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Abstract: Maize (Zea mays L.) is a C4-plant and one of the three major crops grown
worldwide. Because of its high productivity, maize is considered as one of the most im-
portant food and feed stocks in the world. Recently, bioethanol from maize was predom-
inantly generated in the USA and Brazil. Infection of maize by several diseases resulted in
a huge disaster and prevented maize production. Downy mildew, caused by Peronoscle-
rospora sorghi, is one of the most serious diseases of maize. Despite efforts to develop
downy mildew-resistant cultivars or seed treatment with metalaxyl, downy mildew per
sists as a serious pathogen and is still prevalent in specific geographical locations. Anal-
ysis of soils infected with downy mildew and investigation of candidates associated with
downy mildew resistance is an attractive method to overcome downy mildew damage
in maize. In a previous study, we reported that maize chromosome 6 carries a possible
candidate gene for downy mildew resistance. Using bioinformatics tools and RT-PCR
analysis, five novel genes including bZIP, OFP transcription factor, and Pprwere identified
as candidate genes associated with downy mildew resistance.
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N B B, Saal FRE B, A, R Aol a8
7k a1 @lom HFE 3eHE4A Q] carotenoid, tocopherol,

2o e TP 580 =2 c4 FEo|H T AAT phytosterol, phenolic compound & &-foFl lojA] X
Akl Al AEl7t -golste] E, Het oA 77 A 0=, ojoFE, Ao, oV, 7, AR T thdRt MR
Sh= AlA 3t -8 2H& &SPl (Varshney et al. 2012; ool 0]-2%] T QITH(Kim et al. 2002; Kim ef al. 2009). E-5]
Kimetal 2016). S55E FEO A2 2 ol §5]= 40, 98] Ul 495 9500 gEES ARgoz
CHoFeH Al 22 AAsH= a2 AR EITHKim ef al. 2002). o] &7 & POt HAf £ ARG Baslo] AL
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O 2 ARESHE ZoF7F WOl AL QITH(Son et al. 2012).
Hio] @ ofgh& o] - ul=, Hebd S vIRe g Uets
o] ZPEstal =t 1% ml=ol e Hio| Qoo KB
SIHE Ao 9= S A ol 920 ae
2 A7) Aol $PA AL ATt (Kim et al. 2010).
ThFet S44-0] 8o Bk S5 A EAIA
2H, A EAE €Oo7|= -2 Peronosclerospora
o} Sclerospora E°ll oJof T2 W EH F717F @2 4o
Aol A mls7t WSt 53], ofrlore] AR =7t
of @2 HalE U3t (Rashid et al. 2013). Lot (downy
mildew)> =827 |wt0]7] 2] TollA the= I

Foh v, W, 555 59| B4R 2] Aojgl 2

A AT (Kim et al. 2016). ewt¥-2 3714944 2%
of & AEozM AEA] | o] FAE B¢
off ZARse] AR flofl S, 49d o] 7=
&5to] 3¢k 3ol ¥AS UEiY 371 Hutd
TH(Kim et al. 2016). ERF ka2 F5 @ol Sof s
o H5o] Aehts GARE FEEA7EA] ol A7)

T Hy Sk 4= QT (Sireesha et al. 2016).

ofAJotof| A W St= F8 et FF+= sorghum DM
[Peronosclerospora sorghi (Weston & Uppal) C.G Shaw], Philip-
pine DM [ Peronosclerospora philippinensis (Weston) C.G Shaw],
sugarcane DM [Peronosclerospora sacchari (T. Miyabe) Shirai
and Hara], Java DM [Peronosclerospora maydis (Raciborski) ]
9 brown stripe DM [Sclerophthora rayssiae var. zeae (payak
and Renfro)] 5-°] AT (Rashid et al. 2013). 25520l et
S 4.27]i= SDM (sorghum DM) 57| FE FIA
& 27] Aolol 'BAgstH, o 2fet ket o] HH S
= A A 7] Aol 9= vIA At Be S
7} AU A5 A st= Qs AAkeFo] ZHAgtt (Kim et al.
2016). SDM2 7 S S=ppof| fo] MPAshs B ko] 7]
AstEA G222 Foff EAstH FAE T e A
A= 4= At (Broyles 1956; Rao et al. 1985; Kim et al. 2016).

