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WE 5 PE-6- R &l (trehalose-6-phosphate synthase, TPS)/Z& & Rl bl 1 S BN, CAEZ MM kIiES 5H
FORAEH WA, KR E MmN SR, B ET, TPSTE KT (Glycine max)H (BN D . 1% 3CHE KT 43
[RIHH %5 T 20N TPSE: I R HAL & R 10F B LA R4 7 . SR B Footh i R, KRETPSENME S FX & & K&
JoriE e B oA, Eh e A, 17 AN TPSE A I RE kA ARk, Hrr 1243 _FifERIA, 5N R T RERE . XTPSHEAT HAL
TR B A 0T, RIMTPS8. TPS13. TPS15. TPS17AITPS18/EE2F R S AR &, 4 TPS152, TPS13™2,
TPS172 M TPS18"™ 1 it Fh 70 e 15 S A b KB w48, 2RI N L. T 0878 T K S TPSEE R S0 i 43 T-H-AiE LA
J AR 8 T R IEB AL T 5, B AR AR — B AT KRS TPSIER 1 Dh g LA K BE & i 25 K 5 5 B AL 3R K 95 F s 4%

FEk.

XA ONE, WERE-e-UER OGN, Rk, Wik, ATk
ik, SKE, BRT, XNEHE, FEB, FHR, Y (2025). K TPSEER Sk L FHE T If R E AR K 545 B £ 00

ot HY#ik 60, 172-185.

K. (Glycine max) & 4x¥Kk) 2 P i) 8 B & 5
eV, FNFEHRAE 7R DY 73 2 — i 8 A B 40
SR, B s Ehasidb inl B 1 25 08, A BRIEM)
T 50%-80%, CLURCAHIZIRIEMAEKEE
[ EE RN K22 —(Hayes et al., 2019; Singh et al.,
2021). fEHPHEREETN, MWL TboK. AR E
PE. E IR Z DL T ReFRAG 5, 8 AR
WIS (Essah et al., 2003; Papiernik et al., 2005;
Munns and Tester, 2008). K5 & —fhh HUKEY),
RN TR G ERALA, 050G i A 5G 35 A S AR
SN R, X TREE W R AR, B R R A
HHEZEE X

EhIE 27 SR Y A0 P A2 v 14 4 (reactive oxy-
gen species, ROS), 5l &AM, Xf 240 i 2H
Gy IE A . AR IEA B 2 B AL R 22 i ROS

Wi H 391 2024-07-22; #5252 H#: 2024-12-14

gl EA N E . B, $LETT (Arabidopsis thalia-
na) GIGANTEA [A] ¥ 5 [K E2 [f) &5 {7 58 4% IF 1) 1
ROSIHBRAH I 2k, $2 M K & 10 ¥4 (Dong
etal., 2022), t4h, —FTHIGMCONSTANS-like 1ail
REHMHIROS 1A= 1 58 K 2 (1T #: £ (Xu et al., 2023).
3771, miR160aiiid v)#I 4K & I N K - (auxin-
response facotor, ARF) GMARF16/{%% 3t A {3k K
S #h, 1 GMARFL16 2 WU S A bHLH % 5% K - 1)
GmMYC2, i i 42 il U R (1 2 P B B AT R =2 %
L5 W38 ) 3E N (Wang et al., 2023). GmSIN1 (Salt
Induced NACL)f ik K GAR R A K IR aiit 2614, A
By TE P iE R4 &~ & (Li et al., 2019).

Vi 5 4 -6- T R 4 18 (trehalose-6-phosphate syn-
thase, TPS) & i & i ¥ & ifs e W 1Y) G Bk, 7F
TR S 6 o 38 Js Bk $5 BE 224 H (Van Dijken et

FETH: T7RE BRF AR EIUH (No.2023A1515011668). M JZITA H AR FH#£FE 5 (No.LH2021C078) A -t 44 BLAR AL AL 6157
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al., 2004). WIS E HIIANTPSER, 704
240 B, |2 AtTPS1-AtTPS4 F1 1l 2§ AtTPS5—
AtTPS11 (Vandesteene et al., 2010; Yang et al.,
2012). IZEEDN gmAd ¥ 25 1 B TPSHEAL TS 1, 7240
T o DR SE AT DAY R B BETPS 8k 2k RAZ Ak tsps 1)
HEERE A RS 77 (Lunn, 2007; Ramon et al., 2009;
Delorge et al., 2015). i 1253k K 4 i (1) 25 1 5126 45
FIARARL, HIFA B A TPSHEATE . /KFFE(Oryza sa-
tiva) R R 11ATPSER, B SR SE v 2
IKFERHGHR « KR ER PP (Li et al., 2011). fER
A PR AE T, /N FE (Triticum  aestivum) Al 35 42 1 15
(Medicago truncatula) ] TPS % [l v M i 2% 1 5%
(El-Bashiti et al., 2005; Song et al., 2021). H%=
(Ipomoea batatas) IbTPSE il & 14~ e ik i i
FHOCHE R b geak, MY s 5 7% (Jiang et al.,
2014). #JK(Cucumis melo) CmTPS4% 5ABAG 5
g, VR R AR AN SR BB IR 32 1 (Yuan et
al., 2021). fE@kr-E:41(Selaginella lepidophylla),
SITPS1 N & f#A it (Zentella et al., 1999). B
) 25 DR 2H B e R S, R R 2 R I TPS 2L [A]
Wy % 5, 5 M W (Populus sp.) < 3% IR (Malus
pumila). #E1£(Gossypium hirsutum). 4% (Sola-
num tuberosum). /NEFE % (M. sativa)ZE(Lunn,
2007; Yang et al., 2012; Xie et al., 2015; Mu et al.,
2016; Du et al., 2017; Xu et al., 2017; Song et al.,
2021). 8810, X T K= TPSHEE R Z % i 7L A A
PR, FLAE R e i B ob i R B 5T AN T T o

PRARAE A2 38 ek B A S b (1) G AL RTE A% 2,
DA A A5 o R0 B 4 oA T T i (B2 AR, 2017
Lu et al., 2022). Ik R vEK, HAEMA =
WA RIR AN Tk, SEYMLIEY S ennn e
AR [ R AT R ZL ) T 25 A AR BR AR Ak (Hammer,
1984). 587/ KG(G. soja)ki bk, ks KT #h
BEE(Li et al., 2024). HAl, CERTHEEHEZA
Wi 7 & 38 ) BE N, ELA TR & 2 PR A5 A AR S AR 9L
SRERED T NTEFE. B, 58w RHEF
(ethylene response factor, ERF)J& 2 514 v %
ety VIR IZA S Y/l SEN SN RS = 37 e S NI A R
153 MNERFF ik %[5, ERF158™ . ERF166"* Al
ERF170™ B f L e i 5 540w K S b Ve 0 B 4R
SEfAR . ERFL70™E K E 9IMG5E FE b 52 30055

AT, ERF158™ RIERF166" 78 Yil{k id f b iz i
TR, TS E N A AL e W] R B R SR
pan Ak B ) B DR SRR (B T4, 2024). i K
B 764 45 4 & A (dehydration responsive element
binding protein, DREB)XJ 1847 i1 HE A= P ik iE i 37 22
< %, DREB3afIDREB3DbIH] H 485 5 K G it 4h
M Z R %, H.DREB3bMAEA T T HARIEFEMA
TEHE, HH#E KT MDREB3b™N ML, ok B Ak
T HIDREB3b™ & & T it #h 7% . DREB3b%% fir £ [4]
1) % 58 N K 7 it 1 #2245 B (Hou et
al., 2022).

