoclave after the cycle is completed, the sugar will be caramelized and you will not be able to use those media)

8. Cool in 55°C water bath until comfortable to the touch. (If you cool it further below 55°C, the agar will start to solidify and you will ruin the media)

            9. Pour plates in sterile tissue culture hood.

Ingredients of Stock Bottles

Bottle I

	Chemical
	M
	Amount in 1L

	KNO3
	0.375 
	38 g

	NH4NO3
	4.12x10-3
	33 g


Prepare in 1 L brown bottle.

Bottle II

	Chemical
	M
	Amount in 250 mL

	MgSO4.7H2O
	0.075 
	4.625 g

	KH2PO4
	0.625
	2.125 g


Prepare in 250 mL brown bottle.

Bottle III

	Chemical
	M
	Amount in 100 mL

	CaCl2.H2O
	0.3
	4.4 g


Prepare in 100 mL bottle. It is contaminated very fast.

Bottle IV

	Chemical
	M
	Amount in 100 mL

	FeSO4.7H2O
	0.02
	0.552 g

	Na2EDTA
	0.02
	0.745 g 


Prepare in 100 mL brown bottle. First dissolve Na2EDTA at room temperature. It may take some time. Be patient! Keep away from light or Fe will be oxidized.

Bottle V

	Chemical
	M
	Amount in 500 mL

	MnSO4.H2O
	10x10-3
	0.845 g

	ZnSO4.7H2O
	3x10-3
	0.429 g

	CuSO4.5H2O
	1x10-5
	0.0012 g

	CoCl2.6H2O
	1x10-5
	0.0012 g

	KI
	5x10-4
	0.0416 g

	H3BO3
	0.01
	0.31 g

	Na2MoO4.2H2O
	1.03x10-4
	0.013 g


Prepare in 500 mL bottle.

MS Medium for Fe deficiency experiment

Note 1: Fe sufficient medium (called Basal Medium or Fe +) will be exactly same with Basic MS Medium (2).

Note 2: Fe deficient medium (called FZN or Fe -) will be exactly same with Basic MS Medium (2) without Fe-EDTA, meaning we will omit stock bottle IV. And instead, we will add FerroZine, a chemical that quenches extra Fe atoms from the medium.

Note 3: All calculations are done for normal MS media, where the final concentration of Fe is 25 µM for QUARTER MS, 50 µM for HALF MS and 100 µM for FULL MS. There might be some slight changes of final Fe concentration depending on the type of experiment. Make sure you add correct amount of Fe-EDTA!
Add the following to distilled water (~ 20% less than final volume)

	Bottle Numbers
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L

	I
	3.125 ml
	6.25 ml
	12.5 ml
	6.25 ml
	12.5 ml
	25 ml
	12.5 ml
	25 ml
	50 ml

	II
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml
	5 ml
	10 ml
	20 ml

	III
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml

	IV
	OMIT
	OMIT
	OMIT

	V
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml


2.   Add sucrose

	
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	500 mL
	1 L
	500 mL
	1 L
	500 mL
	1 L

	Sucrose a
	2.5 g
	5 g
	2.5 g
	5 g
	2.5 g
	5 g


a Final concentration of Sucrose will be 0.5% in basic growth media used in the lab.  

            3.  Add FerroZine

	
	Final Volume

	
	100 mL
	250 mL
	500 mL
	1 L
	2L

	FerroZine* 
	0.015 g
	0.037 g
	0.074 g
	0.1477 g
	0.2954 g


* FerroZine is light-sensitive. Do not expose the powder stock to light too long.

4.  Adjust to pH 5.6 – 5.8 with KOH or HCl. (Try to keep the pH around 5.7) Addition of FerroZine decreases the pH around 4.

5. Adjust to final volume.

6. Add to bottles with agar (split in flasks to fill up to half of total volume; select flasks with double the volume of inside that flask so that your medium will not be lost in autoclave) b
b Eg. If total volume is 1 L, then separate it into 500 mL in two flasks. (In this case use 1L flasks) If total volume is 500 mL, then separate it into 250 mL in two flasks. (In this case use 500 mL flasks) 

	Final concentration

	
	0.8%
	1%
	1.5%

	
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L

	Agar c
	0.8 g
	2 g
	4 g
	8 g 
	1 g
	2.5 g
	5 g
	10 g 
	1.5 g
	2.5 g
	7.5 g
	15 g


c We use Sigma Agar E for many of the experiments; however, you can use Duchefa’s Plant Agar or Bacteriological Agar for general growth purposes.

