PEFVEYI 4R 2026, 47(3): 553-566
Chinese Journal of Tropical Crops

S FESPYLERRENEERNASEERTEMHE THRIE
(BN

E% 44—12 %ijg 2, Fﬁ%ﬁ@l“ /r—]—nn—w-123 égél,z,ﬁ

1. mEfM KRR SRR, ~EEY 650201; 2. Rl RFEH R, MRV 650201; 3. =EATE
Wi SRRV ESSTE, smEM 650201

# E. PYR/PYL/RCAR (PYL) FEFEZEWHME NI ISR (ABA) MO, R R T 2245 4 Y i s 5

B rh RSV E M . #1125 (Saccharum spontaneum L. ) 1y H wEd0 3% & Fl ) F S BF A4 T 2 Fh éﬂﬁﬁigﬂﬁmxm
BEUR, B HATH PYL KRN ZE A R G0 %2 5 I8 /001 v R UL ARGE o AW 5% 5L T %1 % JL I 41 80His ( Saccharum
spontaneum Np-X 2021 ), ﬁt%%%%%ﬁ%%i%mmﬁl%ﬁ&i,%%%ﬁﬁﬁwﬁﬁ\%EW%&\ﬁwi
RS GRS KU B IR RO, A A St E it PCR (qRT-PCR ) AR Z0 A7 HAZ O i A A T 5
e TR R, R TR, EHTFEEFAPEET 32 4 SsPYL 2H, 444 SsPYL1~SsPYL32, H4ui%EH %
FEBREKE R 149~385 1, ZHECHBMERKMERA, REEM FAMMT, ZRHEH0L o IR BERTTHING Y £, b,
SsPYLs 7E afk 2N A, FEBEE REFZEY w9 EFHH, H5/KRG OsPYL A FKIEAFTE 54 X L k3¢
B, BRI Y P R IR SRS . REIE TR E R, 32 4 SSPYL 408 3 AN WRIE, [F— TR
LG AL AR S 2 P 4 R A L R 454, BT B34 PYR PYL _RCAR like FraEtEZEt, SsPYL HEE 3 FIX & &
ABRE . ARE. LTR %5 mia i F9E A= 9 38 A O A oo s T e T, 8 4> SsPYL FE[F SsPYLL, SsPYL3, SsPYL4,
SsPYL6. SsPYL8, SsPYL14, SsPYL19 #il SsPYL24 f3RismMKk W L8 (P<0.01), i SsPYL8, SsPYL14, SsPYL19
LEEREE R 5 A, N EF AR AR R B I . AR RGBT SSPYL I RN A RIS
TR AR, HIRARRILE ABA A FHPL RG-S 8 P T e HLH R AL SRR, [R]Bh H P Sk s AL i R 42
P EEIL A

A . HE; BT, PYL KR Pi5E; Rk

hESES: S566.1 MERPRAERD: A

Genome-wide Identification of the SsSPYL Gene Family and Analysis of
the Expression Patterns under Drought Stress in Saccharum
spontaneum L.

XU-QU nanxi'?, WANG Yujie', CHEN Shuying'**, HE Lilian'**, LI Fusheng'**"

1. College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming, Yunnan 650201, China; 2. Sugarcane Re-
search Institute, Yunnan Agricultural University, Kunming, Yunnan 650201, China; 3. Key Laboratory for Crop Production and
Smart Agriculture of Yunnan Province, Kunming, Yunnan 650201, China

