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ABSTRACT

Southern rust disease caused by Puccinia polysora Underw. is the main problem of
corn production in Thailand. The objectives of this study were screening resistance varieties
of corn to P. polysora and identifying quantitative trait loci (QTL) associated with the resistance.
Two isolates of P. polysora were morphologically characterized, and sequentially analyzed
in the ITS rDNA region. Results revealed that both isolates could be grouped with P. polysora
from Genbank (NCBI) with 99% bootstrap supporting. Resistance evaluation of 66 lines of
sweet corn and waxy corn against these two isolates found that Bio18-1 and Bio18-35 lines
were highly resistance. They were suitable candidates for further investigation of resistant
sources to corn rust disease. In addition, we found that each inbred line showed different
degrees of resistance and susceptibility to P. polysora collected from different sources.
Therefore, more than one fungal isolates should be used in the breeding programme for
corn rust resistance in Thailand to ensure that resistance obtained are effective against wide
range of isolates present in the country. To identify genomic regions associated with rust
resistance in maize, a genome-wide association analysis (GWAS) was conducted using

159,201 single-nucleotide polymorphism (SNP) markers of the 66 corn lines. Results showed

mMadzlanfie ALINEAT MURILEY S INEIRBINEATAEAS neaiunsuay Saviauastgy 73140
Department of Plant Pathology, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,

Kamphaeng Saen campus, Nakhon Pathom 73140, Thailand

7 MAYEIY AUTINEAT MUWNLEY NV AInedaneaseans Ineaamunsiau S9ninuasusy 73140

# Department of Horticulture, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,
Kamphaeng Saen campus, Nakhon Pathom 73140, Thailand

¥ guitugimnssuuazmaluladfinmudeni (lulewe) dninouiauninemansuazinalulauviend @ms.)
ARBIVIADY Unwsil 12120

¥ National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development
Agency (NSTDA), Khlong Luang, Pathum Thani, Thailand

Audieiialidoum 522 m‘;jﬁ' 4 FURUNYIAN DINDETINET FInTadrum 17150

“ Chai Nat Field Crops Research Center, Chai Nat 17000, Thailand

4

*Corresponding author : agrjine@ku.ac.th

2 I TNYAT ﬂﬁ 39 ﬂfﬁJﬁ 1 4NAN - INBBU 2564



that the two QTLs significantly associated
with rust resistance were on chromosome
10 which was against Chiang Mai isolate and
on chromosome 3 which was against Nakhon
Ratchasima isolate. For future analysis, SNP
markers and haplotype associated with
2 QTLs will be developed and evaluated for

rust resistance in corn breeding programme.
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Table 1 The list of 66 corn inbred lines used in this study

No. Name Corn type Gene No. Name Corn type Gene
1 Bio18-1 Sweet corn sh2 34 Bio18-34 Sweet corn sh2
2 Bio18-2 Sweet corn sh2 35 Bio18-35 Sweet corn sh2
3 Bio18-3 Sweet corn sh2 36 Bio18-36 Sweet corn sh2
4 Bio18-4 Sweet corn sh2 37 Bio18-37 Sweet corn sh2
5 Bio18-5 Sweet corn sh2 38 Bio18-38 Sweet corn sh2
6 Bio18-6 Sweet corn sh2 39 Bio18-39 Sweet corn sh2
7 Bio18-7 Sweet corn sh2 40 Bio18-40 Sweet corn sh2
8 Bio18-8 Sweet corn sh2 41 Bio18-41 Sweet corn sh2
9 Bio18-9 Sweet corn sh2 42 Bio18-42 Sweet corn sh2
10 Bio18-10 Sweet corn sh2 43 Bio18-43 Sweet corn sh2
11 Bio18-11 Sweet corn sh2 44 Bio18-44 Sweet corn sh2
12 Bio18-12 Sweet corn sh2 45 Bio18-45 Sweet corn sh2
13 Bio18-13 Sweet corn sh2 46 Bio18-46 Sweet corn sh2
14 Bio18-14 Sweet corn sh2 47 Bio18-47 Waxy corn wx
15 Bio18-15 Sweet corn sh2 48 Bio18-48 Waxy corn wx
16 Bio18-16 Sweet corn sh2 49 Bio18-49 Waxy corn wx
17 Bio18-17 Sweet corn sh2 50 Bio18-50 Waxy corn 124
18 Bio18-18 Sweet corn sh2 51 Bio18-51 Waxy corn wx
19 Bio18-19 Sweet corn sh2 52 Bio18-52 Waxy corn 124
20 Bio18-20 Sweet corn sh2 53 Bio18-53 Waxy corn 124
21 Bio18-21 Sweet corn sh2 54 Bio18-54 Waxy corn 124
22 Bio18-22 Sweet corn sh2 55 Bio18-55 Waxy corn 124
23 Bio18-23 Sweet corn sh2 56 Bio18-56 Waxy corn 124
24 Bio18-24 Sweet corn sh2 57 Bio18-57 Waxy corn WX
25 Bio18-25 Sweet corn sh2 58 Bio18-58 Waxy corn 124
26 Bio18-26 Sweet corn sh2 59 Bio18-59 Waxy corn WX
27 Bio18-27 Sweet corn sh2 60 Bio18-60 Waxy corn 124
28 Bio18-28 Sweet corn sh2 61 Bio18-61 Waxy corn WX
29 Bio18-29 Sweet corn sh2 62 Bio18-62 Waxy corn 124
30 Bio18-30 Sweet corn sh2 63 Bio18-63 Waxy corn 124
31 Bio18-31 Sweet corn sh2 64 Bio18-64 Waxy corn 124
32 Bio18-32 Sweet corn sh2 65 Bio18-65 Waxy corn WX
33 Bio18-33 Sweet corn sh2 66 Bio18-66 Waxy corn WX
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Figure 1 Symptom of corn rust disease in the fields observed at Chiang Mai Province