FE & KT T2 o [, AR O R I 1x
10° t, 4RI [P K & AR B, K k™ &
W, FREZREZe R REMET
W B R B U, T2 470.3x10° hm* A TF K
P (AR %S, 2023). WIRAEEE ) T E SR
RSB $h K A, AMAT LA R m 2Rt K 5
7= AT, I A 0 I SRR e A ORI RE /T .
b, AWFFAERIEKHKT R % E T KRG TPSHE:
R, S ARSI P SRge M A A ok AT 74
YGRS, FIF & EPCROWT T KETPSHEATE
EhE TR R, 855 K G ENFH
PEXT TPS 1) B Y S B R R AT 20 #, LAI3RTS 32
FEFEFOCHTPS HARL 7, N KT TPSE: 1D 6e
U J 3 B B K G AR A (1 1AL TR

1 MR5EE

1.1 EIME S8

HARF R K G R Williams 82 (Glycine max (L.)
Merr. cv. ‘Williams 82’) (LA AifRWm82), 7EifEN
25°C, AHXHREAT0%, Jal A& H IO
JH16/INI S R /8 /) BF BA I ) I iR == R 4T A (Dong
etal., 2022). HEAAHRAE 2 Bk T3 KGR+
TEME A IR SR, RIGHB B EHER 28RN
BT, 5K EVIR B R B (Fehr et al.,
1971); Bt J5 i A200 mmol-L™" NaCIfF: A & ié b
X I 2 0 4k 42 #E FENaCll it & 77 W+ 42 K (Dong
et al., 2022); 7£ £k Wria 425 4 /N o B EL I B A
o HWENEMHBEOERBNTA T, T
—80°CUKFHIRAF 25 F o BEAME R BB B .
AR IR R P R IR A R AR, B
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R HR AR I

1.2 RETPSEERENARZLESH

N T RBK G TPSE H T 41, A% % A Phyto-
zome M % (https://phytozome-next.jgi.doe.gov/) K]
BLASTPH 7%, L E IF TPSHE A F HIl1E NS % i
W, HRHE BN F B [RIVE I }950%, E-value<10e™f
brifE, FTEARGTPSEHTH. N T REYE, A
7t [A] i M Phytozome ¥ 3% Ui £ T 2% & (Phaseolus
vulgaris). 1 7& il F Bk (Lotus japonicus)HITPSE
FIF 5. {8 F CLUSTALW S 4 iX 248 2= 2 I TPS
FF 54T 2 S EEE, 96 F MEGAT BT 1) e K
L1487 (maximum likelihood method)f & R4k &
B, JEiL1 0007kbootsrapy Hr Tt Al 5 (Tamu-
ra et al.,, 2021). &5, FHAEL TRITOL (https:/
itol.embl.de/index.shtml) fit 1t & 4t & & # (Letunic
and Bork, 2021). B H 5 L%,

1.3 BEARTEFSH

4 T 3545 9k 5 TPS & A 5 5  AMEME (https://
meme-suite.org/meme/tools/meme)fE £k T. B, #k47
{55 J 5 T A2 47 (Baiiley et al., 2009). K A
RSP E T BOE N10, HESBRFFERANRE . KTk
2115 B 5 N TBtools ¥ -+, w] ¥/t MEME 45 ‘R
(Chen et al., 2023).

1.4 HEMSH

M Phytozome W i T %k K 2 % [K 2H fasta SC 14 A AH b
(g S« i FHl TBtools £ H IMCScanXidifF
XX e ST AT A EER 4 BT (Wang et al., 2012). fif
FCircos Iy Re 15 25 S nf M4k (Krzywinski et al., 2009).

1.5 IRAIER TS

M Phytozome M 3ifi T 2 K T TPSHE: [ 1iiF2 KbJE 3l
T4, FH# FPlantCARE (http:/bioinformatics.psb.
ugent.be/webtools/plantcare/html/) 7E £k 1. H. % /7 %71
HEAT 234, CABHARAEIN IR AR H o (Kelley et al.,
2015). #RJ&, f# A TBtoolsXt ik 7 2 i i =0 F otk
AT RIALAL(Chen et al., 2023). Jiliz0AF FH o #F 74
&R E2.

1.6 RNA-seqf1qRT-PCR

R 4% Dong %5 (2022) fIr ik S48 77 v, 43 I HK H T
200 mmol-L™" NaClabFLFIFENaCIAL Bk & f it A fil
R, IFH R 2ERNATR IR & (CWBIO, )
S RNA. fifi H PrimeScript RT Reagent Kit with
gDNA Eraseritifl£i(Takara, HA)¥i1 ug RNAK
SKACDNA. SR H SEI 52t € & PCRIR 7l £ (Takara,
Cat No.RR430)F1Roche light Cycler4801% #3347
qRT-PCR. #AN M EATR 10 L, &1 pLkikes
% ffIcDNA, 0.2 uL 10 pmol-L™'3#), 5 uL SYBR
Green Mater Mix, FiddH,O%h & & AKFI10 pL. 2
SR IK A TR 27T J7 ¥ (Livak and Schmittgen,
2001). LI WIRAEMFELE . FFKRIEE ST
TubulinffE N 2B K 34T 0 — L Ab B . R A Excel
AT XWE I Student’s 58, #ATREES . KNG
TPSIHE K JqRT-PCR 5| #1541 LI % 3

1.7 BREBSIMLERESH

R K S TPSHE A ) et iR &, 1 F veftools 3 £
A2 B H A B R AE 559 1 M REH I B R IR 2 A
(SNP)ERE S AL R B S 4 (Su et al., 2024). B 5
XF H bR DX B S N X AT 702K, BN T IXAE N
FEWFFEXT R, R X 35 1 SNP AT 545 2L 7y
Br, POEC AR RS RGPS o A . )
F veftools 51 A 7E 5591 K & F SR Fh R B2, 0 #fr
K ETPSHE: K 1 J& %1 Mb 5 | ¥ £ 4% - SNP 1 Fst
(BEAAK 8] 38 4% 20 AL 3R ) A (FhBERZ 7 IR 22 BRIk )M,
DABA B LIk 1 R AR

1.8 HiESH

SIS A K FH Excel A4 147 XUE 1 Student’s thi 5,
*%RP<0.05; **%£/xP<0.01; N.S. &/ T E &M%
5. fEQRT-PCRAMTH, REAFEA R HEATIREAR
A, DIRIREE R AT 5.

2 HER5404

21 KETPSEREFRERANLEESERFTE
Foth

AT CA I R TPSE H, 7EPhytozomel™
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i 347 BLASTPHE %, LA & K & 2 DA 40 o 1) 4 3
TPSEH. WML ER21NKETPSEH, Hi%iEl
A I 1A A 44 U A G R T, #2140 K G TPSE
F14 5l 7 4 NGmMTPS1-GmTPS21 (126 1) (51484,
2014). NHFEURE., HETALESREY HTPSHE
A RGKE KRR, HATEBGFEIF(AL). KE(Gm).
K (Pv). B TS (MOFE BKAR (L)) L7124 TPSHE A 751
P R GR B R(EN). R4 KGR B M, 3
RIS BB Y TPSEHMEHIZF, XETPSE A
A4y ~N22%, 4> 5 AClade IF1Clade I (5 bh2k,
2023). Clade |1 & AtTPS1-AtTPS4, GmTPS1-
GmTPS4. GmTPS20, PvTPS1-PvTPS3, MtTPS1.
MtTPS4 . MtTPS10 fI MtTPS12, LjTPS1-LjTPS4,
L2041 TPSEH . Clade I & K514 TPSEH .
BEJ5, FATFIFMEMERE T X K G TPSHE (A 1+
SEIE P REAT AT, L% E B0 motifs, FRTPS2141,

GmTPS16
GmTPS7

B1 I G RHE Y NE-6- R S (TPS) R G K & W
P P A S RHEYI TPS & A 43 ~225(clade IFclade I1). L
RNKETPSHEH. At UFTT; Gm: KE; Pv: 35, Mt: B
T4 Lj: EAKAR

Figure 1 Phylogenetic tree of trehalose-6-phosphate syn-
thase (TPS) from Arabidopsis and legumes

The TPS proteins from Arabidopsis and legumes are divided
into two clades (clade | and clade Il). The soybean TPS pro-
teins are highlighted in red. At: Arabidopsis thaliana; Gm:
Glycine max; Pv: Phaseolus vulgaris; Mt: Medicago trun-
catula; Lj: Lotus japonicus

s KETPSE ¥ H A Motif 2FIMotif 8 (&2; Kt
K1), XUTPSHE M FES AR, H—RUEME
Clade 125 TPS1-TPS4FITPS20, B A6 EA
{573 R, BiMotif 1. Motif 2. Motif 5. Motif 7. Motif
8FIMotif 9. Clade IIFITPS12FITPS19% H N—
X, HAETAEARTET, AHPFELE21 motifff]
AR, #4KEFETPS5. TPS8-TPS10. TPS1741
TPS18, EAINEHMRTETF. e — KB
TPS6. TPS7. TPS11. TPS13-TPS16, BH9ME
HRSFETY, 540X A7 T H A5 Motif 4, 1
dEMotif 10, HERITPS21&E AR T I FFK D, b
H'ETPSH WL EIMotif 2F1Motif 8, FAIHEN H AT G2

GmTPS8 —mm-mm . 3 -7~ mm Motif 1
GmTPS9 —mm-mm S S— - - _mgg;%
GmTPS10 —mm—mms - - :mgg;g
GMTPS17 — S - -mg:;g
GmTPS14 —mm-mm - mm— - == Motif 8
GmTPS13 —mm-mm -— - -I\M/Ighi; ?0
GmTPS15 —mm—mam - -
GmTPS11 —mm—m - - —
-[GmTPS19 - - -
GmTPS7 —mm—m - -
-[GmTPS16 —- -

H GmTPS6 —mm—mmmw S
GmTPS12 —mm—mmmm -
GmTPS5 —mm—mam - -
GmTPS18 —mm—mmm - -
GmTPS21 - -
GmTPS3 —mm—m— - —-. -
GmTPS4 ——mm—mm— T —)
GmTPS1 —mmm— - —-———-
GmMTPS2 —mmmm——n—-.——
GMTPS20 ——mm—mmm— -0 — -

5'I T T T T T T T T T 1 3'

O LSS OELO S
NP ECE S

B2 K ERE-6-RE R A B (TPS) R (R ~r I
KETPSH A Z ARG R & 7 5E VR HEFI40, St
Y EBMOMBTIER . I ZIRE R FE LR 51K (aa).

