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Abstract: Stylosanthes (stylo) is an economically important leguminous forage crop in tropical and subtropical
regions. It plays critical roles in forage production, soil and water conservation, and orchard ground cover. Because
its role is similar to that of alfalfa (Medicago sativa) , stylo is often referred to as ‘tropical alfalfa’. With the

continuing global expansion of saline-alkali land areas, salt stress reduces the growth and yield of stylo, and has
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become a key constraint on its cultivation and promotion. Therefore, it is urgent to identify key genes related to salt
tolerance and clarify their functions. The NAC family of transcription factors is known to regulate salt tolerance, but
the specific role of SgNACI in the salt tolerance of stylo remains unclear. In this study, we analyzed the transcript
profiles of SgNACI in leaves and stems of the Stylosanthes guianensis line ‘YNO2’ using quantitative real-time
PCR. The results show that under salt stress (150 mmol-L 'NaCl), the transcript abundance of SgNACT in leaves
decreased to the lowest level at 2 hours after treatment (HAT) , but peaked in stems at 6 HAT. After treatment
with abscisic acid (ABA ), the transcript abundance of SgNAC1 in both leaves and stems peaked at 1 HAT. In the
combined ABA+NaCl treatment, the transcript abundance of SgNACI in leaves peaked at 0. 5 HAT, whereas in
stems, it exhibited two peaks at 1 HAT and 12 HAT. Thus, SgNACI in stems responded to salt stress at
approximately 12 HAT, and to both ABA and ABA-+NaCl at approximately 1 HAT. Under salt stress, the
transcript abundance of SgNACI in leaves decreased significantly at 2 HAT, implying that it may be regulated by
other factors. The dual expression peaks of SgNACI in stems after treatment with ABA+NaCl may indicate a
synergistic effect of NaCl and ABA. Transgenic tobacco (Nicotiana tabacum) lines overexpressing SgNACI
(SgNACI-OE) were obtained by transforming wild-type tobacco via the Agrobacterium tumefaciens-mediated leaf
disc method. When both wild-type and SgNACI-OE tobacco plants were subjected to salt stress (300 mmol-
L 'NaCl) , the SgNACI-OE tobacco plants showed significantly increased proline levels and salt tolerance,
compared with the wild-type plants. The results of this study reveal the transcript profiles of SgNACI in different
tissues of stylo, and the experiments with transgenic tobacco lines overexpressing SgNAC1 confirm its ability to
increase salt tolerance. Together, our results provide a theoretical basis for further research on salt tolerance
mechanisms, and identify a genetic resource for breeding salt-tolerant stylo.
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Ik A AE T, i Rk ONACO022 K& DH i 7K F % g 0 A0 1 5 Tt 52 BE 0 S5 ™0 BRIk 2 5h , NAC % 3¢ ] 18
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1.1 A AH

ALE T 2017 4F 9 H 2 2019 4 6 H fEAE Fg Al R 2@ FESEAH ) AL W HOR SEI 28 58 o AT 90 R T 4l 254 4B
(S. guianensis var. intermedia) i FERR R B A 257 (“YNO2” ) LA Kl B it Ff © Wisconsind8” (W38) 15 2 i 12 41
b AR S AE e s b (BEFE ™ S B BRAE AT, 17 22 M 208 A (6~8 mm) , 4% 2: 1 LW BITR AT, FE 0GR o 16 hol
8 /8 h I O AR K 100 pmol-m *+s ' MIXHREE 7550, P33 Ry (25£2) CRYBE IR &0 PRI K
1.2 MR B A R4 %