Abstract: The PYR/PYL/RCAR (PYL) gene family (Pyrabactin Resistance 1/PYRI-Like/Regulatory Component of
ABA Receptor), as core receptors of abscisic acid (ABA), play a pivotal regulatory role in the signaling pathways of
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plant responses to abiotic stresses such as drought. Saccharum spontaneum L. (wild sugarcane), an important wild rela-
tive for sugarcane stress-resistant breeding, harbors abundant drought-tolerant genetic resources. However, systematic
identification and functional analysis of its PYL gene family remain unreported to date. Based on the S. spontaneum
genome data (Saccharum spontaneum Np-X2021), the study identified members of the SSPYL gene family using bioin-
formatics approaches, and systematically analyzed the physicochemical properties, chromosomal localization, phyloge-
netic relationships, gene structures, conserved motifs, and cis-acting elements in promoters. Additionally, quantitative
real-time PCR (qRT-PCR) was employed to investigate the expression patterns of core members under drought stress.
The results showed that 32 SSPYL genes, designated as SSPYL1 to SSPYL32, were identified in the S. spontaneum ge-
nome. The encoded proteins ranged in length from 149 to 385 amino acids, with most being acidic and hydrophilic pro-
teins primarily localized in the cytoplasm. The secondary structure was dominated by a-helices and random coils. Fur-
thermore, SSPYLs exhibited uneven distribution across chromosomes, and segmental duplication was the dominant
mechanism driving family expansion. A total of 54 pairs of syntenic genes were identified between SsPYLs and rice
OsPYL genes, reflecting the evolutionary conservation of this family among monocotyledonous plants. Phylogenetic
analysis clustered the 32 SSPYLSs into three subfamilies, with members of the same subfamily sharing similar conserved
motif compositions and gene structures. All SSPYL proteins contained the signature PYR PYL RCAR_like domain.
The promoter regions of SSPYL genes were enriched in hormone-responsive and abiotic stress-related cis-acting ele-
ments, such as ABRE (ABA-responsive element), ARE (anaerobic responsive element), and LTR (low-temperature re-
sponsive element). Under drought stress, the expression levels of eight SSPYL genes (SSPYL1, SsPYL3, SsPYL4, SsPYLG,
SSPYLS8, SsPYL14, SSPYL19 and SsPYL24) were extremely significantly upregulated (P<0.01), among which SSPYLS,
SSPYL14 and SsPYL19 showed more than 5-fold upregulation. The genes are thus speculated to be key candidate genes
regulating drought tolerance in S. spontaneum. The study represents the first systematic characterization of the molecu-
lar features and drought-responsive patterns of the SsPYL gene family in S. spontaneum. It would provide a theoretical
basis for further exploring the functional mechanisms in ABA-mediated drought stress signaling pathways and offer
important gene targets for the genetic improvement of drought tolerance in sugarcane.

Keywords: sugarcane; Saccharum spontaneum L.; PYL family; drought resistance; expression analysis
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Tab. 1 Primers used for qRT-PCR analysis
GIEE S SI9FH (5-3")
Primer name Primer sequence (5'-3")
SsPYL1-F TCGGCGATGTAGGTG
SsPYL1-R GCATTGACGGGAGG
SsPYL3-F GCGATGTAGGTGGCTCAA
SsPYL3-R TCGTTCGTGGTCGATGTG
SsPYL4-F ACGGTGAGGATGGAGGAGT
SsPYL4-R TGAGATTGGTAGTGTCAGGGAG
SsPYLS-F CATTGACCTCCCTGACACTA
SsPYL5-R CGTCGCCAAGCACATC
SsPYL6-F CACATCGACCACGAACGACT
SsPYL6-R CCACCGCCTCCAGAACTAC
SsPYLS-F TCCTCCTCGGTGTTGCCCTC
SsPYLS8-R CCGCCACATCCTCAGCTTCC
SsPYL14-F CGTGTCCTCCTCCGTGTT
SsPYL14-R TCACCGAGTTCCACCACC
SsPYL16-F GGTGTCGTCCTCGGTGTTGC
SsPYL16-R CCAGGGTCTTCGGCTTCTCC
SsPYL19-F CGTGTCCTCCTCCGTGTT
SsPYL19-R TCACCGAGTTCCACCACC
SsPYL22-F GGGTGTCGTCCTCGGTGTT
SsPYL22-R AGGGTCTTCGGCTTCTCCA
SsPYL23-F CGTGTCCTCCTCCGTGTT
SsPYL23-R TCACCGAGTTCCACCACC
SsPYL24-F CGCAAGGGAGGCGAAGATAA
SsPYL24-R CTTTCCGCACGCAACGAG
SsPYL31-F CATTGACCTCCCTGACACTA
SsPYL31-R CGTCGCCAAGCACATC
SsPYL32-F CGACGGTCTCGATGCTC
SsPYL32-R ATGGCGTCCAAGGCTGAG

