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NIRRT R E EEWREEYZ — NP REE T 34 PSY VYU TaPSY1 5
INFERPRLE A O, B IR N R R R 2R N A DT, TaPSY3 X 52 T W e AR AT L 5T
PSY 3 A (1% Ty BE 22 15488 20X /8 22 P03 FhORURF BT 2 8 4 78 E 5 BEAE AR SC AL Rg I MK RS PSY &
F (AtPSY 1 OsPSY 1) B Z FE R 3 51 A 78 /I8 22 56 TR 20 800808 e b K 2%, X R 18 1R /N 22 PSY & 1 )7 51 it
T E AR B2 53 AT 5 Xof LA N 380 28 R 30 119 R ik B = AT 00 25 0 5 LA SR /N 22 PSY SR F 5 $2 it i
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1 #MBFTTIE

1.1 SEIH R A E T %

/NFZ PSY T HI AR B LLBLRE IF PSY (AtPSY, G1: NP_001031895) Fl /K #% PSY1(OsPSY1,GI:
NP _001389894) & H By & IR 71 A, 78 /N 22 8045 2 (http: //wheatomics.sdau.edu.cn/, Chinese Spring
protein v1.0) 4G &, EHU S AtPSY Fl OsPSY1 [FIE MR = T 6520 H & A PSY #iA M K& AW & 4 X M
B ML S YAKTE AL RAYV W5 33647 50 #r.

SRR M B /N2 R B8 49 FNPYAR 979, 1R U2 GIRLEE 20 “C 3 AR 4004 s 6 JA I 16 hOLIE -
8 h JARE  GIRBRAES 000 1) 5% WM —0 M, 2309 ] 250 mmol « L™' NaCl,100 pmol « L' ABA \15%
PEG6000 500 pmol « L™ MeJA ,100 mmol « L' SA 4bBR, 7EAL ] 0.3 .6.24 h HURE TF M-, 980 505 75 5 if 8
£ —80 CHRAF# . BRI 3 MY rER.
1.2 EYEERFESHAE

Z F7 5% R ] DNAMAN 8F 3547, #4673 8t MEGAT #F Neighbor-Joining ¥ £: ] 5 Gt AL .
% ProtParam (https://web.expasy.org/protparam/) 7E 2% B4 347 25 13 o7 B A 4 5 40 A S 20 0 2 7 1) T
>R A CelloChttp://cello.life.nctu.edu.tw/) 78 & B4 ¥E 47, R FH SOPMA (https://npsa-prabi.ibep. fr/cgi-
bin/npsa_automat.pl? page=/NPSA/npsa_sopma.htmD fE £ T B ¥EF7 — 24544 70 1.2k F MOTIF fE £k 4K
fF (https://www.genome.jp/tools/motif/) 73 ¥ 2 H R BV . TaPSY £ H B JE 3 F F 7 M WheatOmics
1.0 7R B % Chiep://202.194.139.32/) AR W, 16 HEE PURS BR 85 3% 7 ATG Ll 2 000 bp B9 751 ] Plant
CAREC(http://bioinformatics.psb. ugent.be/webtools/plantcare) & £k 4k 4443 B it X AE FH o 44
1.3 RNA #2E# RT-qPCR

MONZERAR I ARAT 9 A TaPSY JEHE ORF J¥51 . F48 LB 5 190 (B 3% S 4% M RNA 2 B
& b atin VUR A YR AT BRA 7D 907 85 85 R A7 9/ 22 i T AT B O &) 2R 05 4 U RNAL 2 I8 5%
A& AU DA DR A BRA JD 7 35 RNA S5k 8 cDNAL L Bractin fE RIS HDOLE
i PCR ] & (b 50 v DU A DR RS WD 9 07 1223847 RT-qPCR £,

1.4 HEHWT
FF Excel 2019 #4758 047 . % FH Student's T-test P47 2% 7 i = M 447,
2 FER55H

2.1 /INE TaPSY BEEKRGEHRREE

LI AtPSY(GI:NP_001031895)Fl OsPSY1(GI:NP_001389894) Y 22 5L R ¥ 5] b M55 A , 7 /1N 2% 3 [H] 20 %k
PR R B I3k )7 5 % | SMART (http://smart. embl-heidelberg. de/) #1 Pfam Chttps://pfam. xfam.
org/ ) FEL KA HEAT S5 AR T . KBRS PSY 78 8 45 0 3k i) B (1 L L3R A5 9 A R T 1 4 il 44k
TaPSY1-9(fff 5% S2).
2.2 INZE TaPSY Bk o4

