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Abstract: Roots are important vegetative organs, and their growth and development directly affect crop stress resistance
and yield formation. Therefore, understanding root-specific expressed genes and their promoters is of great significance for crop
improvement. Based on transcriptome data from different tissues (root, stem, leaf, flower and fruit) of tomato, a root-
predominant gene, Solyc03g096420, was identified and designated as SIRSP3. The expression pattern of the SIRSP3 gene was
analyzed by quantitative real-time PCR (gRT-PCR). The promoter of the SIRSP3 gene was cloned, and a 5'-deletion analysis was
performed based on the distribution of cis-acting elements. Subsequently, expression vectors carrying the full-length and truncated

SIRSP3 promoters fused with the B-glucuronidase ( GUS) reporter gene were constructed via homologous recombination and

transformed into Arabidopsis thaliana for tissue-specific
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expression pattern analysis. The quantitative real-time PCR
(qRT-PCR ) results showed that the SIRSP3 gene was

specifically expressed in tomato roots. Cis-acting element
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cal staining results revealed that the 2 000 bp and 1 300 bp SIRSP3 gene promoter fragments drove specific expression in Arabi-

dopsis roots, whereas the 700 bp and 300 bp SIRSP3 gene promoter fragments exhibited constitutive expression. In summary, the

SIRSP3 gene promoter identified in this study is a root-specific promoter, and the 1 300 bp SIRSP3 promoter can replace the

2 000 bp promoter in function, which is of great significance for the genetic improvement of stress tolerance in tomato.
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FIKRAAK p1300GN-358 TOP10 F1 GV3101 bk A<
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Table 1 Primers used in this experiment
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p1300GN-35S #h A Z v B o7 5 F ] U8 85 41 75 5K, %
% Hind 5 Bam H 1 WIER I (FE 1),
NHEAT 57 Gk 43 AT, i — DT IE 51 ) SIR-
SP3-F300 .SIRSP3-F700 Fl SIRSP3-F1300, 43 %Il 5 &2
15149 SIRSP3-R BCXT, T4 300 bp 700 bp il
1 300 bp M 7 Be, A 7 2R 41 DNA $2 5t
SRR 7S be 3k = F LR Mb 4% (CTAB) 2, 1 3
SN FH AL 5t SE A S A W BB A BR /S F12x A8 Fast
HiFi PCR Master Mix #F47, SOWARZR AN &S
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Fig.1 Schematic diagram of the expression vectors for Arabidopsis genetic transformation
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Fig.2 Expression levels of the SIRSP3 gene in different tissues