Figure 2 Conserved protein motif of trehalose-6-phosphate
synthase (TPS) in soybean

Phylogenetic relationships among TPS members and distri-
bution of conserved protein motifs in soybean, ten motifs
were identified. The bottom scale represents the amino acid
sequence length (aa).
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PR e AL, SEUE A ThREEL, BIIETPS21R
N5 SRR ETPS 7 Hr

2.2 KETPSEEILL&M ST

IR AN B R S I KR T RE ) O L
(Cannon et al., 2004), — il &, HECEEIRR—%
etk b B IL2ANAR AR 0 R E R, @ e A Z A
FESAME NN . B E 2 ) 5 B0 IR 4 R A7 A
KEREE YO X 5 (Wang et al., 2023). NIRF
KETPSER F MY EHLE], FATH FHMCScanX
PR HAEAT IR e 0T . SRR, fERERERA
th, H26% 5K ETPSIER M S<m A BEE L FF, H
HARK DRI E R 5L (EI3). X RN ETPSEH
KR A E B A B E AR R B E R .

23 KETPSEREBIFXIRRIER THS
I A H e R R IA e s i B R EE

-
m TQ‘%‘

k3
B3
o
K1
%
%
%
J
%
% gl

B3 KETPSH:R et i oA b e B A 7] 5% 5
Tt 2 M BEROR R 2R R

I KD TPSEK v Re 2 5 iz g, A7t
T 204N KETPSHK LiF2 Kbjash 1741, 3 RH
PlantCAREFE 5 2 #r iz i % ok . SR ER, 1K
S TPSERF (1) 27 [X 3 45 52 216500 =L 42 o4,
TPSHJE 3l X 3 AE7E K & 5 PR 55 ol a4 5% 1) i =X
YER e Aem N oo tE, BRTPSIER Al g2 5 KE
X RS N2 (B4 . AL, SR M SRR oS
BHEZ, AFEEKR. FEER. TERIKGRE
W B e . TPSHER 1 =X A F o436 5 5 R 78 iR
FL Pl AR A R R R IA A DG

2.4 KETPSEREZLhpmEEiE

KETPSH K A 3 7 XA AEVF 2 5 30 Bl 38 B AR
RIMAE e Do 7RI Ho2 5 52 2 b a1 4%,
ARHIFFEXF VA B I WmB2 A 3k AT Eh Ab ¥R, - 7E &b
5 4 /N 73 55 A 3R 2E RO 2L e R AT
®PCR, 7T TPSTEPIA KGR P KRB .

Figure 3 Chromosomal distribution and inter-chromosomal relationships of TPS genes in soybean
Red curves connecting pairs of genes indicate segmental duplications.
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Light responsive element

GmTPS17 — B B——I——an——-

~#—" mm Auxin responsive element
~ mm Endosperm expression element

GmTPS14-=#— w2 @ g u "= Gibberellin responsive element

GmTPS13— —m»—8—8—8— 1 11—

GMIPS15— —iB—&— & %
GmIPST1 -l

. mm Low-temperature responsive element
—#———— mm Drought-inducibility element

Defense and stress responsive element

GmTPS19— "+~ — - — W — — Abscisic acid responsive element
gmﬁg;s o _.'_’ iy S '_.' " g . l%ﬁlicylic acid responsive element .
| GmTPS5 - - R I ytochrome down-regulation expression element
GmTPS18-+—1——n- — % —®% 1+ — 5 —— mmMeJA-responsive element
GmTPS6 —— —&—n—mw-a—8—— ——m—8— -~ — mm Wound-responsive element
GmTPS12 ————m-w—mw-u-8————=®-8—8%— mm Flavonoid biosynthetic genes regulation element
L 'l—_t Root specific element

mm Seed-specific regulation element

mm Circadian control element

GmTPS3 — w— &8 —a —&— -
GmTPS4 m —& - ——8& —8——
GmTPS1 m-m=m — m
GmTPS2 —amm - —aa—8—m |

-

GmTPS20
5

3

B4 KSTPSIER RNFAAMEH o

0 200 400 600 800 100012001400 160018002000

LR B2 KbJa 37 g B F o s B AN TPSHE I b, DIARRIBIEFRC A RSB BIRAE A ok, A0 S m R E

FITCAF 2. rh R B 0 2 B R I8 3 1 21 (K (bp) o

Figure 4 Cis-element analysis of TPS genes in soybean

The cis-elements in the 2 Kb upstream promoter regions of each TPS gene are mapped, with different types of cis-elements
represented by different colors, as indicated on the right. The scale bars at the bottom of the figure represent the length of the

promoter sequence (bp).

iR, fE20NTPSERF F, BRTPS3. TPS4A!
TPS144F, HEIERNMRIELE R G EERE
Al Horr, BANTPSEL LR BUAR Hh 32 31y ie 471 [r)
VAT, 12 TPSHE A M F I H 52 25 1918 15 1) ik A5
. TPS2FNTPSSLE #h AL BE 5 I v AR R i R,
MTPS1. TPS18FITPS207E £h AL 5 i HE Al A
FaE XA, TPSLTE A HE 5 AR+ F R IL,
e o oW R A 2 5, T TPS18 M TPS207E 1
WEFR G o R R, FEAR I RIA L AR
b, B EAEAS FFR AL TR ML T REANTE], 3
AXAE R 58 B AL 52 3 E s i 4% (155 B EI2). TPS6.
TPS7. TPS8. TPS9. TPS10. TPS11. TPS12.
TPS13. TPS15. TPS16. TPS17HMITPS197E #h4b 3
S BT AR SR A B B N, SR E A AR
AR A ] e L AR iR AE 5, B EEAN
MR R R R B A 2h T R (K15, FHIEI2).

2.5 KETPSEREH A FERMYIMLIERE ST

FEAE YA R R o, 3 R i L 5 7 AR
{13 R AN F6 0 LATEL 52, T 20 17 P 3538 7 42
FAREE R AR IEF A, TSRS PSS
RS REh 2. B, 2R i &

B RIE R, W T2 R S AR R
(Huang et al., 2022; Zhuang et al., 2022; Sun et al.,
2023) NP2 K G TPSIHE R ST AR 57, AN S8 AT
T TPSHE DA iy 5 £ Y K HAEYIAG AN 25 1R 3 72 v 1 ik
. wFRt kB, TPS3. TPS5. TPS6. TPS7.
TPS9. TPS11. TPS12. TPS14. TPS16. TPS19
MTPS20J LT & A AR [R] X FAR 8 48 4 = [\ L RAR
AR, HEMZE R AT REAL T R B, A5 K
AT, BUEATRITREBONIR ST, RAS AT A2 iE ok
7 AR PR A B IE B RE T BRI (M EI3C, E-G, |, K,
L,N,P, S, T). TPS1. TPS2. TPS4. TPS8. TPS10.
TPS13. TPS15. TPS17HITPS181EE % Fh [ SR8 5+,
B R B AR RS A H i %, Horp— L
B(mTPS1™, TPS2M, TPS4™, TPS4™, TPS10™
FITPS10M) e K& g i a5 4 (I EI3A, B, D, J).
ERERMNZ, TPSERFEHAAEZ I MN Tik
PHRR, 5 TPS8. TPS13. TPS15. TPS17Al
TPS18. fETPS8I 4 i /7 71| A 71> 3 B 2 251
B, SEGZIEE RIS A EE A, TPS8™
TERTFR2 27600 B G-THE #t G SUE L7594 1)
IR (W) ST AR (L)FTIUR, TR T TPS8 ™. B4
KRG EEWHH, ERGYMLR S R e+, TPS8™
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Figure 5 gRT-PCR analysis of the TPS genes expression under salt stress

From left to right and top to bottom in the picture, they are TPS1 to TPS20 in sequence. * P<0.05; ** P<0.01; N.S. indicate no

significant difference.
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Figure 6 TPS genes subjected to intense artificial selection
(A), (C), (E), (G), and (l) represent the haplotypes of TPS8, TPS13, TPS15, TPS17, and TPS18, respectively. The figure shows
several important TPS haplotypes. (B), (D), (F), (H), and (J) represent the proportions of different alleles in wild (W) soybeans,
Landraces (L) and cultivated varieties (C), respectively. Data were obtained from 559 sequenced accessions (121 wild soybeans,
207 landraces, and 231 improved cultivars).
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Changes in the Expression of the Soybean TPS Gene Family
Under Salt Stress and Haplotype Selection Analysis

Jie Cao'", Qiulian Lu'", Jianping Zhai', Baohui Liu"?, Chao Fang"?, Shichen Li" %, Tong Su™?
"Innovative Research Center of Molecular Genetics and Evolution/College of Life Sciences, Guangzhou University,
Guangzhou 510006, China; *Guangdong Key Laboratory of Plant Adaptation and Molecular
Design, Guangzhou 510006, China
INTRODUCTION: Trehalose-6-phosphate synthase (TPS) is a key enzyme involved in the synthesis of trehalose and has
been reported to participate in regulating photosynthesis, carbohydrate metabolism, growth and development, and stress

responses in various species. Currently, reports on TPS genes in soybean are scarce.

