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Abstract: [Objective] This study aimed to investigate the function and potential regulatory mechanisms of
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particularly under cold and salinity conditions. The findings are expected to provide valuable genetic
resources and a theoretical foundation for improving abiotic stress tolerance in Eucalyptus through molecular
marker-assisted breeding. [Method] Multiple sequence alignment and phylogenetic analyses of EgrNAC13
and its homologs from different plant species were conducted to characterize its protein structure and
evolutionary relationships. A EgrNAC13 overexpression vector, driven by 35S, was constructed and
transformed into Arabidopsis thaliana. Based on transgene expression analysis of EgriNAC13 in transgenic
lines, two overexpression lines were selected for cold and salt stress treatments, and their stress responsive
phenotypes were evaluated. In addition, the potential regulatory mechanisms of FEgrNAC13 were
preliminarily explored by measuring superoxide dismutase (SOD) and peroxidase (POD) activities, as well
as by analyzing the expression patterns of key cold responsive genes including A¢CBF1, AtCBF2 and
AtRD294 by qRT-PCR at different time points during cold treatment. [Result] Phylogenetic analysis
revealed clear evolutionary divergence of EgrNACI3 between monocotyledonous and dicotyledonous
plants, as well as between woody and herbaceous species. The protein exhibited high amino acid sequence
conservation among Myrtaceae species. The NAM domain sequences of EgrNAC13 homologous proteins
from different species are highly similar, indicating functional conservation among these proteins.
Transgenic Arabidopsis lines overexpressing EgrNAC13 displayed significantly enhanced tolerance to both
cold and salinity stress. Following exposure to —6 °C, the survival rates of EgrNAC13-OE1 and EgrNAC13-
OES reached 81.6% and 85.1%, respectively, which were significantly higher than that of the wild type
(32.3%). Under both cold and salt stress conditions, SOD activity was significantly higher in the
overexpression lines than in the wild type. POD activity, however, was significantly elevated only under salt
stress. This indicate that Egr’NAC13 can improve plant stress tolerance to low temperature and high salt
stress by enhancing the scavenging capacity of reactive oxygen species. During cold treatment, the
expression levels of AtCBF1 and AtCBF2 in the overexpression lines were significantly upregulated at 3 h
and 12 h of 4 °C treatment, respectively. In contrast, AzZRD29A4 expression was consistently and significantly
induced in the overexpression lines under both normal and cold treatment conditions. Therefore, EgrNAC13
CBF pathway.
[Conclusion] EgrNAC13, a highly conserved NAC transcription factor in Myrtaceae species, significantly

mediates plant responses to low temperature stress mainly by regulating the
enhances cold and salt tolerance in transgenic Arabidopsis by increasing antioxidant enzyme activities,
particularly SOD and POD. Moreover, EgrNAC13 may mediate stress responses mainly through CBF-
dependent pathways. These findings provide a foundation for further elucidation of the stress resistance
functions and molecular mechanisms of EgrNAC13 in Eucalyptus and offer promising genetic resources for
stress tolerant breeding programs.

Key words: Eucalyptus grandis; NAC transcription factor; molecular function; low temperature; salt stress;

stress-resistant breeding; gene expression
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(Oryza stativa)~ BR ¥ (Populus trichocarpa) |14 J)
FAH 118, 151 A 170 ANl bt 2 Bl A2 A4 B K Y
HRNTFRGEZ =L 2R T 22 5l
FIAEAC KB M B 5 %A AR B AR, FEIRIIR &
ALK T A E Y SRR A A
BET R N e S A h A AR AN AR
AW B B, — 28 FR A SNACstress-responsive
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AP TR T R S A S

1 #rS &

1.1 &%

R A4 BT A SRR 2 R A7 B Bk G5 To ik
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FEED 5N T84k pCR8 HEAT B 2H [ Mo 345 B BH
v B 7 IE# )5, FEF LR ClonaseTM Enzyme Mix
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‘ EgrNAC13-F GGGGACAAGTTTGTACAAAAAAGCAGGCTCTGATGAAGAGGGCGCAGTT
iR EgrNAC13-R GGGACCACTTTGTACAAGAAAGCTGGGTCTCTCATGATCAGAATGACTTCTGCAA

qEgtNAC13-F GGACGACGAGTTGGTG

RS 2 qEZINACI3-R CTTTCGCTGTGCTACTGGAT
qAtActin-F GAAATCACAGCACTTGCACC
qAtActin-R AAGCCTTTGATCTTGAGAGC
GAtCBF1-F TCGGGACTTTCCAAACCG
GAtCBF1-R CCATCTCCTTCGCCGTCAT

