


N19175326 



Alex Clark- Researcher, Mentee, Dear Colleague and Friend – by Gloria Coruzzi 
 
I first met Alex when she was a student in my graduate level class at the New York University 
Biology Department entitled, “Plant 
Resources”.  The class covered plant from their 
molecular biology and DNA to plant 
biodiversity, and was co-taught by my 
colleagues at the New York Botanical Garden. 
 
Alex stood out in a class of about 20 MS and 
Ph.D. students for her maturity and genuine 
curiosity about plants and their uses as 
medicines and products.  I vividly remember 
the first day I met Alex outside of class.  She 
was sitting on a bench outside of NYU’s Bobst 
Library.  We had what I consider our first 
“mentor/mentee” conversation about her life 
and career goals.  Alex said she was quite idle 
and bored in between graduate classes at 
NYU, so I told her that if she was interested, we 
could keep her “busy” in our Plant Molecular 
Biology laboratory – and that was the start of 
her research career and projects and our life-
long friendship.     
                 
      

      Alexandra Clark - MS Biology, NYU, May 1996 
                Mentor: Gloria Coruzzi 

 
In our Plant Molecular Biology Lab at NYU, Alex worked on plant genes – she isolated them 
from the model plant “Arabidopsis”.  and also made transgenic plants in which she introduced 

new genes into tobacco that enabled 
the plants to grow better than a wild-
type strain (SR1-6) (Fig. 3, see Fig. 
3, Oliveira, Clark et al 2002). She did 
this by manipulating expression of a 
gene encoding the enzyme 
“glutamine synthetase” which 
controls the assimilation of inorganic 
nitrogen from the soil into the amino 
acid glutamine – a building block of 
all DNA, proteins and chlorophyll.  
Alex was meticulous in her 
experiments – both at the lab bench 
and in her lab notebooks (see lab 
notes from Alex’s book at the end of 
this tribute).   
 



Alex worked with several other members of our Plant Molecular Biology laboratory, notably 
Rosana Melo, a then Ph.D. student who became her dear, dear life-long friend.  Alex also 
worked with several other members the lab including Maria Shamis, Igor Oliveira, Laurence 
Lejay, Eric Brenner and Barbara Miesak, amongst others.  Alex was part of the Coruzzi lab 
family at NYU.  As you will see from the photos below (courtesy of Rosana Melo & Igor 
Oliveira), Alex and her colleagues worked hard and played hard together….  
 
Alex was a remarkable person – she had a deep, deep intellect and curiosity about science and 
how things worked.  She was also immensely warm and generous of spirit.  She was always 
willing to help others and put the needs of her family and close friends ahead of herself.    
 
Alex introduced us to Oscar Dunn - her soul mate and husband.  Oscar was such a gentleman, 
he adopted all of us.  He went along on lab dinners and was always there to help when he could 
with career moves of those in the lab that went on to business ventures.  
 
Alex was fiercely smart, and extraordinarily kind and generous of spirit.  She was so very loyal 
to her family and friends.  For me, I started out as her professor and mentor, and ended as her 
dear, dear friend – I will miss many parts of Alex, but especially her insatiable curiosity, her 
esprit de coeur (spirit of the heart) and her joy for life.   
 
In her final year – I got to know and became in close contact with Alex’s dear Aunt Pamela.  
Aunt Pamela was a tremendous source of comfort and strength for Alex – and also for me and 
Rosana Melo during her ordeal.  We formed a bond that would make Alex proud.  
 
Remarkably, the Sunday before Alex left this earth, she came to me in my dream as real as day.  
She was standing straight and tall.  I feel Alex came to say goodbye.  I am so very grateful that 
my dear friend Natasha Raikhel enabled me to reroute my trip back home from a scientific 
conference to spend one last day, June 28, 2017 - my birthday -  with Alex in San Francisco.  
What a gift.   
 
Alex was a true, true, friend and a remarkably strong human being - her strength of character 
especially shone in her last year, months, days. 
Alex – may god keep you in the palm of his hand. 
 
