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WE N3 A (Zizania latifolia) i = R BUES:, PRFTIMRBIKER (PSK)X 26 A A KR & 520 . FIPSKALHEZE 4, i
Fes 2N e (558 5 WPRJINAT377146) 58 1 it F AR SG 2R R ) 30, 4230 O SR 42 SR 2K ], I PSKOW 28 1 Y
PRBEKCT o BERU M . 45 RRY, SANEPSKIZ (L HESE 70 B, S WIRGER I K R R MAI T R KKK
S, M IER A2 QAR R E . KEGGIRE A HT 7R, PSKAHE &3 502K 1 i 2E & uRl iR 7 R R4 i i 42, EZhmad
SRR AW S L E IR R S BRI 28 BRI AE KO . BeAh, BRSO E BPCRELI 187 22 RIBFE A R
B, SRSRAMPFEER -8, @Dk TPSKX 2 A BER I E M . B 4 ROVERMEPSKAE 28 B A KR A H 11k

FIRBE T 73T R A IR, I 028 Fm I BRGSO 1 Sems

XEIE  BUIKER, 20, 08 WIRMER, Rl

I F, Mg, skIgy:, $h—1, HPE, &8, EFIE, K, SEB, =k, RBE SRE BEE, BB
(2026). AMERE KR A TS 28 O 7 BEM N IRICR FEL A o ir. 2= 61, 238-249.

2% F(Zizania latifolia) IR FR2E N, &5 I0E, N
KA (Poaceae)i & (Zizania) % 5 A /K A= i M A
Y, HRRE, SR, SO MER S (T EM
%,2018). BREAEAMESN, FAEEA—ENY
FOE AN R Th ik (B 225645, 2024). H AT, 22 AR
] (1 b RS BN T oK, AN 0T 8 1 5 — K
AEBRSE, [ AR R AR e TR e K PR K AR B SR
(Xie et al., 2023), {H I DX AT AR = B T3
FATHLIX . B T SR H 3K, 22 A=l
Wk A IERI B . i T M s R
B ) HER 808 (RS TR, IR RN 2 1T
JEH i, B2 T 28 AT 0P RESR R R (5
FEALSE, 2024). DRIk, RZRAEA BELm 22 AP 21
BRI, TR SR . S T R
22 kR B B B I S R

I IL 2% (phytosulfokine, PSK)J& it 4F K & 3,
M —2/ MK R, EYAEK R E SR &% E 2

Wodke H 391 2025-10-17; #5252 H#1: 2026-01-09

E1EH (Olsson et al., 2019; Xie et al., 2022). W5t %
W], PSKHE % {2 1 41 Jiid fiff & (Stihrwohldt et al.,
2011), WA AEHAMEFE P OB R E
(Kutschmar et al., 2009), #7EH & 4 K (Kou et
al., 2020), JFZ 54 G5 SN AR A 4 1 38 8L
(EMEFR 2 2022). #at, PSKLEANML AP C )28 fi
DL EZANME, W4T (Han et al., 2014),
SR EYSE D REY G R 45 % (Wang et al.,
2015), VARAEAES el T i e 2. ik
{61 (Aghdam et al., 2021). 4 |, PSKTEAR A=
AT RN AT S . 2R, H ATPSKXTEE ARk
RE WA NER, JMNEPSKIEEE2E ALK K
B 15 FHLEIA RN B

751 18 5 RNA-seq # AR 75 7018 90 240 i 5% 5% 1 4%
T B R, R 1Z AR B s e AR
AR ARG, T AR AT SR PSKiR % 28
ARKEE R THUE . AHE T LAPSKALHE 122 11 AR

R4 DH: BHEKAARFH S (No.31000741) . &4 i B 5 7 11 H (N0.2020-2-016) Wi VL 25 4 MV (35 5% ) %7 db Fh i B KRB % 10
(N0.2021C02065) 1 4 4 i BH 4 1% 3: 30 ¥ 135 H (No.2023-2-001a)
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#, 183 RNA-seq i K £ 4t 7 M1 38 F 40 L 4 e = i
FEME, T2 SRR IR AR SRR N, FFIR TN
PSKXS 28 FIM AR AR IA - WIRIE KT 0 BE
B AR KB, DU T PSKiF 38 A&
KR 7 T IR AR AR, D938 A e P s
MBS RYE, RN AR PSKIREM YA KR H 1)
70§ HLA B e B A

1 MR5RE%®
1.1 EYPH R RALTE

PL#T 28105 2% A (Zizania latifolia (Griseb.) Turcz.
ex. Stapf ‘Zhejiao 10") ysSEia ikl K E T24°ClH
R FRFE, SR WIN12/N SRR 2/ i) B L R 7
3, BRI HA KM 45, 153.0-5.0
cm, 3-4 5 HEIHE AR .
PSKAb R i ise st i . WEO0.1. 0.5,

