TTIRAN 2248 ( Jiangsu J.of Agr.Sei.) ,2025,41(10) ;1886-1898
1886 http: //jsnyxb.jaasaccn

sbie, W, ER G AF. K TOR KIREIEINA M RE RFGKFHEIAT[ )], 1L, 2025,41(10) : 1886-1898.
doi ;: 10.3969/j.issn. 1000-4440.2025.10.002

4

RKE TOR RirEBERABEENRIEFIES T

NS

kPR REH, FrRL,
R

(LT A BB LR 3 2740005 27T P Tl AT BRSTAE A AIHR oty VT8 R AL 2100195 3. H BT A s X A&
Argedt R, AR HER 2768005 4. E AR RHA B MBI 0T, ILAR 755 266101)

Akl x &, RER, F &', KRER,

Ik

g

b

WE. HNFERW(TOR) EAREYAEK KB MR N W EZRTHE T, HEXEY ToR 3 H iF
FAT AR, BAEREZREY RGP R IU N Z . ATFSR G B 220k S e T RE TOR R EK
T, A A T AR P B T KSR R R R B A L B ARNL E R BERE RR GRS A
et AR EAEMKRFAER L, 45550, GmTOR] Fl GmTOR2 & A FE A K BE X N2 468 aa, 44 4EH)
FER o BIHEATTHMER , 730 193 A~ 191 M BRI BERIL AL 5. GmTORI F GmTOR2 43 3145 T 1 5l
1Sk b BT IXAEAE VR R (ABA) SEATRR TG (MeJA) (LM (ETH) (FREEH (GA) FIZKAHER (SA) F5 0w i
TG, B CmTORI F1 GmTOR2 Wl H62 5 W (TR Whaa Eha ARG KGR 2 e S i fE 5%
SRAHEAR S HTEE R FEW , GmTORT F1 GmTOR2 7EZE2R A6 MIZE M T 3P R FRIK, GmTORI 1 GmTOR2 3% 7K W
G AR I RIA S NS LT A i (1 SR A R AR A . GmTORI Rl GmTOR2 SZ AR W38 | R 0 95 5 1A
RN FIG FRFEIK, qRT-PCR BAE45 %W, GmTORI .GmTOR2 FEHAEER Ml T B9 3 AR = 15 54 Sk 4H )
A REA T, ABE RGN T 6mTORI I GmTOR2 ()T FARE HEAL 3 R R F AR 5 T X K E TOR
FEFRAIASN, I A TR G SL e 9T 25 T IR SR RIS LA

XgR: KE; GmTORI; GmTOR2; ":¥WiE B, ik, FikEiE

RESES: S565.1 XEARIRE . A XEHS: 1000-4440(2025) 10-1886-13

Genome-wide identification and expression characteristics analysis of soy-
bean TOR family

ZHANG Zhongqi', DAI Mingyang®, LI Kunlun', LYU Linghua', LIU Lei', CAO Songxiao’, LI Pin',

ZHANG Zhenbiao*, XUE Moyong®

(1.Heze Academy of Agricultural Sciences, Heze 274000, China; 2.Technology Center, China Tobacco Jiangsu Industrial Co., Lid., Nanjing 210019,
China; 3.Donggang District Bureaw of Agriculture and Rural Affairs, Rizhao 276800, China; 4.Tobacco Research Institute, Chinese Academy of Agricul-
tural Sciences, Qingdao 266101, China)

Abstract: The target of rapamycin (TOR) protein serves as a central regulator in plant growth, development, and

stress responses. Current research on plant TOR genes
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remains limited, with particularly scarce investigations in
important crops like soybean. This study employed bioin-

formatics approaches to identify the soybean TOR gene

com tein physicochemical properties, gene structure, protein
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localization, phylogenetic relationships, evolutionary constraints, promoter elements, protein interaction networks, and ex-
pression patterns. Results revealed that both GmTOR1 and GmTOR?2 proteins contain 2 468 amino acids, with secondary
structures predominantly composed of a-helices and random coils, exhibiting 193 and 191 high-potential phosphorylation
sites, respectively. GmTORI and GmTOR2 are located on chromosomes 1 and 11, respectively. Promoter regions contain re-
sponse elements for abscisic acid (ABA) , methyl jasmonate (MeJA) , ethylene (ETH), gibberellin (GA) , and salicylic
acid (SA), suggesting GmTORI and GmTOR2 may participate in hormone regulation and responses to drought stress, salt
stress, cold stress, and Phytophthora sojae infection. Transcriptomic data analysis demonstrated that GmTORI and GmTOR2
exhibited predominant expression in shoot apices, flowers, lateral buds, and pods. Under flooding stress, their expression
in roots decreased initially and then increased, whereas the opposite pattern was observed in the leaves. GmTORI and Gm-
TOR?2 were down-regulated in response to cold stress, Phytophthora sojae infection, and ethylene induction. gqRT-PCR vali-
dation results indicated that the expression patterns of GmTORI and GmTOR2 under salt stress were largely consistent with
the transcriptome sequencing results. Here, we systematically analyzed the sequence characteristics, evolutionary relation-

ships, and expression patterns of GmTORI and GmTOR?2. These findings enrich our understanding of the soybean TOR gene

family and provide a solid theoretical foundation for their subsequent functional studies.
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%1 qRT-PCR 5|7
Table 1 Primer sequences used for qRT-PCR