With much love –  from your loyal mentor and friend 
 

 
Gloria Coruzzi 
Carroll & Milton Petrie Professor 
NYU Department of Biology  



 







 

 

 

 



Aug 22, 2017

---------------------------------------------------------------------------------------------------- 
Dear Gloria, 
 
Thank you so much for letting me know.  (about Alex’s passing) 
 
I have been thinking about Alex every day and was anxiously waiting for your return from 
Ireland.   
 
In the beginning, I did not have the courage to go see her in California.  I wanted to always 
remember her young, healthy, and full of energy and life.  And later, it was too late for both of 
us.   
 
Alex was a very dear friend.  She had a tendency to disappear often, but when she reappeared 
again she always was the same old Alex.  I have so many fond memories (and cute little cards) 
from our 21 years together.  
 
She will remain in my heart forever... 
 
Maria (Shamis) 
 
              Maria Shamis  
NYU Plant Molecular Biology Lab 
 



















      
 
 
 
 
 

July 6, 2017  

Ms. Alexandra Clark
860 U.N. Plaza, Apt. 29B 
New York, NY 10017 

Dear Ms. Clark,

As the Chairman of the Department of Pathology at the Mount Sinai Health System, I am 
pleased to inform you that Elliott and Ruth Joseph are making an important donation in honor of 
you and Dr. Joseph Schein. This support will enable a study in “Immune Regulation and 
Immune Escape Mechanisms in Brain Diseases” in order to better understand the immunological 
pathways that activate disease, including the impact of stress on brain diseases. Every human 
body is made of approximately one trillion cells, one billion of which die and are replaced each 
day.  When this process is in balance, the body can enjoy good health and life.  When this 
process is dysregulated, cancer and other diseases result. Many studies have shown correlations 
between stress and disease and this will be a new lens from which to view that link.     

Specifically, this important work will further our understanding of cells that can escape the 
surveillance of the immune system, since they do not express histocompatibility proteins.  As 
products in any store, our cells also have their “bar codes” that identify them as part of our own 
body.  Recent discoveries point to a cell with “no bar codes” (or HLA negative cells) that cannot 
be recognized nor attacked by our immune cells, including T-cells and natural killer cells that are 
activated in diseases like cancer. Most human cells are HLA positive, but HLA negative cells 
are found throughout the body in very small percentages and, we believe, can offer insight into 
the development of cancer and other inflammatory diseases.  Using the resources of Mount 
Sinai’s tissue and data banks, we will isolate HLA negative cells and perform in-depth 
immunologic and genetic profiling of these cells, especially in brain disease. The further 
characterization of these cells will build our understanding of how these cells function and 
expand our understanding of the triggers of health and disease.          

Mount Sinai Health System
One Gustave L. Levy Place, Box 1194
New York, NY 10029-6574
T 212-241-8014
F 212-426-5129
carlos.cordon-cardo@mssm.edu

Carlos Cordon-Cardo, MD, PhD
Professor and Chairman 
Department of Pathology



We are so grateful that the Josephs are creating this wonderful tribute to you and Dr. Schein, and 
any publications that result from these studies will acknowledge this tribute in your honor. This 
study would simply not be possible without philanthropic support, and it is the Joseph’s vision 
and generosity that is moving this innovative work forward. I would be delighted to answer any 
questions you may have. If you or your family would like to be in touch, don’t hesitate to call 
me at 212-241-8014. 