1. 215 pmol-L™" 5ANREERARE, AbFE 514K I 5E 4
BEL. MR MmEE ORI umol-L PSKALFEA 25
OYBEMRHEROR e B3 B KAIMHIBLR, Mo i
TE AL FRVREE AL FRZE A pmol- L PSKIER ISR 225638
SRR, BORIRIRNIR, EALAFE3R; KRR ZH(CK)
FH 25 B T0 A KA ) 7 bk o A B JS R % 5%
FEARAEROIRILAN 43 BEIE L, 18 J5 HEAT AR A«

1.2 RNA-seq Bt KM FF

RNA-seq ST 4 £ 50 5 B B 3 A 7 56 8. 74
W AL ZENCBIUE , & 5% 5 NPRJINA1377146,
-7t Science DB 22 H1 4% 173 (K4 & doi: 10.57760/
sciencedb.37100). I 2 AR R 20, A5Ea I
@ EThREM Fr, JEHSHR K 34 — B AR TR & U .
RRH BN Y FEES . WP EE AR (1) Hn
Helid ) B IKH Breads (Q201EH<90%). L5

®L TR0 EPCRAHTHISI PP

Table 1 Primer sequences used for qRT-PCR analysis

H Je A B 5L (N 7 = >5%) I reads, 3k 15 clean
reads; (2) 2[4 xt: F)HHISAT2# /¥ clean
reads 528 SRR H AT P HIELXT; (3) HEPIFR L
E 8 KHRSEM (RNA-seq by expectation-maximi-
zation) L H i E A K RIA &, DA TR0 7 B
H Jilkt(fragments per kilobase of transcript per mil-
lion fragments mapped, FPKM) N AL, (4) % 5F 5
(R 1%k 5 v E R L & B % (false discovery rate,
FDR)<0.001 H.FC(fold change)=2 /ytrk ik 2 7 %
ik % [ (differentially expressed genes, DEGs), #
7 S Ak FL K 5 CNCB ¥ 48 2 a3k 47 [F] U8 /7 41 bL et Al
DIREVERE; (B) Hdl pids 5 FF i R 8 & o 70 i
(principal component analysis, PCA): & il Q2014
(296.77%) 5 iE B4 i &, FIH H % =1 6 56
i E AT, PPAREARE .

1.3 SERIREEBPCROH

2% Sun%§ (2018) 1) 77 ¥£ 1 /T RNATE XL, FRevert
Aid First Strand cDNA Synthesis Kiti 7 £ (Thermo,
Cat No.K1622)%f RNA# 17 [ ¥ 5%, FSYBRGreen
Jupldkir 9% € BPCRAM T (R & ESE, 2025). DA%
1 B-actin g N 23 (R, SR 27Tk 45 22 [ £ A
KiLE. W HIWEL . 257 RIEFEF RS
YA LAY TREA R A A& (R ).

1.4 SEERBIMM K NFEHESENE

141 SHR¥GH

R A M T RS, X H o BERGEAT FF 8 0
2, fRAgTH 1R BERL

1.4.2 HmEAE
FRH G TR, S AREKThAEM (F120), Al
R, T -80°CHMK IR VKA AR 17 %4 FH . HEH

Gene name Forward primer (5'-3') Reverse primer (5'-3")
Zla11G009620 PSKRS-F: CGGCAGCATCAAGTCTCTCA PSKRS-R: TCGATCCATGCAGCTGGTTT
Zla02G011780 PSKRS-F: TCTACGTCCATTCCCTCCGT PSKRS-R: ATGCCGGTGTTCTGGTTAGG
Zla14G006780 PSKRS-F: AGGTTCGATTCCGCCACTTT PSKRS-R: CGCAGCAAATTAACACCGGA
Zla01G031820 PSKRS-F: CTGCAGAGCCAAGATCACCA PSKRS-R: ACCAGATCACCTTGCAGAGC
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FREL0.2 g URI Jr, TRONTRA FORF R, Il 78 4
WEES Ry oK o SR FH St 1) PR K R R B U AT Y
TR AR . BRI RO R PN mLTiA (32
HUO (B /K BR=15:4:1, vIVIV), T@iiEdR%, 4°C.
9 000 xg&&.Lr154> 8, B Li&E. FRki&FFH0.5 mLiz
BORE AR IR, & 9F B3I H0.22 umA HLAH
TUFLIEREITIE, % H .