7. Autoclave on liquid cycle (at 121°C) for 20 - 25 minutes.  

8. Remove promptly from autoclave; swirl to dissolve agar. (If you forget the media in autoclave after the cycle is completed, the sugar will be caramelized and you will not be able to use those media) 

Note: If the medium with FerroZine is kept in autoclave too long, then the color of the medium will turn to purple, which is the indication of a drop in pH. This means your media is ruined!

9. Cool in 55°C water bath until comfortable to the touch. (If you cool it further below 55°C, the agar will start to solidify and you will ruin the media)

            10. Pour plates in sterile tissue culture hood.

Note: Solidified medium with FerroZine will be pinkish in color.

MS Medium for Cadmium toxicity experiment

CdCl2 is toxic and carcinogenic. Always use gloves, wear a lab coat and use extra attention when you deal with it! 

Note 1: Control medium (called Basal Medium or Cd -) will be exactly same with Basic MS Medium (2).

Note 2: Cd toxicity medium (called Cd +) will be exactly same with Basic MS Medium (2), supplemented with CdCl2.

Add the following to distilled water (~ 20% less than final volume)

	Bottle Numbers
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L
	250 mL
	500 mL
	1 L

	I
	3.125 ml
	6.25 ml
	12.5 ml
	6.25 ml
	12.5 ml
	25 ml
	12.5 ml
	25 ml
	50 ml

	II
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml
	5 ml
	10 ml
	20 ml

	III
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml

	IV
	OMIT
	OMIT
	OMIT

	V
	0.625 ml
	1.25 ml
	2.5 ml
	1.25 ml
	2.5 ml
	5 ml
	2.5 ml
	5 ml
	10 ml


2.   Add sucrose

	
	Final concentration

	
	¼ X (Quarter)
	½ X (Half)
	1 X (Full)

	
	500 mL
	1 L
	500 mL
	1 L
	500 mL
	1 L

	Sucrose a
	2.5 g
	5 g
	2.5 g
	5 g
	2.5 g
	5 g


a Final concentration of Sucrose will be 0.5% in basic growth media used in the lab.  

3. Add CdCl2 from 100 mM stock solution

	
	Final concentration

	
	20 µM
	40 µM
	60 µM

	100mM CdCl2
	
	
	


4.  Adjust to pH 5.6 – 5.8 with KOH or HCl. (Try to keep the pH around 5.7)

5. Adjust to final volume.

6. Add to bottles with agar (split in flasks to fill up to half of total volume; select flasks with double the volume of inside that flask so that your medium will not be lost in autoclave) b
b Eg. If total volume is 1 L, then separate it into 500 mL in two flasks. (In this case use 1L flasks) If total volume is 500 mL, then separate it into 250 mL in two flasks. (In this case use 500 mL flasks) 

	Final concentration

	
	0.8%
	1%
	1.5%

	
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L
	100 mL
	250 mL
	500 mL
	1 L

	Agar c
	0.8 g
	2 g
	4 g
	8 g 
	1 g
	2.5 g
	5 g
	10 g 
	1.5 g
	2.5 g
	7.5 g
	15 g


c We use Sigma Agar E for many of the experiments; however, you can use Duchefa’s Plant Agar or Bacteriological Agar for general growth purposes.

7. Autoclave on liquid cycle (at 121°C) for 20 - 25 minutes.  

8. Remove promptly from autoclave; swirl to dissolve agar. (If you forget the media in autoclave after the cycle is completed, the sugar will be caramelized and you will not be able to use those media) 

9. Cool in 55°C water bath until comfortable to the touch. (If you cool it further below 55°C, the agar will start to solidify and you will ruin the media)

            10. Pour plates in sterile tissue culture hood.

Preparation of CdCl2 stock solution (100 mM):

Dissolve  1.83 g CdCl2 in 100 mL dH2O.
Sulfur Deficiency Experiments

Medium: 1/4x MS, 0.5% sucrose, 1.5% agar.