My warmest regards,

Carlos Cordon-Cardo, MD, PhD 

cc: Elliott and Ruth Joseph
      Dr. Joseph Schein  
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New York University
Beginning of Graduate Record

Degrees Awarded
Master of Science 05/16/1996
   Graduate School of Arts and Science

Major: Biology

Other Institutions Attended
Univ Calif Berkeley
From: 08/01/1992 To: 12/01/1993

Test Scores
Test ID Test Component Test Date Score
GRE Biological Sciences 04/01/1994 730.00
GRE Quantitative 04/01/1994 550.00
GRE Subscore1 04/01/1994 74.00
GRE Subscore2 04/01/1994 75.00
GRE Subscore3 04/01/1994 64.00
GRE Verbal 04/01/1994 540.00

Fall 1994
Graduate School of Arts and Science
     Master of Science

Major: Biology
Biochemistry I G23. 1046-001 4.0 A-
Plant Resources I G23. 1072-001 4.0 B+
Lab Molecular Biology I G23. 1122-001 4.0 A-

AHRS EHRS QHRS QPTS GPA
Current 12.0 12.0 12.0 42.800 3.567
Cumulative 12.0 12.0 12.0 42.800 3.567

Spring 1995
Graduate School of Arts and Science
     Master of Science

Major: Biology
Biochemistry II G23. 1047-001 4.0 B
Plant Resources II: Econ Botany & Global Env G23. 1073-001 4.0 B
Lab Molecular Biology II G23. 1123-001 4.0 A

AHRS EHRS QHRS QPTS GPA
Current 12.0 12.0 12.0 40.000 3.333
Cumulative 24.0 24.0 24.0 82.800 3.450

Summer 1995
Graduate School of Arts and Science
     Master of Science

Major: Biology
Research G23. 3303-001 4.0 A
Research G23. 3304-001 4.0 A

AHRS EHRS QHRS QPTS GPA
Current 8.0 8.0 8.0 32.000 4.000
Cumulative 32.0 32.0 32.0 114.800 3.588

Fall 1995
Graduate School of Arts and Science
     Master of Science

Major: Biology

Maintain Matriculation G47. 4747-001 0.0 ***

AHRS EHRS QHRS QPTS GPA
Current 0.0 0.0 0.0 0.000 0.000
Cumulative 32.0 32.0 32.0 114.800 3.588

Spring 1996
Graduate School of Arts and Science
     Master of Science

Major: Biology
Maintain Matriculation G47. 4747-001 0.0 ***

AHRS EHRS QHRS QPTS GPA
Current 0.0 0.0 0.0 0.000 0.000
Cumulative 32.0 32.0 32.0 114.800 3.588

MS THESIS:  FURTHER CHARACTERIZATION OF THE GENES AND
MUTANTS OF ASPARTATE AMINOTRANSFERASE IN ARABIDOPSIS

End of Graduate Record















Overexpression of Cytosolic Glutamine Synthetase.
Relation to Nitrogen, Light, and Photorespiration1

Igor C. Oliveira2, Timothy Brears3, Thomas J. Knight, Alexandra Clark, and Gloria M. Coruzzi*
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RESULTS