Wt MEGA B TaPSY1-9.AtPSY F1 OsPSY1 & [ 1 & 5L 5 1 , 3 8 R G e Ak (18 1)k
PO AN/INAE PSY BT LR N 3 41, Hoh TaPSY1.2.3 A% 1 40,5 OsPSY1 Fll AtPSY 3% X R8T ;
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Fig. 1 Phylogenetic tree and chromosome distribution analysis
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alSY9 L. ARAAQHRFMG.APRTVVFLAGDHGKRAAAS . . .. ......
ADPSY 85 SEEeXMYINILFPIESAVIN . ... .. SYDLDVKKPQDVVLPGSL.
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TaPSY6 RPCTINF: 14 G WY1 VI3] L RPN S RWP VA S LIR|IL Y RO T LOENT EANBIYNINF K RA Y V| HKEVK K |288{ L. P A Y Y
TaPSY7 RYVIN = (o) G EYENIR 1. Nfefol s RWP VIIIA S LML Y RO T LORI T EAN[E YPIN F &
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Fig.2 Alignment of the amino acid sequence of PSY

2.3 TaPSY KR {L 1% 51 70 L 40 A 3 L 53 #f
K ProtParam 4347 TaPSY 3L T (B 52 S3), & 3

TaPSY AR FEREH 7E 391 ~428 Z 8], 4
XA TR ETE 43.74~47.66 kDa Z [A].55 1 4H TaPSY MG, EEMBH 739 h 427 424 428 155 T AH
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JUR i B S, S AR R B H 43 0o 396,397,391 5 55 (I 4 IR B < B2 s v . S BL R B H 73 5 o 413,403 ,401.7F
A H 5 (pD 7 1T L B TaPSY5 N 6.98.J&@ Tt 8 11 5 LA Ab , HiAy TaPSY Y pl 8 K F 7. 8 T Bl 1 25 141 0t
DL TaPSY9 B9 pl {H K (9.25).9 /N PSY dEH iR E T ik e A B, Hoh 25 11 44 TaPSY M8 K P
BB, A —0.369,—0.399,—0.354; 55 [ 40 TaPSY & ;45 M4 TaPSY #i/K P& 55,2058 —0.188, —
0.154,—0.134. TaPSY M AT E REE KT 40, H 5 — 4 TaPSY M AT @ REE L OsPSY1, 5 =41
TaPSY WA REZE AtPSY. 4 i % A7 000 45 5 7R o iS4 1 20 B =i - BB TaPSY #8 f F it
LRk (B SD.

24 ZREMTMEFST

SrHT PSY M R A (B 3) . KRBT PSY & H AP H & A — 1 SQS-PSY #: 7 (Fff % %
S5) KT PSY MR 4% (07 HEXT 55, & L PSY 5 FIEF A0 245 M i BE AL, 24 DL o B2 5E Ny
F LIRS 300,350, AR 370 A aa BHILAFAE -7 £ 45 M AR 2 575 HE AP 3 91 1) — G A5 A A7 7R R 10 22 53] TaP-
SY6.8.9 1) N KU 544 DL -8R HE K 32, TaPSY1.2.3.4.5.7 9 N A ¥ LI KL & il J& £, 1 TaPSY1.2,
3N KIMAETER 2 1) BT BS540 G ) HEAD , TaPSY 19 C AR I 25 M8 R AL, K 22 L) o W2 HE 1 G 100 00 35
a5t 45 .

2.5 RBEHFAW

9o HF TaPSY K& i 235 ¥ HLH i@ 1t Plant CARE #8420 8r T TaPSY JEP 3 311 #9246 F ot
PR R BRBR — e 0 Ja 8 F W B TT A4, Ta PSY 3 14 )5 8l 1 oh 38 A7 76 6 Wi 7 76 4 | 52 187 56 14 A1 T i)
I TT A A 5 e N T A A K B N TG A L IR R R R TG K A R T 1 TG A I TR e TG 1 R AT R
i ) 7 G A (B S 36 S6) . 1 WL Ta PSY FEBH 25 Z R B K k& IR AE Y W 36 i) g 3o 72
2.6 /INZEZ TaPSY MK & BN RIZEXHH