(A, C) and Nakhon Ratchasima Province (B, D)

A
& Us

50 ym

Figure 2 Morphological characters of uredium and urediospore of Puccinia polysora collected
from Chiang Mai Province (A, C) and Nakhon Ratchasima Province (B, D) (U, uredium; Us,

Urediospores; E, Ellipsoid shape; O, Oviod shape)
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Figure 3 UPGMA tree obtained from ITS rDNA sequences of Puccinia polysora (CM, SW)

and sequence from GenBank database using MEGA7 program. Bootstrap values are

indicated on the branches (1,000 replications)
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Bio18-11, Bio18-12 U Bio18-16 §1eW]
URAVANHLBBULDLNUNA UM 13 s
T6in Bio18-3, Bio18-4, Bio18-5, Bio18-19,
Bio18-24, Bio18-34, Bio18-44, Bio18-45,

Bio18-48, Bio18-49, Bio18-50, Bio18-59 Liag
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Bio18-61 snpugifidnuuzdouus 9119
1 seiuf loun Bio18-22 uaxdl 9 aeriufi
\Lﬁ\ll\‘lﬂﬂﬁﬂ Bio18-23, Bio18-26, Bio18-28,
Bio18-30, Bio18-32, Bio18-46, Bio18-57,
Bio18-58 uax Bio18-67 atnalsfinmu fidnlna
nangseiuiusaednuuz sty Welgnie

\Hosailuhe 2 UMy LU Bio18-43 UaAY
Fnwuziumusounsadeatn a.deslna
LNAIRNB UL B PULDUIUNA A UNEILE RN
UATIBENN ﬂmwamiﬂgnL%affu,amﬂﬁtﬁuﬁwﬁ
mmﬁuuﬂmazmeﬁi’]aﬁ’ui:mwamﬂﬂ’uﬁﬁmﬂ
afntundvhaedrlnaiugsne q (Figure 5)

Table 2 The phenotype of corn inbred line inoculated by Chiang Mai isolate and

Nakhon Ratchasima isolate of corn rust fungi, Puccinia polysora

Variety no. (Bio18-)
Phenotype Chiang Mai inoculum Nakhon Ratchasima inoculum
HR 1,7,9, 13, 14, 15, 35, 36, 37, 38, 39, 40, 56, | 1, 35
65, 66
R 43, 57, 64 20
MR 6, 8, 10, 11, 12, 16, 17, 20, 26, 27, 29, 31, 33, | 9, 11, 12, 15, 16, 40
46, 53, 55, 62
MS 3,4,5,18, 19, 24, 28, 30, 32, 34, 44, 45, 47, | 2,3,4,5,6,7, 13, 14,19, 21, 24, 25,
48, 49, 50, 58, 59, 60, 61, 63 29, 31, 33, 34, 37, 38, 42, 43, 44, 45,
48, 49, 50, 51, 52, 53, 54, 55, 56, 59,
61, 62, 64, 65, 66
S 2, 21, 22, 23, 25, 51, 52, 54 8, 10, 17, 22, 27, 36, 39, 41, 47, 63
HS - 18