R =R P e — $h R Eh — 24 — U 218 — AL AP (Tris—HCl—EDTA —KCI, TPS) i 42 B ££ %
DL K e 5 R BT ) DNA 5 SR IR AR 2R A a70] (JE 52) A PR 28 7 (1 RNA prep Pure 224 22 Wy A8 ) &L RNA 42 B )
&, FE U AE R0 R 2R DL R R L R R R B RNAG (U A H R (dE 50 A RS B 89 I 5% s ) &
A cDNA S — 5 452 4E 1 ™ 4 4% B0 & B B kAT .
1.3 SgNACI AW %R A WAZ B 5 oM

it PCR A YNO2’ it i cDNA 1 58 f SgNACT 2K R R 1 H ) SgNACT 51 % o AR SE 56 % Y
LR B ( Zoysia japonica) 3 A 51 SCOEH $E U SgNA C 13y 91 e He B 2. 0 kb X387 31, >R FH T Btools 43 #
HIL R 45 H , % A Plant CARE (http: //bioinformatics. psb. ugent. be/webtools/plantcare/html/) %} 7 3y - v 1 JIii
AR T A 2R A7 B
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Table 1 Primers used in this study

51 4) 4 %% Name of the primer 1E 11 319 ¥ 41 Forward primer sequence (5—>3") B 1) 514 )7 51 Reverse primer sequence (5'—>3")
SgNACI TCTAGAATGGCAGCTGAACTTCAATTGC GGATCCTCAGAACGGTTTCTGCAGGTTC
SgNACI-gPCR TTCCGATCATAGCCGAAATC TGCCTTCCAGTACCCAGTTC
SgActin-qPCR TCGATTGGATCTTGCAGGGC TGGACAACGGAATCTCTCAGC

1.4 it & ABA 432

PEWC12 2 AR KR AL R AP 19 YNO2™ 8 T N LR 3248 O R 16 hoG BE/8 h g, ' BR5R B 100 pmol-m™*-
s AR EE 7520 IR 28 O i IR LS AE Y M RHE 34— 20y g A4 b %k BRZH 4 4208 100 mL K F
I T it 2% 17 7K, NaCl 4] £ 22 58 100 mIL 150 mmol- 1~ NaCl - 7 W it 25 18 7K , ABA 2 45 45 3¢ 100 mL /K I
1 1% it 100 wmol- L' ABA, NaCl+ABA 2 % %5 %% 150 mmol- L ' NaCl M- i Bt jfi 100 pmol-L ' ABA. 7 4b
F80.0.5.1.0.2.0.6.0.12.0Ff1 24. 0 h )7 , 73 R AR AL REZE At v K DI R AR S RIEAGZE . T
—80 CUKF A7 % H -
1.5 %2 FqPCR