TRFEER A 25 K PR AE o IV 40 0 5 o7 T30 8 SR S s
SSPYL8 JENTEAMMINE I, SsPYL12 & 7E4H il
¥ b, 54 SsPYLs( SsPYL2,SsPYL15.SsPYL18.
SsPYL24, SsPYL29) EfiAEifk b, Ha 254
SsPYLs 215 v 76 40 i 5t _L- o 35 1 BT G 245 ¥4
5 (36 3) B, SSPYL KIGEH o-M2JE . ZEfh
B B AAMTC NG A . Hrr, SsPYL1,
SsPYL2. SsPYL3. SsPYL6., SsPYL12, SsPYL15,
SsPYL16.SsPYL22 .SsPYL24 .SsPYL25 .SsPYL29
45 11 > SSPYL 25 1 G4 A6 20 1w JC B 252
i %2, HoAy SsPYL B AR R4y £ 5
HSIE A a-RE
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Tab. 2  Analysis of physicochemical properties of proteins

B4 05 RIEMAL - DTE y AREREC AR Fok AR
Gene name Gene ID Number Qf amino Mglecular ol Ins‘tablhty A!lphatlc Hydrophilicity index
acid weight/kDa index index
SsPYL1 Npp.09A008280.1.t1 197 21712.55 5.69 45.07 93.35 -0.254
SsPYL2 Npp.03B029190.1.t1 264 28875.46 8.90 52.35 73.86 —0.423
SsPYL3 Npp.09D008430.1.t1 149 16567.70 4.71 42.69 95.30 —0.237
SsPYL4 Npp.10A002590.1.t1 211 23769.03 6.07 54.04 87.16 —0.404
SsPYL5 Npp.04C009900.1.t1 211 23769.03 6.07 54.04 87.16 —0.404
SSPYL6 Npp.09C009000.1.t1 197 21712.55 5.69 45.07 93.35 -0.254
SsPYL7 Npp.07B006010.1.t1 220 22843.81 6.40 45.28 85.59 0.021
SsPYL8 Npp.10D015610.1.t1 241 25531.62 6.67 38.91 76.93 -0.200
SsPYL9 Npp.10D015610.1.t2 210 22353.04 6.08 37.03 82.67 -0.076
SsPYL10 Npp.01B039890.1.t1 220 22876.86 6.24 43.84 85.14 0.036
SsPYL11 Npp.09A015920.1.t1 208 21910.83 9.22 40.79 90.53 0.024
SsPYL12 Npp.09B008370.1.t1 300 33583.43 9.93 62.51 84.03 -0.504
SsPYL13 Npp.04D009400.1.t1 211 23769.03 6.07 54.04 87.16 —0.404
SsPYL14 Npp.04D008280.1.t1 204 22208.84 6.06 49.44 77.35 —-0.351
SsPYL15 Npp.03A029510.1.t1 385 42011.02 8.88 60.68 66.13 -0.590
SsPYL16 Npp.01D017190.1.t1 211 22623.41 5.12 41.26 88.77 —-0.191
SsPYL17 Npp.09D007960.1.t1 187 19696.03 4.46 36.48 83.16 -0.014
SsPYL18 Npp.10C014420.1.t1 285 30234.00 6.51 36.52 81.47 -0.108
SsPYL19 Npp.04A009460.1.t1 204 22171.79 5.89 50.28 76.86 -0.329
SsPYL20 Npp.06C012240.1.t1 158 17276.65 4.82 17.68 85.82 -0.233
SsPYL21 Npp.06D011020.1.t1 158 17276.65 4.82 17.68 85.82 -0.233
SsPYL22 Npp.01B029960.1.t1 211 22595.35 5.12 41.57 87.87 —0.202
SsPYL23 Npp.04C008410.1.t1 204 22238.87 6.06 48.84 77.35 -0.353
SsPYL24 Npp.03C033700.1.t1 331 36315.07 8.99 53.01 79.52 —-0.246
SsPYL25 Npp.01A028100.1.t1 211 22623.41 5.12 41.26 88.77 -0.191
SsPYL26 Npp.06A010190.1.t1 158 17276.65 4.82 17.68 85.82 -0.233
SsPYL27 Npp.01A039010.1.t1 220 22846.83 6.24 43.84 85.59 0.047
SsPYL28 Npp.01C036270.1.t1 220 22843.81 6.40 45.28 85.59 0.021
SsPYL29 Npp.03D031070.1.t1 301 32606.51 7.28 48.23 76.48 -0.329
SsPYL30 Npp.04B009430.1.t1 204 22266.92 5.89 50.28 78.33 -0.325
SsPYL31 Npp.04B010900.1.t1 211 23740.98 6.07 54.04 86.26 -0.415
SsPYL32 Npp.06B010280.1.t1 158 17276.65 4.82 17.68 85.82 —0.233

