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Abstract Bacterial blight in rice caused by Xanthomonas
oryzae pv. oryzae (Xoo) greatly reduces the growth and
productivity of this important food crop. Therefore, we sought
to increase the resistance of rice to bacterial blight by using a
NAC (NAM, ATAF, and CUC) transcription factor, one of the
plant-specific transcription factors that is known to be
involved in biotic/abiotic stress resistance. By isolating the
OsNAC58 gene from rice and analyzing its biological
functions related to Xoo resistance, phylogenetic analysis
showed that OsSNAC58 belongs to group I11. To investigate the
biological relationship between bacterial leaf blight (BLB)
and OsNAC58 in rice, we constructed a vector for over-
expression in rice and generated transgenic rice. The expression
analysis resulting from use of RT-PCR showed that OsNACS58-
overexpressed transgenic rice exhibited higher levels of
OsNACS58 expression than wild types. Further, subcellular
localization analysis using rice protoplasts showed that the
35S/OsNACS58-SmGFP fusion protein was localized in the
nuclei. Thirteen OsNACS58-overexpressed transgenic rice
lines, with high expression levels of OSNACS58, showed more
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resistant to Xoo than did the wild types. Together, these results
suggest that the OsNAC58 gene of rice regulates the rice
disease resistance mechanism in the nucleus upon invasion of
the rice bacterial blight pathogen Xoo.
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A QAT (Fangetal. 2008). B] o] HA| | 7] A B4 2
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IS S0 4 2 2B A& A2 Ao 27 F7Fo]| o]
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FAA Mg S 22

GENEVESTIGATOR (https://www.genevestigator.com/gv/index.jsp)
9] digital northern X} 2 2} 4] &4 A} 9] Z}database (http:/plntfdb.
bio.uni-potsdam.de/v3.0/index.php?sp_id=0SAJ) A& 5 o7
SN EAARE IR st B AE g 20 ofsf T
o] 25 OsNAC58(LOC_0s03g21060)2 A A3}l o] &-A
Al 2] & 918l primer& A 215} 31 th(Table 1). 3 g & %1 =
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Table 1 List of primers used in this study

Primer name

Primer sequence (5—3”)

OsActin-F
OsActin-R
OsNAC58-F
OsNACS58-R
OsNACS58-attB1
OsNAC58-attB2
attB1 adaptor primer
attB2 adaptor primer

TGCTATGTACGTCGCCATCCAG
AATGAGTAACCACGCTCCGTCA
ATGGTTCTGTCGAACCCGGCG
TCAGTTCATCCCCATGTTAGAGTGGAG
AAAAAGCAGGCTCGATGGTTCTGTCGAACCCGG
AGAAAGCTGGGTAGTTCATCCCCATGTTAGAGTGGAG
GGGGACAAGTTTGTACAAAAAAGCAGGCT
GGGGACCACTTTGTACAAGAAAGCTGGGT

9714 Qg BAstel elshele.
RNA =2 & RT-PCR

70u e WA A 0| A £7] 2 YT T A WLE
0]-8-5}o] u}2f| 3k 3 RNeasy Plant Mini Kit (Qiagen, Hilden) &
o]-§-5to] A RNAE &5}tk RT-PCR 2702 5 1g9]
total RNA 2} SuperScriptIII (200 units/ul)E ©]-8-3}¢] H A] First
strand cDNAE A5Gt S8 AR Ee]+= 1 ul? First
strand HF-3-oH of] OsNAC58 E-©] primer (Table 1) & 95°C 0| A] 2
H preheating 3+ S 94°Cof| 4] 302, 55°C o) 302, 72°C o] A]
15-9] cycle 2 35 cycles®] PCRS =3 3} th PCR -3 &
1% agarose gelol] A 7] 453} A5} 11 gelof A/ DNAE
25} 91 th(Sambrook et al. 1989).
H YA =2 3 ML RIRIZAL
OsNACS8 T o] Ay A& AFsE7] flsf p3sS/
OsNAC58::SmGFP fusion vectorE A &5}l p35S-SmGFPL}
NLS-RFP vectorE- tf) 2= 2 5}o] E-2]3} ¥ protoplast o] infection
Al 71 & &3¢ u] 7 (Leica TCS SP8) 2 & 1H2H5} 1 th(Kim et
al. 2007; Zhang et al. 2011).

ks HYEMERE Vector M&

35S TR WEQ} barEAE X35} Q) =pEarleyGate201
E] o] Gateway system-2 0]-8-5}0] ¥ & 2 238 74 vector,
pEarleyGate201/OsNAC58-2 A 2+5} 41 th(Earley et al. 2006).