RATIONALE: TPS is a stable non-reducing disaccharide, whose synthesis, decomposition and regulation not only provide
energy for plant, but also play an important role in plant growth and development and stress tolerance. The in-depth study
of soybean TPS genes and its relationships with salt stress is of great significance in elucidating the molecular mechanism
of soybean salt tolerance and improving soybean yield.

RESULTS: This study identified 20 soybean TPS genes and their associated 10 conserved protein motifs in the soybean
genome. Molecular analysis of the promoter elements revealed that the TPS gene promoters are rich in stress-responsive
elements. After salt stress treatment, the expression of 17 TPS genes changed, with 12 genes up-regulated and 5 genes
down-regulated. Haplotype and selection analyses revealed two major allelic variations in TPS8, TPS13, TPS15, TPS17,
and TPS18. Notably, variants carrying TPS15™2, TPS13"?, TPS17™2, and TPS18™ were significantly enriched in improved
cultivars that underwent strong artificial selection.

CONCLUSION: This study reveals the molecular characteristics of the soybean TPS gene family, their expression pat-
terns under salt stress, and their evolutionary history, providing a theoretical basis and genetic material for further eluci-
dating the functions of soybean TPS genes and breeding salt-tolerant soybean varieties.

Wild Landrace Cuitivar Wild Landrace Cultivar
41% 59% ® TPS8" 49 ' [
TPS8H2 81% 97% ® TPS17H
TPS17+?
n=114 n=201 n=218 =112 =203 =231
’ I
42% 96% 99% ® TPS134 9 o
/ : : TPS13% a 57%‘ ® TPS18"
TPS18?
n=99 n=205 n=224
n=118 n=199 n=221
54% 72%. 84%’ ® TPS15"
TPS15%2
n=115 n=199 n=221

TPS genes were subjected to intense artificial selection. The natural variations of TPS8, TPS13, TPS15, TPS17, and
TPS18 have been subjected to strong artificial selection during soybean domestication and improvement, with the variants
carrying TPS15™, TPS13"2, TPS17"2, and TPS18"2 being heavily enriched in improved cultivars.

Key words soybean, trehalose-6-phosphate synthase, expression analysis, salt tolerance, artificial selection

Cao J, Lu QL, Zhai JP, Liu BH, Fang C, Li SC, Su T (2025). Changes in the expression of the soybean TPS gene family
under salt stress and haplotype selection analysis. Chin Bull Bot 60, 172—-185.
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Appendix table 1 The TPS gene family in Arabidopsis and legumes
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Appendix table 2 Details of the cis-elements identified in the TPS gene family

M3 AT TPSHFQRT-PCRAHTHISI M5
Appendix table 3 Primer sequences of the TPS genes used for qRT-PCR
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Appendix figure 1 The composition of 10 TPS motifs
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Appendix figure 2 Changes in the expression of TPS genes under salt stress
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Appendix figure 3 Analysis of TPS haplotypes

(A)—(O) Haplotypes of soybean TPS genes. The data were combined from 559 sequenced accessions (121 wild soybeans, 207
landraces and 231 improved cultivars).

MiE4 7ETPSH:E A 2 MoJE BRI X BN BT AE R G ARG SRR AR A (K F st P

(A)—(T) 20/~ K TPSE KA MFstFIPIE . £LEHT kFR/RTPSEF N B . £dfisk A 5591 O P EH 1210 B 42 KT, 2074 AR KK b
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2 Mb genomic region surrounding
the TPS

(A)—(T) Fst and Pi of 20 soybean TPS genes. The red arrow represents the location of the TPS. The data were combined from
559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).

https://www.chinbullbotany.com/fileup/1647-3466/PDF/24-110-1.pdf
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Appendix table 1 The TPS gene family in Arabidopsis and legumes

Y

Species

SH RN

Reference genome Gene Name

FL LA A4 R

RS
Gene ID

Arabidopdsis

Soybean

Phaseolus vulgaris

Medicago

A.thaliana TAIR10

G.max Wm82.a2.vl

P.vulgaris v2.1

Vi.truncatula Mt4.0v:

AtTPS1
AtTPS2
AtTPS3
AtTPS4
AtTPS5
AtTPS6
AtTPS7
AtTPS8
AtTPS9
AtTPS10
AtTPS11
GmTPS1
GmTPS2
GmTPS3
GmTPS4
GmTPS5
GmTPS6
GmTPS7
GmTPS8
GmTPS9
GmTPS10
GmTPS11
GmTPS12
GmTPS13
GmTPS14
GmTPS15
GmTPS16
GmTPS17
GmTPS18
GmTPS19
GmTPS20
GmTPS21
PVvTPS1
PVTPS2
PvTPS3
PVvTPS4
PvTPS5
PvTPS6
PVTPS7
PvTPS8
PvTPS9
PVvTPS10
PvTPS11
PvTPS12
MtTPS1
MtTPS2
MtTPS3
MtTPS4
MtTPS5

AT1G78580
AT1G16980
AT1G17000
AT4G27550
AT4G17770
AT1G68020
AT1G06410
AT1G70290
AT1G23870
AT1G60140
AT2G18700
Glyma.15G210100
Glyma.12G234200
Glyma.08G120800
Glyma.05G163600
Glyma.20G120300
Glyma.07G172000
Glyma.12G129800
Glyma.01G031900
Glyma.02G033500
Glyma.18G136200
Glyma.17G067800
Glyma.02G086200
Glyma.04G180900
Glyma.05G036100
Glyma.06G184200
Glyma.06G275600
Glyma.08G288600
Glyma.10G270800
Glyma.13G092500
Glyma.13G264600
Glyma.07G169000
Phvul.011G170300
Phvul.005G076500
Phvul.002G243600
Phvul.007G031800
Phvul.003G053000
Phvul.002G072400
Phvul.003G150400
Phvul.003G198800
Phvul.003G016300
Phvul.009G180300
Phvul.002G102300
Phvul.011G127700
Medtr0034s0170
Medtr1g032730
Medtr1g109620
Medtr2g073260
Medtr3g078210



Lotus japonicus L.japonicus Lj1.0v1

MtTPS6
MtTPS7
MtTPS8
MtTPS9

MtTPS10

MtTPS11

MtTPS12

MtTPS13

MtTPS14
LiTPS1
LiTPS2
LiTPS3
LiTPS4
LiTPS5
LiTPS6
LiTPS7
LiTPS8
LiTPS9
LiTPS10
LiTPS11
LiTPS12
LjTPS13

Medtr3g467030
Medtr4g080160
Medtr4g129270
Medtr89g063790
Medtr89g087930
Medtr89105740
Medtr89g087910
Medtr3g467040
Medtr3g076810
Lj3g0024113
Lj4g0012591
Lj3g0025510
Lj3g0007787
Lj4g0012447
Lj2g0015842
Lj3g0019561
Lj5g0024862
Lj2g0022693
Lj4g0007903
Lj2g0018132
Lj4g0008825
Lj1g0010727
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Appendix table 2 Details of the cis-elements identified in TPS gene family

KR4 i E &R E i A FH T
Gene Name Start position Stop position Putative cis-elements
GmTPS8 1136 1185 Light responsive element
GmTPS8 1937 1984 Light responsive element
GmTPS8 1956 2006 Light responsive element
GmTPS8 807 856 Light responsive element
GmTPS8 536 584 Light responsive element
GmTPS8 1112 1160 Light responsive element
GmTPS8 1338 1387 Light responsive element
GmTPS8 494 540 Auxin responsive element
GmTPS8 1078 1124 Auxin responsive element
GmTPSS8 1193 1239 Auxin responsive element
GmTPSS8 856 903 Endosperm expression element
GmTPSS8 1206 1253 Gibberellin responsive element
GmTPSS8 591 637 Low-temperature responsive element
GmTPSS8 1138 1187 Light responsive element
GmTPSS8 1926 1975 Light responsive element
GmTPSS8 659 705 Light responsive element
GmTPSS8 1269 1315 Light responsive element
GmTPSS8 1500 1546 Light responsive element
GmTPSS8 1694 1740 Light responsive element
GmTPSS8 1767 1815 Light responsive element
GmTPS9 1272 1318 Light responsive element
GmTPS9 1926 1975 Light responsive element
GmTPS9 1257 1303 Light responsive element
GmTPS9 1675 1721 Light responsive element
GmTPS9 1746 1794 Light responsive element
GmTPS9 1813 1859 Drought-inducibility element
GmTPS9 613 659 Low-temperature responsive element
GmTPS9 122 171 Light responsive element
GmTPS9 1149 1198 Light responsive element
GmTPS9 1094 1143 Defense and stress responsive element
GmTPS9 1217 1264 Gibberellin responsive element
GmTPS9 559 607 Light responsive element
GmTPS9 46 94 Light responsive element
GmTPS9 142 191 Light responsive element
GmTPS9 1147 1196 Light responsive element
GmTPS9 1937 1984 Light responsive element
GmTPS9 1956 2006 Light responsive element
GmTPS9 515 561 Light responsive element
GmTPS12 801 850 Light responsive element
GmTPS12 1498 1547 Light responsive element
GmTPS12 484 530 Light responsive element
GmTPS12 492 538 Light responsive element
GmTPS12 654 700 Light responsive element
GmTPS12 696 742 Light responsive element
GmTPS12 370 416 Light responsive element
GmTPS12 487 537.5 Light responsive element
GmTPS12 489 540 Light responsive element
GmTPS12 490 539 Light responsive element

