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Orange rust has spread south from West Africa
towards the DRC. A previously unknown rust species
also appears to be emerging in South Africa.
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ORANGE RUST BROWN RUST NEW RUST

Lesions (marks) on leaf: Lesions (marks) on leaf: Lesions (marks) on leaf:
« orange to reddish brown « cinnamon brown to dark brown * orange to reddish-brown
¢ up to4 mm long ¢ up to 20 mm long * similar in size to brown rust
* more severe towards leaf base * more severe towards leaf tip * more severe towards leaf tip
Spores: Spores: Spores:
« orange when fresh * brown when fresh + orange when fresh, profuse
+ usually only on the lower leaf surface « usually only on the lower leaf surface * also occur on upper leaf surface
Favoured by humid, warm conditions Favoured by cool nights, warm days Favoured by cool, moist weather
Tends to occur on older crops (>6 months) Tends to occur on young crops (< 6 months) Has been observed on young and older crops

of up to 10 months
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If you see symptoms '\
that you are unsure of,
please inform your local
Extension Specialist
or contact us via the
Biosecurity Hotline.

South African Sugarcane Research Institute Biosecurity Hotline: +27-31 508 7459
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Qualitative Vs Quantitative
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Quantitative resistance:
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Quantitative resistance:
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Smut resistance ratings
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Quantitative resistance:
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Quantitative resistance could be
effective against multiple diseases.
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The wheat gene Lr34/Yr18/Pm38 provides
resistance against leaf rust (Puccinia
triticing), stripe rust (Puccinia siriiformis)
and powdery mildew (Blumeria graminis).

Leaf tip necr05|s assomated with Lr34
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Objectives & Approach
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LD2 mapping population:
Brown rust ratings by whorl inoculation
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Rating 4 Rating 5

esion ratfing scale Symptoms
0 no lesions/' chlorotic flecks

one to a few lesions

more than a few lesions

numerous lesions

numerous coalescing lesions

severe numerous coalescing lesions and necrosis
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Sporulation rating scale Symptoms

no sporulation
slight sporulation
medium sporulation
heavy sporulation

w N m O



| O
™ © N~| ¢
OT9TINT6

i .9TT03G6.
I 26¥0356

1 0€50396

' GT603.6

1 I /7T /.6

! I/ CCTIS6

“ IS 0T603.6

| I |, SO T0396.

! 116036

“ I S9T0/\96

1 I 63T 0/\S6

" I 8090316

\ I GGVT3/6

1 I 7/ T0/\S6

" EEEEE——— £070396

' S /007356

1 IS [9803E6

" I 010/ \\96

| IS 3G/T/MT6

1 I 620396

" I 6/30/\\E6

1 e 930T/M\6

1 e 003T/\S6

N —— GO6T/\\96

1 I £00T356

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

iated

49

e 08/T/MS6
s 10/03£6
I S/ 70356
e 7T7T3.6
I 38TCH76
S S6CT/\\V6

e 7250396
I 0690/W\E6
E—— 8/STMS6
I 0S6£4E6
o T9STMN.6
E—— .CT20396.
— 6T7713.6
m—— T0703.6
I 890356
8770396,
m 70£0-t6
9550406
E—— G0£03E6
1650768
= 0770396
mmm 9070316
mm £9904V6

I 9€917126

89S0M.L6
_| G98TMS6

e/ 900/M\96

53M08+

«—

47

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

- 8860/MG6
I 7/ 0Z-176
| S 01T /96
“| 8907126
| I 0179026
I 60396
I 5680396
€20TMS6
I 00/0396
IS [ST0/.6
I, 21216
s 7000/\\.6
I 09C03E6
I  /19¢4E6
I 33803€6

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1 4 I O/ /0/M96
5 1 I 30/0396
1
» N
1
1
1
1
1
1
1
1
1
1
1

53M08-
31

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
" e /GETINZ6
\ e 7000NE6
1 e 67 TINZ6
' e 0T703.6
\ S 7£204£6

1 e 63503.6
' — 7/ 03.6
I I (C/0426

“ . 9S6TME6

—ﬂl.v [e2) [c0] N~ © Lo < ™ N — o

(uoneniods x uoisa)) bune %cmum_mom
E ¥

One AFLP marker was strongly assoc
with resistance

Sus




LD2 mapping population:
Presence of the Brul gene (80 genotypes)
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AFLP markers associated with
alternative qualitative rust
resistance
I T S L

351- 6.5 6.51- 10
. Mean phenotypic Number of Number of
NI G .r'eS|sTam‘ r'a’zng for?l i intermediate susceptible genotypes  Number of genotypes
geno‘rypes; w:cﬂll7mar'ker' resistants with genotypes with with marker with marker (out of 54)
(@uiF &if 1) marker marker (out of 6) (out of 3)

| 18M30 | 13 2.19 0/5 0 22/51

87M02 9 2.02 0 0 27
7 2.69 0 0 16
6 1.97 0 0 12
6 2.09 0 0 12
| 12M58 | 6 2.18 0 0 18
6 2.56 0 0/2 20/50
6 2.67 0 0 16
6 2.78 0 0
5 193 0 0
5 163 0 0
5 2.09 0 0
5 2.10 0 0
5 2.26 0/5 0
| 53M08 | 2 2.25 1 1

Rule: marker should be present in resistant genotypes and absent in intfermediate and susceptible
genotypes



AFLP markers associated with
quantitative rust resistance

Pearson Number of Brul negatives with marker Number of Brul
Marker correlation P-value Resistant Intermediate  Susceptible positives with marker |
coefficient (out of 17) (out of 6) (out of 3) (out of 54)