RT-qPCR 253 (K 4) B 3h WA 35 , TaPSY1-6 JER A R IR BAEHR & 49 ML 979 Byt A P &R
W EREAR, HAE 6 h AR 2 AR 7E 24 h BE ARG s TaPSYT7 B & 49 AR AW i (HAEPT 4R 979
e R0 24 h P RIKEIRF] 0 h (19 171 %546 22 49 F TaPSYS8 A9 ZEEE M0 24 h i 6k B4R B 25 5
FXF IR T AE VA 979 I A T X IR

MeJ A AbHR 5 FEHR % 49 H, TaPSY1-6 ) 0~24 h &8 2 F I8, 1M TaPSY7-9 WI#HRAE 3 h #l 6 h .3
VR BER B X BEOK 19 6 ~8 %, M J5 76 24 h B3 N I8 I F X BEOK S AP A& 979 i, TaPSY1-6 M
0~6 h #F W E T, M 24 h B i IF & TX B TaPSY7-9 78 6 h 2 1, Jf & T X B/ AL TaP-
SY7 7F 24 h WA 4EH5 K V- Rk,

PEG6000 4B 5 . fE 4 % 49 1, TaPSY1-6.9 M 0 h %] 24 h #B 1 B FEAC PR 2 10 Rk a# (0 TaP-
SY7 WIAE 0 Fl 24 h #RH B RIK , TaPSYS WM B Je 5 T i, P 22 T B Y 3R 8 B 3 ZEPU Ak 979 i
H TaPSY K:FM 0~24 h B RKIKKTHT K.

ABA WbFRI5 B 49 h TaPSY1-6 #4886 FEAR AR &2 i Rk #a #  (HVE & 979 h TaPSY1-6 7
24 Wi E R E R ES THRE 49,2400 0 h 19 2 15, TaPSY7 1 4 49 thRIAAL A B B (HAEPE 4 979
H24 h23k 8 0 h 1Y 2 ff5. TaPSYS Fl 9 7E ABA AbF 5 W25 T 4.

SA Wb E B FZ 49 h TaPSY W RIZEMME R —3 . KREZTE 6 h B R X G BB R, Z 5 E AFE
4979 TaPSY1.2.3 RN IEFEMUSTE 24 h FHE . 4238 0 h 5P Ay 2 /%5, 2o TaPSY #4856 T B,
24 hi} R & 1y 3.

R & . 0

PSY J& FRSIL WA A i C1 AR A A N R Gk 1 0 B Bl A BT 55 44 38 40
FISF HUK RS PSY W78 RS, 7E/NE RS2 5 9 A TaPSY 3,404 F 6 YL el . 5001 85 1 i — 9 2%
R, TaPSY1.2.3 B4 1 DRAEIR T EIX DELVD J5 845 10 DR IR A & M (& 1), CAO 40
FE T T R I 2505 M PSY1 B AH R 45K, FLOWERIK 26090 % 91 TaPSY1 B A /& B s Mk 4 1 4
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Fig.3 Analysis of secondary structure

I

il

AN TaPSY HH A HEALEIA FLZEMHEL o, MeJA Zb38 8 h BF, NePSY1 FiH %9k NePSY2 (1 7 f52.
AL PSS KRG FH OsPSY3 3R ik 8 E Y ABA MeJ A SA b LR A B} #1945 26 2 (Zoysia
japonica) I ZjPSY Feik ik B B T IR 5 K ) . T R AL EE R OKRPY  ZmPSY 2.3 fE P 3k
KRS LB ZmPSY1 WA B IS R/N N E PSY L 31 T 0 M1 45 R BoR . TuPSY 1-9 JE 81 74
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S CR N T ABA Fl Me] A Wi T TaPSY 1-6 J8 3 Fik & B 5% T 2% F 1 MYB 254 17 45, TaPSY 2.4
Ja BT 5 S 5K N AR G E. RT-qPCR AR 45 5 R 0 . B Ff /N2 1) TuPSY 1-6 78 ABA 4b B
6 hfg#f B FIH 78 24 h JEWKE s TaPSY 7-9 (R IB B ALLE A [F /N2 S A AR AL 30K X 54528 %5 ZjPSY
) FIBEO AL MeJ A AEFRJS , B FP/NAZ h TaPSY 1-6 SRk HE7E 6 h BRI 2 T8 11 Ta PSY 7-9 ) 4 35 1.
B3 49 B 979 HOHLR  FE PEG6000 fEll T SN BE/NZE J5 AN /N2 i) PSY ik i AR TR], B2 49 it
F i PSY 263k H B RAR S TH i R 34 i P A 979 WIRRSEREAR , 3 ] BE -5 4 b i) ) 2k IR P LIS ) oK.
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Fig.4 Relative expression levels of TaPSY genes in wheat under different treatment
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/N E SR H B T h e B 9 DNE TR G MM E A K HH AT RR 3 H, Wi BP9 i — 2
SER R ZER BRI BT S A SQS-PSY T X B AE AR 8 1T 5 B g g A vh s BEORSELR 2 40 A
WoR/NE PSY FEFXE T 5 ABA 25 Z Wi B . RT-qPCR 4  7 A [6] £k BT 41 52 AN 6 i /N 22 v TaP-
SY HEMFRE R, KB TR & 49 1, TaPSY7 Fl TaPSYS8 Xf MeJA 1 PEG6000 Wi 17 % 1.

