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Inhibited by the Un8 gene

Teliospore infection 
during flowering stage

Wunderle et al. 2012

Replacement of seeds 
by teliospores

Mycelia reside within 
the mature embryo

Colonization of 
inflorescence primordium

Infection of 
growing point

Barley Loose Smut (Ustilago nuda) Life Cycle
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Fine Scale Mapping to Identify Recombinants
Between Un8SNP1 and Un8SNP6

57 lines 65 lines122 lines~4800 F4 lines
TR09398 (R) × TR07728 (S)

Un8SNP1

Un8SNP6

Un8



Genetic Map and Candidate Gene Prediction for Un8
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Kinase I Kinase II5' UTR
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Gene Structure and Sequence Alignment for the Un8 Candidate Gene

CN91953, Azerbaijan
TR09398
AC Metcalfe
CDC Fraser

Bowman
Morex

CN72631
(H. spontaneum)

CDC Austenson
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CN49986
H. spontaneum, Israel 



Microscopic Examination of U. nuda Infection Using Cross-Sectioned Embryos

Scutellum

Coleoptile

Leaf  primordia

Coleorhiza

Radicle

Scutellar node

A

Growing point

B

InfectedUninfected
(Resistant and Susceptible Lines) (Resistant and Susceptible Lines)



1 g/L 0.1 g/L 0.01 g/L Mock inoculated

Seed Size and Germination Rate Variation After Inoculation with Three 
Different Spore Concentrations
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TR09398
(R)

CDC Austenson
(S)

Growth Differences Between Inoculated Seeds from 
Susceptible and Resistant Lines

0.01 g/L

‘Death Switch’ 

Un8 resistance

?



Validation of the Un8 Candidate Gene and the ‘Death Switch’ Hypothesis

Overexpression

Golden Promise

35sP HygromycinR NosT UbiquitinP Un8 AtHSPTpBract214m-HSPT

~23 days later



pBract214m-HvCas9-HSPT-OsU6p 35sP HygromycinR NosT UbiquitinP HvCas9 AtHSPT OsU6p Un8sgRNA

TR09398

(Doudna and Charpentier, 2014)

CRISPR-Mediated Knock-Out of the Un8 Candidate Gene 

Validation of the Un8 Candidate Gene and the ‘Death Switch’ Hypothesis



Kinase I Kinase II5' UTR

Un8 Guide RNA

326 bp 346 bp

CRISPR-Mediated Knock-Out of the Un8 Candidate Gene 

PAM

Un8-Check(CK) GAATGCTCAGACGATGGTCTTGGAGCACGCCAGCAATGG

GAATGCTCAGACGATGG--T 2 bp
GAATGCTCAGACGAT--TCT 2 bp
GAATGCTCAGACGA---TCT 3 bp
GAATGCTCAGAC-----TCT 5 bp
GAATGCTCAGA------TCT 6 bp
GAATGCTCA--------TCT 8 bp
GAATGCTCAGACGATGG------AGC 6 bp
GAATGCTCAGACG----------------------ATGG 22 bp

38.5%Un8-Knock Out(KO) Mutants



B

CDC Austenson TR09398-CK TR09398-KO

Un8-CK TTGACGAGAATGCTCAGACGATGGTCTTGGAGCA
Un8-KO TTGACGAGAATGCTCAGACGAT--TCTTGGAGCA

A C

Un8 Candidate Gene Knock-Out Phenotypes

CDC Austenson TR09398-KO



TR09398 (R)

CDC Austenson (S)

Cytokinin Pathway Gene Expression Changes in 
Response to U. nuda Infection at the Seedling Stage
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The Importance of Cytokinins for Smut Pathogens

Z. mays - U. maydis cob infection

(Wild type)
+ CKs

(Mutant)
- CKs

(Morrison et al. 2016)

Taller barley smutted heads



Cytokinins 
Present as 
Normal

Cytokinins
Destroyed

un8

Un8
Stimulates 

Plant CKXs at 
Germination

Resistant

Susceptible

No Plant CKXs
Stimulation at 
Germination

Infected Seedlings 
Fail to Flourish

Hypothesized Mechanism for Un8-Mediated Loose Smut Resistance
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