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Abstract ; [ Objectives ] This study aimed to systematically identify the P-type cyclin (CYCP) gene family in sugarcane ( Saccharum
officinarum) and to elucidate the expression patterns and functions of a key member,ScCYCP3 ;1-1,under hormonal and biotic stresses

(smut and mosaic disease) ,thereby revealing its potential role in the disease-resistance regulatory network. [ Methods]The CYCP gene
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family was systematically identified from sugarcane genomic and transcriptomic data using bioinformatic approaches. For the key gene
ScCYCP3 ;1-1,gene cloning, RT-qPCR expression analysis,and subcellular localization were performed,and its co-expression regulatory
network was constructed. [ Results ] Bioinformatic analysis identified 71 CYCP gene family members in sugarcane. Collinearity analysis
revealed 287 syntenic gene pairs, indicating that segmental duplication was the primary driver of this gene family’s expansion.
Phylogenetic analysis classified the ScCYCP into four subfamilies,with members within the same subfamily sharing similar intron-exon
structures and conserved motifs. Physicochemical property prediction showed that ScCYCP proteins range from 211 to 356 aa in length,
with molecular weights between (22.55-38.52) x 10°. Most were unstable acidic proteins predicted to localize to the nucleus and
cytoplasm. Gene expression analysis revealed that members of subfamily 3 exhibited higher expression levels in sugarcane seedling
stems. Their expression was regulated by multiple hormones, being downregulated under abscisic acid (ABA) ,ethylene (ETH) ,and
gibberellin (GA) stresses,but upregulated by indole-3-acetic acid (IAA). RT-qPCR results showed that the ScCYCP3 ;1-1 gene had
the highest expression in the pith. Critically ,under biotic stress,ScCYCP3 ;1-1 displayed a significant variety-specific response:it was
significantly upregulated by pathogen induction in smut-susceptible varieties but downregulated in resistant ones. Its expression was
significantly suppressed in susceptible varieties infected with Sorghum mosaic virus. Co-expression analysis suggested that ScCYCP3 ;1-1
was functionally associated with several transcription factors (NAC,MYB) and other functional proteins ( CKRMPHR,DnaJ,PTF4).
Subcellular localization experiments in Nicotiana benthamiana confirmed that the ScCYCP3;1-1 protein was predominantly localized in
the nucleus. [ Conclusions] This study provided systematic analysis of the CYCP gene family in sugarcane and identified a key gene,
ScCYCP3 ;1-1. This gene not only responded to multiple hormonal signals, but also exhibited significant transcriptional regulation in
response to smut and mosaic virus stresses. Its expression pattern was closely linked to the host’s susceptibility to smut disease. These
findings unveil a novel function for P-type cyclins in plant biotic stress responses ,suggesting that ScCYCP3;1-1 might act as a potential
hub linking cell cycle regulation with plant immune signaling. It therefore represents a promising candidate gene for the molecular
breeding of disease-resistant sugarcane.

Keywords : cyclin ; sugarcane ; bioinformatics ; stress response ; gene family ; functional analysis
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SRR b 2 5B EE S4T30 PHOSO 41 it J5 1918 (1 B AT W] 50 | 7400 i 7 24 40 B 70 Fh A A i 7 otk
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Table 1 Primers used in this study

51944 FR Primer name S| YF%) Primer sequences(5'—3")
ScCYCP3;1-1-F/R GATGCTTTCTCCCCAGACAC/CAAAACTATCTGTCATCAGA
CGAACGATACTCGAGGTCGACATGACAATGGAGTCACCTACAAC/
GCTCACCATACTAGTGGATCCCCAGCTACAACCTTGGACAGC

YFP-ScCYCP3;1-1-F/R

q-ScCYCP3;1-1-F/R AGTGTTGTTGTTGCTGCCAA/TTGGCTGCTTGGACCTGAAT
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Green YL SEBAG ScCYCP3 ;1-1 1645412 L B AE T SRR 11 A1 i SR A6 M 2 e R A 3 (R 3%
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Fig. 1 Identification and collinearity analysis of the sugarcane CYCP gene family
A. CYCP FBFFHIM ARG R BB, HEE CYCP JEH Bl AL M A BT (AT IR S R SRR MG R 1 CYCP 6PN ) |
A. Phylogenetic tree of CYCP protein sequences; B. Collinearity analysis of CYCP gene family in sugarcane (red lines indicate pairs of