Bt 5% B F R (DO1:10.16366/j.cnki.1000-2367.2024.01.10.0003).
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Bioinformatic identification and expression profile analysis of PSY gene family in wheat

Shi Yongchun', Qiao Zhanfeng', Lu Liaoyi®, Li Huanhuan'

(1. College of Life Sciences, Henan Agricultural University, Zhengzhou 450046, China;
2. Henan Provincial People's Victory Canal Security Center, Xinxiang 453000, China)

Abstract: Phytoene synthase(PSY) is a rate limiting enzyme in the carotenoid synthesis pathway in plants. Increasing
the expression level of PSY gene helps to increase the carotenoid content in plants, thereby improving photosynthesis and grain
quality. However, there is still a significant gap in research on PSY in wheat(Triticum aestivum). Here, the PSY protein se-
quences of Arabidopsis and rice were used as templates and screened 9 homologous sequences from a wheat database. Through
bioinformatics analysis, it was found that they can be clustered into three groups, all of which are hydrophobic proteins located
in chloroplasts and contain SQS-PSY motifs. a-helix is dominant in secondary structure of PSY in wheat. After analyzing the
cis-acting element, the hormone responsive elements such as response to abscisic acidC(ABA) , salicylic acid(SA), methyl jas-
monate(MeJA) , and stress responsive elements were found in promoters of TaPSY genes. RT-qPCR technique was used to de-
tect the expression levels of TaPSY1-6 in the leaves of wheat seedlings treated with ABA, SA, MeJA, and polyethylene glycol
6000(PEG6000) for 6 hours, respectively. It was found that they were significantly downregulated. However, the expression
levels of TaPSY7-9 varied greatly among wheat varieties, suggesting that the expression levels of TaPSY7-9 are related to the
stress resistance differences between varieties. The bioinformatics analysis of the wheat PSY protein family in this study pro-
vides a theoretical reference for further exploring the function of wheat PSY, and the expression profile analysis of the wheat
PSY gene family provides new candidate genes for wheat resistance breeding.

Keywords: wheat; PSY; bioinformatics; promoter; expression analysis
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Tab. S1 Primer sequences
H K 4 E ) S In)
TaPSY1 AAGAGGGAGGATATATTTGCC ACAACAGAGAGGCCCAAAC
TaPSY?2 CATCGTCAAAGGAGTCGTCACT TAAGAGCAGCGATTTCCCGTAT
TaPSY3 GGTGATGGGCATTGCGCCCGAC GATCTGCCTCTTCATGAATTTT
TaPSY4 CTGGCACAGGCGGGTCT CCTTGCCCACGTAAGCCC
TaPSY5 GCGTCATGCATCTAGACTCCG TCTACGGGATTGCTTTGCTC
TaPSY6 CCGAGATGTAGGAGAAGACTCGAGG CAGATGCATGACGCCCTTCT
TaPSY7 GAGCCGGTTCGTCGTGTTCC GCGACACAGTCCATGCTCCAC
TaPSYS8 GTGGAGCATGGAGGACGTCG GCAGCGGTCGAAGGCCTC
TaPSY9 CACCGGTTCATGGGCGCAC CACAGTCCATGCTCCATGGC
Pactin TGCCAAGAACAGCTCCTCAG CCACTGAGCACAATGTTGCC
xS2 HEFIIRGE
Tab. S2  Selected sequence and name
HFR ERe 5 APSY Al IR 1 5 OsPSY #[A] Witk
AtPSY NP 001031895 100.00 % 64.29%
OsPSY1 NP 001389894 64.29% 100.00 %
TaPSY1 TraesCS7D01G553300 83.80% 88.80 %
TaPSY2 TraesCS7B01G482000 83.80% 88.80 %
TaPSY3 TraesCS7TA01G557300 83.80% 87.50%
TaPSY4 TraesCS5A01G020900 85.20% 84.00%
TaPSY5 TraesCS5D01G026000 85.20% 84.00%
TaPSY6 TraesCS5B01G017900 85.20% 84.00%
TaPSY7 TraesCS5A01G356300 74.70% 71.10%
TaPSYS8 TraesCS5D01G365100 74.70% 65.90 %
TaPSY9 TraesCS5B01G358800 74.70% 65.90 %
xS EAREBEAERS W
Tab. S3  Physical and chemical properties
gl EAS AR EL B4 T it /Da FH(pD  AfaERECD ST SR K
/ AtPSY 422 47 486.66 9.22 50.76 —0.234
/ OsPSY1 420 47 582.80 8.96 63.06 —0.288
1 TaPSY1 427 47 663.67 9.01 59.12 —0.310
TaPSY2 424 47 338.47 9.13 57.73 —0.306
TaPSY3 428 47 660.67 8.96 57.33 —0.316
il TaPSY4 396 44 822.01 7.59 57.24 —0.369
TaPSY5 397 44 886.94 6.98 56.65 —0.399
TaPSY6 391 44 177.26 7.55 55.87 —0.354
I TaPSY7 413 45 024.26 9.09 50.51 —0.188
TaPSYS8 403 44139.50 9.24 51.90 —0.154
TaPSY9 401 43 740.02 9.25 45.17 —0.134
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Tab. S4 Prediction of subcellular localization