Characterization of GS Transgenic Plants

Pi-
sum sativum
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Figure 1. GS expression profiles in leaves of 35S-GS transgenic
tobacco plants. A, GS mRNA was detected by hybridization with
full-length cDNA probes for pea cytosolic GS1 (lanes 1–3), pea
cytosolic GS3A (lanes 4 and 5), and pea chloroplastic GS2 (lanes
6–8). B, Western-blot analysis with a mixture of antibodies to bean
(Phaseolus vulgaris) cytosolic GS1 and tobacco chloroplastic GS2
(Hirel et al., 1984; Lara et al., 1984; Tingey et al., 1988). C, Non-
denaturing gel and GS activity stain showing GS holoenzymes A, B,
and C. GS holoenzyme A (*) is a nonnative GS isoenzyme detected
only in CytGS3A-TR plants. CytGS1-TR and CytGS3A-TR lines con-
tain normal levels of native chloroplastic GS2 (band B). D, Non-
denaturing gel and GS activity stain showing a side-by-side compar-
ison between CytGS3A-TR (lane 6) and CytGS1-TR (lane 5) leaf
extracts. The cytosolic GS1 holoenzyme (band C), which is detected
in leaves of CytGS1-TR plants but not in the control plants, corre-
sponds to the native root-specific tobacco cytosolic GS1 holoenzyme
(lanes 4 and 6). Controls: lanes 1 and 2, pea chloroplast and root
extracts; lanes 3 and 4, tobacco chloroplast and root extracts. E,
Subunit composition of GS holoenzymes. GS holoenzymes A*, B,
and C, respectively, were excised from preparative native gels, de-
natured, separated by PAGE, and detected by western-blot analysis.
Crude leaf extract of untransformed tobacco (lane 1), GS holoenzyme
A* from CytGS3A-TR (lane 2), GS holoenzyme band B isolated from
isolated chloroplasts from untransformed tobacco (lane 3), and GS
holoenzyme C from CytGS1-TR (lane 4).
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Figure 2. Qualitative and quantitative growth phenotype of GS transgenic plants. A, Plants from the control line (SR1–6) and
the cosuppressed chloroplastic GS2 (ChlGS2-TR) line are shown next to three independent lines of cytosolic GS1
overexpressors: CytGS1-TR1 (1), CytGS1-TR2 (2), and CytGS1-TR3 (3). The same ameliorated growth phenotype was also
observed in another independent CytGS1-TR line, CytGS1-TR4 (not shown). B through D, Growth analysis of cytosolic GS1
overexpressor lines (F) CytGS1-TR1 (1), CytGS1-TR2 (2), and CytGS1-TR3 (3). Also represented are the control tobacco line

(Legend continues on facing page.)
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Transgenic GS Lines Show a Correlation between GS
Activity and Fresh Weight, Dry Weight, and Leaf
Soluble Protein

Figure 3. Qualitative growth phenotype of soil-
grown GS transgenic plants. Control line
(SR1–6; A), CytGS1-TR1 (B), CytGS1-TR2 (C),
and CytGS1-TR3 (D) were germinated and
grown for 28 d in soil as described in “Materials
and Methods.”

Figure 2. (Legend continued from facing page.)
(SR1–6, �) and the cosuppressed chloroplastic GS2 line (ChlGS2-TR, f). The growth assays were performed in 19 plants
for the CytGS1-TR or ChlGS2-TR lines and 10 plants for the SR1–6 line. All plants were analyzed individually for total plant
fresh weight (B), dry weight (C), and soluble protein (D) as a function of total leaf GS specific activity (Shapiro and Stadtman,
1971). The plants were grown and assayed as described in “Materials and Methods.”
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Transgenic Plants That Ectopically Overexpress
Cytosolic GS1 Display a Light-Dependent, Improved
Growth Phenotype under Nitrogen-Limiting and
Nitrogen-Non-Limiting Conditions

m m

� � �

�

Transgenic Plants That Ectopically Overexpress
Cytosolic GS1 Display Increased Photorespiratory
CO2 Burst

Figure 4. Effect of light on growth of GS transgenic plants grown under different nitrogen regimes. Plants were incubated
in a normal day/night cycle either under high light (moderate PFD, 200 �mol cm�2 s�1) or low light (low PFD, 50 �mol
cm�2 s�1) and subirrigated with ammonium-free/nitrate-free liquid Murashige and Skoog medium containing 0� nitrogen
(no nitrogen supplementation), 0.1� nitrogen (4 mM nitrate/2 mM ammonium), or 1� nitrogen (40 mM nitrate/20 mM

ammonium). A, Qualitative growth phenotype. B, Fresh weight (n � 4, mean � SE) from plants in A. The plants for this
experiment were grown as described in “Materials and Methods.”
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Figure 5. Levels of photorespiration correlate
with GS expression in transgenic plants. De-
tached leaves of the cosuppressed chloroplastic
GS2 line (ChlGS2-TR1, �), the control tobacco
line (SR1–6, f), and a cytosolic GS1 overexpres-
sor line (CytGS1-TR1, F) were initially illumi-
nated (1,000 �mol cm�2 s�1) for 1 h and sub-
sequently exposed to dark by blocking the light
source for a period of 2 min. The composition of
the gas entering the chamber was 79 �L CO2

L�1 (PPM), 21% (v/v) O2, and balanced nitro-
gen. Total gas flow was approximately 1 L
min�1. The temperature was kept at 28°C to
29°C for dark and light conditions. The rate of
CO2 exchange was measured at 12-s intervals.
The measurements were done in two individual
plants from each transgenic line analyzed. A
representative result is shown.