	
	Medium

	Final Concentration (μM)
	1
	2
	3
	4
	5
	6
	7
	8

	
	S1500

Fe50

Cd0
	S1500

FZN

Cd0
	S1500

Fe50

Cd40
	S1500

FZN

Cd40
	S15

Fe50

Cd0
	S15

FZN

Cd0
	S15

Fe50

Cd40
	S15

FZN

Cd40

	S
	1500
	1500
	1500
	1500
	15
	15
	15
	15

	Fe
	50
	0
	50
	0
	50
	0
	50
	0

	Cd
	0
	0
	40
	40
	0
	0
	40
	40

	Cl
	747.52
	747.52
	787.52
	787.52
	1205
	1205
	1245
	1245

	N
	15097.5
	15097.5
	15097.5
	15097.5
	15097.5
	15097.5
	15097.5
	15097.5

	Zn
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5
	7.5

	Mn
	25
	25
	25
	25
	25
	25
	25
	25

	Mo
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25
	0.25

	Co
	0.027
	0.027
	0.027
	0.027
	0.027
	0.027
	0.027
	0.027

	K
	5000
	5000
	5000
	5000
	5000
	5000
	5000
	5000

	P
	312.5
	312.5
	312.5
	312.5
	312.5
	312.5
	312.5
	312.5

	Mg
	375
	375
	375
	375
	375
	375
	375
	375

	Ca
	747.5
	747.5
	747.5
	747.5
	747.5
	747.5
	747.5
	747.5

	I
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25
	1.25

	B
	25.0675
	25.0675
	25.0675
	25.0675
	25.0675
	25.0675
	25.0675
	25.0675

	Cu
	0.025
	0.025
	0.025
	0.025
	0.025
	0.025
	0.025
	0.025


Note: Use cellophane membranes (Sigma cat. No. Z377600 - size 24 x 24 cm). Cut in size of petri plates. Autoclave in dH2O for 20 mins before use. Place in water one by one.

S medium preparation - Final Concentrations:

	
	
	
	
	Final M

	Bottle
	Ingredient
	Stock
	Amount in stock
	1/4x MS
	1/2x MS
	1 MS

	1
	KNO3
	0.3758 M
	38 g/L
	4.6975 mM
	9.39      mM
	18.79     mM

	
	NH4NH3
	0.412 M
	33 g/L
	5.15     mM
	10.3      mM
	20.6       mM

	2
	MgSO4.7H2O
	0.075 M
	4.62   g/ 250 mL
	0.375   mM
	0.75      mM
	1.5         mM

	
	KH2PO4
	0.0625 M
	2.125 g/ 250 mL
	0.3125 mM
	0.625    mM
	1.25       mM

	3
	CaCl2.2H2O
	0.299 M
	4.4    g/ 100 mL
	0.7475 mM
	1.495    mM
	2.99       mM

	4 *
	Fe(II)SO4.7H2O
	10 mM
	1.39 g/ 500 mL
	25        μM
	50         μM
	100        μM

	
	Na2EDTA.2H2O
	10 mM
	1.89 g/ 500 mL
	
	
	

	5
	MnSO4.2H2O
	10 mM
	0.845 g/500 mL
	25        μM
	50         μM
	100        μM

	
	ZnSO4.7H2O
	2.99 mM
	0.429 g/500 mL
	7.475   μM
	14.95    μM
	29.91     μM

	
	CuSO4.5H2O
	0.01 mM
	0.00124 g/500 mL
	0.025   μM
	0.05     μM
	0.1         μM

	
	CoCl2.6H2O
	0.011 mM
	0.00131 g/500 mL
	0.0275 μM
	0.055   μM
	0.11       μM

	
	KI
	0.5 mM
	0.0415 g/500 mL
	1.25     μM
	2.5       μM
	5            μM

	
	H3BO3
	10.25 mM
	0.309 g/500 mL
	25.0675 μM
	50.135 μM
	100.25   μM

	
	NaMoO4.2H2O
	0.103 mM
	0.0125 g/500 mL
	0.2575 μM
	0.515   μM
	1.03       μM

	6
	MgCl2.6H2O
	0.075 M
	1.52 g/ 100 mL
	0.375   mM
	0.75     mM
	1.5         mM

	
	KH2PO4
	0.0625 M
	0.85 g/ 100 mL
	0.3125 mM
	0.625    mM
	1.25       mM

	7
	Fe(II)Cl2.4H2O
	10 mM
	0.198 g/ 100 mL
	25        μM
	50         μM
	100        μM

	
	Na2EDTA.2H2O
	10 mM
	0.372 g/ 100 mL
	
	
	