143 PNRRFESENE

K AR 8 4% - 5 B A (liquid  chromatography-
mass spectrometry, LC-MS)HARMI5E 25 (M rhA:
K E M| Wk-3- 2, (indole-3-acetic acid, IAA). 7R &
(gibberellic acid, GA). ZK#i# (jasmonic acid, JA).
Jiit % 2 (abscisic acid, ABA) 4 it />4 2 (cytokinin,
CTK)HI & . kG i B A R A IE 2 i s 5 3 B
R R, FESEBURE M ET, AR E R Z AR 1)
WFRIR & 0(I1Hs-IAA. "*Ce-ABAFI’H,-GA,), Mk
TN =& T sL I ALt o e« 6k 43 25 {8 H Waters
ACQUITY UPLC BEH C184ifikE(1.7 um, 2.1 mm x
100 mm), ##140°C. JzNAHARO0.1% FF FE KW,
BB N0.1% IR S, KRR R e b . o
For U SR FH PSS 25 FL VR, AR 22 O MR I ASE 2GR R AT 4
PREE . KRHAMREBAT € B0, F& HARBERT
21 it B ot P 1) R — R AR FEE A PR PRI v AR,
NSRS SAH FRR I R A2 2 AR . LEARER S5
XF IS A A 4 U T AR LB M AR bR (), BAHORFELE A
BEALFR(X), oI HZE . TR S WER I RHEIR YT
FEl N Rt R AF, ZRPEAH G RE(RY) K T0.99. 18T
Ir AT AR MR B AR AL i, DAAS M L (SIN) 23 ) 9 3:1 A
10:1 54 H FR (limit of detection, LOD)A & &= kR
(limit of quantitation, LOQ). %% H #xi#Z ILODE
40.01-0.1 ng-g™", LOQ3tE [ /90.03-0.3 ng-g~".

1.4.4 HIBLEBSS0t
FHSPSS 2204 {1 Ab B S0 i iE . K XUR 3= 7 2 57
HriZ:(two-way ANOVA)FIDuncaniZit &1 % {E Al by
W22, T 25 B &5 1. HOrigin 202154
TERE.

Ab B R R 2K P (CK: 6 B /K A4k B PSK:
1 pmol- L Rl ik 2 AL B . I E) B 5 547K (0. 14,
28H142°K). MEEGiTH2E oy BES . TH E3NMED

EE, BFERHE A MR KA — SRR (n=3).

FEEUS I S hn e m 22 (SD), THE B AR
FI(SSe) AFEFHAI(SSun) IHIEPE S F(SSum)
HAF T RN(SSsen) KR ZE T FI(SSux)e THEAUTT:

a b n
SSy = ZZZ(X/]/( - )_("‘)2

i=1 j=1 k=1

a
SSym =bnY (X; =X+

i=1

b
SSyy =any (X; -X--)?
j=1

a b
S8,y = nZZ()_(,/-- —X =X X

i=1 j=1
S8y =581~ SSum— SSyym ~SS5x

R 2

o, a WAL BEEL; boAIN (] S8 Ny R

2 HERESHh

2.1 RNA-seqREFFHERERFEIEEFIE

Yot IR ZH (CK) A Ak B 20 (PSK) 4373115 2117 835 341 680 bp
F18 359 713 340 bpill/7%i#, Q201H/T96.77%—
96.97 % [H] . BTl /5 45 SR 308 B i 4s ok, nTHT
JE S M. AN ST IL T I 8064 2 S RaA KA, H
W R RIAFERI3654, T IAFRIAFEF4414(E).

22 ERFEEERGOSH
PLP-value<0.055E Y1t % 7 &1L % [X (DEGs)H i
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Figure 1 Results of screening of differentially expressed

genes in the leaves of Zizania latifolia treated with phyto-
sulfokine
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BT AR SNSRI SR IR 5 28 1 20 BER A IR RS S A o3 M

BEMIER(E2A). HEF 414 (gene ontology, GO)4>
Hres LR, DEGs KB i (527 4) 4iiffd
431324 T IhE8(2234 ). ¥ M A2t #E
DEGs 559.75%, # 15 ThAedl, LR o+
H, Hrp oK NI (761, 4 H14.42%) 4
e, FUONE BN (704, 4 H13.28%),

A
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FRCAEY R A0 i B L ZUE W) R AR SR TR (BT, L
12.71%). ¥ XA MRS IDEGs & 5N Thfgd, H
S M QLR (724, 5 EE54.55%) b e f, HLRA
YT BE 2 LK (614, 5 E646.21%). ¥ Koy T Tk
[FIDEGsL & 15F#, o bl J 5% B iy % 1% 2 5] (661,
i 1£29.60%) 5t d i, FL IR OB I B i i R A
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Figure 2 GO (A) and KEGG (B) functional classification of differentially expressed genes in leaves of Zizania latifolia treated

with phytosulfokine

BP: Biological process; CC: Cellular component; MF: Molecular function
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(631, 15 H28.25%) F1 ] 4] b ik 4 #% g v 4 KL 5 (37
A, diH16.59%).