Table I. Determination of CO2 evolution in detached leaves of
tobacco plants

Results shown are a representative one from measurements done
in two individual plants from each transgenic line analyzed.

Time ChlGS2-TR SR1-6 CytGS1-TR

s �mol m�2 s�1

0 �2.895 �9.300 �8.932
12 0 9.300 10.586
24 5.308 8.636 16.242
36 4.504 5.646 12.570
48 4.182 3.820 7.675
60 4.182 3.155 6.881
72 4.343 3.023 6.318
90 4.504 2.989 6.285
102 4.665 2.989 6.285
114 4.826 3.023 6.285
126 4.826 3.155 6.451
138 4.890 3.255 �8.435
150 �1.930 3.355 �9295
162 �2.413 �8.636 �8.932
174 �2.574 �8.636 �8.435

www.plantphysiol.orgon August 28, 2017 - Published by Downloaded from 
Copyright © 2002 American Society of Plant Biologists. All rights reserved.



DISCUSSION

Figure 6. Correlation between the levels of ammonium and expres-
sion of GS in tobacco transgenic plants. The plants were incubated
under moderate light (moderate PFD, 200 �mol cm�2 s�1) subirri-
gated with 0.5� Hoagland for 20 to 30 d. Ammonium was deter-
mined from leaf extracts of the tobacco transgenic lines as indicated.
Results are in nanograms of NH4

� per microgram of protein � SE, n �
3 individual plants.
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MATERIALS AND METHODS

Plasmids and Plant Transformation
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Plant Growth Conditions. Growth Assays for Plants
Germinated on Medium

� � �

� m
m

www.plantphysiol.orgon August 28, 2017 - Published by Downloaded from 
Copyright © 2002 American Society of Plant Biologists. All rights reserved.



�

Growth Assays for Plants Germinated on Soil

�
� �

� m
m

Light and Inorganic Nitrogen Dependence

� � �

�
� m m

� m m

� � � � � �

Ammonium Determination

�

� � �

Postillumination Photorespiratory CO2 Evolution Experiments

�
�

Measurement of Photorespiration

HPLC Analysis of Free Amino Acids

m m
� �

�
�

m

Determination of Gln Synthetase Activity and Free
Ammonium Levels

m
m �

ACKNOWLEDGMENTS

LITERATURE CITED

Bevan M Agrobacterium
12:

Blackwell RD, Murray AJS, Lea PJ

38:
Bradford MM

72:
Brears T, Liu C, Knight T, Coruzzi G

103:
Carvalho H, Pereira S, Sunkel C, Salema R

Nicotiana tabacum
100:

Cock JM, Brock IW, Watson AT, Swarup R, Morby AP, Cullimore JV
Phaseolus

vulgaris 17:
Crawford NM, Campbell WH, Davis RW

83:

Decker JP
30:

Eckes P, Schmitt P, Daub W, Wengenmayer F

217:
Edwards JW, Coruzzi GM

1:
Edwards JW, Walker EL, Coruzzi GM

87:
Fuentes SI, Allen DJ, Ortiz-Lopez A, Hernández G

52:
Gallardo F, Fu J, Canton FR, Garcia-Gutierez A, Canovas FM, Kirby EG

210:
Hausler RE, Blackwell RD, Lea PJ, Leegwood RC

194:
Hausler RE, Lea PJ, Leegwood RC

194:

www.plantphysiol.orgon August 28, 2017 - Published by Downloaded from 
Copyright © 2002 American Society of Plant Biologists. All rights reserved.