Figure 4 Symptom and phenotype of corn rust disease after inoculation with Puccinia poly-
sora collected from Nakhon Ratchasima province (A) and Chiang Mai province (B)
a: Highly resistance (HR), b: Resistance (R), c: Moderately resistance (MR), d: Moderately
susceptible (MS),e: susceptible (S), f: Highly susceptible (HS)
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fnun (2555) LdUsziiunsinlan
srafuLaraINguLIIzaslsauudialng
e Ki1-kis2 TuiudifigoatTugfeans
sineriu laun 2.89287, 2.4A551TRNN, 2.81179
waz .mayauy3 wud $1lweris 52 aeiug
(Ki1-Ki52) fdnuauzanndunusslsasaiy
uanssiuluusazfufiinasoulsn anuanis
naaeviiusgaliiiuin Weaduiiszualy
ueaziufifianiundsnslusdidniod
anauaneslussAuameiuszaadoluns
nal¥iiinlsa
4. M13AuNT QTL findurwdnBaurau
fruntusalsasalinflemailn Genome
wide association study (GWAS)

NMNTIAIILH association Lagld
foya SNP Hadlun $1uu 159,201 duntiy
Taevinnnsdansay (filter) 10 SNPs 971u9U
518,457 fiuniy laadansuve SNPs 7f
A1 minor allele frequency 81NN 5 % (MAF
> 0.05) uazlifidoyagavainnnii 10% s
FNIRAIUIUAIRETARAT heterozygosity
NN 20 % WATIINNITARTIUIUAING
2899711 SNP 628019911 Linkage Disequi-
librium based SNP pruning (Thinning) Tu
Jepz 1 Kb wiAAs1ew GWAS feldsunsy

vad

GAPIT 1ag/l#38n115 MLM (mixed linear model)
Chiang Mai

¥ Bio18-01
1 Bio18-35

Hybrix3

3 M . . M -

WUL PCA+K Gsl4ien PCA (principal component
analysis) 3 cuUULIN (PC1-3 dimensions)
WAz Kinship matrix (K) $383a51eAluanms
29949 linear model WU #ATUnUY SNP,
AX-91585214 aguulaslulzugii 3 (QTL_ chrd)
LazAILUISNP, AX-91180376 Beuu
Tasluloadl 10 (QTL__chr10) (Figure 6,
Figure 7) fianusuiusagelitioaidgnig
80A (—log10 (p) > 3.5) NUANMULAINN
Frunilsnnadnuvaadnen 9. uATITaNn
uazdnBuranNiunulsanadsurssde
970 2.1 89 Ind aNady (Table 3) (Figure 8)
NN IEUIA s auRedaeud N
ANFAIUNIY Wanlayaporn et al. (2013) Wi
QTLs fhumusialsasainuulasiulong 1,
6 uaz 10 Tudlwaniu recombinant inbred
lines (RILs) 9 nn1anaaaulsaiiqudive
Flnanasd1wngienf (L‘s'q's‘ssm) LAY
sweet seeds research station uaﬂﬁ?’m‘ﬁ
Ce et al. (2019) lsmasauiugiunusialsn
srafindlwavugnuannaudai 1 o9
Recombination inbred line (RIL) 37U2U
118 Wug 910 3 unastgnuariaseisiniy
genetic map constructed 3710 1635 SNP
markers Wwudtuwnuvduuulasiuloug
4 (GSCR4.08) WAz 9 (GSCR9.04).

Nakhon Ratchasima

Hybrix3

Bio18-01
'*Bio18—35 Bio18-18

1 b0, }

Figure 5 Histogram with fit normal model of phenotype distribution on several corn inbred

line causes by rust fungi isolated Chiang Mai (A) and Nakhon Ratchasima (B)
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Figure 6 The analysis of resistance gene in corn to P. polysora from Nakhon Ratchasima
inoculum (A) Inflation depicted by Q-Q plots of observed versus the expected — log10
(P values) plot using MLM and kinship matrix. (B) Manhattan plot with the individual SNPs
on the X-axis and —log10 (P values) of each SNP on the Y-axis. The red vertical line showed

the significant associations with SNPs of disease response P values < 0.05
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Figure 7 The analysis of resistance gene in corn to P. polysora from Chiang Mai inoculum
(A) Inflation depicted by Q-Q plots of observed versus the expected - log10
(P values) plot using MLM and kinship matrix. (B) Manhattan plot with the individual SNPs
on the X-axis and —log10 (P values) of each SNP on the Y-axis. The red vertical line showed
the significant associations with SNPs of disease response P values < 0.05

A B

R )

Figure 8 Box plot that show the result of allele effect of SNPs position that most relatively
with rust disease resistance (A: Nakhon Ratchasima isolate), (B: Chiang Mai isolate) on
chromosome 3 (QTL__chr3, AX91585214, AX90837106) and 10 (QTL__chr10, AX91180376,
Ax91181475, AX91181454, AX91181383)
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