HRIEQIE=0.05, 1 HFT104~5 8 ANk R 2H 1 oA
PR3 AR IR AR (E12B) . I FH R N S5 R R 20 E
4= 15 (kyoto encyclopedia of genes and genomes,
KEGG) ¥ #l Rk A7 s S0 i, &5 REoR, ZRRikHE
R 2w SR AES AN i, H P AU DEGs 5594
(1559.72%), 40t FEDEGs 1214 (412.93%), ¥#
Bifs B S DEGs 46/ (174.91%), 1L (5 B b3
DEGs 1211(1512.93%), Ak RSDEGs 894 (/i
9.51%). KEGGH £ K&, Bipiliigis
DEGsix 21 & HFiElt, X 5GOMHras R —2. Ibsh,
Wiy S AR PSKI 2 28 F 77 BE T B ) 22 S i R 3 A v
FEEEIRICH . a-EFRRIRA QI Sz il A& RS2

2.3 BERERHREKEGGHHT
KEGGE £/ HTE£ W, JMNEMINPSKE, X AGBE R
RGEFP14NER FLIERIA, 100MERF N EEFX

]2 BUKER(PSK)RLZE At (Ll BRI IR R 22 SR IA R (]

(#2). 161 %Kik % (Log,(PSK/CK))4a st =3 1 %
e, H4NERE ERE, 2405 F FiRiE, F510
% 4 (ZIa16G008620 . ZIa01G033690 . ZIa01G-
033710. ZIa04G017830F1Zla17G000510)% 54 iy
B EKP450K 1 K A1 (cytochrome P450 family
1 subfamily A1, CYP1A1), 14> LR iL 3 K (Zla-
04G0257 20) 4 fith W3] Wie-3- P4 T 1% 5. I 20 By, 328 T ) 42
5| e 2,8 P15 i o 33X 3% W P S 1o {1 338 5| W 2, B Fr A=
Y& LA 28 1 5r B

24 ERFTIEEEMEESH

BEALZE B4 22 7 RIXFE N (24 B 24 TRk 4T
qRT-PCRM 7. 45K, PSKALHELA 24 b £ A
(ZIa11G009620H1 ZIa02G011780) t] % ik & & 3 1
TR (CK), R EANTZPSKEFEZE L%
i%; 24N N3 (ZIa14G00678041Z1a01G031820)
i ik B U S K T X R A, R AZPSKi% S 2 % R i
Fik(K3). HILTT W, QRT-PCRIMT 45 5 it 4 45

Table 2 Differentially expressed genes in tryptophan metabolism pathway of Zizania latifolia leaves treated with phytosulfokine (PSK)

Gene ID KEGG No. Gene name Log,(PSK/CK)
ZIa02G009420 K11816 Indole-3-pyruvate monooxygenase -1.43
Zla02G011220 K00382 Dihydrolipoyl dehydrogenase -1.19
ZIa03G009390 K07409 Cytochrome P450 family 1 subfamily A2 -1.18
Zla04G020580 K00382 Dihydrolipoyl dehydrogenase -1.11
ZIa04G025720 K11816 Indole-3-pyruvate monooxygenase -3.26
Zla07G019250 K07408 Cytochrome P450 family 1 subfamily A1 -1.31
Zla10G016410 K00128 Aldehyde dehydrogenase -2.20
Zla10G016420 K00128 Aldehyde dehydrogenase -1.46
Zla15G006070 K00128 Aldehyde dehydrogenase -1.12
Zla16G008620 K07408 Cytochrome P450 family 1 subfamily A1 -3.42
Zla01G033690 K07410 Cytochrome P450 family 1 subfamily B1 3.72
Zla01G033710 K07410 Cytochrome P450 family 1 subfamily B2 3.44
Z1a03G024990 K11816 Indole-3-pyruvate monooxygenase 1.23
ZIa03G028870 K03781 Catalase 1.01
Zla04G012610 K01593 Aromatic-L-amino-acid/L-tryptophan decarboxylase 1.08
Zla04G015300 K00626 Acetyl-CoA C-acetyltransferase 1.31
Zla04G017830 K07410 Cytochrome P450 family 1 subfamily B1 4.79
ZIa08G016000 K01501 Nitrilase 1.19
ZIa08G021920 K01426 Amidase 1.31
Zla0G002000 K11812 Tryptophan N-monooxygenase 1.96
ZIa10G000530 K03781 Catalase 1.78
Zla11G012140 K00128 Aldehyde dehydrogenase 1.25
Zla14G006780 K14085 Aldehyde dehydrogenase family 7 member A1 2.76
Zla17G000510 K07410 Cytochrome P450 family 1 subfamily B1 6.30
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Figure 3 gRT-PCR analysis of differentially expressed genes in
* P<0.05; ** P<0.01

8 {AFEX RO, QRT-PCRE: L5 57411
BRf R R

25 BRAREXNZASENRMW

Wt e R, WHEOKR, XF AR5 BES N 1.5
1.257, PSKALFE4 y1.74£0.788, W& L& ER;
AbFE14K, X B ZH 5> BES R 2.740.674, PSKALHEZH
MIH6.0+1.076, %5 W%, WH28K, X4 7 B
#99.3£0.948, PSKALFE 4 J912.040.067, % 5 &
=, AR, M A 7 BERCN11.021.154, PSKib
HN14.441.264, 757 535 (R3). 45O A FA R
R 2E AAEKRE, RIIMNEPSKX 22 14y BERE 1 =
BREACIEN, HALH . 8RS, &

leaves of Zizania latifolia treated with phytosulfokine (PSK)