Hemon P, Robbins M, Cullimore J
15:

Hirel B, Gadal P 66:

Hirel B, Marsolier M, Hoarau A, Hoarau J, Brangeon J, Schafer R, Verma
DPS

20:
Hirel B, Weatherly C, Cretin C, Bergounioux C, Gadal P

Nicotiana
tabacum 74:

Horsch RB, Fry JW, Hoffman NL, Eicholtz D, Rogers SG, Fraley RJ

227:
Kamachi K, Yamaya T, Hayakawa T, Mae T, Ojima K

99:
Keys AJ, Bird IF, Cornelius MJ, Lea PJ, Wallsgrove RM, Miflin BJ

275:
Kozaki A, Takeba G

384:
Lara M, Porta H, Padilla J, Folch J, Sanchez F

Phaseolus vulgaris 76:

Lea PJ, Forde BG
17:

Li M-G, Villemur R, Hussey PJ, Silflow CD, Gantt JS, Snustad DP
Zea mays

23:
Migge A, Carrayol E, Hirel B, Becker TW

210:
Oliveira IC, Coruzzi G

Arabidopsis thaliana
121:

Oliveira IC, Coschigano K, Lam HM, Melo-Oliveira R, Coruzzi G

35:
Ortega JL, Temple SJ, Sengupta-Gopalan C

126:
Peterman TK, Goodman HM

Arabidopsis thaliana
230:

Peterson RB

73:
Que Q, Wang H, Jorgensen R

13:
Sakakibara H, Kawabata S, Takahashi H, Hase T, Sugiyama T

33:
Sakamoto A, Takeba G, Shibata D, Tanaka K

15:

Shapiro BM, Stadtman ER Escherichia coli
17A:

Sheldrick WF

Temple S, Knight T, Unkefer P, Sengupta-Gopalan C

236:
Tingey SV, Coruzzi GM Nicotiana plumbag-

inifolia 84:
Tingey SV, Tsai F-Y, Edwards JW, Walker EL, Coruzzi GM

in vivo 263:

Tingey SV, Walker EL, Coruzzi GM

6:
Tolbert NE

48:
Vaucheret H, Beclin C, Elmayan T, Feuerbach F, Godon C, Morel J-B,

Mourrain P, Palauqui J-C, Vernhettes S
16:

Vincent R, Fraisier V, Chaillou S, Limani AM, Deleens E, Phillipson B,
Douat C, Boutin, J-P, Hirel B

Lotus
corniculatus

201:
Wallsgrove RM, Turner JC, Hall NP, Kendally AC, Bright SWJ

83:

www.plantphysiol.orgon August 28, 2017 - Published by Downloaded from 
Copyright © 2002 American Society of Plant Biologists. All rights reserved.



Arabidopsis Mutants Resistant to S(�)-�-Methyl-�,
�-Diaminopropionic Acid, a Cycad-Derived Glutamate
Receptor Agonist1

Eric D. Brenner, Nora Martinez-Barboza, Alexandra P. Clark, Quail S. Liang, Dennis W. Stevenson, and
Gloria M. Coruzzi*
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RESULTS

BMAA, a Cycad-Derived Glu Receptor Agonist,
Causes a Long Hypocotyl Phenotype in Arabidopsis