M NCBI$HE 172 JR B SgNA C1HE N Fe b 46 5 N 2 36 0 Actin B 81, 8 FH Primer 3 #0435 S 51 9 (R
1), i NCBI Blast T HIUES | ¥4 5% . qPCR MK FR (20 pl) : SYBR Premix Ex Taq Il 10 pL., iIE R [H 514
(10 pmol-L ") 4% 0.8 pL.,cDNA #i4 2 pL,ddH-O 6.4 pl. JZ W 2 : 95 CHiAE P 30 ;95 CAE M 55,58 “Cilk k
30's,72 ‘CHEAH 30 5,40 PG IR 5 451 1 Z6 23 A (60~95 °C) o R JH 27 56 TH 5 S DA 14 M %ok e ik /) A 3% 3
WHARER,
1.6 834544
1.6.1 B #% fic %17 50 mg- L ' KWL % Z (spectinomycin, Spe) [ yeast extract beef( YEB) 55 72 3£ (5 g-
L'"4REE gL "B Se L "EAMK.S5g L M. 0.4 gL '"MgSO,-7TH,O) , ¥ 47 SgNACI i %
IR AR AT BRI FD |, 28 OB 15 3% 48 h PRI T & 4280 2 5~6 mL % 50 mg- L' Spe (9 YEB MR 35 77 4
28 °C.200 remin PR H 55 12 h; #2 1: SO R HL 3% & 100 mL YEB WA 35 25 (4 50 mg- L Spe) , [d] 571 5 5%
2 ODsoo M 0. 4~0. 8;5000 r=min~" B 0> 10 min Y& £ B & , &% 100 mg- L' £ Bt T & il (acetosyringone,, AS) Ky
Murashige&.Skoog(MS) 5 ¥ it 5 % 2 ODsoly 0. 4~0. 8, % Ml &
1.6.2 SR AL B 55 Ak TE I 4~5 JE i Y B A B B R B i R K, WD T em X 1 em BT (ZY
18 K=l ") K i 2 3R Ti 8 T B T MS1EARE 723 MS+2.0 mg- L '6-"F & HE 5% (6-benzylaminopurine, 6-
BA)+0.1mg-L 'Z Z & (1-naphthaleneacetic acid, NAA) , 25 CHf 85 5% 2~3 d( EIMEER RS K 2~365) 5 8% 1 K
M ER T AR AR AT B W 15 min(4 5 min 4R 1K), TS R BB AR T 2 A iR s B i A 1 R A T R T
HICHEIEAR Y MST B 353, 28 "CIRE R 35 3 d; 1 & 500 mg- L '3k #1 % X (cefotaxime sodium, cef) () 2= B T /K wh ¥k
3% 10 min, FFH & K oh e 4~5 0K, W T K 40 Ja 5585 & MS3 s FE RF 37 3 (MS+2. 0 mg-L ' 6-BA+0. 1 mg-L™'
NAA+5mg-L '"FE I +500 mg-L ' cel),25°C.16 hG /8 h I I I 14 ds FFM A S K 1 em DL E I Hi Pk
ZEWE K ZE U N R RS B MS AR R JE 3 (MS+0. 1 mg L 'NAA+5 mg L "R ) , ARG BRERK - 1§
A=2: 1M 55 15 d TR 225 .
1.7 HARMWMELRZ
1.7.1 B e R 15 d 5, 70 5% 5 RN Y A= BRI Bt e AR IC AR ) R/ B X, iR PR 0. 206 H &/
R (weight/volume, W/ V) K% [V W, 2 JR UG WS 0 280 itk i Jr JC I B8 A8 4k, SRR it e Al 28k
1.7.2 PCRAT%E PO PE M0 B B RNA, 25 5 cDNA, BL eDNA SR , ] SgNACI-gPCR 3]
Yo (3 1) #E4T PCRY™HY , LAHEHT SgINA C1HAAR 14 4 AT T 11 Ry FH M 0T B B A4 R R e DNA R ddHO Ay B X
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M. PCR W AK £ (25 ul.) : 2X Taq Master Mix 12. 5 pL, IEJZ 17 514 (10 pmol-L ") 4% 1 pL, & #z 2 pL,ddH-0O
8.5 plo KRR :94 CHIAS M 5 min; 94 “CAEE 30 5,58 “Cil k 30 s, 72 “CZEH 1 min, 35 M E ;72 ‘CAIEAH 10
min. YL 1. 506 B W BRI FEL UkoR I
1.7.3 qRT-PCRZ3#r PEILIT F ik Bk & SgNACI-OES #l SgNACI-OE8 #147 qRT-PCR 40 #7 , L cDNA Ay #i
B, R R M 51 ) SgNA C1-qPCR( 3 1) #4752 B 28 % 7 it PCR(qRT-PCR) K .
1.8 #HAWWERA L I il e 5451
1.8.1 A & g WA SgNA C 13 [N 52 6 15 % M0 5598 25 FR A0 A 52 0, 16 BOUZE KR 28 — 301 SgNAC1-1d %
ik (over-expression, OE) 5 %7 4= 8 (wild type, W'T ) FE #K , 7640 [ 55 3% 25 44 F OB R ] 16 holt /8 h & i, ot o B
100 pmol-m '=s ', Y5 BE 28 °C, M X {2 BE 75 %0 ) FE A7 2 BUULIN , 080 £ A5 AL 48 ik 5 T2 A (K 58 Ho) FAE &, B4~ 5 A
W AR E A, WA AR TS ) 4056 1 2 3 g 4 R IT i 5 1 B R3S i A de R 3 (b4 28 i S 1 B 4k
PRES ) R R R B B (I R e S A ) ELR R B8 ) L A i b (b B /i 7 5 B ) 5 A €8 00 T AR TR AT L A e
SRACIR B 2 5
1.8.2  #hfia £ A5 A AR bR I E PEH 3 AR K — B SgNACI-OE Al WT M B, & K A 425 100 mL 300
mmol-L 'NaCl ¥, L0 HE 6 d, 43 5 7E 0.3.6 d WA i A Ak 3R 2 #E Ab BT AL B 6 d J R AR it
i IR R RS L /K A% R ) O N 1% (malondialdehyde , MDA ) 7 & (B AL H Z iR )™,
1.9 HEx 2