	8
	MnCl2.4H2O
	10 mM
	1 g/500 mL
	25        μM
	50         μM
	100        μM

	
	ZnCl2
	2.99 mM
	0.204 g/500 mL
	7.475   μM
	14.95    μM
	29.91     μM

	
	CuCl2.2H2O
	0.01 mM
	0.00085 g/500 mL
	0.025   μM
	0.05     μM
	0.1         μM

	
	CoCl2.6H2O
	0.011 mM
	0.00131 g/500 mL
	0.0275 μM
	0.055   μM
	0.11       μM

	
	KI
	0.5 mM
	0.0415 g/500 mL
	1.25     μM
	2.5       μM
	5            μM

	
	H3BO3
	10.25 mM
	0.309 g/500 mL
	25.0675 μM
	50.135 μM
	100.25   μM

	
	NaMoO4.2H2O
	0.103 mM
	0.0125 g/500 mL
	0.2575 μM
	0.515   μM
	1.03       μM


* If you use FeNaEDTA - Ferric Sodium EDTA (From Duchefa cat. No. E0509), then weigh 1.83 g/ 500 mL. Do not add EDTA.

Preparation of Media (1/4x MS, 0.5% sucrose, 1.5% agar)

* Calculations are done for 1L of media.

	
	Medium

	
	1
	2
	3
	4
	5
	6
	7
	8

	Bottle
	S1500

Fe50

Cd0
	S1500

FZN

Cd0
	S1500

Fe50

Cd40
	S1500

FZN

Cd40
	S15

Fe50

Cd0
	S15

FZN

Cd0
	S15

Fe50

Cd40
	S15

FZN

Cd40

	1
	12.5 mL
	12.5 mL
	12.5 mL
	12.5 mL
	12.5 mL
	12.5 mL
	12.5 mL
	12.5 mL

	2
	5      mL
	5      mL
	5      mL
	5      mL
	NO
	NO
	NO
	NO

	3
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL

	4
	5      mL
	NO
	5      mL
	NO
	NO
	NO
	NO
	NO

	5
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL
	NO
	NO
	NO
	NO

	6
	NO
	NO
	NO
	NO
	5      mL
	5      mL
	5      mL
	5      mL

	7
	NO
	NO
	NO
	NO
	5      mL
	NO
	5      mL
	NO

	8
	NO
	NO
	NO
	NO
	2.5   mL
	2.5   mL
	2.5   mL
	2.5   mL

	H2SO41
	1043 μL
	1043 μL
	1043 μL
	1043 μL
	15 μL
	15 μL
	15 μL
	15 μL

	FZN
	NO
	0.148 g
	NO
	0.148 g
	NO
	0.148 g
	NO
	0.148 g

	CdCl22
	NO
	NO
	1      mL
	1      mL
	NO
	NO
	1      mL
	1      mL

	Sucrose
	5 g

	Agar
	15 g


* Concentrations of H2SO4 is 457.5 μM in media 1, 2, 3 and 4, and 0 μM in media 5, 6, 7, 8 (before addition of extra H2SO4).

Notes:

1. Use the main stock of H2SO4. Mwt is 98.08 and density is 1.840 g/mL. Hence, in order to prepare 100 mL of 1 M stock, add 18 mL of H2SO4 from main stock bottle and make the final volume to 100 mL by dH2O. Then, from 1 M H2SO4 stock, take 1043 μL into 1L of quarter MS medium to make the final [S] = 1500 μM. Take 15 μL from 1 M H2SO4 stock into 1L of quarter MS medium to make the final [S] = 15 μM (pH of 1M H2SO4 stock ‘s around 1. so make sure you always adjust the pH of media).

2. 40 mM CdCl2 stock solution preparation: 0.73328 g/ 100 ml dH2O.

Experiment 1: Different S concentrations

Medium: 1/4x MS, 0.5% sucrose, 1.5% agar, [Fe]final = 50 μM
* Calculations are done for 120 mL of media.