GmTPS12 492 538 Light responsive element



GmTPS12 652 701 Light responsive element

GmTPS12 654 700 Light responsive element
GmTPS12 369 414 MeJA-responsive element
GmTPS12 614 659 MeJA-responsive element
GmTPS12 780 825 MeJA-responsive element
GmTPS12 1618 1665 Light responsive element
GmTPS12 398 444 Drought-inducibility element
GmTPS12 610 656 Drought-inducibility element
GmTPS12 904 951 Gibberellin responsive element
GmTPS12 1511 1558 Gibberellin responsive element
GmTPS12 1622 1669 Gibberellin responsive element
GmTPS12 1788 1835 Gibberellin responsive element
GmTPS12 371 416 Abscisic acid responsive element
GmTPS12 484 529 Abscisic acid responsive element
GmTPS12 490 539 Abscisic acid responsive element
GmTPS12 492 538 Abscisic acid responsive element
GmTPS12 493 538 Abscisic acid responsive element
GmTPS12 652 701 Abscisic acid responsive element
GmTPS12 654 700 Abscisic acid responsive element
GmTPS12 655 700 Abscisic acid responsive element
GmTPS12 694 743 Abscisic acid responsive element
GmTPS12 697 742 Abscisic acid responsive element
GmTPS12 803 851 Light responsive element
GmTPS12 1730 1779 Light responsive element
GmTPS12 1732 1780 Light responsive element
GmTPS12 369 414 MeJA-responsive element
GmTPS12 614 659 MeJA-responsive element
GmTPS12 780 825 MeJA-responsive element
GmTPS13 1887 1934 Light responsive element
GmTPS13 182 231 Salicylic acid responsive element
GmTPS13 561 607 Low-temperature responsive element
GmTPS13 1195 1241 Low-temperature responsive element
GmTPS13 1382 1431 Defense and stress responsive element
GmTPS13 1503 1552 Defense and stress responsive element
GmTPS13 1096 1141 Abscisic acid responsive element
GmTPS13 1298 1343 Abscisic acid responsive element
GmTPS13 392 442 Light responsive element
GmTPS13 727 773 Drought-inducibility element
GmTPS13 1154 1200 Drought-inducibility element
GmTPS13 193 241 Light responsive element
GmTPS13 912 958 Auxin responsive element
GmTPS13 1507 1553 Light responsive element
GmTPS13 1602 1648 Light responsive element
GmTPS13 1095 1141 Light responsive element
GmTPS13 1297 1343 Light responsive element
GmTPS13 410 461 avonoid biosynthetic genes regulation element
GmTPS14 149 197 Light responsive element
GmTPS14 150 196 Light responsive element
GmTPS14 150 196 Light responsive element
GmTPS14 1737 1784 Gibberellin responsive element
GmTPS14 1076 1125 Wound-responsive element
GmTPS14 385 433 Light responsive element
GmTPS14 1919 1964 MeJA-responsive element

GmTPS14 1690 1739 Light responsive element



GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS14
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS4
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15
GmTPS15

511
1054
43
150
151
1403
1919
303
434
1276
26
1898
1322
1316
1896
625
1728
285
1029
794
1742
48
81
350
832
860

217
838
866
625
1729
1002
1903
1530
488
611
807
919
72
1650
217
1210
1887
228
774
978
1189
1560
250
1225
1411
1526
920

558
1103
90
196
196
1449
1964
349
480
1322
72
1944
1371
1366
1946
671
1774
331
1078
842
1790
94
127
396
878
906
50
263
887
915
670
1774
1049
1950
1576
539
660
854
965
118
1696
266
1256
1934
276
820
1024
1235
1606
296
1271
1460
1575
965

Endosperm expression element
Defense and stress responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Low-temperature responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Seed-specific regulation element
Seed-specific regulation element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Salicylic acid responsive element
Drought-inducibility element
Light responsive element
Light responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Gibberellin responsive element
Gibberellin responsive element
Light responsive element
Endosperm expression element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Salicylic acid responsive element
Light responsive element
Light responsive element
Light responsive element
Drought-inducibility element
Drought-inducibility element
Drought-inducibility element
Drought-inducibility element
Low-temperature responsive element
Low-temperature responsive element
Defense and stress responsive element
Defense and stress responsive element
Abscisic acid responsive element



GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS16
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6
GmTPS6

1868
722
601
785
875

1531
366
947
158

1254
645

1407

1824
645

1824

75

1069

1078

1105

1321
601
785
875

1531

1544

1524

1916
645
646

1407

1824

1825
506
720
722
336
489
491
645
646
648
489
491
648
689
490
1494
791
1616
335
608
770
1283
974

1915
771
646
830
920

1576
419

1000
204

1301
691

1453

1870
691

1870
121

1115

1124

1151

1367
646
830
920

1576

1593

1571

1963
691
691

1452

1870

1870
555
769
772
382
539
537
696
695
694
539
537
694
735
539
1543
840
1663
380
653
815
1331
1021

Light responsive element
Light responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
Light responsive element
Gibberellin responsive element
Gibberellin responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
Light responsive element
Endosperm expression element



GmTPS6 793 841 Light responsive element

GmTPS6 1728 1777 Light responsive element
GmTPS6 1730 1778 Light responsive element
GmTPS6 1507 1554 Gibberellin responsive element
GmTPS6 1620 1667 Gibberellin responsive element
GmTPS6 337 382 Abscisic acid responsive element
GmTPS6 491 537 Abscisic acid responsive element
GmTPS6 492 537 Abscisic acid responsive element
GmTPS6 646 695 Abscisic acid responsive element
GmTPS6 648 694 Abscisic acid responsive element
GmTPS6 649 694 Abscisic acid responsive element
GmTPS6 687 736 Abscisic acid responsive element
GmTPS6 690 735 Abscisic acid responsive element
GmTPS6 335 380 MeJA-responsive element
GmTPS6 608 653 MeJA-responsive element
GmTPS6 770 815 MeJA-responsive element
GmTPS6 1771 1817 Light responsive element
GmTPS6 1773 1819 Light responsive element
GmTPS6 1833 1879 Light responsive element
GmTPS6 203 249 Light responsive element
GmTPS3 329 375 Light responsive element
GmTPS3 766 812 Light responsive element
GmTPS3 794 840 Light responsive element
GmTPS3 1169 1215 Light responsive element
GmTPS3 728 776 Seed-specific regulation element
GmTPS3 1720 1768 Seed-specific regulation element
GmTPS3 963 1012 Light responsive element
GmTPS3 1217 1265 Light responsive element
GmTPS3 1201 1247 Abscisic acid responsive element
GmTPS3 1202 1247 Abscisic acid responsive element
GmTPS3 1707 1752 Abscisic acid responsive element
GmTPS3 1827 1873 Abscisic acid responsive element
GmTPS3 1828 1873 Abscisic acid responsive element
GmTPS3 936 983 Gibberellin responsive element
GmTPS3 1903 1950 Gibberellin responsive element
GmTPS3 537 585 Light responsive element
GmTPS3 87 137 Light responsive element
GmTPS3 772 821 Light responsive element
GmTPS3 800 849 Light responsive element
GmTPS3 464 510 Drought-inducibility element
GmTPS3 1668 1719 Auxin responsive element
GmTPS3 93 139 Light responsive element
GmTPS3 1629 1675 Light responsive element
GmTPS3 1201 1247 Light responsive element
GmTPS3 1827 1873 Light responsive element
GmTPS3 1201 1247 Light responsive element
GmTPS3 1706 1752 Light responsive element
GmTPS3 1827 1873 Light responsive element
GmTPS3 1286 1335 Light responsive element
GmTPS3 1217 1266 Light responsive element
GmTPS3 1280 1330 Light responsive element
GmTPS3 185 236 avonoid biosynthetic genes regulation element
GmTPS17 925 975 Light responsive element

