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Genome- wide identification and expression analysis of the strictosidine

synthetase genes in tomato

FAN Bingli, TANG Guangcai, MA Xingyun, JIA Zhiqi, GAO Yanna, ZHANG Shiwen

(College of Horticulture, Henan Agricultural University/International Joint Laboratory of Horticulture, Zhengzhou 450046, Henan,
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Abstract: As a key enzyme in monoterpene indole alkaloids biosynthesis, strictosidine synthetase (STR) plays a decisive
role in the synthesis of indole alkaloids. At present, there are some reports about the STR genes function in Camelliasinen-
sis, Arabidopsis thaliana and other plants under adversity stress. But the related studies have not been reported in tomato.
In order to study the function of STR genes in tomato, 14 strictosidine synthase genes (SISTRI-14)were identified from to-
mato genome, and their physicochemical properties, gene structure, phylogenetic evolution and expression patterns were
also analyzed. The result of physicochemical analysis showed that all SISTR except SISTRS, 9, 11, 12 and 14, were hydro-
philic proteins, and subcellular localization prediction showed that all SISTR were located in vacuoles. Phylogenetic anal-
ysis showed that STR famliy genes were unevenly distributed in VI groups of Solanum lycopersicum, Arabidopsis, Oryza-
sativa and Camelliasinensis. Cis-acting element analysis showed that the promoter regions of SISTR genes contain several
regulatory elements related to stress and hormone responses. The results of gene expression analysis showed that SISTR
genes were mainly expressed in the stem, leaf and flower tissues of tomato. Drought and high- temperature treatments
were applied to tomato seedlings, and the results showed that, compared to before treatment, the expression levels of most
genes significantly increased after treatment. However, a few genes such as SISTRI, 2, and § showed significantly de-
creased expression levels after drought treatment, while SISTRS, 11, and /2 showed significantly decreased expression lev-
els after high-temperature treatment. This indicates that the expression patterns of the STR gene family are different when

facing different adversity stresses. The results of this study identified the physicochemical information of STR genes in to-
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mato, and provided the direction for further research, the specific gene function still needs further verification.
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Table 1 Reaction system

i (S
Component Volume/pL
2xHQ SYBR QRT-PCR 5.0
1E[H 514 Forward primer(10 pmol -L™") 0.4
J 17514 Reverse primer(10 umol-L™) 0.4
cDNA 4.2
Total 10.0

2 14 STR EEAH qRT-PCR 5]
Table 2 qRT-PCR primer of 14 STR genes

BEIA ARk ST 51 5

Gene Forward primer sequence(5'-3") Reverse primer sequence(5'-3")

SISTR1 CGCTGGGCTTACGATTTGA AACTTCTGTGACGAGTGGGGTA
SISTR?2 TGCTGAGTTGCCAGGGTTT TCCTCGCTTAGCTTGATTGC
SISTR3 CATAGGAGTAGCCGATGGACG TTTAGGAGCGAATGGTGAGGTA
SISTR4 TGTTGGCAGTGTATTGTGGGT TTGAAGCAAATTTTGTGAATCTTT
SISTRS TTTACTCAGCAGAAGATAGTGGGA AGTGACAGACCGTTTGGGAAT
SISTR6 TCTTCTTTCCCTAGCCTTTGC CCTAACCGATTATTCTTGTCTCCA
SISTR7 GAAGGGCCTTATACTGGAGTTGC CCCAATGGCCTTCCACATAC
SISTRS CGGTGTTGGAGATGGCAGAG GAGACGGTAGAGGTTGTGGC
SISTR9 AGCAGGGGTAGCACTCAGCA AATCACCGGATACAGTCCTCTTAA
SISTR10 TAGGACCAAGGCAAAATGTGA CCAACCACCACGAGTCCATAA
SISTR11 CCTTGAAAGCAAAGATACAACAGG CATCTAAACTGACTGCCACTCCTA
SISTRI2 CGCACCTTTTGCCTTTCTC CTCCCTGTTGTATCTCCGCTTA
SISTR13 AGCACCCGAAGACGTAGCCT TGAAAACCCAATCCTCCACC
SISTR14 TAGTTTGTGATGCTCAAGAGGGAC GCTTCCACCACATCATCTGCTA

2 AR5

2.1 SISTRERFERIERE S TFHHE

EH VSRR 14 4> STR JE A B AL S VE 3T T
3T, S5 R B (% 3), SISTR & 8 K i 4
N 246, KN 652, Ho SISTR6 A1 Xt 43 i & #ix
K, SISTRI2 # /N, 53524 2.98 kD F1 4.68 kD M

SEHL IR AT 4 R L SISTR 2 M 25 HL AR
INGETF5.18~9.44 2 [H] . SISTRI~7.10 1 13 & A
(1355 K 20N T 0, R IX L SISTR &5 [ 7]
BE A2 K 1 B (1 5 1T HoAth SISTR 25 (1 (T #4355 7K
RECKT 0, UL WX B 25 (W BB N B K M B 5 T
41 L 5 o7 TR 1 45 SR 3K B, SISTR & 11 #8 & Ar F
Wi

.29.