of tomato
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W5t H New PLACE Plant CARE 74k T. B %} SIR-
SP3 LG 27 A A IR = E A e 5 A
GERFW LR B & A HEA O I (TATA-
box ,CAAT-box ) Fll #2 #§ 5 1k % i5 70 £ (ROOTMO-
TIFTAPOX1 ,REM2 , REM6 . MYCCONSENSUSAT ., SU-
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OTNODULE) , IAh, 5 3l DX A3 5 't i hiy AH OC
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Table 2 Cis-acting elements in the promoter of SIRSP3 gene
TCHAFR izl FP 0 E {51 (bp) ifie
CAAT-Box CAAT .CCAAT, 17 -1767~-1762.~1 766~-1763.~1 711~-1 708.~1 651 ~—1 647 ~1 222~ JAZF-FUETRF P58
CAAAT -1218.-1 184~-1 811,-1 149~-1 145 -1 104~-1 101 -1 110~-1 0%, HMEAER CH:
~ U5~ —42 ~904~—901 .—863 ~ 859 . —810~—807 .~ 179~ 175 .~ 150~ — 146 ,
-119~-115 ~35~-31
TATA-Box TATATA ATATAA., 60 —1991~-1988.-1926~-1921 —1924~-1921 —1902~~-1 899 1 888~ LA EFoTlf
TATTTAAA . ~1885,~1877~—1872.~1 876~—1 873, ~1 812~ —1 867.—1 871 ~—1 868,
TACAAAA | ~1733~-1720.-1 634~-1 631 .—1 426~—1 423 —1 418~ -1413 .1 417~
ATATAT TATA , ~1414 ~1359~~-1 356, —1 208~ —1205,~1 208~ —1 203 .1 207~ -1 202,
ATTATA TATACA . -1206~-1203.—1 204~-1 201 ,—1 182~~1 177,-1 181~-1 178 .~1 132~
TATAAAA -1127 -1 130~-1 127 -1 072~—1 067 .—1 071~ -1 068.—1 055~ -1 052,
~1 055~-1 049, -860~ —855 . —859 ~ — 856, —859 ~ —853 . — 852 ~ — 846, — 807 ~
—804 ~792~~787 .~791 ~ —788 694 ~ —691 . — 64 ~ —689 . —693 ~ —688 . —682~
~678 . ~661 ~—654 , —580~—577 ~483 ~ —480 , —483 ~ —478 . —482 ~ —497 466~
—461 ~464~—46] .~456~—453 . ~452 ~ =457 .~ 450 ~ —447 . —356 ~ =353 .~ 356 ~
—351 ~204~—199 ~202~—199 ~ 194~ ~191 .~ 70~ —67 .~ 70~ —65 . ~69 ~ —64 ,
68~ 65 ,~66~—63 ,~44~—4]
Box 4 ATTAAT 8  —1881~—1876.~1547~-1 542 ~1 313~1 308~ 1 076~ 1 071, —607~—601, S5 (Ml
—406~—400 ,~386~ 380 .—322~ 217
G-Box CACGTT 1 -1162~-1157 S5
ATCT-motif AATCTAATCC 1 -318~-310 S5 mR;
NTBBF1ARROLB ACTTTA 1 -101~-% HLBNEFIEFR AR
RiFFUFTI
REM2 AATTAATC 1 -608~—601 FRAF GBI AR
Joff
REM6 AGCACG 1 -1860~-1855 MR SRR E
Jef
MYCCONSENSUSAT ~ CANNTG 4 —1481~-1476 ~122~-1217 ~475~-470 ~150~~145 HURE G E
Juff
SURECOREATSULTRI11 GAGAC 2 —TAT~-43 ~5~-1 MRS ERR IR AR
Jo
OSEIROOTNODULE ~ AAAGAT 4 -1825~-1820.-1335~-1330,~1 171~-1 166,-837~-832 YR AT
OSE2ROOTNODULE ~ CTCTT 1 -196~-192 HYRERr etk To
ROOTMOTIFTAPOX1 ~ ATATT 19 -1887~-1883 ~1 870~-1 866.—1 &4 ~—1 &40.-1 1~-1 817 -1 777~ S S5HURIFEATTI;

-1773.-1672~-1 668,-1 633~—1 629, -1 490~ -1 486,—1 425~ -1 421,
-1282~-1278,—1203~-1 199,-1 007 ~—1 003,-790~ -786,-681 ~ —677
—662~—658 ,—563~ 559 ,—298 ~ 294 . —206~ -202 .~ 193~ —189

2.3 SIRSP3 EREM B FREREYFRILEEIE

FREUE i A BN 2 DNA, UH AR, 48
SIRSP3-F2000 . SIRSP3-F1300 , SIRSP3-F700 . SIRSP3-
F300 4 N IERBI4)50 515 SIRSP3-R 519X}, PCR
P4 SIRSP3 FEH By 2K A 2l M G s+, 435
K152 300 bp.700 bp .1 300 bp F12 000 bp Y5
W (K 3A)

KM Hind T Bam H T XY p1300GN-35S Ff:
aifb AR B, 5440 1Y SIRSP3 3L )G o) F 4
KR R B IR JR F 4, 9 5% Ak TOP10, ¥ 147 7%
PCR %5 7 S BH P 119 5 [ $2 BT RE, (6 H Hind T,
Bam H 1 MAEH, HT SIRSP3 JER M 3T 1 540

bp (=460 bp) &b & A Hind WA 15, 6 B4R HE 22 4h |
300 bp.700 bp .1 300 bp 12 000 bp SIRSP3 H&[H [
Ja 8T 50 BT H 300 bp ., 460 bp+240 bp 460 bp+
840 bp 460 bp+1 540 bp %54 (& 3B) , M4 &l
J- 45 S TE 1 (% 55 41 i 44 4 p1300GN-SIRSP3-300
p1300GN-SIRSP3-700. pl300GN-SIRSP3-1 300 I
p1300GN-SIRSP3-2 000,
24 WEFBEEEL