iz FH Excel 2016 #F 17 8048 4811, 8 FH SPSS 26. 0 #F 47 88 [ 2 J5 22 730 #T (ANOVA) |, fiff F 5 /) B 28 22 B0k
(least significant difference, LSD) 73 #7 . FH 2% 5 .

2 HBREHGH

2.1 SgNACI B3 F IR XA R A B I B 45 #4547

FH PlantCARE & TBtools %} SgNAC1 #E47 Ji3 3l 1 IX 38k 0 =X 75 FH 0 14 70000 K 56 DR 25 4 4 i o 5 SRR,
SgNACITH:H i 3B FAR, K 154 S FAE T 5 MEFH NACIEZ5 M3 A B .C.DME;SgNACI )i 3l
F DI A R Y B aE e ABA W 12 AR FH O, H b A4S 34 STRE (440 ARE (1 DRE core .4/~ ERE
9/ ABRE(F 1), SgNACIFEHFIE L 1% 2 NCBI Genbank 5UH |, % 5% 5 8 KY 4404337,

W B 38 W B 76 £ Drought stress responsive element (STRE) W 2 )% W 5 JC £ Ethylene responsive element (ERE)
JR 58 B G £ Anaerobic induction responsive element (ARE) W i 7 R i N G/ Abscisic acid responsive element (ABRE)
B 7K % B 76 Dehydration responsive Element core (DRE core) e L IR 47 55 Transcription start site (TSS)

M 5 & ¥ Exon —— N % ¥ Intron B 4 #3% Domain

IRl | L 1y -
SgNACI
® (11l | T T
5' 3/
T 1 17 1T 17T 1T T 1 I I I
2000 -1800 -1600 -1400 -1200 -1000 -800 -600 -400 -200 0 500 1000 1500
E1 SgNACIERRZHFIMKXIERATHREEFEEBRIH

Fig. 1 Analysis of cis—acting elements in the promoter of SgNACI gene and its gene structure
A~E 5 R E S ESF W45 #4% . A—E represent the 5 conserved subdomains.