	
	Medium

	Bottle
	S0
	S15
	S25
	S50
	S100
	S200
	S400
	S800
	S1600

	1
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL

	3
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL

	6
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL

	7
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL

	8
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL

	H2SO41
	0 μL
	1.8 μL
	3 μL
	6 μL
	12 μL
	24 μL
	48 μL
	96 μL
	192 μL

	Sucrose
	0.6 g

	Agar
	1.8 g


1. Use the main stock of H2SO4. Mwt is 98.08 and density is 1.840 g/mL. Hence, in order to prepare 100 mL of 1 M stock, add 18 mL of H2SO4 from main stock bottle and make the final volume to 100 mL by dH2O. Then, from 1 M H2SO4 stock, take 1043 μL into 1L of quarter MS medium to make the final [S] = 1500 μM. Take 15 μL from 1 M H2SO4 stock into 1L of quarter MS medium to make the final [S] = 15 μM (pH of 1M H2SO4 stock ‘s around 1. so make sure you always adjust the pH of media).

	
	Medium

	
	S0
	S15
	S25
	S50
	S100
	S200
	S400
	S800
	S1600

	Final S concentration
	0 μM
	15 μM
	25 μM
	50 μM
	100 μM
	200 μM
	400 μM
	800 μM
	1600 μM


Experiment 2: Effect of Extra Fe on S-limited growth

Medium: 1/4x MS, 0.5% sucrose, 1.5% agar, [Fe]final = varies
* Calculations are done for 120 mL of media.

	
	Medium

	
	S0
	S15

	Bottle
	FZN
	Fe25
	Fe50
	Fe100
	Fe200
	Fe400
	FZN
	Fe25
	Fe50
	Fe100
	Fe200

	1
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL

	3
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL

	6
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL

	7
	0    mL
	0.3 mL
	0.6 mL
	1.2 mL
	2.4 mL
	4.8 mL
	0    mL
	0.3 mL
	0.6 mL
	1.2 mL
	2.4 mL

	8
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL

	H2SO41
	0 μL
	0 μL
	0 μL
	0 μL
	0 μL
	0 μL
	15 μL
	15 μL
	15 μL
	15 μL
	15 μL

	FZN
	0.018 g
	NO
	NO
	NO
	NO
	NO
	0.018 g
	NO
	NO
	NO
	NO

	Sucrose
	0.6 g

	Agar
	1.8 g


1. Use the main stock of H2SO4. Mwt is 98.08 and density is 1.840 g/mL. Hence, in order to prepare 100 mL of 1 M stock, add 18 mL of H2SO4 from main stock bottle and make the final volume to 100 mL by dH2O. Then, from 1 M H2SO4 stock, take 1043 μL into 1L of quarter MS medium to make the final [S] = 1500 μM. Take 15 μL from 1 M H2SO4 stock into 1L of quarter MS medium to make the final [S] = 15 μM (pH of 1M H2SO4 stock ‘s around 1. so make sure you always adjust the pH of media).

Experiment 3: Effect of Extra S on Fe-limited growth

Medium: 1/4x MS, 0.5% sucrose, 1.5% agar, [Fe]final = varies
* Calculations are done for 120 mL of media.

	
	Medium

	
	FZN
	F5

	Bottle
	S100
	S200
	S400
	S800
	S1600
	S3200
	S100
	S200
	S400
	S800
	S1600
	S3200

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL
	1.5 mL

	3
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL

	6
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL
	0.6 mL

	7
	0    mL
	0    mL
	0    mL
	0    mL
	0    mL
	0    mL
	60 μL
	60 μL
	60 μL
	60 μL
	60 μL
	60 μL

	8
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	0.3 mL
	

	H2SO41
	12 μL
	24 μL
	48μL
	96 μL
	192 μL
	384 μL
	12 μL
	24 μL
	48μL
	96 μL
	192 μL
	384 μL

	FZN
	0.018 g
	0.018 g
	0.018 g
	0.018 g
	0.018 g
	0.018 g
	NO
	NO
	NO
	NO
	NO
	NO

	Sucrose
	0.6 g

	Agar
	1.8 g


1. Use the main stock of H2SO4. Mwt is 98.08 and density is 1.840 g/mL. Hence, in order to prepare 100 mL of 1 M stock, add 18 mL of H2SO4 from main stock bottle and make the final volume to 100 mL by dH2O. Then, from 1 M H2SO4 stock, take 1043 μL into 1L of quarter MS medium to make the final [S] = 1500 μM. Take 15 μL from 1 M H2SO4 stock into 1L of quarter MS medium to make the final [S] = 15 μM (pH of 1M H2SO4 stock ‘s around 1. so make sure you always adjust the pH of media).