X B B 50 it [ §37%

=3 SISTR ZEEREBHER
Table 3 Physicochemical information of SISTR proteins
. RARERKE PR S AHXS 731 ot & SOFHISRIK R A V2 5 57 TR

& ) Amino acid Theoretical Relative molecular Total average Subcellular localization
Protein length isoelectric point mass/kD hydrophilicity coefficient prediction
SISTR1 372 6.84 40 744.60 -0.091 W Vacuole
SISTR2 403 5.87 44 929.40 -0.107 Wi Vacuole
SISTR3 351 5.82 38 905.67 -0.066 Wi Vacuole
SISTR4 392 7.57 44 135.46 -0.246 Wi Vacuole
SISTR5 304 6.47 34 162.52 -0.131 Wi Vacuole
SISTR6 414 6.77 46 864.94 -0.191 Wi Vacuole
SISTR7 377 5.89 41 660.46 -0.112 W Vacuole
SISTRS 327 7.60 35717.84 0.035 W Vacuole
SISTR9 652 5.96 36 483.57 0.028 i Vacuole
SISTR10 246 9.39 36 336.56 -0.032 it Vacuole
SISTR11 333 9.44 36 764.40 0.060 it Vacuole
SISTR12 274 6.59 29 850.41 0.134 I Vacuole
SISTR13 371 5.18 41 288.05 -0.150 Wit Vacuole
SISTR14 354 5.77 3925430 0.099 Wi Vacuole
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Fig. 1 Phylogenetic relationships of STR proteins in Solanum Ilycopersicum, Arabidopsis thaliana, Oryza sativa
and Camellia sinensis
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SISTR-5 SFFI FQ8GSKGRLRKYMWLKGEKAGTSEVI Al . LP| K}A[ HCRRTI YSYI NGI YPRLRQFLLKLPI SAKLQYLI HI GGRFTAVVVKYSPEGKLLQI LEDRQGKV. VRAVSEVEER. DGKLWVGS VLVS 383
SISTR-6 SFFVFC8VAKGRLQKYMLKGEKAGTFEVNAV. LP| K/AI HCRRTI YSYI NSI YPQLRLFLLKLPI PVKLRALLHLGGKLP Al VVKYNPEGKLLRI LEDEEGKV. VRAVSDVEEK. DGKLWVGSVLMP 296
SISTR-7 TFLLFTBTTNCRLMKYWMI EGPKRGI VEI VAN. LP{€F| LVAI DCCRTRAQEVLI NNPWVRST YFRLPI QVRYLARL. MGVKMVYTVI SLENENGEI I DVLQDKKGVV. NKLVSEVREV. NGKLW GTVAHN 406
SISTR-8 SFLLVS[8AI GKRI RRFMLKGAKANSSDVEAN. [ K}AVVTVKTK\/L. . TTPTITSTGQRI NQSGKLVETRDFTAQYNSFNGI TEVQEY. NDKLYI GSLDQN 320
SISTR-9 SYLLVS[SAI GKRI TRFMLEGTKANSSDVETN. I K/AVVSVRI KLL. . ITPTLNSTGQRI NQLGEVVETRDFTAQYTS ANGI TEVQEC. NDKLYI GSLDQN 329
SISTR-10 SYVLVTEYI AQRI RRFMLKGAKANS SDVF AN. VI{€I K/AI SNTKQ. . ... PTTFSLGQRI NQFGKVVETCNFTAQYNSPNGI TEVQEY. KGKLYVGSLDQN 325
SISTR-11 SYVLVTISLI ANRI KRFWWRGTRANTSQEETN. L /AVNI VNNQS . MTPPKFSFAQKI NVLGNVF VSLNLSTQYR. . NSI SEVQEK. FGRLYI GSLEED 326
SISTR-12 SYLLVS[STI AKKI RRFMLI GAKANSSDVEAN. I [ KRTELGDERVAVAVLN. . . . ottt e e e e e e e e 274
SISTR-13 NYVI FOBTPLRKCKKYHI KGEKKGS VDVE VDNLP{EF | AFASENTYSVWDLTLKYPFI RKI MAI MVKYVGQ. . . . . PKTEKNGGVLS VDLQGNPLEHYYDEDLTNMVSSGI KI GBHLYCGSVKSPYI LRL 363
SISTR-14 DYLVV(8S WKFRCQKYMLKDENKGQTEI EI DNL I KLAPDGSFNI ALVQVTAPRLNFI HKSRASKHLLATFP. . . . KLNKWNMGAYDKANVVNVAADGKI TKGFDDPNGKV. NSFVTSVLEY. DDHLYLGSLSCD 342
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SISTR-1 FLGVYEL. . . . 403
SISTR-2 FLRVYEM. . . . 351
SISTR-3 SLGVYQLL. . . 377
SISTR-4 FVGVHELS. . . 372
SISTR-5 FISVYQLE. . . 391
SISTR-6 FI AVYQLQ. . . 304
SISTR-7 414
SISTR-8 327
SISTR-9 . 336
SISTR-10 FI GVFGV. . .. 332
SISTR-11 FVGVYGV. . . . 333
SISTR-12 ... ..... 274
SISTR-13 NLKQYPAV. . . 371
SISTR-14 FI GKLPLTTST 353
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SISTRI —®»8®—0"—0- 80— _ " _ 8 " S Cis-acting element involved in gibberellin - responsiveness
SISTR10 —. —-C? ‘ ™ ) [ T W Cis- acting element involved in the abscisic acid responsiveness
SISTR1] —™ (T f‘_"\ . o~ Cis- acting element involved in salicylic acid responsiveness
SISTR12 —O-0——K \ . MO~ c—6— Cis- acting regulatory element involved in zein metabolism regulation
SISTR13 ——— — A"~ [ part of a light responsive element