2.2 AR M8 s 3 T AL E SgNACT R B o KA AR X

T E AR AE B SgNA C 1 PRUE &R 1Pk 38 F0 ABA B o 3 A5 =X, %o A% 4B 43 3 #4717 NaClLABA L& NaCl#l
ABAME A HE R qQRT-PCRE AR 43 Hr SgNACTFEME AL i 528 g Rk ah & . 45 KL R U], NaCl Pran 4b
BR ,SgNACT B AEM AR #E 0. 581 1. 0 h T 2 284 (P>0.05) , 1 hJ5 2SR5 iy @ (18 2A) , 2 hitf
Rif 28 S5 IR A R X 2638 5 S W AR Y 0. 4 £, P<<0. 01) s i H ek B fE 25 h e R 218 E T #4 (181 2D) , #£ 0. 5~
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2.0h LRFEZEF(P>0.05),6 hik#NEH (A 0 hiK 3. 354%,P<<0.01), )5 X & [M7% . ABAKLIF M H 52
1 SgNACT Rk ¥ 58 RT3 52840 (] 2B F12E) , 376 1 hik 2] i (H 1Elﬂ+%uzxtABAEﬁumr“&r“ﬁf
2e 5 Mt SgNACT ik AL R Z1 (1 h KB w NP Y 3. 955 228 1. 484%) . 7E NaCl+ABA &
R, SgNACT ik et v B “ 20 1Tt 2818 M5 " a0 (1 2C) L 0. 5 h i gk ik ium“{ﬁ(jwhﬂ’w 45
., P<<0.01), 1 hJ5 & M Inl ¥ 5 1 3 ik & A 25 b 52 00 "B (18] 2F ), i 58 76 1 hak 358 — I fH (O h iy 8. 34

#,P<<0.01),2 h[E 7% & 2. 46 % (P>>0.05),6 hJ5 X & [ TF, 12 hak #1450 (Ch 0 h iy 11. 27 4%, P<<0.01) ,
24 h SCHGHUR 3 R REAE A FE B — 30 b 3 b B HE DN O NaCl s ABA bR g 2 19 25 3 .

NaCl (" J7 Blade) ABA (" )7 Blade) % NaCl+ABA (M} Blade)
207 6.0r 6.0
A B @ {
skek

1.5 4.5 k% 4.5¢ s
=
S
: 1.0t 3.0 3.0t
% sk i
0.5 H 1.5¢ 1.5¢
: i i f I 1.1
-;—:; 0 L 1 1 L 1 1 J 0 1 1 P e S 1 ﬁ 1 I_l ) 0 1 1 1 1 l** 1 r-l )
gg 407 D NaCl (Z% Stem) - 201 E ABA (Z£ Stem) 12.0F  NaCl+ABA (Z% Stem) '|I'
-‘ﬁ! i * $ok
#® 3.0t 1.5 9.0t
& Kk
oo
=20 1.0} 6.0 ok

1.0t ﬁ 0.5} 3.0t ﬂ

0 L L H L L L L |-| ) 0 L L L L L L ) 0 ﬁ ﬁ e B

0 05 1.0 2.0 6.0 12.0 24.0 0 05 1.0 2.0 6.0 12.0 24.0 0 05 1.0 2.0 6.0 120240
AbFRR (1] Treatment time (h)

B2 FAELETHEEZE YN HAERERSGNACI EFRNBENREZETN
Fig. 2 Changes in the relative expression levels of the SgNACI gene in leaves and stems of Stylosanthes ‘ YN02’ under different

treatments

NaCl:#: Ml Salt stress; ABA : it % 2 Abscisic acid. A: W38 F iF R SgNACT Fik B 1784k ; B: ABA AL FE R i - rp SgNACT # ik 281k ;C
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treated with NaCl and ABA; D: Changes in SgNACI expression levels in stems under salt stress; E: Changes in SgNAC1 expression levels in stems
treated with ABA; F: Changes in SgNAC1I expression levels in stems treated with NaCl and ABA. * and ** indicate significant differences at P<<0.05
and P<<0.01 levels, respectively.
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Fig. 3 Identification of Basta resistance in SgNACI-OE transgenic tobacco, PCR identification and qRT-PCR analysis of the
SgNACI gene
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black marks indicating Basta application sites; B: PCR identification of the SgNAC1 gene in wild-type and transgenic tobacco. C: qRT-PCR analysis of
the SgNAC1 gene in wild-type and transgenic tobaccos. 2K-MK is the DNA marker DL 2000, N1 is the Agrobacterium culture positive control, WT is

the wild type N. tabacum W38, and 1—18 are transgenic lines. *** indicates significant differences at the P<C0.001 levels.
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Fig. 6 Changes in physiological indicators of wild-type and SgNACI-overexpressing tobacco under salt stress
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