CYCP genes with collinearity ) .
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Class [ CYCP BRI EA MMM N & F/ o FA (8 2) .
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FHF 55 AN 6.04, HA A 63 N MAMAFERA/NT 7, UH1Z 63 N H R &, HAth 8 4~ Rtk
PEFE 1 ;ScCYCP HHAANTRETEECH 30.61 ~59.13 , ARUETEER T 40 B9A 51 4, WK E AR
FEFE I ;ScCYCP HHIBHFEECN 80.95~102.27 255K -0.335 ~ 0386, Hirr 42 A3 R Ky koK
PE 29 MR IR HER KM ScCYCP R, B ScCYCP4 ;2-8 3V 20 Jfl 2 o 7 7 240 Ji A% 11 2 76 48 o )5
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Table 2 Prediction of the primary structure and subcellular localization of sugarcane CYCP protein
S %%@Kﬁ{aa *E}Téj‘?ﬁfii A x%%?’éﬁ( & Elﬂ'éiﬁféﬁ SRR ' IE?HHE%@
Gene TD (?ngth (.)f Relative molecular ol Inﬁtahlhty Al'lphatlc Grand average of Predl(.:ted
amino acids mass index index hydropathicity location
ScCYCP1;1-1 266 28 905.06 6.87 47.39 84.81 -0.246 Cyto | Nuc
ScCYCP1;1-2 262 28 562.66 6.87 46.96 84.24 -0.277 Cyto | Nuc
ScCYCP1;1-3 274 29 604.72 7.95 44.87 80.99 -0.316 Cyto | Nue
ScCYCP1;1-4 274 29 648.78 7.95 43.97 81.31 -0.317 Cyto | Nuc
ScCYCP1;1-5 274 29 565.68 6.60 44.98 82.74 -0.280 Cyto | Nuc
ScCYCP1;1-6 274 29 565.68 6.60 44.98 82.74 -0.280 Cyto | Nuc
ScCYCP1;1-7 275 29 698.79 7.23 46.61 81.02 -0.335 Cyto | Nue
ScCYCP1;1-8 275 29 698.79 7.23 46.61 81.02 -0.335 Cyto | Nuc
ScCYCP1;1-9 267 28 927.99 6.87 48.35 82.70 -0.306 Cyto | Nuc
ScCYCP1;1-10 274 29 506.57 6.46 51.89 80.95 -0.310 Cyto| Nuc
ScCYCP1;1-11 268 29 015.07 6.87 48.92 82.39 -0.307 Cyto | Nuc
ScCYCP1;1-12 268 29 015.07 6.87 48.92 82.39 -0.307 Cyto | Nuc
ScCYCP2;1-1 237 25903.33 6.66 44.54 90.72 -0.055 Cyto | Nuc
ScCYCP2;1-2 237 25 903.33 6.66 44.54 90.72 -0.055 Cyto| Nuc
ScCYCP2;1-3 237 25 774.12 6.39 45.77 90.72 -0.054 Nuc
ScCYCP2;1-4 237 25 760.09 6.39 45.42 90.30 -0.064 Nuc
ScCYCP2;1-5 237 25 773.18 7.06 45.42 90.72 -0.056 Nuc
ScCYCP2;1-6 237 25 773.18 7.06 45.42 90.72 -0.056 Nuc
ScCYCP2;1-7 226 24 389.56 5.98 44.59 92.12 0.040 Cyto | Nuc
ScCYCP2;1-8 237 25 834.22 6.39 44.73 90.72 -0.039 Nuc
ScCYCP2;1-9 237 25 834.22 6.39 44.73 90.72 -0.039 Nuc
ScCYCP2;1-10 239 26 050.41 6.17 46.05 89.96 -0.057 Nuc
ScCYCP2;1-11 239 26 050.41 6.17 46.05 89.96 -0.057 Nuc
ScCYCP3;1-1 237 26 921.04 5.60 33.02 97.89 -0.047 Cyto | Nuc
ScCYCP3;1-2 237 26 891.01 5.60 32.35 98.31 -0.037 Cyto| Nuc
ScCYCP3;1-3 237 26 905.04 5.61 33.02 98.31 -0.037 Cyto | Nuc
ScCYCP3;1-4 237 26 891.01 5.61 31.17 97.89 -0.038 Cyto | Nuc
ScCYCP3;1-5 237 26 892.98 5.60 31.99 97.09 -0.057 Cyto | Nuc
ScCYCP3;1-6 237 26 906.13 5.99 31.18 98.31 -0.024 Cyto | Nue
ScCYCP3;1-7 237 26 920.09 5.99 30.61 97.89 -0.049 Cyto | Nuc
ScCYCP3;1-8 245 27 888.21 5.46 32.76 98.29 -0.015 Cyto | Nuc
ScCYCP3;1-9 245 27 888.21 5.46 32.76 98.29 -0.015 Cyto | Nuc
ScCYCP4;1-1 226 24 117.47 6.04 42.65 93.45 0.265 Cyto | Nue
ScCYCP4;1-2 222 23 630.01 5.63 39.44 95.54 0.339 Cyto | Nuc
ScCYCP4;1-3 222 23 615.98 5.64 39.78 94.68 0.328 Cyto | Nuc
ScCYCP4;1-4 222 23 615.98 5.64 39.78 94.68 0.328 Cyto| Nuc
ScCYCP4;1-5 226 24 103.44 6.04 41.90 93.01 0.256 Cyto | Nuc
ScCYCP4;1-6 226 24 103.44 6.04 41.90 93.01 0.256 Cyto | Nuc
ScCYCP4;1-7 226 24 103.44 6.04 41.90 93.01 0.256 Cyto | Nuc
ScCYCP4;1-8 226 24 103.44 6.04 41.90 93.01 0.256 Cyto| Nuc
ScCYCP4;2-1 237 25 893.45 6.14 39.73 87.72 -0.097 Nuc
ScCYCP4;2-2 237 25 854.46 6.45 39.02 88.14 -0.081 Nuc
ScCYCP4;2-3 237 25 925.51 6.14 39.00 86.50 -0.116 Nuc
ScCYCP4;2-4 237 25 925.51 6.14 39.00 86.50 -0.116 Nuc
ScCYCP4;2-5 237 25 873.47 6.14 41.63 87.72 -0.100 Nuc
ScCYCP4;2-6 237 25 820.40 5.99 39.19 89.37 -0.061 Nuc
ScCYCP4;2-7 237 25 804.40 5.99 39.19 89.79 -0.050 Nuc
ScCYCP4;2-8 282 30 836.31 6.37 44.76 95.14 -0.035 Cyto
ScCYCP4;2-9 234 25 515.15 6.31 35.26 90.09 -0.043 Nuc
ScCYCP4;2-10 356 38 517.80 7.83 52.41 86.04 -0.140 Cyto | Nuc
ScCYCP4;2-11 237 25 773.35 6.36 34.13 88.99 -0.058 Nuc
ScCYCP4;3-1 217 23 188.41 5.08 46.28 94.98 0.207 Cyto | Nuc
ScCYCP4;3-2 217 23 188.41 5.08 46.28 94.98 0.207 Cyto | Nuc
ScCYCP4;3-3 218 23 315.55 5.08 46.82 94.54 0.197 Cyto | Nuc
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ZE3R 2 Table 2 continued