AAAH = o 3 ot gl A 9] S SolA e
ol et AAA &4do] BarE]lon, o)zt 2]
H-&-2 30% S Z}A]5tal 910 (Jeffers et al. 2000), ©FA]OF
A Fof| M paFEA o] 50% e 1 o)FoZ Attt
(Pingali 2001). o] 2|2t Lot o] AP o= Qs E¢fo] @

A=lo] 47 kR 4250 AxEle] YALA T4

494 ©2019. Korean Society of Environmental Biology.

o]-gsto] WAL 1Tt (Kim et al. 2016). 1L AtA|

Aot -2 3ot Ad= e AEiAE egAe=
A Aol Age € 5 A FALES s AR 2

o
717t FRt LA R EE H2 4= glrh(Sireesha and
Velazhahan 2016). TehA] B4 v ES o] &3t A=
oF2] Alofri o g Bk yhe|of ool Qhdsiar ¢
ZARIBHA Q1 2|4 7HERE tigto]l Q7% o] ATt (Sireesha
and Velazhahan 2016). Z12 7] tfjZo] 3}e+4 44to] opd
et A 0 T A HE S Foke] et
A S ek e 24 eH 15HA 24 7Hs e
Aol © g st}

F3, BAA S At AE A FAbe it
7holl Al A7g A Bgro] a1 WA toflA] 2FehA] iAol
S7kote] thE 2AI7E EAE 7sAdol leng e A
o= QFshH H|EA ] SHoAE FAQl A &
Z9] &-4o] = Q3It}(Kim et al. 2016; Sireesha and Velazha-
han 2016). =THloll A & XIeH7g AulE 215 A5-5 735t
A glew shetH| g et frbdEere] A2 Eolal §
H|LU A& 5oF] A2 S+ Al o2 Wk vHo]
U7RAL Qlo, Jehy ool et 548 S/dof tigh A
Hi= o1 45] AlgtA o]tk (Song et al. 2011).
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Identification of downy mildew resistance candidate gene

A HE BE 100 mgS A=oto] FEHH o F+L5t
A ZolEnt o] F 2 Al ALY B v dS wheEt
Y& 9 om, FZ3F RNAE Biospec-nano (SHIMADZU
Corporation, Kyoto, Japan)= ©]-&5to] S5}l om A
71952 oto] 51 RNAS| SIS 1 g9 total
RNA<T= Power cDNA synthesis kit (iNtRON Biotechnology,
Seongnam, Korea) & ©]-§5to] milirdof w2t cDNAE &
Hatnt

3. Candidate gene At gl =z2lo|q Cjx}ol

7|& Foto] kot AP FEo] 844 61
M]OH HX] (Chré: 146,503,155-147,912,501)o = Ao

Table 1. Designed primer by Plant ensemble for predicted downy mildew resistance candidate gene