HepA L5195 —3") Bl 51#(5'—3")
GmActin - CGGTGGTTCTATCTTGGCATC GTCTTTCGCTTCAATAACCCTA

GmTORI ACTTTTGGTTCGGATTGGGC ~ AGCTTCTTCCAGTGCCTCAT

GmTOR2 ACTTTTGGTTCGGATTGGGC ~ AACGGCTAGCTTCTTCCAGT

2 HEREH
21 KETOR BEEFREHRREE

M9 AP FPEE R 2 i e #) 17 A TOR B, 4%
R J& K & GmTORI ( Glyma. 01G241300) ., GmTOR2
(Glyma. 11G002600) , %7 4= K 5 GsTORI ( Glysoja.01-
G002491) , GsTOR2 ( Glysoja. 11G028577) , #1 7 I+ Ai-
TOR( AT1G50030) , #i . PsTORI ( Psat04G0647100) ,

K3 46 GRTORI-IA ( GH _ A01G0107 ) . GRTORI-1D
(GH_DO01G0098) . GRTOR2-12A ( GH _A12G0169 ) .
GhTOR2-12D( GH_D12GO0178) , ¥ ¥ NiTORI ( NbeO-
1200580) . NtTOR2( Nbel2g32960) , 7K OsTOR( Os-
05t0235300) , £ K ZmTOR ( Zm00001eb285840) , /)N
# TaTORI-1A( TraesCS1A03G0592800) . TaTORI-1B
(TraesCS1B03G0687800) . TaTORI-1D ( TraesCS1D-
03G0564400) , FRIIFEIF AtTOR Tk ZmTOR JK Fei
OsTOR T ¥ vafEGE Sb , HoAth 6 )% TOR Al 1
Ky %, WNPFhE] TOR JEHNER K E ML LA
®ZM TOR 3£ K, K& TOR1 FEH . TOR2 FE
HAT LRI ) HEAT 2544 3% . DUF3358 4% #4 38 FAT
ZEF I FRB 45458, P13Ke Z5F) 48 FATC 45 #4) 5
(B 1) AT 25 Ra Sl AR o AR

GmTORI 1 2 3 45 %
GmTOR?2 1 2 3 4 5 5
L 1 1 1 1 1 1 1 1 J
0 300 600 900 1200 1500 1800 2100 2400 2700

[OACTED))

1. HEAT Z5#935 ;2 . DUF3385 4535 ;3 . FAT 45 #4935 ;4 . FRB 254488, 5. PI3Kce 254408 ;6. FATC 45 #4938,
El1 XE TOR ZEHQZHE
Fig.1 Soybean TOR protein domains

2.2 XE TOR EEHIEHL R

H1 3¢ 2 40, K& TOR1,TOR2 & [ )% 51 K JiF
Y102 468 aa, X 53T & 43 5 277 480,277 670,
SEHL SN 6.41.6.44, NEAE RZE K
42.12 42. 19, J5 484553514 100. 39 .101. 18, &-F

*2 AE TOR FREUMER
Table 2 Physicochemical properties of soybean TOR protein

BIsE KR/ T 0, %0 2 K E TOR & A H A 3%
K, KE TOR1 2 1 TOR2 A& 1 4 I 200 it o2 47 75
M2s F X A BT, 25 1l %1, GmTOR1 5 Gm-
TOR2 11485 11 o B A 4 AR DL PR A s

wman awman B nente o sws FRERE MRS BTHRAE  EARER
GmTORI  Glyma.01G241300 2 468 277 480 42.12 100.39 -0.12 21 ffa 5t
GmTOR2  Glyma.11G002600 2 468 277 670 6.44 42.19 101.18 -0.11 41 i J

23 KE TOR BERZEMFMERTERF

KE TOR F % 1Y 5 IR 45 ¥ Fn A4 <7 56 5 0 &
2A, 2553 & GmTORI .GmTOR2 (A 51 T 514
57 A4, GmTORI F)3E R 7 514K BE 2350 000 bp,
M GmTOR2 & R Jy 51 A X 38 4, | b vl L, RS
TOR SEHBHMN e FEE 2 By 8K, mIE 2B
&l 2C A1, AR T TOR B H 4 3] 10 DAY

PRSFIHEFF (motifl ~motif10) | FEFF AR EEAHRL, M5
M ERF, JET 7 T 5, 37 1 TR
vy, BEF 1 FIIE)T 6 S Bk,
2.4 XE TOR EHZRLEMFFE