WU 27 22 3 BT 4 TR, S0 A0 B 3 0N A% Y
#(F=89.62, P<0.001), &KHIPSKALHLEZER N T 7
BERY, W IR) 32 250N b 2 % (F=156.37, P<0.001), %
AR 73 BEAIE AR A I [B] F) S8 K B2 S 35 0 ka3 Ak 2
L5 T 1) 52 EL 20N [R] R TA A 2 3 7K P (F=27.45, P<
0.001) (%4). #E—Hor W], PSKX} 7 BEXUH) i 2
RN AFAE I ) AR, b B S 14 R R A L o B
B JE Tk 55 o % AE RIOAIE T AN SO A T R
B
+3 K= (PSK)X 28 (143 BRI

Table 3 Effect of phytosulfokine (PSK) on the tiller number
of Zizania latifolia

N , “ Treatment time (d) CK PSK
L —/i: BE F Si=n 0
%‘ALI\EEBH ‘EX; PSKﬁfiéﬂxEﬁ%ﬁﬁjlﬁl?‘ffﬁnéﬂ, O 15i1257 1710788
AbFEA4, 28F142%, PSKALHH 41 1 24 43 BER LE X R4 14 2 740.674 6.041 076
Gy T 122.22% 29.03%#1130.91%, 7 B AL 28 9.3+0.948 12.0+0.067*
14 RARBEAE F d5e o 2, G I Ak B ) ) S 4 42 11.0+1.154 14.4+1.264"
PSKALFE 4Lt 45 Tk 55 « * P<0.05; *** P<0.001
+4 ANOVAITFHZEH
Table 4 ANOVA calculation results

i Standard deviation = Degree freedom Mean square (MS)

Source of variation square (SS) (df) (SS/df) F (MS/MS) P
Treatment (PSK vs CK) 87.62 1 87.62 89.62 <0.001***
Time 153.21 3 51.07 156.37 <0.001***
Treatment x time (interaction) 26.98 3 8.99 27.45 <0.001***
Error 5.23 16 0.327 - -
Total variation 273.04 23 -

CK: Xt#; PSK: f#fik &= b2, *** P<0.001

CK: Control; PSK: Phytosulfokine treatment. *** P<0.001
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26 BRRENZARNEERSENTMN
WMERAMYERKRKE P REEZES, ATHEDNIE
BEREEGFEEEDRKE(ENEN £,
2024). 4MitiPSKiE, ZEM R WIEBER S ERKAER
FA4k, HA A 2 R Bk B EKE, HhAEKR
(IAA). 755 & (GAsFIGA,) KR FI TR (JA) & & B & T+
F1(%5), GAS LI AR E, BN B2 T 15188.59%;
T W74 B2 (ABA)FI 41 i 4 2 35 ({2 cZRFIcZ) & B
NBE, BRI R K57.3% 16.8%. 37.97%F
41.2%. %5 1, HMEPSKA] U 28 [ B YRR 1)
Lo, AT 28 A AR KR B = AR R

+/E KR (PSK)XT 22 A B RS & & 150
Table 5 Effects of phytosulfokine (PSK) on endogenous
hormone contents in Zizania latifolia leaves

Contents of Contents of

Hormone Endogenous

category hormones C(P;gg_gqy)p Pf:g%’g;&‘)‘p
Cytokinin IP 0.06+0.01  0.07%0.02
Gibberellins GA4 5.17+0.79 14.92+0.82**
Jasmonic acid JA 6.24+0.40 8.09+0.87*
Abscisic acid ABA 19.23+0.69 8.22+0.67***

* P<0.05; ** P<0.01; *** P<0.001

3 g

YBEE A (AR K I R v B AR R, BB
PR AR 4 BEEUR 25 (177 R B UK B R R,
7S i POE R I 4y BEE R B R . AR
W, AMEPSKO 28 7y BESUCA B35 R EEH, HAE
AFEA4 R AL HERCR BN B3, BE R AT TR Es, el
PSKI{ERPTREAEE—AS “% HH” | (I HH2E T
X PSKI i B 55 g BURK, AR 19k 55 T R S5 A4
XFPSKAE 5 & R T A K, 1X 5A0 AR K A28
SINES A% G NG S PG
2017). MRAL#&(2019)F1 B2 4 (2023) & 3L 41 it Bt 7%
MR R ERSERAEKEMATEREMRETEIE
ERJBE 7 R R A i 73 R 3R 2RI B i, AT B sk vk )
PLPE KR AR R E o« AT H 2R 45 R,
B PSK4b # i 2& jom 28 (IR &R K, K&
(IAA). FRE R (GAFIGAL) MK FTR (JA) & & B & Tt
1, WLIETR(ABA)RIAH L/ 24 R (tZ. cZRFIcZ) & &M
TR