�m

�m
�m

�m
�m

�m

�m

l

l
l

m l
m l

Figure 1. BMAA causes hypocotyl elongation and inhibits cotyledon
unfolding in light-grown Arabidopsis. Arabidopsis plants were ger-
minated and cultivated on Murashige and Skoog media and 0.7%
(w/v) agar containing 50 �M BMAA (A) or no BMAA (B) for 8 d in the
light. The average hypocotyl length for each treatment, as well as the
arc-angle of opening for the cotyledons, is shown (n � 30).
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Selection of Arabidopsis Mutants Resistant to the
Effects of BMAA on Morphogenesis
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A Subset of bim Mutants Exhibit Constitutive
Photomorphogenesis in the Dark
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Figure 2. Quantification of BMAA-induced hypocotyl elongation in
light-grown and etiolated plants. Arabidopsis plants were grown on
increasing concentrations of BMAA (0–100 �M), in the light (A) or in
continuous dark (B) for 5 d. The average hypocotyl length for each
treatment is shown. Error bars show the SE of the mean (n � 30).
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Figure 4. A genetic screen to isolate BMAA insensitive morphology (bim) mutants. A, Strategy to isolate Arabidopsis mutants
resistant to the effects of BMAA is shown. Individual EMS mutagenized M2 seedlings are grown for up to 2 weeks on
Murashige and Skoog media containing 50 �M BMAA in the light. M2 individuals with short hypocotyls, compared with
neighboring plants, are recovered from the BMAA-containing media and allowed to produce seed for analysis in the M3
generation. B, Representative M2 bim plant (bim26) is shown as detected in the primary screen.

Figure 3. BMAA-induced hypocotyl elongation,
as well as inhibition of cotyledon opening is
reversed in a dose-dependent manner by Glu.
Arabidospsis seedlings were cultivated in the
light on Murashige and Skoog media containing
1, 3, or 10 mM Glu in the absence (left, A and B)
or presence (right, A and B) of 25 �M BMAA. A,
The average hypocotyl length for each treat-
ment. B, The arc of cotyledon opening. Error
bars show the SE of the mean (n � 30)
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Synechocystis

Figure 5. bim mutants are insensitive to BMAA-induced hypocotyl elongation. Two representative M3 bim mutants (bim 131
and bim 26) were cultivated for 5 d in the light on Murashige and Skoog media in the presence of 50 �M BMAA (A) or in
the absence of BMAA (B). A, Both bim 131 and bim 26 have a short hypocotyl phenotype (right) when compared with wild
type (left), which has an elongated hypocotyl in the presence of BMAA. B, Plants grown in the absence of BMAA where bim
131 and bim 26 appear similar to wild type at the early seedling stage.
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Figure 7. bim mutants are subgrouped into three separate classes
based on their dark-grown morphology. bim mutants were cultivated
on Murashige and Skoog media in the absence of BMAA and grown
in the dark for 5 d. Class-I bim mutants exhibit a normal etiolated
phenotype (Fig. 7A, right) when grown in the dark compared with
wild type (Fig. 7A, left). Class-II bim mutants have a short hypocotyl
and closed cotyledons (Fig. 7B, right) when compared with wild type
(Fig. 7B, left). Class-III bim mutants have a short hypocotyl and open
cotyledons (Fig. 7C, left) when compared with wild type (Fig. 7C,
right).

Figure 6. Quantification of hypocotyl lengths of bim mutants grown
in the light in the presence or absence of BMAA. bim 18, 40, 77, 50,
26, 136, 59, 131, 167, and 175 were grown for 5 d in the light in the
presence of 50 �M BMAA (A) or with no BMAA (B). Hypocotyl
lengths of bim seedlings and wild type were measured and quanti-
fied. Wild type is indicated with a black bar on the far right of each
graph. cop1-6 mutant is indicated with a white bar on the far left of
each graph. The average hypocotyl length for each treatment is
shown (n � 30). Error bars show the SE of the mean.
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Figure 8. Quantification of hypocotyl lengths of bim mutants grown
in the dark in the absence or presence of BMAA. bim 18, 40, 77, 50,
26, 136, 59, 131, 167, and 175 and wild type were grown for 5 d in
the dark in the absence (Fig. 8A) or presence of 50 �M BMAA (Fig.
8B). Hypocotyl lengths were quantified. Wild type is indicated with
black bars. Class-I bim mutants (bim 131 and bim 175) have wild-
type length hypocotyls and are indicated with hatched bars. Class-II
and -III bim mutants, which have short hypocotyls in the dark, are
marked with gray shaded bars. cop1-6 is shown in the far left side of
the graph (white bar). The average hypocotyl length for each treat-
ment is shown (n � 30). Error bars show the SE of the mean.
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