SRR GAtCBF2-F TCCTCAGGCGGTGATTACAGT
GAtCBF2-R TCCCCAACATCGCCTCTTC
GAtRD29A-F CAACGAGGGGAAGATAAAAGTGT
GAtRD29A-R AGCCAGATGATTTTGGAGCCT
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50 ug/mL | # % 2 (Kanamycin) [ 1/2MS 15755 I
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PL EgrNAC13 F1 2 2% 51K AtActin W45 57 5] Wit AT
PCR #"3, AT IEF IR R0 T %552 . )5, F
i qRT-PCR #EAT 5 KR IA &= /0 #r. 559% 10 d J51E
FHl RNA #2 B 57 & (DP441, TIANGEN, b 50 #2HL
3% JE I i RNA, A PrimerScript™ RT reagent Kit
(TaKaRa, HA) K54 cDNA, wit519) (& D,
CL AtActin NS, BT qQRT-PCR 4387, 43 B 5E K]
ai G R T EgrNAC13 RT3 R L B
1) O B DR PR R 4k AT B g, H AR
13 T3 REFERAEER
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I AtRD29A %551 W) (£ 1), #E4T qRT-PCR. L4 %
A TB Green Premix Ex Taq II(Tli RNaseH Plus)
(Takara, XIE) KN @ AT, RBL&AH 95 C Tl
P 3095 °C 55,60 °C20s, 72 °C 20s, W E 40 4
PEIR, 3ANEE . EELEFKH 27 BRI E
1.3 Zit5aH

B EPERE 36 K A SPSSC16.0) 14 i3k 47 ¢ K6 56,
YEE 3 GraphPad Prism(ver 6. 01)
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2.1 EgrNAC13 ERE R mBEAFISHT
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AEXS 78 H 33.79 kDa, S5 HL 58 6.12. HHZ
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ARG AT 45 R L, EgrNACI3 S5HE& R RH
TH VR Bk (Syzygium oleosum) F2 M 21 6§ Bk (Rhodamnia

A

100

argentea) 1 [f] SONAC2-like Fll RaNAC2-like 3 %% K
RHBGE, 2R AR 7 Ak 2 7 87.07%
M1 86.39%. Fi4b, 5E AV I+ ARG AL,
EgrNAC13 5 53 40P AN AR A 18 W) 1 4% R 46 490 (Salix
purpurea) ™[] NAC2-like 7£ 751 b B B A 5 mAHL
PE o H A BT, X X7 HAE Y EgrNACT3 [ E &
[FJEY 5 51 Y K FE (Oryza sativa) Fl £ K (Zea
mays)H H 2 FIF & E BEAHER 210, BT AR
PR B 2 123 57 . EgrNACI3 57K 8 7 OsNAC48 LL
MK ZmNACA8 IR 7 A AR AN 3 50l 9
56.19% F1 56.61%([& 1A). XK EgrNAC13 [ H
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DA AR A FNELARRE YR 7340« 2 7 51 EE X I 25

(B 1BOXR, FrAEEHEH AN NAM 2515,
1M HIREE T 3R B R DL S R AR )
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AIEIR T HI AR BE =, 383 T 87% UL F.
NAM 25 F 3872 e 8 NAC 5 [ Thig 1) 235 4, 4
X He 8 (A 7E T RE L AT e B AFfE R ik o

59 SoNAC2-like Syzygium oleosum XP_030462737
1: RaNAC2-like Rhodamnia argentea XP_030551366

55 L @ EgNACI3 Eucalyptus grandis XP_010027567

32 _|
100 S

PeNAC2-like Popuhus euphratica XP_011022862
pNAC2-like Salix purpurea KAJ6775109

AtATAF2 Arabidopsis thaliana KAL9278903

GmNAC2-like Glycine max NP_001304649

—— OsNACA48 Oryza sativa NP_001415099

0.05
B

EgrNAC13
SONAC2-like: @
RaNAC2-like: W
PeNAC2-like: W
SpNAC2-like: WM
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AtATAF2 :
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SoNAC2-1like:
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Phylogenetic tree (A) and multiple sequence alignment analysis (B) of EgrNACI13 orthologous proteins
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