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Wheat Stem Rust

Pathogen: Puccinia graminis f. sp. tritici (Pgt)
Disease: Wheat stem rust or Black rust
Host: Wheat, barley and few grasses

Life cycle stages:

e Urediniospores (n + n)

e Teliospores (n + n =>2n)
e Basidiospores (n)

e Pycniospores (n)

e Aeciospores (n + n)




Wheat Stem Rust: Ug99

71 First found in Uganda in 1998
and characterized in 1999.

#1-Ug99 = Pgt race TTKSK

7 In 2004 Ug99 caused a major
epidemic in Kenya.

7 Ug99 and its variants pose a
critical threat to wheat
production worldwide.




Ug99 Race Group

Ug99 race group is a
complex of related races
that belong to the same
genetic lineage.

Race Country (Year of 1" detection)
| TTksk | Uganda (1998), Kenya (2001), |
Ethiopia {2003), Sudan (2006),
Yemen (2006}, Iran (2007),
Tanzania {2009), Eritrea
(2012), Rwanda (2014), Egypt
(2014) |
TTKSF | South Africa {2000), Zimbabwe
(2009), Uganda (2012)
TTKST Kenya (2006), Tanzania (2009),
Eritrea (2010), Uganda (2012),
| Egypt (2014), Rwanda (2014) |
TTTSK | Kenya (2007), Tanzania (2009,
Ethiopia (2010), Uganda
| (2012), Rwanda (2014)
| TTKSP South Africa (2007)
| PTKSK | Ethiopia (2007), Kenya (2009),
| Yemenqoo) |
PTKST Ethiopia (2007), Kenya (2008},
South Africa (2009), Eritrea
(2010), Mozambique (2010},
| | Zimbabwe (2010) |
TTKSF+ South Africa (2010), Zimbabwe
{2010)
LLLL Kenya (2014)
[ TIKTK | Kenya (2014), Rwanda (2014),
Uganda (2014), Eritrea (2014),
| | Egypt (2014)
TTHSK Kenya (2014)
PTKTK Kenya (2014)
[ THST | Kenya (2013)

Tanzania

Race Summary
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Two stage Assay
2 Stage-1
Is it Ug99 RG?
2 Stage -2
What member of the Ug99 RG?




Field Sampling Procedure

Select a well separated pustule
from Pgt infected stem

Excision of single pustule

Place specimen in microfuge tube

Ethanol Treatment (75%)
for 5-7 days

Decant ethanol and let air dry

l
_—"__:"@ Send sample



Stage 1: gPCR assay

Ug99RG-PO1 Ug99RG-P02 Ug99RG-P03 Ug99RG-P04

TTKSK/04KENS56-4
TTKSK/09ETHO04-4
TTTSK/O07KEN24-4
TTKST/O6KEN19-v-3

TTKSF/09ZIMO01-1

Non-Ug99 Race group isolates

TRTTF/06YEM34-1 Neg. (20.8) Neg. (26.0) Neg. (28.8) _
reacooeon - Neg.(22.1)  [(N2481262) | [NBSTESSITN  Neg.(252)
BKCS/75MEX1830 Neg. (27.6) _ Neg. (27.7) Neg. (26.9)




Race Isolate Genotype
TTKSK  98UgA_1 AF-00laa
TTKSK  04Kenl156-4 AF-001l1ac
TTKSK  07Ken34-1 AF-001l1ad
TTKSK  09Tan06-2 AF-001af
TTKST 0O6Ken19v3 AF-001ba
TTKST 07Kenl8 AF-001bb
TTKST 09Tanl10-9 AF-001bc
TTTSK  07Ken24-4 AF-001ca
TTTSK  09Tan08-1 AF-001cc
TTTSK  09Tan08-2 AF-001cd
TTKSF  UvPgt55.1 AF-001lda
TTKSF  09ZimO1-1 AF-001db
TTKSF  UvPgt61.2 AF-001dd
TTKSP  UvPgt59 AF-001lea
PTKST  UvPgt60 AF-001fa