EAS TaPSY1 TaPSY2  TaPSY3  TaPSY4  TaPSY5 TaPSY6 TaPSY7  TaPSY8  TaPSY9
S 2UN 2.773 3.089 2.742 2.327 2.433 2.800 3.113 2.448 2.362
LML 1.146 1.054 1.078 1.207 1.144 0.885 0.574 0.705 0.905
21 Jfd J5i 0.356 0.322 0.447 0.427 0.427 0.360 0.367 0.638 0.652
40 A A% 0.191 0.185 0.228 0.199 0.204 0.267 0.190 0.247 0.202
JB 0.057 0.030 0.047 0.154 0.133 0.121 0.164 0.224 0.177
WL 0.047 0.028 0.043 0.140 0.107 0.098 0.157 0.215 0.174
Jita 4 0.039 0.023 0.033 0.037 0.033 0.036 0.039 0.055 0.052
A 0.009 0.006 0.011 0.016 0.017 0.011 0.024 0.026 0.026
&S5 EFHH
Tab. S§ Motif description
¥ Eilipus Pfam %%
SQS-PSY Squalene/phytoene synthase PF00494
FzS6 IMEPSYREEERSFIMKIEATEHESH
Tab. S6 Analysis of cis-acting elements in PSY promoter in wheat
[(Bibys gl te THZIC N B
GATA-motif ~ GATAGGG/AAGATAAGATT JemA B JG I Light responsive element 1/2/3/4/5/6
CGTCA-motif/ CGTCA/TGACG S F1 R R Wi 137G fF Me] A-responsive element 1/2/3/4/5/6/7/9
TGACG-motif
CAT-box GCCACT % 543 1 41813855 Involved in meristem expression 1/2/3/7/8/9
LTR CCGAAA Z: 5K )Y Response to low-temperature 1/5/6/8/9
ARE AAACCA i 137k 44 Anaerobic induction 1/3/4/5/6
TGA-element/ AACGAC/GGTCCAT Z: 54 K FE W Involved in auxin responsiveness 6/7/9
AuxRR-core
ABRE ACGTG/TACGGTC % 5 9% B2 2 W Involved in ABA responsiveness 1/2/3/4/5/6/7/8/9
RY-element CATGCATG Z 55 P4 S PERAY Involved in seed-specific regulation 4/8/9
GT1-motif/Spl GGTTAA/GGGCGG S R J64F Light responsive element 1/2/3/5/8
G-box TACGTG/CACGTT S0 1 TG4 Light responsive element 1/2/3/4/5/6/7/8/9
GC-motif CCCCCG Z 5B E I Y Anoxic specific inducibility 1/2/3/4/6/7/8/9
GARE-motif/ GTTGTCT/CCTTTTG TR B 2 A JCF Gibberellin-responsive element 1/2/3/4/5/6/8/9
P-box
TCA-element TCAGAAGAGG Z: 57K R 5 9 I =X A F e 14 2/4

Involved in salicylic acid responsiveness