31 ERRBXUAVSTEOSERYIEX

KN &1k &Y (phenylpropanoids) & 4 — 2K &
B, S 5M0RES K Bi R B FIE
SEGEEEMNRE, HEEYEKRRE A Z M
RE(WT 55> BE). RN RBUEWINE I T RANA
1%, 20d — R VB SR A s 2 B 18] 7= 4 Fl 2 72
Mo VERARNEZFBNEWE RN E1L, RN
Z W (phenylalanine ammonia-lyase, PAL)f#E LA
AR W, AR OCH N . PALKE
DA PR ek 7K F B R N 3R R SR &R, 1T
SO o) BE . AHT R, PSKACFE 5 35 (A A fR-4-2
1k (cinnamate 4-hydroxylase, C4H)3k K % 75 /K i
4 Hf§(chalcone synthase, CHS)JE [}y 3% 2 5 %
ik, X5 (2017) 1038 B 4 BERF A 45 H R
15 5 AT A I R 42 AR AR il e R R Ak R T ) BE 1) 45
w3, RYIPSKA] GEIMH I 75 5K N R A OB R
PRIk, N2E 5 BEZF AL SR AP o B it A
FR-4-F2 AL . 4-7F R -CoAE LAY /R iF & il ity
B — ZR 4 DK Tl ik DA ) 20 0 2R T 3 RS I
B EHE BN, M2z A 78E. RNHRAR
WA AR AR TR MR AT, 1£2 590 kE
TE R, T 24H LR (1 560 B AN RTS8 1 X4 BE S (M K B 2Ok
HE L, FI%%5(2025)1E = % (Sorghum bicolor) sy BER
FEAUESE, R VA1 0 20 B AR A5 R DA RT3 SR 2 239
PE, (R BELF K 5K . AR KEGGE £
iR, PSKALHE 528 B 5K 5 & R & A S £ 4
% A il (cellulose synthase, CesA). ¥ (laccase,
LAC). & k¥l (peroxidase, PER)LA K ¥ fE 5 H
(expansin, EXP)%5 3k Rl it R A 4L /A Bl AR
SR AT M BE A e, e 4 B AL B P R
P, MR B A K. RN REFBIEYiEE
PR L B IR ()R K, 3 SR 4 M RE Y 5 B A AT M
MAEHE 7 BE. fEMETEITH, KAREL SR
HHEREEH. fltn, AKEEHIREEFYUCCA. 4iiEs
R B IRIGHE M (isopentenyl transferase, IPT). 7k
£ GA20% 1L (GA20 oxidase, GA200x)FIGA3%4
1L (GA3 oxidase, GA3ox)HI & 5 5 i A%
F N B o BE . Ak, R RFUA W]
At 18 1 1 428 43 BE AH DG i % [R] 1 (transcription factor,
TR)ZRIE, EHEER R 5 8E. B, KA ZEEL
AT B 0TS OSMADSS7 3 [K] 1) 3¢ 3 12 3k 4y BE,
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a3 i 4 WUSCHE L 2% [7] Y5 HE % R (WUSCHEL-
RELATED HOMEOBOX, WOX){#) 3% ik g3 /) BE 7
FE T o

32 BMREHAFABRESSEANE

IRE TP IZAAE T AN R, Hsd
MECHE R, J&T R, VU PR B ZEAT AR T oK
TR BN T DA KRN, PR
BHI(FENIR S, 2025). IbAk, AERAEY SHEHEY
W (AR KR A N 7 2R ) EAEA, L3
F14rBE(EHG4E, 2025). 1E N —FiEP A KRR, AR
FRICRBIE. MfE. B MBI SEEY) 13
RO B F R RN (K, 2014). AR,
PSKbHJE2E F PR R SRR E T m, o Beitib
238, FEPSKIEH T, 2 Ak N Zwi KM & K
(diterpenoid biosynthesis)id 2, 78 £ f5 5T
BRI BN TS G R, JREE R ABUKGIDT (gib-
berellin-insensitive dwarf1)E A1F A RERZE, 5
DELLA F R EM AR . DELLA F 278 8% =15
SHESH TR R T (L et al., 2024), TGIG1iEL 5
H G ARG GELLEE 3G 1, AT B Hox i 4 A
KHmfER . [Fi, 78R ABUKGID2 (gibberel-
lin-insensitive dwarf2) & [ e {2 3 DELLAE H #72
Fhnid, TS O, BIRAEHZ RN FH
& /K fi# (ubiquitin mediated proteolysis). £ AH H
ERE R, TR — D328 A bk 1 DNAR) % 5%
5, WA AR E X2 H 0 BER R, 15T K
FIRE ALK