BIERRAE /aa AR 53 F il AREERE  HARERE PRk WA RE AL

%i‘ﬁf L:?nglh l.)f Relative molecular frfﬁ‘ﬁ‘ Inélability Al'iphalic Grand average of Predi?ted
amino acids mass index index hydropathicity location
ScCYCP4;3-4 218 23 354.59 5.20 45.25 94.08 0.187 Cyto | Nuc
ScCYCP4;3-5 216 23 151.34 4.98 45.10 96.34 0.215 Cyto| Nuc
ScCYCP4;3-6 212 22 606.93 4.64 48.99 101.42 0.373 Cyto| Nuc
ScCYCP4;3-7 212 22 681.07 4.64 48.99 101.37 0.386 Cyto| Nuc
ScCYCP4;3-8 223 24 291.24 5.58 49.27 97.22 0.258 Cyto | Nuc
ScCYCP4;3-9 223 24 291.24 5.58 49.27 97.22 0.258 Cyto| Nuc
ScCYCP4;3-10 218 23 321.55 4.98 46.48 97.20 0.170 Cyto| Nuc
ScCYCP4;3-11 223 24 258.56 10.92 59.13 96.37 0.075 Nuc
ScCYCP4;3-12 211 22 625.99 4.64 50.08 100.90 0.367 Cyto| Nuc
ScCYCP4;3-13 216 23 203.42 4.98 46.89 95.42 0.184 Cyto| Nuc
ScCYCP4;3-14 216 23 203.42 4.98 46.89 95.42 0.184 Cyto| Nuc
ScCYCP4;3-15 211 22 751.21 4.74 48.63 102.27 0.372 Cyto | Nuc
ScCYCP4;3-16 212 22 552.90 4.69 46.91 99.58 0.378 Cyto| Nuc
ScCYCP4;3-17 212 22 552.90 4.69 46.91 99.58 0.378 Cyto| Nuc
ScCYCP4;3-18 218 23 321.55 4.98 46.48 97.20 0.170 Cyto| Nuc
ScCYCP4;3-19 216 23 314.65 5.10 50.80 99.03 0.225 Cyto | Nuc
ScCYCP4;3-20 212 22 681.07 4.64 48.99 101.37 0.386 Cyto| Nuc

Note ; Cyto : Cytoplasm ; Nuc : Nucleus.