Stage 2: SNP marker set

AOO03 AO05 AO007 AO010 AO011 AO012 A013 A014 AO01l7 A020 A021 A022 A026 A030




Survey samples: Africa 2013-15

LEONE ||BERIA

30 107 [ 10 200 30" 40° 50°
 eunapE L EURORES< | @
AFRICA o . Medira, g . e
Yt of Gipralte! 7 as
Ay 5 2 :
Madeira MORDCCO “i_gﬂ T N|S|ﬁ faly saa ASIA
i
0. e |.I / K ; . {
Canary Islands 0 U‘ | !»"‘ Qattara 'L_ .- # 30°
\s 1 Debress:on
__.L ARISERIA j LIBYA L:byan »
o— WESTERN T:"'"\ 3, Desert EGYPT =
Apmeey 3 s | ! Lake |
(OANEA, 5[ A H A TR A | e o
! M ““ T Nabian
"MAURITANIA | e r-"l b o ~p peserdt 20
i o ! i Z - -
' | I g = s ot
e ! P L MALI i .- CHAD ! SUDAN ERI
CAPEVERDE  oonecn) \‘1._,_____.4 ,.--r«'g-.-—" NIGER 7 - ! L_,-EL%
THE GAMBIA—= = HKIN‘?" T \,cnad i By e d aﬁn}@ S
oumE v , 7 TASO 2N : 3t ol
gy 2 IR s LA .
scﬂTE P i Q\ e
susnnn/ < ovome = B2

0UTH
,\@j“nfmm gunnm 4:
MountCammon &-" :§ aFRI/QAM HEP

4100 m A3

2

s iiopia 248
™

Copyright ® 2014 www.mapsofworld.com

20°

% Ufmn ;’ i
e . 53
Eﬂ“a”lﬂl“ .__,-.,_, J Conge "Gﬂﬁ AL Turkq'nq 3
GUINEA TR 3 Pu:mvm ;
' | caBon -7 HWAHDn&K w:”. : 3
SROTOME L X nuun‘:k ‘4 Kilimanjaro
A Vake el SEYCHELLE
m‘'{angawn’(a I
<0 U T H : .. TANZANIA
. [ \ -: o -\-’ akj'e i M
beopd [ ; Malawi.
A UL A N U G i.‘_.r“_t\u.‘-h- I
ANGOLA X A fla.N.M'ﬂ #grane .
0O CEAN i”‘”"“‘ ok ) ] M
St Helena . \ V 3 'x{‘,s" | :.;, $
(i L - j Ry § <
Z NAMIBIA | ZIMBABWE @ & il
% ; ~ i $ S 2
=, L oo & ~
TopicofCapricam S Botswana Y S s S
B i 3 MAURITIUS
% 2 Kalphaii-.! By
§ ,.0:-.)1:? l.tz.lr'l‘ \\k‘*\ ;
g ) '\ Ty g LEGEND
| & Q‘ ( 7 . —-—~ Country Boundary |
S50 1000Km ¢ Gr:“m f}&tssurun =
500 Miles 2

Watarbody

Cape of Good'

A Mountan Peak
Hope

10° 0°



N\
East Wellega g |
2013 wheat \LZ\’D &
Ste m e p i d e m i C South West Shewa Aa ]
in Southern
Ethiopia. = | Addis Ababa
New Pgt race
in Africa
(TKTTF).
Legend Shabelle
[ ] Affected Districts
m Core Epidemic Area
b -
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SNP analysis of Pgt isolates from Ethiopia

Pgt isolates

2 41 isolates derived from collections made in 2013
main wheat growing season.

72 Genotyped samples with PgtSNP 1.5k chip

Olivera et al. 2015, Phytopathology in press



Phylogenetic analysis

100
100

100

Data: 918 SNP loci

100
97
13ETH16-1
100 100 f 13ETH15-2
| 13ETH15-1
06YEM34-1@
100 | 13ETH50-2
13ETH43-1
13ETH22-2
13ETH22-1
BEH
13ETH13-2 v-A
13ETH13-1
13ETH10-1
13ETH09-2
13ETH09-1
13ETHO7-1
13ETH40-2
13ETH47-1
13ETH41-1
13ETH62-1
13ETH45-2
13ETH44-2
13ETH42-1
13ETH39-1 IvV-B
13ETH23-1
13ETH21-1
13ETH20-1
13ETH19-2
13ETH10-3
13ETH10-2
13ETH46-2
13ETH48-1
TH49-1