GmTPS17 280 331 tochrome down-regulation expression element



GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS17
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS18
GmTPS7
GmTPS7
GmTPS7
GmTPS7
GmTPS7
GmTPS7
GmTPS7

189
720
1523
1408
1527
1117
174
183
919
1451
190
720
940
941
301
1167
744
1408
1527
870
857
623
624
915
1775
334
556
602
676
1509
1920
483
1590
1127
1045
1497
1682
447
1107
649
1288
857
709
1799
23
167
1589
45
71
668
685
686
1827
1828

235
766
1569
1453
1572
1164
220
229
967
1497
235
765
990
990
350
1213
793
1453
1572
920
902
670
670
961
1822
380
602
648
722
1555
1966
532
1635
1173
1091
1547
1729
493
1153
697
1336
902
756
1846
69
213
1635
90
116
713
731
731
1873
1873

Light responsive element
Light responsive element
Light responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
MeJA-responsive element
Light responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Auxin responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Defense and stress responsive element
Abscisic acid responsive element
Drought-inducibility element
Auxin responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element



GmTPS7 1533 1580 Gibberellin responsive element

GmTPS7 760 809 Light responsive element
GmTPS7 762 812 Light responsive element
GmTPS7 1319 1366 Light responsive element
GmTPS7 73 118 MeJA-responsive element
GmTPS7 643 688 MeJA-responsive element
GmTPS7 825 870 MeJA-responsive element
GmTPS7 917 962 MeJA-responsive element
GmTPS7 1540 1585 MeJA-responsive element
GmTPS7 1780 1825 MeJA-responsive element
GmTPS7 252 298 Light responsive element
GmTPS7 1097 1143 Light responsive element
GmTPS7 1106 1152 Light responsive element
GmTPS7 1136 1182 Light responsive element
GmTPS7 1332 1378 Light responsive element
GmTPS7 1891 1937 Light responsive element
GmTPS7 229 277 Light responsive element
GmTPS7 1436 1483 Gibberellin responsive element
GmTPS7 44 90 Light responsive element
GmTPS7 71 117 Light responsive element
GmTPS7 666 715 Light responsive element
GmTPS7 667 713 Light responsive element
GmTPS7 685 731 Light responsive element
GmTPS7 1827 1873 Light responsive element
GmTPS7 685 731 Light responsive element
GmTPS7 1827 1873 Light responsive element
GmTPS7 73 118 MeJA-responsive element
GmTPS7 643 688 MeJA-responsive element
GmTPS7 825 870 MeJA-responsive element
GmTPS7 917 962 MeJA-responsive element
GmTPS7 1540 1585 MeJA-responsive element
GmTPS7 1780 1825 MeJA-responsive element
GmTPS7 1228 1276 Light responsive element
GmTPS7 673 720 Light responsive element
GmTPS7 1867 1914 Light responsive element
GmTPS7 762 811 Light responsive element
GmTPS2 316 365 Light responsive element
GmTPS2 664 713 Light responsive element
GmTPS2 665 715 Light responsive element
GmTPS2 138 188 Light responsive element
GmTPS2 155 201 Light responsive element
GmTPS2 1013 1059 Light responsive element
GmTPS2 1043 1089 Light responsive element
GmTPS2 1057 1103 Light responsive element
GmTPS2 173 219 Light responsive element
GmTPS2 191 237 Light responsive element
GmTPS2 212 258 Light responsive element
GmTPS2 800 846 Light responsive element
GmTPS2 1007 1053 Light responsive element
GmTPS2 1011 1060 Light responsive element
GmTPS2 1013 1059 Light responsive element
GmTPS2 1025 1071 Light responsive element
GmTPS2 1041 1090 Light responsive element

GmTPS2 1055 1104 Light responsive element



GmTPS2 1057 1103 Light responsive element

GmTPS2 498 547.5 Light responsive element
GmTPS2 172 217 MeJA-responsive element
GmTPS2 214 259 MeJA-responsive element
GmTPS2 654 699 MeJA-responsive element
GmTPS2 799 844 MeJA-responsive element
GmTPS2 985 1030 MeJA-responsive element
GmTPS2 1027 1072 MeJA-responsive element
GmTPS2 115 161 Auxin responsive element
GmTPS2 1083 1129 Auxin responsive element
GmTPS2 242 290 Light responsive element
GmTPS2 1728 1774 Drought-inducibility element
GmTPS2 585 631 Low-temperature responsive element
GmTPS2 314 364 Light responsive element
GmTPS2 316 364 Light responsive element
GmTPS2 665 715 Light responsive element
GmTPS2 666 714 Light responsive element
GmTPS2 1526 1573 Gibberellin responsive element
GmTPS2 156 201 Abscisic acid responsive element
GmTPS2 174 219 Abscisic acid responsive element
GmTPS2 192 237 Abscisic acid responsive element
GmTPS2 212 257 Abscisic acid responsive element
GmTPS2 801 846 Abscisic acid responsive element
GmTPS2 1007 1052 Abscisic acid responsive element
GmTPS2 1011 1060 Abscisic acid responsive element
GmTPS2 1013 1059 Abscisic acid responsive element
GmTPS2 1014 1059 Abscisic acid responsive element
GmTPS2 1025 1070 Abscisic acid responsive element
GmTPS2 1043 1088 Abscisic acid responsive element
GmTPS2 1057 1103 Abscisic acid responsive element
GmTPS2 1058 1103 Abscisic acid responsive element
GmTPS2 1649 1695 Light responsive element
GmTPS2 172 217 MeJA-responsive element
GmTPS2 214 259 MeJA-responsive element
GmTPS2 654 699 MeJA-responsive element
GmTPS2 799 844 MeJA-responsive element
GmTPS2 985 1030 MeJA-responsive element
GmTPS2 1027 1072 MeJA-responsive element
GmTPS2 1071 1118 Light responsive element
GmTPS2 1072 1118 Light responsive element
GmTPS19 1081 1129 Light responsive element
GmTPS19 555 602 Gibberellin responsive element
GmTPS19 617 664 Gibberellin responsive element
GmTPS19 68 114 Light responsive element
GmTPS19 468 514 Light responsive element
GmTPS19 744 790 Light responsive element
GmTPS19 773 819 Light responsive element
GmTPS19 950 996 Light responsive element
GmTPS19 990 1039 Light responsive element
GmTPS19 967 1017 Root specific element
GmTPS19 329 375 Light responsive element
GmTPS19 835 884 Light responsive element
GmTPS19 989 1039 Light responsive element

GmTPS19 991 1037 Light responsive element



GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS19
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS20
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS1
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11

1691
837
970
991
135
139
172
196
640
307
1216
838
970
9901
992
1691
68
277
1527
379
1039
320
369
373
429
580
911
938
968
1062
1465
1039
816
1281
1703
1116
651
478
441
1143
1808
22
1860
1682
113
188
300
395
416
1054
1320
1445
1690
414

1737
883
1016
1037
181
185
218
242
686
355
1264
883
1015
1037
1037
1736
117
326
1573
432
1085
366
415
419
475
626
957
984
1014
1108
1512
1084
864
1329
1751
1165
697
526
491
1190
1855
71
1906
1731
165
234
346
441
462
1100
1366
1491
1736
464

Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Defense and stress responsive element
Defense and stress responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Gibberellin responsive element
Abscisic acid responsive element
Light responsive element
Light responsive element
Light responsive element
Circadian control element
Auxin responsive element
Light responsive element
Light responsive element
Gibberellin responsive element
Light responsive element
Salicylic acid responsive element
Drought-inducibility element
Defense and stress responsive element
Gibberellin responsive element
Low-temperature responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element



GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS11
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10

416
1445
159
1511
1595
415
392
1617
33
1511
328
375
1425
1248
131
737
1275
1968
214
301
395
416
417
1054
1321
1445
1446
1691
920
1268
57
472
626
642
947
1122
1363
64
297
201
1476
1293
90
447
1556
263
1013
1014
298
233
997
942
828
1553

462
1491
210
1560
1644
464
442
1664
81
1560
374
421
1471
1301
179
785
1323
2016
260
346
440
462
462
1099
1366
1491
1491
1736
968
1314
103
518
672
688
993
1168
1409
110
343
337
1523
1339
138
495
1603
309
1063
1063
343
282
1045
990
877
1600

Light responsive element
Light responsive element
tochrome down-regulation expression element
Light responsive element
Light responsive element
Light responsive element
Root specific element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Low-temperature responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Abscisic acid responsive element
Light responsive element
Drought-inducibility element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Auxin responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Low-temperature responsive element
Light responsive element
Light responsive element
Abscisic acid responsive element
Defense and stress responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element



GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPS10
GmTPSS
GmTPSS
GmTPSS
GmTPSS
GmTPSS
GmTPSS
GmTPSS
GmTPSS
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPSS5
GmTPS5
GmTPS5
GmTPS5

1554
544
1712
1722
280
1037
1059
1683
1498
1302
850
405
1112
696
1800
611
612
908
1776
850
590
664
1510
1920
472
26
1449
1491
932
1132

1600
590
1758
1768
329
1086
1105
1730
1548
1350
895
451
1158
743
1847
658
658
954
1823
895
636
710
1556
1966
521
73
1498
1538
978
1178

Light responsive element
Light responsive element
Light responsive element
Light responsive element

Salicylic acid responsive element
Salicylic acid responsive element

Auxin responsive element
Light responsive element
Light responsive element
Light responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element
Auxin responsive element
MeJA-responsive element
Light responsive element
Light responsive element
Light responsive element
Light responsive element

Defense and stress responsive element
Abscisic acid responsive element
Abscisic acid responsive element

Gibberellin responsive element
Low-temperature responsive element

Drought-inducibility element
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Appendix table 3 The primer sequences of TPS genes used for qRT-PCR in this study

FER 44K
Gene name

Em5
Forward primer (5'-3")

FAEEIEY]

Reverse primer (5'-3")

GmTPS1
GmTPS2
GmTPS3
GmTPS4
GmTPS5
GmTPS6
GmTPS7
GmTPS8
GmTPS9
GmTPS10
GmTPS11
GmTPS12
GmTPS13
GmTPS14
GmTPS15
GmTPS16
GmTPS17
GmTPS18
GmTPS19
GmTPS20

CGAGCTGTTGGTGTTACAAAGGG
CGTGCACTTGACCTTCCTCAAGTC
GGATTCCATACCTATGATTATGCC
GCCAAAGGCAAGATGAGAGGC
GGGAAACTTGTGTTCCAGTACCC
ACACGCCTACTTTCTGCCATGC
ACTTCTTGAGATGGTCCCACAATC
ATCATCAATATGCAGACCCCGAC
GCTTTGGTCTGGCATCATCAAG
TCATTGTTAGTGGGAGGGGGAG
AACAATAAACAAGACTCCAAGCAG
TAACGGTCAAGAGTGGCCAGAG
CATTGTTAAAGCACCCAGTCCC
TGGGAAATGAACCATACAAGTACC
GTGACGCCGATCCTGATTTC
GAGATGGTCTCACGGTGGAGAATG
CCGTCTTAAATGCTCTATGTAACG
TTCATTCGTTCATTCATCTTTTGG
CACGGTTACTTCACTAGGTGGAC
TCGCATCAATGGCAGATTTGGAG

GGTGATGTCATGGACTTACTGTGC
GAACAACTTTATCATGCCAACCAG
CTTCAGGGAGTTCAAGGGCTTGAG
TGCAGTAGCCATTATAGTACTGG
CTCACACCCTGAGGTTTTACTTCC
TGCAAATACCTCGGCCTTTGGAG
GAACCATCAGTCGCCTCTGTATAG
GAAAGAACCTTTTCAGCTACCCAG
GTGGATTGCCATCATTAACCATAG
GTTGCTTCTGTATACAACTGCATC
CATTTTCCATTCAAAATCAGTCGC
AGTCCCTTGCTAACACCCTGTG
GTCTCTACAGAGGAACCGTCTGTG
CCTTTAGTAATCCCCAGTGACTTG
ATTTGTGGTGCTGAGGATGAGG
GCCATCAGTCGCCTCTGTATATTG
TTTTCCAATCAAGGTCTGCAGAC
CCTTGAAACCATTTTGATGATGGC
CTATATGTTGTCCCCTTATAACCC
AAATCAAGAGAGCGATCCAGGTG
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Appendix figure 1 The composition of 10 TPS motifs
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Appendix figure 2 The expression changes of TPS genes under salt treatment



W/L/C TPS1-Haplotype
25/43/35 H1 C A
Wma2 3/0/0 H2 G A
0/1/0 H3 G C
83/149/154 | H4 G © A
3/8/23 H5 G C A T
CDS nt #in Wm82 123 | 1672 | 1903 | 2521
AA #in Wm82 41 558 635 841
AA identified in Wm82 M R N S
AA change | W D P
B
W/L/IC TPS2-Haplotype
12/27/8 H1 A T G A
2/0/0 H2 | A T ¢ A
Wwm82|  33/0/0 H3 A T G A
6/0/0 H4 A A G A
2/0/0 5 | A A T & | 6 |
51/174/218 | H6 A A T G A
CDS nt #in Wm82 166 | 239 2468- 2585 | 2668
2469
AA # in Wm82 56 80 823 | 862 | 890
AA identified in Wm82 | E V R T
AA change \% G VT P A
C
WIL/C TPS3-Haplotype
1/2/0 H1 A G G C @ G
1/0/0 H2 Cc G G C C G
Wma2 1/0/0 H3 Cc A G C C G
1/0/0 H4 | ¢ A G c | A o
11/23/12 H5 Cc A G C C G
8/3/0 H6 | ¢ A G G c | A |
86/170/213 | H7 C A G G C C G
CDS nt #in Wm82 215 | 611 | 829 | 1156 | 1974 | 2533 | 2726
AA #in Wm82 72 204 | 277 | 386 | 658 | 845 | 909
AA identified in Wm82 T K A D | R R
AA change K R S N M S H
D
W/L/C TPS4-Haplotype
0/1/0 H1 G G G G A A G G
13/51/86 | H2 G G G G A A G G
0/2/0 H3 C G G G G A A G G
11/11/0 | H4 © G G G G A A G G
Wm82
1/0/0 H5 © G G G G A A G G
0 |6 | € 66 6 6 6 € A A G G
ove |[ww| e 6 6 6 G G -
4/24/70 | H8 © G G G G G A
57/44/87 | H9 © G G G G G A A G G
CDS nt #in Wm82 116 | 183 | 314 | 321 | 820 | 1015 | 1656 | 1886 | 1887 | 1897
AA #in Wm82 39 61 105 | 107 | 274 | 339 | 552 | 629 | 629 | 633
AA identified in Wm82 A L G E E E E K K Vv
AA change E F D D K Q D R N L

FHPE 3 TPSERAE BT

A~O KETPSEER A . Hidfaok B 5590 il 7 A BHL21 0 B A2 R G, 207 R K b Fh A
23143 A5 i ) o

Appendix figure 3 The analysis of TPS haplotypes

A~O Haplotypes of soybean TPS genes. Data are combined from 559 sequenced accessions
(121 wild soybeans, 207 landraces and 231 improved cultivars).



Wi/L/IC TPS5-Haplotype
Wm82 2/0/0 H1 A
1/0/0 H2 A
116/207/231 H3 A A
CDS nt #in Wm82 883 | 2135
AA #in Wm82 295 | 712
AA identified in Wm82 T E
AA change A G
=
Wi/L/C TPS6-Haplotype
Wm82 3/0/0 H1
118/207/231 | H2 G
CDS nt #in Wm82 970
AA #in Wm82 324
AA identified in Wm82 E
AA change K
G
W/L/C TPS7-Haplotype
Wm82 0/2/0 H1
121/204/231 | H2 G
CDS nt #in Wm82 454
AA #in Wm82 152
AA identified in Wm82 G
AA change S
H
W/L/C TPS8-Haplotype
3/0/0 H1 C A T G
0/7/0 H2 G A T G
1/0/0 H3 G C T G
Wm82 1/0/0 H4 G C A G
1/0/0 H5 G CC A T
2/0/0 H6 G C A T G
93/112/90 | H7 G C A T G
14/82/128 | H8 G C A T G
CDS nt #in Wm82 207 | 652 | 688 | 751 | 881 | 1802 | 1804 | 2276
AA #in Wm82 69 218 | 230 | 251 | 294 | 601 | 602 | 759
AA identified in Wm82 L R S L R | \Y; w
AA change F w C \Y; H S L L
BB 3 TPSHLERL S HT
A~O KETPSEER A . Hidaok 55590 il 7 A BRHL21 6 B AR R G 207 R S b Rl A
231 A .

Appendix figure 3 The analysis of TPS haplotypes
A~O Haplotypes of soybean TPS genes. Data are combined from 559 sequenced accessions
(121 wild soybeans, 207 landraces and 231 improved cultivars).