[ 53M31 [ 0.0002 14 2 0 26
-0.651 0.0002 14 2 0 23
-0.625 0.0006 14 2 0 35
-0.538 <0.001 13/16¢ 4 0/2 30/48
[ 55M39 |V 0.0011 14 3 1 30
-0.540 0.0026 11 3 0 22
-0.480 0.0041 15 15 1 32
[ 82M56 | -0574 0.0042 13 1 0 24
DNETEN  -0604 00047 13 0/5 0

-0.556 0.0049 14 3 0

-0.613 0.0059 17 6 1

-0.544 0.0059 16 4/5 1

-0537 0.0059 16 5 1

-0.506 0.0059 16 6 1

[ 18M39 | -0.484 0.0059 16 5/5 1

-0.512 0.0075 17 3 2

-0506  0.0084 9 0 0

-0.398 0.0106 8 4 0

-0.461 0.013 10/16 3/4 0

-0.457 0.014 14/16 4 1

-0.394 0.0154 12 4 1

-0.473 0.0169 17 2/5 2

-0.382 0.0188 15 4 2

-0.451 0.0208 17 3 2

-0.458 0.0209 13 2 1




AFLP markers associated with
quantitative rust susceptibility

Number of Brul negatives with marker
Pearsun Number of Brul positives with
Marker correlation | P-value P

Coefficient Resistant Intermediate Susceptible marker (out of 54)
(out of 17) (out of 6) (out of 3)

0531 0.0006 5 3 3 17/51
0.491 0.0006 6 2/5 3 25/51
0490 00028 3 2 3 21/50
0.492 0.0047 7 3 3 24/51
0435 00047 4 1 3 20
0552 00052 3 2/5 3 16/53
0474 00057 7 3 3 27
0512 0.0075 0 1 2 28
DEETEER 0494 00082 3 3 2 12
0.443 00115 3 2 2 17
[ 82M52  [EVENE 0.0149 4 2 3 21
0.468 0.0160 6 4 3 27
0.462 00175 0 1 1 3/29
0.495 0.022 4/14¢ 1/4 3 11/50
0447 00222 1 1 1 37/51
0389 00237 8 2 3 24/53
0.406 0.0265 3 2 3 27
0.432 00277 7 4 3 47
0.474 0.028 6/16 5 2 39/52
0.427 0.0294 6 4 2 45



MLR model for the prediction of
quantitative resistance

9 marker calibrayionion 26 Brulinegalive genotypes
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= Marker Resistance Regression
-8 5 name group  coefficient tpr.
+ Constant N/A 7.86 <.001
;'*5’ 4 15M55 QS 3.872 <.001
N 16M07 QS 2.624 0.008
a 3 18M17 QR -5.388 <.001
22M04S QS 1.673 0.011
2 62M10S QS -1.442 0.047
1 R2 = 0.702
F pr. < 0.001
0)
0) 2 4 6 8 10

Overall resistance rating by whorl inoculation



The model suggests that QR contributes
towards reducing lesion severity in Brul+

9 markeriprediciion on Brulipositive genoiypes
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Rapid Phenotyping:
Detached Leaf Assay
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Chlorophyll fluorescence for the early
detection of reaction phenotype

Stress faclors such as heat, cold,
drought, herbicide damage,
atmospheric poliutants, nutrient
deficiency elc., limit the photosynthetic
capabilities of the sample

Photosynthetic performance
is limited due to the effects of
blotic or ablolic siress faclors

Energy dissipation via chiorophyli
fluorescence increases due fo a
decrease in dissipation via
photochemical pathways

GhigenleBeiaalN2007)) ChlorophyilIN iorescenceNmagingoridIseasesresisiancerscreening
ofisugaribeciPlantiCel|Nissi0rganiCul RO =106

ROl STANSESEHO0IesNEDN(2010)\Chlorophyli S iorescencenmaging ofplani=paiiogen
interactions» Protoplasmarz4y 16 8=1v5

Siefanov, DryeiialN(2012)fAcceleraledieafisenescenceriakes parisiniennanced resisiancenn
cuctimberimosaicVirusiinoctlaied i pepperileavesiActarRnysiologiaePlantartimis 41 81=190)



Chlorophyll fluorescence for the early
detection of reaction phenotype

0 0 Days
N\ 2 3 4 5 6 7 8 9 N 2 3 4 5 6 7 8 9
10 Brul Negative 10
20 Resistant Control -20 ?;L”nltrcﬂos'“ve
~
-30 . -30
= Brul Negative g = Brul positive
40 Resistant Inoculated < 40 Inoculated
A
-50 = Brul Negative 5 50 ——Brul positive
Resistant Control < Control within
-60 within inoculated leaf 58 60 inoculated leaf
-70 -70
-80 -80
-90 -90
0 0
-10 -10 = Susceptible
20 = |ntermediate 20 Control
Control
-30 -30
= Intermediate _
40 Inoculated -40 Susceptible
Inoculated
-50 = |ntermediate -50
Control within
-60 Inoculated leaf -60
- . == Susceptible
70 70 Control within
80 -80 Inoculated leaf




Differences in %API(ABS) when the
inoculated areas on leaves were compared to

Difference in %APIlass between the inoculated area and

the un-inoculated area within the inoculated leaves
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g |

the un-inoculated area on the same leaf

Brul -ve Resistant

—

Brul +ve Resistant

Brul -ve Susceptible

Brul -ve Intermediate




Differences in %API(ABS) when un-
inoculated leaves were compared to the un-

inoculated areas of inoculated leaves
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Brul +ve Resistant
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Summary
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Current & Future
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