Primer name Sense 5'— 3’ Antisense 5'— 3’
ZM2G115065 CGCGCCAAATGTTCTAGTCC GCGTCAATGCGTCCCTGTA
ZM2G181259 TCAACACAAGTACACACCACA CCAATGCGTCTCTGTACACCA
ZM2G353209 GAGCGAGGAGACGATGAAGG CCCGATAGATTCCAAGGCCC
ZM2G067122 TCTTTCCTCGCTGCTATTCCC AGGTCGAGGGCGACGATAAG
ZM5G882442 TCACTTTGTATGTTGGCACCTC GGTGCACGTGACAAGCAATAG
ZM2G073349 ATACCCAGCCAGGGGTATGT GATTTGCCTGTGTTCGCTCC
ZM2G073310 AAGATCGCGCCGGAGAAAGG ATCCCCCGTCAGGTAAGGGA
ZM2G371058 CACTCGTCTTGTTGGCCTCT AGAAGACAGCATCCGCGTAG
ZM2G137118 GCAGCCAACACAAGGAAGTG AACTGATGGGGATCGTGCTG
ZM2G430871 CCATCCTGGAGAGGAAGCCT ACCATCTCCTGCATGGAAGC
ZM2G091201 CCAGCAACCAGAGTTCTCCA TAGTAGAAGGCCATTGCTGCG
ZM2G122709 CCTCATCTCCTCGCTCAAGTC GCGACGAGAAGGTAGTAGTGG
ZM2G392918 TCGTCCTCGACCGCTTCT GCGACAGCATCACGTACATC
ZM2G465835 GTTCATTCGACAGGCGCAC GGTCTTCTTGGTCCCGATGG
ZM2G106140 TCAGACACTGAGGCTGTTGC GTCTGAGATTCAGGCACGCT
ZM2G106190 CTCCTACCCCAAGGCAGACT GAACGCACCACCACCTTTG
ZM2G000842 AGCGATCATGGTAGAGCTGC TCAACAGATGTACGGGTGCC
ZM2G106218 GGCTGGCATCCTTCCTTTCT TTACGTTTCCCCGCTCCTTC
ZMbG812246 GCTGCCAGTGTAGACATACATAA CCTTTTGAAGATCTGAGCATCC
ZM2G000836 ACGAGAAGAACTGCGGCAAG GATCATTCGGTCCAAGGGCT
ZM2G000829 GAGATTGCACGGCAAGAAGC GAGCTCTGGACTCCATCTGT
ZM2G000816 GCTTGGTCTCTTTGGGTTGC CATGCCTGACATGTTGGAGA
ZMb5G834076 CTGGCCGGATGATGTTCCTT ACAGTGGTCCCTTGCTCCT
ZM2G171139 CTCCGGGACATCGTCGTAAG TGCACGTAGTGCATGTCCTT
ZM2G131733 TGCCAAGCGGTCAATAGTCA ACTCTGAGCCTGAATCGTCC
ZM2G131756 TTCGGGAGAGGGGGATGAAT TCGCTGAGTCTGGGGGAATA
ZM2G141792 GCCACAACCCAATCCATGTG TGTTTATGAGGGAGACAACCTT
ZM2G152051 CCTGGTCCTCGTCTTATCGG GCTTTCGCTTGGTACCCTCA
Z/M2G161534 GCTGAAACCTCGTCTTCCCA TGGCCGGCAAATCTTTCTCT
ZM2G037048 CATGCTCAATCATGCCTGTGT TGCAACGACTTCCCAACACT
ZM2G129344 AGACCTAAGGCTGCAGAAGG AGGCTTCAACACAAGAGGTCC
ZM2G129288 CATCGCCTCGGTGAAGAACT CTTGGCCACCTTACCGAACT
ZM2G129247 TGACCTGTCCTCACTCGACC TCCTGAATCGCGCTAGGTCC
ZM2G129234 TCGGACTCATCCTCTCCTGG TCCAGCGGGAACAGACAGTA
ZM2G429045 AGAAGCCGTCGTACCTTCTG CAAACCTCGTAGTCGTCGCT
ZM2G122410 GATTTCCAGCGACTGGCTCT ACAGCCTCACACAAGGGAAG
ZM2G334216 ACCATTTGTCTGAGCACGGT AAGTGTGCTGGCATGCTTTG
ZM2G070113 GATGGTTGCTGCCAGCTAGA AGCTCCAGCTTGTTGGAAGG
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315 H 2™ (Kim et al. 2017), FH QTL £42 F3}o]
S5 6 AMA|2] 152,892,333 154,335,437 Ato]
ol ket AP} =& AT e AR =l
%] 3Tt (in preparation). SHA] 2] A7| 4 B-2 MaizeGDB
(maizeGDB.org) & ©]-8-5to] SHo}g om =3 A7|A
o AL Ao = A SE= A (predicted transcript)
ol g5to] 245}