W/L/C TPS9-Haplotype
3/0/0 H1 G TCTA
Wm82 3/0/0 H2 T TCTA
0/1/0 H3 T G
112/205/231 | HA4 T G TCTA
CDS nt #in Wm82 1430 | 881 |405-407
AA # in Wm82 477 294 | 135-136
AA identified in Wm82 \ R
AA change A H nf del
J
W/L/C TPS10-Haplotype
17/0/0 H1 A C T (03 C A G G A C A C
0/1/0 H2 T C T C C A G G A C A C
0/0/15 H3 T A C C A G G A C A C
10/75/83 H4 T A T C C A G G A C A C
2/0/0 H5 T A C T C A G A C A C
1/0/0 H6 T A C T C A A C A ©
Wm82| 6/35/7 H7 T A C T (03 C A C A C
300 | H8 | T A c T ¢ c A T ¢ A c
100 | H9 | T A c T Cc c A A c I c
32/1/1 H10 T A C T (03 C A A C A C
6/0/0 H11 T A C T C C A G A C A C
oo | Hi2 | T A c T ¢ ¢ A G G A _T€C A cC
100 [ H13 | T A c T ¢ ¢ A G G A C AT
30/77/103 | H14 T A C T C C A G G A C A C
CDS nt #in Wm82 2545 | 2064-2065 | 1778 | 1668 | 1610 | 1558 | 1345 | 1111 | 1066 | 945 | 408 250 113
AA #in Wm82 849 689-670 593 | 557 | 537 | 520 | 449 | 371 | 356 | 315 | 137 84 38
AA identified in Wm82 H M A W A R K \ V L L S S
AA change Y stopgain V |[fsins| V C E [ L F fsins| G L
K W/L/C TPS11-Haplotype
4/0/0 H1 C A A
Wm82 6/0/0 H2 G A A
9/0/0 H3 G C A
2/0/0 H4 G C A
94/207/231 | H5 G C A A
CDS nt #in Wm82 1960 | 1555 | 1175 | 1166
AA #in Wm82 654 519 392 389
AA identified in Wm82 G H E N
AA change S Y G S
L
W/L/C TPS12-Haplotype
1/18/2 H1 A C A G
0/2/0 H2 C C A G
Wm82
1/0/0 H3 C A A
6/0/0 H4 C A C G
113/187/227 | H5 C A C A G
CDS nt #in Wm82 2045 | 2000 | 1541 | 1513 | 1092
AA #in Wm82 682 667 514 505 365
AA identified in Wm82 A Y S | Q
AA change \% S L \% H

M & 3 TPSELfE AL/t

A~O KETPSERF MM . Hidliok 55590 Sl 7RI RHA2U M BF 4 KB 2074 AR Z A A
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Appendix figure 3 The analysis of TPS haplotypes
A~O Haplotypes of soybean TPS genes. Data are combined from 559 sequenced accessions
(121 wild soybeans, 207 landraces and 231 improved cultivars).




W/L/C TPS13-Haplotype
3/0/0 H1 C G G A C C G A A
1/0/0 H2 c c G G A c c e A A
13/0/0 H3 © € G G A C c G A A
1/0/0 H4 c c ® ® A - c ® A A
10/6/3 H5 c c G G G A c G A A
7/0/0 H6 c c G G G A c c G A A
wms2| __ 1/0/0 H7 c c ® G G A A c - ® A
21/2/0 H8 c c G G G A G A c G A
0/1/0 HO | G c A G G G G A G T A c c G A
4/0/0 H10 | G c A ® c G G A G T A c c G A
5/0/0 H11 | G c A G c G G A G T A c c G A
1/0/0 H12 | G c A ® c ® G G A G T le  c c ® A
1/0/0 H13 | G c A G c G G G A G T A c c ¢ HEH
31/196/221 | H14 | G c A G c G G G A G T A c c G A
CDS nt #in Wm82 2506 | 2481 | 2405 | 2389 | 2168 | 1910 1188%? 1381 | 1189 | 1094 | 1093 | 1079 | 1069 | 928 | 514 | 344
AA #in Wm82 836 | 827 | 802 | 797 | 723 | 637 | 630 | 461 | 397 | 365 | 365 | 360 | 357 | 310 | 172 | 115
AA identified in Wm82 E D N E A G Vv E K w w Q Q L D D
AA change K E T K \ E fs del K Q |stopgain R R K \ H G
N
Wi/L/C TPS14-Haplotype
19/0/0 H1 A C C A T G A
3/14/53 H2 G C C G A T G A
2/0/0 H3 G A C G A T G A
1/0/0 H4 G A C G A T G A
Wm82 2/0/0 H5 G A C C A T G A
1/0/0 H6 G A © C G T G A
71614 H7 G A C C G A G A
1/0/0 H8 G A © C G A T A
4/0/0 H9 G A © C G A T G
73/183/160 | H10 G A C C G A T G A
CDS nt #in Wm82 2564 | 2305 | 1785 | 1718 | 1619 | 904 791 154 109
AA #in Wm82 855 769 595 573 540 302 264 52 37
AA identified in Wm82 G T F P S | F A M
AA change E A L R T \Y S S \%
(@]
W/L/C TPS15-Haplotype
2/45/1 H1 C G G
4/5/4 H2 A T G G
Wm82 1/0/0 H3 A C G
50/10/35 H4 A C G G
1/0/0 w5 | A ¢ T & | A |
57/139/181 H6 A C T G G
CDS nt #in Wm82 128 172 989 | 1420 | 1429
AA #in Wm82 43 58 330 474 477
AA identified in Wm82 K R F A \Y
AA change T Y T |
P WIL/C TPS16-Haplotype
1/0/0 H1 C A
Wm82 0/1/0 H2 T A
2/0/0 H3 T C
118/206/231 H4 T C A
CDS nt #in Wm82 62 466 | 1594
AA #in Wm82 21 156 532
AA identified in Wm82 G R T
" AA change \% W S
B 3 TPSHLMER

A~O KETPSEER A1 . Hidfaok B 55907 il 7 A BHL21 0 B AR R G, 207 R K b Fh A
23143 B il ) o

Appendix figure 3 The analysis of TPS haplotypes

A~O Haplotypes of soybean TPS genes. Data are combined from 559 sequenced accessions
(121 wild soybeans, 207 landraces and 231 improved cultivars).



W/L/C TPS17-Haplotype
1/0/0 H1 C G G C
15/0/0 H2 G G G C
0/1/0 H3 G Cc G Cc
Wm82
0/1/0 H4 G Cc G Cc T
1/0/0 H5 G Cc G G
79/38/7 H6 G Cc G G Cc
16/163/224 | H7 G © G G C T
CDS nt #in Wm82 244 296 512 | 1030 | 1502 | 1891
AA #in Wm82 82 99 171 344 501 631
AA identified in Wm82 \ S R D A L
AA change L C H N G \Y
R
Wi/L/C TPS18-Haplotype
Wm82 1/2/0 H1
103/135/96 | H2 T
14/62/125 H3 T T
CDS nt #in Wm82 1400 | 599
AA #in Wm82 467 | 200
AA identified in Wm82 L F
AA change P Y
S
W/L/C TPS19-Haplotype
3/0/0 H1 G G C T
3/0/0 H2 G G C T
Wm82 0/11/1 H3 G G C T
0/7/3 H4 G G G T
1/0/0 H5 G G G C
109/183/225 | H6 G G G C T
CDS nt #in Wm82 250 | 488 | 1175 | 1613 | 1820
AA #in Wm82 84 163 | 392 | 538 | 607
AA identified in Wm82 \% R R T L
AA change | M K | H
T
Wi/L/IC TPS20-Haplotype
1/0/0 H1 C A G
0/1/0 H2 G A G
Wm82
3/0/0 H3 G C G
2/0/0 H4 G C A
114/206/231 | H5 G C A G
CDS nt #in Wm82 1936 | 1744 | 1561 | 1313
AA #in Wm82 646 | 582 | 521 | 438
AA identified in Wm82 \% R T R
AA change | W S K
B 3 TPSHLAE AL 43
A~O KRG TPSER I HAFH . Fd R 55590 2l P AT RN 121 BF A K G 20740 4 5K i F Al
231473 He A .

Appendix figure 3 The analysis of TPS haplotypes
A~O Haplotypes of soybean TPS genes. Data are combined from 559 sequenced accessions
(121 wild soybeans, 207 landraces and 231 improved cultivars).
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2-Mb genomic
region surrounding TPS

A~T Fst and Pi of 20 soybean TPS genes. The red arrow represented the location of TPS. Data are
combined from 559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2-Mb genomic
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7

A~T Fst and Pi of 20 soybean TPS genes. The red arrow represented the location of TPS. Data are

combined from 559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2-Mb genomic
region surrounding TPS

A~T Fst and Pi of 20 soybean TPS genes. The red arrow represented the location of TPS. Data are
combined from 559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2-Mb genomic

region surrounding TPS

A~T Fst and Pi of 20 soybean TPS genes. The red arrow represented the location of TPS. Data are

combined from 559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).
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Appendix figure 4 Fst and Pi in wild soybeans, landraces and improved cultivars across the 2-Mb genomic
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7

A~T Fst and Pi of 20 soybean TPS genes. The red arrow represented the location of TPS. Data are

combined from 559 sequenced accessions (121 wild soybeans, 207 landraces and 231 improved cultivars).
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