Hygromycin selection

Add to cooled Basic Medium just before pouring plates (in sterile tissue culture hood):

Stock solutions (filter sterilized)
For 500 mL medium

Hygromycin*, 50 mg/mL 

 
 300 µL

Carbennicilin*, 50 mg/mL


 500 µL

Swirl to mix.

Kanamycin selection

Add to cooled Basic Medium just before pouring plates (in sterile tissue culture hood):

Stock solution (filter sterilized)
For 500 mL medium

Kanamycin*, 50 mg/mL


500 µL

Swirl to mix.

Basta selection


Prepare exactly as Basic Medium with the following recipe:


Final concentrations

500 mL
 1 L


Murashige & Skoog Salts†, 0.5X
1.08 g

  2.15 g


Sucrose, 0.5% 


2.5

  5.0


Continue with Basic Medium procedure….

Add to cooled medium just before pouring plates (in sterile tissue culture hood):

Stock solution (filter sterilized)
For 500 mL medium

Glufosinate†, 50 mg/mL


500 µL

Swirl to mix.

Pollen Germination Medium
* Calculated for 100 mL of medium 

	Boric acid
	5 mL

	Sucrose
	20 g

	Tween 20
	0.2 mL

	dH2O
	To 100 mL


Adjust pH to 5.5...

Iodine Solution

Dissolve 1 g of KI in 70% of ethanol. Keep at RT in an amber bottle.

Hoagland’s Solution

10 x Stock Solution

Medium: 1/2x Hoagland, 0.5% sucrose, 1.5% agar.

	Final Concentration (μM)
	1
	

	
	S1500

Fe50

Cd0
	

	S
	1500
	502.5

	Fe
	50
	40

	Cd
	0
	0

	Cl
	747.52
	54.3

	N
	15097.5
	7000.45

	Zn
	7.5
	2

	Mn
	25
	2

	Mo
	0.25
	

	Co
	0.027
	

	K
	5000
	

	P
	312.5
	

	Mg
	
	


Final Concentration of minerals

	
	
	
	
	Final M

	Bottle
	Ingredient
	Stock
	Amount in stock
	1/2x Hoagland
	1 x Hoagland

	1
	KNO3
	0.3758 M
	38 g/L
	
	

	
	NH4NH3
	0.412 M
	33 g/L
	
	

	2
	MgSO4.7H2O
	0.075 M
	4.62   g/ 250 mL
	
	

	
	KH2PO4
	0.0625 M
	2.125 g/ 250 mL
	
	

	3
	CaCl2.2H2O
	0.299 M
	4.4    g/ 100 mL
	
	

	4 *
	Fe(II)SO4.7H2O
	10 mM
	1.39 g/ 500 mL
	
	

	
	Na2EDTA.2H2O
	10 mM
	1.89 g/ 500 mL
	
	

	5
	MnSO4.2H2O
	10 mM
	0.845 g/500 mL
	
	

	
	ZnSO4.7H2O
	2.99 mM
	0.429 g/500 mL
	
	

	
	CuSO4.5H2O
	0.01 mM
	0.00124 g/500 mL
	
	

	
	CoCl2.6H2O
	0.011 mM
	0.00131 g/500 mL
	
	

	
	KI
	0.5 mM
	0.0415 g/500 mL
	
	

	
	H3BO3
	10.25 mM
	0.309 g/500 mL
	
	

	
	NaMoO4.2H2O
	0.103 mM
	0.0125 g/500 mL
	
	

	6
	MgCl2.6H2O
	0.075 M
	1.52 g/ 100 mL
	
	

	
	KH2PO4
	0.0625 M
	0.85 g/ 100 mL
	
	

	7
	Fe(II)Cl2.4H2O
	10 mM
	0.198 g/ 100 mL
	
	

	
	Na2EDTA.2H2O
	10 mM
	0.372 g/ 100 mL
	
	

	8
	MnCl2.4H2O
	10 mM
	1 g/500 mL
	
	

	
	ZnCl2
	2.99 mM
	0.204 g/500 mL
	
	

	
	CuCl2.2H2O
	0.01 mM
	0.00085 g/500 mL
	
	

	
	CoCl2.6H2O
	0.011 mM
	0.00131 g/500 mL
	
	

	
	KI
	0.5 mM
	0.0415 g/500 mL
	
	

	
	H3BO3
	10.25 mM
	0.309 g/500 mL
	
	

	
	NaMoO4.2H2O
	0.103 mM
	0.0125 g/500 mL
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