P3pS|

=21

H SR

OB_
rol

A= pEarleyGate201/0sNAC58 ¥ E] & Agrobacterium tumefaciens
LBA4404 of] =3t ok ¥ FAHFE: 2ol A Az T
(Hiei etal. 1994). 79 A 7] 52w £} phosphinothricin©|
A 714 callus = B A o)) A] callis =59t G =5 calli

£ phosphinothricin®| $+-3-% £7] SEHjA 2 &H &7
FE= A 25 %7]E phosphinothricin®] S5 Ba]
T Aol &A LS FEstHA FEHATAE A5G
TH(Murashige and Skoog 1962).

=2 "OL'I"E I-Z,:- al I:HHEFA-I éx‘l
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Glycine max NAC domain-containing protein 29-like(GmNAC,
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o] qlthal & A GIIef| &3 th(Fang et al. 2008). OsANC58
S o] 1 4| U o]/ 7] 0] 91 %5z 2| & ob ]
918 OSNACSS:SmGFP §3HA17] $278 1) A5 24 of
BEAA T2 ooz FEsdnh I A o] o
AZ A ZU o A Hofl A 5h= A= 2AFE Qo1 B of A
$74 WHE 2HY A2 AZE AT 12HHONACSS
W E5HE] 7] B8 Q)5 GATEWAY
U9 o] 8510 T8 W E & A|&SEAL Agrobacterium
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31
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Fig. 1 Nucleotide sequence and deduced amino acid sequence of OsNACSS. Conserved domain of the NAC family was underlined

ATGGTTCTGTCGAACCCGGCGATGCTGCCGCCGGGGTTCCGGTTCCACCCGACGGACGAGGAGCTGATCGTGCACTACCTCCGCAACCGGGCCGCCTCCTCGCCG
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CAACAACAACAACACGCCCTCTTTGGCCACCCCGTCATGAACCAT TTCATCGCGAACAACAGCATGGT TCAGCTCGCGCACCTGGACCCGTCCTCCTCTGCGGCC
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GCCGCGGCGGCCAAGAAGCCGAACGGTTCATGCGTTGGTGCAACT TTCCAAATAGGCAGCGCCTTGCAGGGATCGTCACTGGGACTGAGCCACCAGATGCTGCTC
A AAAKIKPNGSCVGATT FQIGSALUQSGS S L GL S HQMTLL

CACTCTAACATGGGGATGAACTGA
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0.360 ™

Fig. 2 The phylogenetic tree of the OsNACS8 protein and other related proteins. OsNACS58 sequence was aligned with the
Brachypodium distachyon NAC transcription factor 29-like (BANAC29, XM 003557950), Sorghum bicolor NAC transcription factor
(SbNAC, XM 002465283), Bambusa emeiensis NAC transcription factor 1 (BeNAC1, HM626401), Hordeum vulgare subsp. vulgare
NAC transcription factor 023 (HvNACO023, FR821745), Zea mays NAC transcription factor (ZmNAC, NM_001158141) and Glycine
max NAC domain-containing protein 29-like (GmNAC, XM _003518141) using DNAMAN CLUSTAL-W programs
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Bright field

Fig. 3 Subcellular localization of CaMV35S/OsNACS58::SmGFP fusion constructs in rice protoplast. The expression of the introduced
proteins was visualized with laser confocal-scanning fluorescence microscopy 48h after infection with PEG
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Fig. 4 Expression analysis and disease resistance assay on Xanthomonas oryzae pv. oryzae strain KACC10859 of the OsNACS5S-
overexpressing rice and the wild type ‘Dongjin’ rice. A. Expression analysis of OsNAC58-overexpressed transgenic rice plants by
RT-PCR. OsNAC58-overexpressing rice plants (T0O) showed high levels of OsNACS58 expression compared with ‘Dongjin’ rice. B.
Average lesion lengths of ‘Dongjin’ and OsNAC58-overexpressing TO rice plants 14 days post-inoculation with Xoo strain
KACC10859. OsNAC58-overexpressing TO transgenic rice plants were more resistant than wild rice types. C. Representative leaves
showing lesions of ‘Dongjin’ and the OsNAC58-overexpressing TO rice plants 14 days post-inoculation with Xoo strain KACC10859
via the leaf clipping method
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