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Abstract [ Objective | The transcription factor ERF has various biological functions, and plays important
roles in regulating plant growth, development and responding to stress. Previous studies have shown that
SmERF1 from Salvia miltiorrhiza was involved in plant response to stress. This study aimed to further
elucidate the potential function of SmERF1 and lay a foundation for the study of resistance and seed devel-

opment of medicinal plants. [Methods] SmERFI was heterologously expressed in the model plant tobacco
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mediated by Agrobacterium tumefaciens in this study. The resistance of transgenic plants was evaluated
through determining the plant resistance-related enzyme activities. The levels of hormones such as GA and
ABA were analyzed using enzyme-linked immunosorbent assays, and the expression of key enzyme genes
involved in hormone biosynthesis were detected with qPCR methods. [Results ] (1) SmERFI-expressing
tobacco plants showed slower growth, less biomass, and decrease in chlorophyll at the seedling stage,
with no significant difference in other growth stages. In addition, seeds of tobacco plants expressing
SmERF]1 genes were smaller and lighter than those of wild plants. (2) Under NaCl treatment, the trans-
genic tobacco lines showed better tolerance to salinity, and the proline content, SOD and POD activities of
transgenic lines were higher than those of wild type plants, while MDA content was lower than that of
wild-type plants. (3) We determined the phytohormones related to plant resistance, and the results
showed that transgenic tobacco plants had higher ABA levels but lower GA levels compared with wild type
plants. The expression of SmERF]1 regulated the expression of the key enzyme genes related to plant hor-
mone biosynthesis, such as NtSDR, NtGAZ200x s NtACO, and NtACS. [ Conclusion| SmERF1 enhances

tobacco tolerance to salt stress and may regulate seed size through the ABA-dependent pathway.
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Table 1 Primers used for the real time quantitative PCR

K (GenBank
M)
Genes (GenBank
accessions)

519751

Primer sequences

SmERF1 5'-GCCTAGCTCACATAATGACGTTCGA-3'

(KC405081. 1) 5'-CGACGTTAATTACTGTAAGCCGACTTC-3'

NtActin 5'-CGTTATGGTTGGAATGGGACAGAA-3'
(U60495. 1) 5'-AAGAACAGGGTGCTCCTCGTGG-3'
NtSDR 5'-GAAGAGGAGGTCGCAAAGGCA-3'

(AJ223177. 1) 5'-CACTGATGGGTATTTTCGGATGAGA-3'

NtGA200x 5'-GAAACCAGACCTCACTTTAGGGACA-3'
(JQ413251) 5'-TGAAAGAGCCATAAATGTATCGCCT-3'
NtACS 5'-TCGGGCTCGTTTCAACACAGA-3'

(NM_001326220. 1) 5'-GAACATCCCGTGTCTTTTCCCTA-3'

NtACO 5'-TCCAAGATGACAAAGTAAGCGGC-3'

(NM_001325967) 5'-TGTTTGCTCTCCGCTGCCTC-3'
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OE-7, OE-10 indicate the overexpression lines of SmERF1.
Fig. 1 The expression levels of SmERFI in

transgenic tobacco plants
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Fig. 2 Growth morphology (A) and seed size (B)

of transgenic tobacco
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Table 2 Analysis of morphological indicators of transgenic tobacco seedlings

= A AL B 2 o
A plriootamit R Genmimmion Thovsmd komels
(pg/g) rates/ % weight/mg
wT 1.32+0.03a 22.2340.13a 94.00+0. 58a 111.6041.71a
OE-3 0.64=+0.02b 18.66+0. 46b 94, 00=+0. 58a 66. 13+ 1. 27bc
OE-4 0.67-0.02b 18.56+0.51b 94, 0040. 58a 70.73 +£0.52b
OE-6 0.6540.02b 18.66+0. 46b 93.67+0.67a 61.9340. 85¢
OE-7 0.67+0.02b 18.82+0.55b 94, 337+0. 88a 62.3340. 44c
OE-10 0.71+0.02b 18.23+0.47b 94, 00+0. 58a 65.0740. 82¢
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Note: The different letters within same column indicate significant difference among different samples at 0. 05 level.

2.3 HERGRRM MR

400 mmol/L NaCl iEW AL 7 d 5, B A AU AW
FX IR R B i VB e AR T AR
FE AR AR 53 2 W72 B, 3R 30 L A 0 1 0 3 I 3 R
(3. A, FE TE AR 30 Ak BN B0 T, % i I
A AR R o SR AR W i (POD) 35 M B 41k 15 1k
fiti (SOD) 1% 7 | i 2 B2 (Pro) & A -5 (MDA)
R AEYUERR bR TR (B 3, B) . KB, B ia
T M N BR R R POD 35 1E 3 T R IR BR
FL AR A RS F L bR & of POD 35 P 5 T X IR
R AR E ., FHEEMK RS SOD & HAE E# IR
BT 5B 25 B hE T BE S T XM
R, BREAKRPHEARNSEAEEFELTS
Xof HEBR 2R AH e & AT B R 25 5 L R AR 3 D T i
PR S X IR 1. 35~1. 48 £, MDA & & 7 2

Foft 155 00 T 0 4 25 I T X B AR 2R
2.4 XikSmERFI ¥ EHESE

ABA Fl GA &2 — XM EEPMEYREK . 25
MY AT R TR R B K E L TT AR I ] 45
S AR AR TR B BE TR A bR R P ABA
AR T X BRBR &R W X IR BR R A 1. 53~ 2. 51
s GA WHE TR R [, R T B 0. 60~0. 74 4%
(K 4,

i — 20 S 98O e it PCR 73 B & B 76 5 Jk
KBk &R h ABA & Bk 7 h #Y ¢ B B g i ik I
NtSDR (short-chain dehydrogenase/reductase, Gen-
Bank Accession No. AJ223177. DR IAL L F & T
XFHEBR R AR R GA & a8 12 10 O it 1 s ) 56
N1GA200x (GenBank Accession No. JQ413251) [ 3
6 DU B AR T R R AR (IR )



2 44 ST 5 F 3k SmERF Y J0 F b /N B it 6 1 233

A
WT OE-3 OE-7 OE-10
B OWT ERAOE-3 EEOE-7 EEBOE-10
80 150
&) &)
= 60} S
us B
SZ40r z
© 3 3
[=%}
a L a
@) 20 O
[ 17
0 ']
1 FarEg bR R 1 FaeEA AbFR R
3 Untreatment Treatment S Untreatment Treatment
%30 ~ 500
2 20
g40r 400t
1 3 L4
g 30 415 3001
< g ****** }% E
a ‘g 20 W S 200}
. ; 10 F ﬁ% 100 %
a e 22
S 4 B g _
AL A bR R A Ab3E A AbFR R
Untreatment Treatment Untreatment Treatment

Bl s R T 08 B bk R A M A B b

Fig. 3 Morphology and physiological indicators of resistance of tobacco lines under salt stress
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