R 3 SsPYL EEB ZREEHI 4 #7 K 48 A 3E T il

Tab. 3 Secondary structure analysis and subcellular localization prediction of SsPYL proteins

HHA V40 fif 7 o7 o- R JiE SEE ik - JCHIN 2 1
Protein name Subcellular location a-helix/% Extended strand/% B-turn/% Random coil/%
SsPYL1 2 i 5 0.3553 0.2132 0.0558 0.3756
SsPYL2 I5igZ 0.3409 0.1553 0.0758 0.4280
SsPYL3 4 Jif T 0.3490 0.2148 0.0403 0.3960
SsPYL4 41 it J5 0.4171 0.1991 0.0521 0.3318
SsPYLS5 24 ot 0.4171 0.1991 0.0521 0.3318

SsPYL6 2 i

=

0.3553 0.2132 0.0558 0.3756
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Tab. 3 Secondary structure analysis and subcellular localization prediction of SsPYL proteins (continued)
i SE V. 4 7 7 o- I E S fii i -l JCHLIN 5
Protein name Subcellular location a-helix/% Extended strand/% B-turn/% Random coil/%
SsPYL7 2 {5t 0.4136 0.1545 0.0682 0.3636
SSsPYLS 2 A 0.4191 0.1535 0.0539 0.3734
SsPYL9 2 {5t 0.4619 0.1571 0.0476 0.3333
SsPYL10 2 {5 0.4273 0.1500 0.0682 0.3545
SsPYL11 2t Jf 5T 0.4423 0.2019 0.0625 0.2933
SsPYL12 2 A% 0.2800 0.2067 0.0600 0.4533
SsPYL13 2t Jifa 5T 0.4171 0.1991 0.0521 0.3318
SsPYL14 2t Jif1 5T 0.4118 0.1618 0.0392 0.3873
SsPYL15 JoigN 0.2675 0.1740 0.0883 0.4701
SsPYL16 2t Jfa 5T 0.3602 0.1991 0.0521 0.3886
SsPYL17 2t Jfa 5T 0.4973 0.1711 0.0481 0.2834
SsPYL18 JoigN 0.4561 0.1368 0.0456 0.3614
SsPYL19 2t Jif 5T 0.4265 0.1765 0.0441 0.3529
SsPYL20 2t Jf 5T 0.4304 0.2089 0.0886 0.2722
SsPYL21 41 it J5 0.4304 0.2089 0.0886 0.2722
SsPYL22 41 it J5 0.3649 0.1659 0.0664 0.4028
SsPYL23 24 ot 0.4216 0.1716 0.0441 0.3627
SsPYL24 I5igZS 0.3293 0.1722 0.0574 0.4411
SsPYL25 2 Jif 5T 0.3602 0.1991 0.0521 0.3886
SsPYL26 24 ot 0.4304 0.2089 0.0886 0.2722
SsPYL27 2 if 5T 0.4182 0.1545 0.0773 0.3500
SsPYL28 2 if 5T 0.4136 0.1545 0.0682 0.3636
SsPYL29 Jo A 0.3355 0.1794 0.0631 0.4219
SsPYL30 24 ot 0.4412 0.1618 0.0392 0.3578
SsPYL31 41 e 5 0.4171 0.1943 0.0521 0.3365
SsPYL32 2 ot 0.4304 0.2089 0.0886 0.2722

22 SSPYL EEFREfEEEMSLLEES T
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