Yot

H

+ Ensembl Plants (plants.ensembl.org) &
At

ILatom tARl2 3 A H71M D2 Bhe
o2 ARt o BE-S 0]-85%] PCR product”} 200
bp H[Tto] H =& A &5t (Table 1). RT-PCRS =35t
7] Qlsto] fd2ke] & BE-Z 3116F] NCBI-Primer
Blast (https://www.ncbi.nlm.nih.gov/tools/primer-blast/

olgste] mefolug Aafeter,

index.cgi) &

4. RT-PCR%} G7IME &4

i A SR SAAE DA $15H] refer
ence gene 2 2= T} ?_ FAHANAME Ao 2 IR =
housekeeping gene?1 2] actinl 712} (accession No.
J01238 at genebank) & ATESIITE AR Zetolm o] ¢
714 8L sense primer: 5-“GATTCCTGGGATTGCCGAT-3',
antisense primer: 5" TCTGCTGCTGAAAAGTGCTGAG-3’

o]t} (Manoli et al. 2012).
% cDNA= Rotor gene-Q (Qiagen, Hilden, Germany)
©]-8-5}0] gene-specific primer set= quantitative RT-PCR
SISt (Table 1). PCR Y22 95°COlA 1042
/4317 (denature step)= -F-215+1L, 40 cycle (95°C 30
56~59°C 10X, 72°C 20 )= 32t F melting curve
65°COllA] 95°C71R] Zagsto] A2 Td-2 Hlstad
. &%} qRT-PCR 27} Cq#t ¥ CqBv k= ﬁ%@i‘i—o—
4% method (Livak and Schmittgen 2001)E ©]-&-
0] 4] SRS Shlstic BE poR RAE
< HlolHE -85t actinl
7} A FAA RO e

~
e
Gl

_V; m P iSodlo

)

[¢)

%)

_ﬁ_
Al Ho] w4 o% ol &

Fig. 1. Phenotypic differences between healthy and downy mildew-infected maize species. (A) A close-up of a healthy leaf in Ki11; (B) healthy
maize Ki11 plants; (C) close-up of downy mildew-infected leaf in B73; and (D) infected maize field. The withering plants were infected with

B73.
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Fig. 2. PCR screening with the predicted transcript-specific primers in B73 genomic DNA (M represents size marker).
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L5250 6 AMA| 9] 152,892,333} 154,335,437 YA
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Fig. 3. RT-PCR analysis of candidate genes for downy mildew resistance predicted using the designed primer set with B73 Health, B73
Infected, Ki11 Health and Ki11-infected tissues. Data represent mean+ SD (n=3) of three replicates.
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Fig. 4. Expression profiles of selected candidate genes associated with downy mildew resistance generated using gRT-PCR. Data repre-
sent mean = SD (n=3) of three replicates.
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Identification of downy mildew resistance candidate gene

Table 2. Summary for identification of Downy mildew resistance candidate transcript

Transcript ID Name Type Length (bp)
GRMZM2G067122 Zea mays uncharacterized LOC100277843 (LOC100277843), mRNA. TO1 2,109
GRMZM2G171139 Zea mays clone 461707 hypothetical protein mRNA, complete cds. TO1 2,610
GRMZM2G129247 Zea mays clone pUT3459 bZIP transcription factor (0ZIP101) mRNA, partial cds. T03 1,284
GRMZM2G122709 Zea mays clone pUT5725 OFP transcription factor (OFP28) gene, partial cds. TO1 1,060
GRMZM2G 129288 PREDICTED: Zea mays pentatricopeptide repeat-containing protein At3g42630 T02 2,535

(LOC103630413), mRNA

Ki3el Sa}slo] Qrka & 5 917] vho] w3y A
fAe} Po] 9e A0 =T 5 ek
AR I 2AE Fotol ey Al Tl 9l

I

= AR ArEE 7o AR O] F7 1M ES 245k
NCBI (https://blast.ncbinlm.nih.gov/Blast.cgi) | 4 annota-
tione= ASFATE AHH A= uncharacterized LOC
100277843, hypothetical protein, bZIP transcription factor,
OFP (Ovate Family Protein) transcription factor, pentatrico-
peptide repeat (Ppr)—containing proteinP_E Zq%— Q’?JE] 9,1
T} (Table 2). OFP transcription factor= 2"52] FEfA <]
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T @7} AbmEth Kim et al. (2017)2 U Q] 245 &
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