Analysis: Neighbor-Joining, 5,000 bootstrap replicates
Pgt reference isolates

13ETH61-1
07KEN24-4 ®
95 — | 87KEN3018-40,
13ETH25-1

—0.01

13ETH17-2
1001 43ETH31-2

Olivera et al. 2015, Phytopathology in press
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Clade IV (TKTTF) assay

Clade IV

Clade IV sub-groups

D588 | D606

C064 | C728
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Race/Clade Isolate

TKTTF, IV-A 13ETH18 1

TKTTF, IV-A 13ETH22_1

TKTTF, IV-A 13TUR13_1

TKTTF, IV-A 13TUR19_2

TKTTF, IV-B3 13ETH20_1

TKTTF, IV-B3 13ETH21_3

TKTTF, IV-B3 13ETH23_1

TKTT 13TUR4_1

TKTT 13TUR9_1

TTKSK, | 04KEN156-4 AG
TTKST, | 06KEN19-V-3 AG
TTTSK, | 07KEN24-4 AG
JRCQG, I 13ETH25_2 AG
JRCQG, I 13ETH28_2 AG
TRTTE, Il 06YEM34-1 AG




Flow chart

TKTTF
SNP assay




Analysis of Pgt field samples

131 Pgt field samples. i
72 Collect 2014
? Ethiopia

# Eritrea

2 Kenya

Clade V-8

13ETH18-1

e
SNP analysis:

A TKTTF assay

?A PgtSNP 3.0k chip

Clada IV-B
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Pgt Ug99 race group:

Three new races

2 Kenya 2013 and 2014
TTKTK
TTKTT
TTHST

Newcomb et al Phytopathology (in review)



Kenya 2013/14: Race survey

14KENS50-1
100 [14KENS55.3
14KEN46-1
14KEN45-3
14KEN43-1-.
14KEN53-1
14KENS58-1
14KEN56-1
14KEN51-1
14KEN98-1
14KEN95.-1
14KEN59-1
14KEN54-2
14KEN47-1
14KEN230
87| 14KENST-1
14KEN52-1
13KEN21-3
04KEN156-04*
07KEN24-4*
06KEN19V-3*
14KEN92-1
89.7 [14KEN48-2

100 [VAYEM149-5*
81 4|93,5 14YEM123-1*
14YEM115-1
100 100 [\3ETH20-1*
99.9]j14ETH132-2*
14ETH126-1*

100

ClTTksT Found 3 new Pgt races:

S TTKTK
o TTKTT
TTHST

&
[ J

Clade I - “Ug99”
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|06YEM34-1*
99.3||14ETH136-3*
L 14ETH123-1*

100 [METHO2-2"
9.2 |14ETH128-1*
13ETH18-1*

«=(.01

1,634 SNP loci

NJ tree . .
10,000 bootstrap replicates Newcomb et al Phytopathology (in review)



Ug99 race group assay

lolte I race |stage1 |Stugez

UG99-A-1 TTKSK Positive
07KEN34-1 TTKST Positive
O6KEN19-v-3 TTKST Positive
14KEN48-1 TTKTK Positive
14KEN46-1 TTKTT Positive

14KEN21-3 TTHST Positive



Ug99 race group assay

lolte I race |stage1 |Stugez

UG99-A-1 TTKSK Positive AF-00laa
07KEN34-1 TTKST Positive AF-001ad
O6KEN19-v-3 TTKST Positive AF-001ba
14KEN48-1 TTKTK Positive AF-001laa
14KEN46-1 TTKTT Positive AF-001ad

14KEN21-3 TTHST Positive AF-001ad



Minimal Spanning Network

POPULATION MLG.02

o~ O7KEN24-4 (TTTSK)

MLG.03
MLG.11

04KEN156-4 (TTKSK)

e 20 Pgtisolates (2013/14)
e 3 Pgt standards (*)
e 31SNP loci

Newcomb et al Phytopathology (in review)



Summary

Ug99 RG assay is being successfully used to monitor
Pgt Ug99 race group in Africa and spread into parts
of Central Asia.

Mining SNP chip data based allowed for the quick
development to the new assay for Pgt clade IV
(TKTTF).

The molecular assays complements the ongoing Pgt
race surveys.



Summary (cont.)

Pgt is a dynamic pathogen that is continuing to
change and therefore requires constant monitoring
and updating of molecular assays.

“Rust is a shifty enemy” EC Stakman

“Rust never sleeps” N Borlaug
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