2.5 HE cYycr EEKEH RIAAE R TES

St — RS HRE CYCP FERFWRIIGE , BRGS0 T 25 FE R B 53R 4R 5 5% 05 2 000 bp DX 34 It
KAEHTTHA R S 325, HRE CYCP BRI Ja 2h I = AE F oo A a5 2R (18 4) WoR 8 3 F X3t
R S VRN i vy s s O LB S - ) [ 4 SR L2822 ) A 8 1 i) AL VA 0 1 N = E Y
Class 1 /1 CYCP 3G 3+ & 80 B S 2 9206 o4 (193 A) |, HLR O S 1 R H g e 1 oo (106
AS) AR BRI I TTA (105 1) 5Class 2 1 CYCP £ A 8h 7 & 5 H e 2 1 2 e i ek (107 1),
HYOEARFTR F Eg e 0 TC 1 (68 ) e 3 W2 e W G AF (51 A4 ) A= 50 i JT A (39 4>) ;5 Class 3 H CYCP
FERR 27 A S 8B S 2 2 6mm B TT A (52 ), HARJR SR TR HY IR e L T (40 A ) (2R3 2 M N JG
(32 4N FIICEE S0 W 61 (21 4)  Class 4 H CYCP FE R B 301 b 40 & 80 H H5e 22 19 52 e i iy oo
(314 1), R WY& BRI 3 T (170 A ) FISERTRR B G R 3 T (146 14N) .

FRIEMTAAE FHTT I o A 45 R AT 01 < Class 1 CYCP W R 315k ScCYCPI ;1-4 AMIAIASA 55 7 A 70 36 i
i TCA 5 Class 2 CYCP 143 2l F F AN, 25 B0 A ER 6 0 13 TC 18 5 Class 3 9 CYCP I8 SeCYCP3 ;1-3 ()5 2h
FAb, AL B A AN 3 0 B 0 539 A Class 4 CYCP W4T 28 AN 5 B AN Iac i i e /4, $#E Class
3 WK CYCP SEPRAE e i 5 7 T & 4456 — 2 I T RE
2.6 ScCYCP3;:1-1 ERZERERBEAN=ZREMIT