3.3 WHRREHXFERSS5EASE

FEFIR 1) A B PAa-3 Bk R (a-linolenic acid, a-LeA)Hy
JEY), k1047 5K 2 3% i(3.22) (2 i a-LeAR) TR &,
TE— ZR 4 & I 1) P AL T B 4 O 13- S0 A 0 JBR 7R
(13-hydroperoxylinolenic acid, 13-HPOT), 13-HPOT
it i 28 A B AR 1 2- S AR ) — M % (12-oxophy-
todienoic acid, 12-OPDA), Jit— & ¥ i#i% A OPC-
8:0 CoA. 7t NA%LNK00232(1 1T, WhE4iEEA
AL (acyl-CoA oxidase, ACX)HI& B, 4id3
BB S, RIS ERE . EHEY%2022)
KRIPSKE SRAR AN ELAE T ERMEY 48, X5
AHIFFT S5 R, . PSKH] BEIE I 5 WA SHTR 1) A= &

B S AR, WS A A IRBCR BRI, AT
RAZANERKKE, REZANTFENRR, X5
38 73 BERUE 3 W AR Lo

34 BWRRBABEAXERHEE

B RNA-seq 4 11, K IMPSKALBEZH K & FHFIA
RAEER, XAl fE 5PSKR I R BHEEA(E S
HRAK. GOFEMT RN, ZRRILAERFEEY
5 4 it 2L 25 FH AR A 4 e ()P R S5 A A ik
2, RIIPSKRATBEHG 58 T AR 0T P 558745 4 (1 8 Jon A i
RiPE, HEMIPSKAIE FILEI AT e 55 5 I EH
K, TR K S IR IE M RO X
5 (2024) jx I PSK/) Ik 68 8 42 =1 )l B2 (Nicotiana  ta-
bacum)KIPi 5 A8 AL, KEGGIE /3 #T Ew, PSK
Qb BRI 28 1 22 e 0 R DR E 2R TR e AR ) RN T
BB i At 35 4, RN B & USRI IR
AR AR ) L Ay, 12O AR A DR FE R (R )2 5K R
RO UG R)RIA B, mTREE SR T R ALK
558 FEE R PR S5 8 (R 52 M o kA, e T TR PR A id 42
Hh 5 DR 1 3R AR A0 U TT B BD T AR A7 MR AR R
TR R AW, FRid i i E A P A b R R A
WE S, Wik R E . Bk E, PSK
AT OCEAR IR, WSREE A RIS N AT
TP, M AYDIE A SR I AR IR A K R B S
L ERE

3.5 EMMRAE “‘WOH” SHEMN

AHEFR Y], PSKX 22 H - BERE I E FHEAL B f5 14
R B W AE (4 BEEL LN Ry 1 ), B S 2808588 87 9
§9. X— “HWHIHY 53050 8858 1o I &
ERE, 3-47 BRI ZE AZhm, Fhawatils
S5 UK, PSKATBEE R K g AL N 2Rk
R-BEEEE S, 5Bk 5S 7T Be 56 PSK
55 A3 A O (T 52 A st B8R H P R A7 s A5 1 1)
(Liu et al., 2025). SLBr A FAGHELE “ 5 i
By BER BT 1 e FH B 1A

TR T, ¥ E0.1-5 umol-L™" PSKIK kA,
%1 pmol-L™" PSKAbHRSZHL “ To4if] + B RATHE”
VR £ (0.1F10.5 pmol-L™") PSKAb L i 25 i 4 A A
R4y, EUREEQFIS pmol-L™") PSKALEE N 1T #25] K
B KB (IABARENE IS R), FHUEKSZ 46| XFF
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E B /I ORI R AR PEE AR 0E v AR PS8 1) 1 -k WA,
oy FH TE) 2 PR L 1 WY Y 790 B A o

4 g

AW TR AR AMIRPSKXS 28 (A 43 BEMAE FA ML . 25 53R
B, PSKX|%E 7y BE T R HEH, AbHE14 KR
e, HENAAE “W O, KIS S 5 Y
I BRI A O, PSKALFE G2 0028 35 1 N RIS EK
F, SRR SR R . KRR ED
T R O B DR Y Rk, 4 e A0 i B 5 T
P, HIEWER & & R R 7 R IA 75 T K ¥ R 3 4E
H, dEmfe ks 88, PSKALERME R RS BT, @
i —RAE SR ERYE ALK, BRRKFHR
BRI A K . PSKAREE IR R FT R A S 2 A DGR ]
MERIE B, ARG R SRR AR S S
SHRAWNEANEBERALE, REERKKE.
RNA-seq /> BT & B, PSKAIbFE (K 5 5L K R IA R A4
1o GO'E 4t iy F nT GRS S b A %) FR 15 A8 Ak (1)
A5 E R . KEGGIHE K 73 4T 7R 22 S R IE B R 7
IR BT AW G BRI G 107 198 B A e 1% 35 W 4, T 18
S 2E IR PR 0E B S Ui v, IR B L R AR KR
Ho AT AR AN R i 24 R T T Ak
JRPSKXT 26 Ay BER) e, A B T+ B MRS
S A Ak B A

