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Leaves of two Les mutant plants. Top, Les2-N845A/+, extreme expression

resulting from favorable modifiers and conditions, showing tiny round chlorotic

dots becoming small white necrotic lesions. Bottom, Les1-N843/+, showing

small greyish necrotic spots enlarging in concentric circles to become light brown

necrotic lesions. Note that lesion pattern for a particular size appear as pieces of

circles.
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Leaf of a Les1-843/+ mutant plant showing dramatic lesion distribution in rings
and target spots, grown under unusual winter greenhouse conditions. Target
spots reflect two types of signaling from dying cells: (1) direct cell to cell
contact; and (2) across living cells to a new initiation site.
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8th leaf of Les10-A607/+ heterozygous mutant plants. Mo20W (top) and
M14/W23 (bottom) backgrounds, for comparison of respective genetic
modifiers.
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8th leaf of Les*-N1378/+ plant, showing tiny to medium-sized necrotic
lesions with white center and brown and tan concentric rings.
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8th leaf of Les*-N2638/+ mutant plant from the cross of the original mutant
by Rscm2 showing many tiny chlorotic and necrotic lesions randomly
scattered along leaf blade.
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Eighth leaf original LesGr*-N2639/+ mutant plant showing profuse tiny
chlorotic lesions, especially along the veins, giving a grainy striped
appearance.
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Leaf of a Les22 mutant plant showing phytoporphyria symptoms (lesions) in
maize; encodes uroporphyrinogen decarboxylase (UROD). B+ 0. FEKERZ{E
Les22fBARH i R MEY M AR R ;5 XNMEREFFELERS
R i B E AL EE ERUROD .
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Lesl & Les2 interaction. Leaf of a Lesl/+, Les2/+ plant, grown in winter
greenhouse conditions, showing large dark Lesl lesions with light centers and
dark watery halos and small round white necrotic Les2 lesions. Some Les 2
lesions appear within the halo of a Lesl lesion. The dark watery halos reflect
the outward cell to cell movement of dying cell contents or a message that
may cause adjoining healthy cells to become necrotic and die.
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normal cells between
rings of lesions
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Leaf of a homozygous cspl (les*-NA1173) mutant plant showing many small white
nearly transparent spots.
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Leaf of a Les1-843/+ mutant plant showing dramatic lesion distribution in rings

and target spots, with primary, secondary, and tertiary levels of lesions marked.
BIDY: RARAHERLes1-843/+ R i ) B & Hir REHRRESA0, BF iR
I, RER=FZEERHRRE.

Les4-1375, 8th leaf, M14/W23 background, showing two types of lesions: small
round white necrotic lesions with brown borders; and medium to large white
necrotic irregularly shaped lesions.
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(see also mutants.maizegdb.org)
Lesion Mimics, Target Spot:

Model for Cell Death Signalling

Neuffer, M G ; Chang, M T; Kazic, Toni? ; Johal, Gurmukh3
1 University of Missouri, 103 Curtis Hall, Columbia, Missouri, 65211, USA.
2 University of Missouri, MU Informatics Institute, Dept. of Computer Science, and Interdisciplinary Plant Group, Columbia,
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The disease lesion (Les) mimics are the most frequently occurring dominant
mutants from EMS mutagenesis in maize. From the screening of over 50,000
M1 plants for all variations of the lesion phenotype, we have identified 51
separate dominant cases. A much smaller, though probably comparable
number of recessive les mutants, have been seen but not considered in this
report.

The mutants range widely in expression, but have the common phenotype
of leaf lesions that are strikingly similar to those caused by various leaf blight
diseases. In all cases tested, the phenotypes have occurred in the absence of
a pathogen. They are initiated by sunlight and certain chemicals, and can be
chlorotic, necrotic, or sequentially both. The lesions of different mutants vary
in size, shape, color, frequency, distribution, time of onset, position, rate of
expansion, sharpness of boundaries, etc. In some mutants, the lesions
expand to cover the leaf, resulting in senescence. It appears that particular
cells on the leaf surface are, at specific developmental stages and within
certain specifically variable temperature ranges, highly susceptible to damage
by sunlight.

We hypothesize that two signals are involved. The first arises from
dissolution of the cell membrane, which releases highly active cell contents
that cause lethal damage to neighboring cells. This damage spreads
continuously outward, forming a necrotic lesion that stops growing when
conditions change. The second signal is revealed by the “Target Spot”
oscillatory phenotype; a central spot of dead tissue surrounded by
alternating rings of healthy and dead tissue. This phenotype suggests
signaling between dead and living cells, across living tissue, that causes lesion
formation. This signal may proceed more rapidly than the first, through
several ranks of normal cells without damaging them during a diurnal cycle of
conditions that do not favor lesion formation.
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|. Target Spot mechanics
A. Lesion initiation requires dominant allele of Les1
1. Sunlight
2. Temperature below 72° F
3. Particular developmental stage
B. Two signal types
1. Cell to cell movement of dying cell fluids
2. Unknown signal travels through normal cells without
affecting them, until initiation conditions occur.
Il. Variant Les expression, different genes
Genetic modifiers Mo20w vs. W23
lll. In other species
A. Maize Les22 encodes UROD
B. Humans Cutaneous Porphyria
C. Ring of brown aging skin spots

Les Mutant Phenotypes

Les mutants: total of 51 dominant mutants from approximately 50,000
M1’s screened. One possible allelic pair among 22 tested leads to an

estimated 200+ loci. These are likely to be important in disease resistance.

Phenotypic variables to consider:

-size, shape, color, texture, and lesion profile.

-frequency, timing, distribution, and developmental patterns.

-response to genetic and environment modification

-relationship to actual disease symptoms and resistance
Attention is drawn to possible developmental relationships that are
exhibited by certain patterns of lesions and the implication of signaling
between cell groups and in other species.

- Porphyria in humans and Les22; both encode UROD

- Cell death signaling in mice
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Cutaneous porphyria; mutant gene encodes uroporphyrinogen
decarboxylase (UROD).
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(Images 2-4)

(Images 5-13)
(Image 7)

(Image 14)
(Image 15)
(Image 16)

8th leaf of Les3-A781 homozygous mutant plant showing various sizes of necrotic
lesions (photo courtesy D. Hoisington).
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Section of the eighth leaf of a Les11/+ plant showing many small chlorotic and
necrotic lesions.
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Eighth leaf of Les*-N2590/+ mutant plant from outcross on Mo20w showing
moderate size rectangular shaped chlorotic to white necrotic lesions distributed
in an unique pattern, namely clustering in groups that appear to be the remnant
of a target spot pattern at more than one level. Note that some of the larger
lesions take a "C" form.
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List of Images
1. Les2 and Les1 different lesion types
2. Heterozygous Les1 and Les2: comparison of lesion types
3. cpsl clear spots
4-5. Les1 target spots, two types of signals
6. Les4 late expression
7. Les10 Mo20w vs. W23 modifiers
8. Les3 progressive lesion enlargement
9. Les*-N1378 two types of lesions
10. Les11 prolific small lesions
11. Les*-N2638 many tiny chlorotic lesions
12. Les*-N2590 different type of target spot
13. Les*-N2539 tiny chlorotic (grainy) lesions
14. Les22 Phytoporphyria encodes UROD (maize)
15. Cutaneous Porphyria encodes UROD (human)
16. Ring brown aging skin spots (human)
(UROD = uroporphyrinogen decarboxylase)

Ring of brown aging skin spots on human forehead.
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