Class 3 "1 9 4~ ScCYCP i 51 -5 Y5 F 48 M- 7 Whai %) 1 EF% S 4H unigene T3_Unigene_BMK.2833 7£
FLIR P4 L AR R 93.4% ~100% (K] 5-A) . R T it—2LAH5T Class 3 1 CYCP #£ A= 1y W38 0 13 J7 1
BThfig, L ScCYCP3;1-1-F/R 514, 76 H ik  XTT22° Hhk /7L [ v j , 4569 cDNA JF 51 Fl ¢ XTT22 3t
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) =5 H £ B AARE o—IBEMITC LIS M (1 5-C)
2.7 ScCYCP3 ;1-1 EERERWHEE PCR 7317
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ik, IR Ay BT BRAL Y 2.6 A1 1.5 A% bt H e AR & R NCo376 7 32 A 7 1 Jilk 36 Ak 3 s
ScCYCP3 ;1-1 KPR T IZRIR Xt BZH 1Y 0.75 £%5 (Bl 6-B) . 32 AL I 8 WA J5 |, SeCYCP3 ;1-1 7
JEAE I SRR XTT22 i 2 TR 3RIE S B9 0.6 £5 (81 6-C)
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Fig. 4 Cis-elements analysis of ScCYCP in sugarcane
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The left side indicates the distribution of cis-elements ;the right side indicates the number of cis-elements.
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A ] B 1 GATGCTTTCTCCCCAGACACAGCTACACTGCTGGAGCACTATCAC
93 94 95 96 97 98 99 100 1 MTMESPTTTAG
1000] 902] 992 093] 90.0] 99.0] 992] 930 | 939996 ScCYCP3:1-1 46 TAATGTTTGCCTATGACAATGGAGTCACCTACAACTACTGCTGGT
99.21000| 992 | 99.6| 993 | 99.6 | 994 | 939 | 939 | 99.3| ScCYCP3;1-2 RQUELESYLSEOLE VSN
992 992|1000| 993|985 99.0| 989 93.4 | 934 |89.0| ScCYCP3.1.3 91 GATGAACTGGAGAGCTACTTGTCCTTGGGTTTGACAGTATCCCAC
99.3| 99,6 99.3 1000/ 98.9 | 99.4| 99.3| 938 938|994 | ScCYCP3;1-4 7P O KDDAEEPRYLLLL
900993 985|989 1000] 989 980 4.3 943 892] ScCYCP311-5 136 ACACAGAAAGATGATGCTGAATTTCCAAAGGTTCTGTTGCTTCTC
99.0 | 99.6|99.0| 99.4 | 98.9(100.0] 99.6| 94.0 | 940|892 ScCYCP3;1-6 “L2sA¥YLDREVAONEELL
992 994|989 99.3] 990 996 |1000| 542 942|993 | ScCYCP3.1.7 181 TCAGCGTATCTTGACAAGAAGGTTCAGCAGAATGAAGAGT TACTA
939(939) 934 (938 94.3|94.0| 942 (100.0/1000| 84.2| ScCYCP3;1-8 5708 S K1 KDSTTIFHGEQ
939939934938 943|940 942 |100.0[100.0 842 ScCYCP3;1-9 226 GATTCCAGTAARATAAAGGACTCAACCACTATCTTTCATGGTCAG
996|993 990|994 992|992 993 92| 9421000 T3 Unigene BMK.2833 2ENVBEELS I KEYAER]F
271 AGGGTACCTGAACTTAGTATAAAGCTATATGCAGAACGCATTTTC
L 87K Y AKCSPSCFVLGL.I
I - RO B - R N 316 AAGTATGCAAAGTGCAGCCCATCTTGCTTTGTGTTGGGACTTATC
O U U 8 U U O U O =&
5555555553\5 102Y M ERY LQOQPNI YMTS
2 2 32 22 228 2 20 361 TACATGGAGAGATATCTACAGCAACCAAACATTTACATGACGTCA
HW7F S VHRLLIASVVVAA
406 TTTAGTGTCCATCGCTTGCTTATTGCAAGTGTTGTTGTTGCTGCC
C 132K F 1 DD AFFNNAYYGR
451 AAATTCATAGATGATGCGTTTTTCAACAATGCATACTACGGGAGA
47V 6 G I T TREMNMLETLD
496 GTTGGAGGAATTACCACAAGAGAGATGAATATGCTTGAACTGGAT
2L L F SLDFRLKVDIET
541 CTGTTGTTCAGTCTGGACTTCAGGCTCAAAGTGGATATAGAGACT
177F 6 S Y C L QLEKEALVL
586 TTCGGAAGCTACTGCTTGCAGT TGGAGAAGGAAGCACTGGTTCTT
99V LERPIQVQAAKVTEK
631 GTTTTGGAGAGACCAATTCAGGTCCAAGCAGCCAAGGTGACTAAA
207H L I CNSSADETT CEKHE
— Cyclin 676 CACTTGATTTGTAACAGCAGTGCCGATGAGACTTGCAAACACGAG
220LVRERY SGQAVQGCS
721 CTCGTGCGGGAAAGGTACAGCGGTCAGGCTGTCCAAGGTTGTAGC
237 W *
766 TGGTAAATCTGATGACAGATAGTTTTG
5 CYCP3 B 75 5 = REEHASHT
Fig. 5 Analysis of the nucleic acid sequence and tertiary structure of CYCP3

AL SERAL RS AL CYCP3 R RIT S BB s B. ScCYCP3 ;1-1 B4R T 5 K FL 4 (1 B L2 J7 9], 21 €k T e 3
PIFTFE X 385 C. ScCYCP3;1-1 R = RE5 1,

A. Similarity between CYCP3 nucleic acid sequences in the genome data and transcriptomic data;B. ScCYCP3 ;1-1 nucleic
acid sequence and its encoded amino acid sequence,and primer binding regions utilized for molecular cloning are demarcated in
red; C. Tertiary structure of ScCYCP3;1-1 protein.
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Fig. 6 Expression pattern analysis of ScCYCP3 ;1-1 gene
A. ScCYCP3 ;1-1 TEATR HEEHSUN I ; B, HRE SeCYCP3 ;1-1 TERBERTHEMA T 13K C. HBE ScCYCP3 1 1-1 18 & AL 3 75
WRMRE,
A. Expression of ScCYCP3 ;1-1 in different sugarcane tissues;B. Expression of ScCYCP3 ;1-1 in sugarcane under Sporisorium scitamineum

stress; C. Expression of ScCYCP3 ;1-1 in sugarcane under Sorghum mosaic virus stress. dpi: %515 K%L Day post incubation. * P<0.05.
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Fig. 7 The subcellular localization of ScCYCP3;1-1 in the epidermal cells of Nicotiana benthamiana leaf
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