St B, K52 TOR & 4B 15 I ER RS
Sk, H1FE3 A%, GmTOR1 £ H 5 GmTOR2 HH
TREEHT o BRTE 7 LA A 68. 19% (68. 92% , Ik
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SYHLKVVGSLMFIFKSMGLGCVPYLPKVLPDLFHTVRTCEDSLKDFITWK
DRHPSNLMLHRFSGKILHIDFGDCFEASMNREKFPEKVPFRLTRMLVKAM
TRWRVQWYYRMFEATQDGLGKNAPVHSIHGSLLAVGELLRNTGEFMMSRY
KMRCLAALAQWDELNILCKEFWTPAEPAARLEMAPMAANAAWNMGEWDQM
PHLHKRNQKTLPGPHGDVTRPASDSSQQIQSMDEFPLDLWPSFASSDDYY
NDEFRTYLPVILPGCIQVLSDAERCNDYTYVLDILHTLEVFGGTLDEHMH
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Fig.2 Gene structure and conserved motifs of TOR family in soybean

iV o5 H A B0 h 2. 59% 2. 47% , B ¥ £A 5 HL Ay
1.46% 1. 13% , Jo AL 4 ith o5 Lo 20 500 oy 27.76% |
27.47% . % L], GmTORI &5 GmTOR2 & 11
TREE R BB 7 LG ARARL, o WERE RN G AL I
e ih Ry 3B RS AT

#*3 KETOREZFAMZHKEN

191 AN o O i R AL 02 e, H 22 S R i TR A
PR R 2 AR AL AR, s R
ez it

®4 KE TOR BEMEEBBRULMAS
Table 4 Potential phosphorylation sites of TOR protein in soybean

AT & DASE & R
Table 3 Secondary structure of TOR protein in soybean fefio it el Bt el B
- GmTOR1 118 53 22 193
R o WRTE T EL AEMREE L B R N TN
- (%) (%) (%) B (%) GmTOR2 119 51 21 191
GmTORI1 68.19 2.59 1.46 27.76
GmTOR2 68.92 2.47 1.13 27.47

2.5 KE TOR EBRIBEERIL LS

A BT AR A W R N B, =
SR R KR E i N R E S 54
KHEAE AR . TOR 8 FAE e 506 W A 38 aot
W AAE A AR ) A0 M N 15 5% 38, Howh iR Ak s
R X —d R REHE, KT TOR & H BRI
DA HTZE AN 4 FF R, GmTOR1 & 14, GmTOR2
R R BEIR fb 7 s B it B AR, 4350 193 A4~

2.6 KE TOR EEEzHFRAETHE

K& TOR B3 3T IR o4 i 2 B gl
& 3, & 3A 7[5, GmTOR1 .GmTOR2 Y HAT i Y& R
RITH( AAGAA-motif ABRE) ,GmTOR2 B A 6 1~ ¥
N ICH (ERE) , 2 F GmTORI; GmTORI BA 4 A~
S g 0 15 T6 44 ( CGTCA-motif \ TGACG-motif ) .2 >
IKAGIRMA S TT (as-1) ; GmTOR2 HAT 1 ANMEKZ iR
TG ( AuxRR-core ) | 1 /> 7K 4% R i 13 7G4 ( TCA-ele-
ment) ;{{ GmTOR] F A7 1 7555 Z WA W To/4 (GARE-
motif) , H1I&l 3B A %1, GmTORI .GmTOR2 ¥ BA7 # -+
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A B
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site) , H1I& 3C AJ %1, GmTORI .GmTOR2 [F)it BAG 4 Fih
S B TG4 ( MRE , AE-box . Box 4. G-box ), L4}, Gm-
TORI i HAT 2 FREA 176 [ T6 4 ( chs-CMAla Al
TCT-motif) , GmTOR2 & HA 2 TR A 1Y I 1 o6 1
(GATA-motif F1 I-box ) . GmTORI EA7 WRFL 325845
T (GCNA_motif ) | FOK P A (A QR 45 oo 14 (02-
site ) FAE IR A5 TG (CAT-box ) , GmTOR2 F

A 1ANSEEBRLEY) IR (MBS | £5 BA]
1, K TOR SEIRR B TIRE T o
C
WUN-motif 1 1 MRE
W box 1 2 AE-box
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Fig.3 Regulatory elements of TOR gene promoter in soybean
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I‘J/J?%IXT B SRR T S ALE R 99. 0%, JE
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Vg M DX F b ) AR Y (A 55 (0.002) , 7E
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Table 5 Results of selective elimination analysis of GmTOR1 and GmTOR?2 gene populations

HRES FEH Gl G2 G3 G4 G5 G6 G7 G8
™ GmTORI 0.005 0.004 0.002 0.003 0.003 0.004 0.003 0.003
GmTOR2 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001
Tajima’s D GmTORI 3.590 6.420 1.390 3.120 2.390 3.530 3.320 1.950
GmTOR2 0.463 2.590 0.088 1.360 0.155 -0.216 1.000 1.000
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Fig.5 Phylogenetic tree and collinearity analysis of TOR genes in plants
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