SISTR 14 _ﬂ-_-u-_( p—_— LW W WY WO ——

Cis- acting regulatory element essential for the anaerobic induction

SISTR2 _aa ,_A_M— ,_A_‘ }_‘ Y _f ) A_* m Cis-acting element involved in defense and stress responsiveness
SISTR3 F\_@_ﬁf‘__fﬂﬁ_‘ ﬂ’ ™ 7‘_ ﬂ ) Cis- acting regulatory element involved in light responsiveness
SISTR4 —O—(—— ™80 " ~,r O part of a conserved DNA module involved in light responsiveness
SISTRS p m . o _™m Cis- acting regulatory element involved in the MeJA-responsiveness
SISTR6 ~r e N -~ ™o [ MYB binding site involved in light responsiveness
SISTR7 _A _‘1 A—F q‘_ P m_.‘ [ Cis- acting element involved in low-temperature responsiveness
SISTRS /- QW WA Ap -j_q_f\ —A—M. Light responsive element
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5 ; . ; : ; ; ; . . |3' MY B binding site involved in drought-inducibility
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Fig. 5 Distribution of cis-regulation elements in the promoter regions of SISTR genes
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Table 4 Cis-acting elements and biological functions of SISTR genes
W1 FA TG i
Cis-acting element Function

TC-rich repeats

i MeJA (1A H 6 Cis-acting element involved in defense and stress responsiveness

TCAC-box TRBE RN TG Cis-acting element involved in gibberellin - responsiveness

ABRE Z 575 IR N A FH 7614 Cis- acting element involved in the gibberellic acid responsiveness
TCA-clement IR R S =04 F JGF Cis- acting element involved in salicylic acid responsiveness

O,-site 2 5 TR & ARSI AT I E FH S04 Cis- acting regulatory element involved in zein metabolism regulation
GA-motif Z 55600 N 04— #543 Part of light responsive element

ARE TR 15 5% 75 I J0HE Cis- acting regulatory element essential for the anaerobic induction

G-BOX Z 5 B A JGF Cis- acting regulatory element involved in light responsiveness
BOX4 FeI R PR DNA BLER 35543 Part of conserved DNA module involved in light responsiveness
TGACG -motif i 5. MeJA BN G Cis- acting regulatory element involved in the MeJA-responsiveness
MBS 5T R2iFSHMH KA MYB 45447 55 MYB binding site involved in drought-inducibility

P-box T8 3 N2 JEAF Gibberellin - responsive element

MBSI RIEWAAE YA % R T Regulatory factor involved in flavonoid biosynthesis

CAT-box Z 5 o A AU NIRAAE F Je 4 Cis- acting regulatory element related to meristem expression
LTR IR IR 3. 7644 Cis- acting element involved in low-temperature responsiveness
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Fig. 6 Word cloud of transcription factors of SISTR gene
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