RYIE SIRSP3 JEH A 211G M B AH Gk iR 28
URRlES AL GV3101 Jf0fi 18 BH P BT, >R e A6 72 4=
PRI AR I AL ES | 2200155 R i i S PCR Bk,
AL BHPE ARG T (K1 4) .
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A 2K SIRSP3 FE S 8 F vl s B, &K MRS SIRSP3 LM 8 T Rk AR WU EF V), M ; Marker, DNA AXF 4> F & b5, H/B 4
Hind M/Bam H 1 ,
B3 £KE#HIE SIRSP3 ERBIFRIZHEHE

Fig.3 Construction of expression vectors with full-length and truncated SIRSP3 gene promoters

M1 23 456 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25 26 27 28

M:Marker Il ,DNA FHXJ 43 EEARIE; 1 BURIXT BE 52 ~ 28 . 5% 5 DL R AR AR
B4 T,REEERLFIF PCR HHER
Fig.4 PCR analysis of T, transgenic Arabidopsis plants

2.5 HEREMET GUS FEiE p1300GN-35S AEARIAR 25 56 6 Tk 4K

BENEMACRA 10 4~ 21 d Wil T ACFEEUREIT 1 300 bp SIRSP3 RS shFHIREHRAR ' GUS JE[H5R 5
WRENEIFIE GUS LUk eta, S50 (K 5) ok, 08, M EFEAAZIL F24E 700 bp 1300 bp SIR-
BPLERD (W) AR A 25 B B R M 3 8 0 ) g, 5% SP3 ZERUR S PR AL ERA

WT-1 SIRSP3-2 000-1 SIRSP3-1 300-1 SIRSP3-700-1 SIRSP3-300-1 35S-1

}

SIRSP3-2 000-2 SIRSP3-1300-2 SIRSP3-700-2 SIRSP3-300-2

) 4

WT-1,WT-2; 74 RUAE R ; SIRSP3-2 000-1 SIRSP3-2 000-2; ¥ Ak 41 SIRSP3 JLIR 3 3 Tk ; SIRSP3-1 300-1 ,SIRSP3-1 300-2  SIRSP3-700-1
SIRSP3-700-2 . SIRSP3-300-1 ,SIRSP3-300-2 . 554k #5 SIRSP3 3L IM 3 2l Al #k ;35S-1.358-2.: 544k p1300GN-35S ###k,

5 SIRSP3 EEEKRBIERBIF GUS FRixtEX

Fig.5 Analysis of GUS expression patterns driven by the full-length and truncated promoters of the SIRSP3 gene
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MRS SE R S 2l F I D e AT 55 0 XV E )
st el R EA DR FH |, JH 3 o A o 8 47 3k R ]
TERRER A 25 238 | AT 48 FHAE AR 552 43 1 FH 2803 Koxt
T8 R S AR AR Y B 5 AL 0 KA AR
jj[m . R K G ( Oryza sativa ) [22:23] CE K ( Zea
mays )Y RGP SR o B ) 4 S 2 A MR
SEPEFE DS B, (0 2 AR R S 5 R B i F
FEAS S o A SR T A il 20 20 2 S 2R s L2
TRVEH 1 MR SRR M SR B e B [H] SIRSP3, vk
HAK K#s R 3h +IF 2 4 p1300GN #4k H fy
CaMV35S JAZh ¥, il U o S I AL AT GUS G
TIE S AR R S R SRR B