{E& TEk = FA

ECF: |EIFEUOe S MaEy, HPE: #5ik
35 TKIRYE, AT T BOE R IR B SR Bl
—I, EFIE: S E5LETIR; &80 BEHK;
REL, STEBE: PhBhSE RSN, BNk, REE:
SERRTG; RIEAE MEIR BT, BRE: R
SIS ARG 1B 3.
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Analysis of Endogenous Hormones and Transcriptomes Under
Exogenous Phytosulfokine Regulating the Tillering of
Zizania latifolia

Yuyu Tan', Hongjing Qiu’, Junhao Zhang', Yifan Zhong', Yuhan Xiao', Yuhe Jin', Xuefei Wang'
Jingyi Zhu', Delin Miao', Jiagi Huang', Xinting Wu', Zhaisheng Zheng?, Xiaojun Zha", Mengfei Yang?

1College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China; ZZhejiang Provincial Key Laboratory of Aquatic
Vegetable Breeding and Cultivation, Jinhua Academy of Agricultural Sciences, Jinhua 321000, China

INTRODUCTION: Zizania latifolia is the second largest aquatic vegetable (after lotus root) in China, with remarkable
economic and nutritional value, but it is currently facing declining quality as well as production, and is in urgent need of
breeding improvement. Phytosulfokine (PSK) is a recently discovered small peptide hormone for plant growth regulation
with strong potential in agricultural applications. However, its molecular mechanisms in regulating tillering in Z. /atifolia has
not been investigated. In this study, we used PSK-treated Z. /atifolia as the material, combined with transcriptome se-
quencing (accession No.PRJNA1377146), fluorescence quantitative PCR validation and endogenous hormone determi-
nation, to investigate the molecular and physiological mechanisms of PSK in regulating the tillering of Z. /atifolia, and to
provide a theoretical basis and technological support for the high-yield and high-quality cultivation of Z. /atifolia.

RATIONALE: PSK can regulate the physiological processes such as cell elongation and development of meristematic
tissues, and can promote crop growth and delay senescence. To understand the molecular mechanisms of the PSK reg-
ulation, it is crucial to systematically analyze the changes in gene expression of Z. latifolia after PSK treatment, combined
with the measurement of endogenous hormones and the tillering phenotypes, to uncover the key regulatory genes in the
key metabolic pathways that control Z. /atifolia tillering.

RESULTS: PSK treatment significantly promoted tillering in Z. latifolia, with the number of tillers at 14 days of treatment
being 122.22% higher than that of the control group. The optimal concentration of PSK treatment is 1 pmoI-L‘1, and the
optimal application “window” is about 14 days after treatment. We identified a total of 806 differentially expressed genes
(365 up-regulated and 441 down-regulated) after PSK treatment compared with the untreated tissues. GO enrichment
analysis showed that the differentially expressed genes were mainly involved in biological processes such as response to
water deficit, cell wall organization, and KEGG analysis showed that the differentially expressed genes were significantly
enriched in the pathways of phenylpropane biosynthesis and tryptophan metabolism. Four differentially expressed genes
were verified by fluorescence quantitative PCR. Furthermore, we measured the content of endogenous hormones,
showing significantly increased content of growth hormone, gibberellin and jasmonic acid after PSK treatment (GAs in-
creased by 188.59%), and significantly decreased content of abscisic acid and cytokinin with significantly altered hormone
ratios.

CONCLUSION: We found that exogenous PSK regulates the tillering and growth of Z. /atifolia through multiple pathways.
It significantly alters the endogenous hormone levels, promotes the increase of growth-related hormones and inhibits the
decrease of hormone-like hormones; it regulates the key metabolic pathways such as phenylpropane biosynthesis and
fatty acid degradation, and influences the synthesis of the cell wall and energy metabolism; and it promotes the synthesis
of indoleacetic acid through the expression of the key genes in the tryptophan metabolic pathway, which provides the
material and signal basis for tillering. This study reveals the molecular mechanism of Z. /atifolia tillering regulated by PSK,
and provides theoretical support and potential technical solutions for improving the yield and quality of Z. /atifolia.
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Newly emerged
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oo o Initial experiments showed neither inhibitory
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IAA . . this concentration
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Validation of RNA-seq enrichment results by
gRT-PCR: consistent expression trends of

i key genes
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indole-3-pyruvate monoo-
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GA signaling pathway, me-
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strength and plasticity
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LC-MS analysis revealed statistically
significant differences (P<0.05/0.01/0.001)

| module

Data from continuous field observations re-

vealed significant differences (P<0.05/0.01/
29.03% (28 days), and 30.91% (42 days) post-treatment. 0.001)

Significant increase in tiller number: 122.22% (14 days),

Exogenous phytosulfokine (PSK) regulates tillering of Zizania latifolia

Key words phytosulfokine, Zizania latifolia, tillering, endogenous hormone, transcriptome
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