FE IR A ZUVRE S 2k 2 R Bl XA
LT L B E T 2 AN N ) S s = B e B W
FAICHE R o3BT SR B0 SIRSP3 J& K 1 )3 3l 7 AL
£ TATA-box . Box4 . G-Box % .0 J8 3 T oo/ &
Seni B oo, iR 49 & REM2 . REM6 .\ MYCCONSENSU-
SAT SURECOREATSULTR11 .ROOTMOTIFTAPOX1 ,
OSE1ROOTNODULE #l OSE2ROOTNODULE % £ 4~
HRAFE S PR 3 17, 4 12 3k PR 3 o 2 o 14 D TR AR
SR TR AR S F 15, Gao 251 8 7T BioPros-
pector . Weeder , Homer I Xtreme BT 489 K
& .276 N ELRE TF F 728 A 5 KR 4 S5k L IR R s
AT AT A, 2 B REM1-16 7EARKE
SRS B SRR S TR
S 8 7, %45 %5 SIRSP3 SN J3 8 + h fE 18
REM2 .REM6 —&(, #&78 REM 3 /3 76 M3 45 S 8
T LA PR ST s IR AR R B, K 6 AR
S GmPRI JEH G 8 XA SF I MYCCON-
SENSUSAT Jof, %l SIRSP3 F:M 3 81 T & A %
TOH, GG HARTR R R R R X — R IR MY-
CCONSENSUSAT JtfFZ 5 & & & M#E R 4E T 55
YIRS

Ry AT AR AR S P 3 RS Bl I A T i 3
AE, AT FE R 5/ sl 2k 2, i T A A
SIRSP3 N F3 311 (2 000 bp .1 300 bp.700 bp.300
bp) HLik A GUS 4 3 P A 9 22 3k 0k, I3 2
PR IT s G AL AT DI RE I UE . GUS dl 2 fk 2% s
g5 2 000 bp A1 300 bp SIRSP3 FE R 3 3l
YR M IR A SRR Sk 3K T 700 bp A

300 bp )5 30 B I 35 PR 52 300 20 g 78 % iR A
. BERAEPIIIER I 11 MR R e A B
RS T YIEA 2R R A T, X R TT I
JEA IR RS PR 2 I8 1 A R 5 S A S
SEIR—H, AN, R AR R oo R U SRR 414
e PER IR A B LA AR 7E IF AR R DL
Sy SR R, BN, SINRT2 3&H K G h
SINRT2.4 34 JA 3l F IR SE AR FE R R JT A i 415 58
PRAEAR SRR S 30K 1T SINRT2. 3 FEKFI SINRT2. 5
SR B R AR AR S 1 T 1, A0 R T A 1 s T
fi BuE S UL S HA A E G EAE LR, i
KREFMR e M 2P GUIERRT ) R se
AR 22 1) 2 L B4 . 300 bp A1 700 bp 4 SIRSP3
SR E ST IX BRI B A S AR 10 AT R
AR SR SR e, A0 S B4 A TR R R R, X 5
2= SRR B SE K BRAR IR Y ——GluC &R 1 42
KR a7 HA LR 5k e ik R i 1% 8 7
B 2 -999 bpht, HAEZE i i3l 7Rk, b
IREEIRL R, SIRSP3 23 31700~ 1 300 bp Xk
A BEAFTE AR SRR 5 1 e 28 1 I A FH e 24 s 1
JEHR L BRI =CAE FH T A, 31X 26 0T (38 1o & 24
(IR I N PR FEAR R ek . IR &bl
K H CRISPR-Cas9 /5 1 3 7 5w BB A | itF—
RIS 5 U 3l F A% O IR T

4 4

Zi L R B KHGE T SIRSP3 3 ) 8h
FHREESFYERS BT, 1 300 bp SIRSP3 KK 5 8 78
PR BB SE 2 11 [R) I 8 8 4 P 9 B, R 23
I R GAR L T S R e sh PR iR M
WG R 37, SIRSP3 LK 3 3h 111 1
ARG E RLPTI /95 7 WOORE SE B R FEAR T A 2 3k
AR R T ARG R EE T E
HRR R PR S 2l 1 BEUR, Sy i S A A B
YIRS PR R R 3 1 i e B It 1 A RO, St
WL TR K 2 B LA R G P AL T R AT A
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