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Abstract: Sporisorium scitamineum, the pathogen of destructive disease smut, usually causes abnormal growth of mer-
istematic tissue and forms a “black whip” in meristem tissues. In some cases, it induces formation of flowering struc-
tures in some sugarcane cultivars (genotypes), but the exact mechanism remains unclear. In order to explore flowering
related genes and the expression patterns in sugarcane in response to infection by S. scitamineum, the healthy and S.
scitamineum infected ‘guitang42’ sugarcane cultivar samples were analyzed by transcriptome sequencing. A total of
3276 differentially expressed genes (DEGs) were identified, of which 1677 genes were up-regulated (P<0.05) and 1599
genes down-regulated (P<0.05). The DEGs were mostly enriched in the biosynthesis process, ribosome, ribonucleopro-
tein complex, ribosome structural components, etc. according to GO enrichment analysis. The KEGG analysis showed
that the DEGs were mostly enriched in amino acid biosynthesis, purine metabolism, carbon metabolism, phagocytosis,
and other metabolic pathways. Also, out of 30 DEGs were identified to be associated with flowering, and the represen-
tative genes such as FT1, PIE1, GID1, GA200x-1, GA200x-2 were validated by qRT-PCR. The qRT-PCR results were
consistent with the transcriptomic data, confirming the dependability of the transcriptome sequencing results. The find-
ings would present essential candidate genes for revealing the mechanism of early flowering of sugarcane plants caused
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by S. scitamineum, and lay the foundation for disease resistance breeding.
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PR T 5 i 1o 9 T B R AR G, & P
B R R AR FAEMD 05-136 H SRR RTIFAE o

FEAE 2 AP A= 0 s ) B A R A
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HREM 72808 RNA At st R ECE R B
AR "] HEHL, L) Nanodrop 43606 B 14 RNA
alifE, KA Agilent 2100 B%HR 3B AR U A
RNA #EA7 B AG I .
1.2.2 CEMZEZON B X BRI A A i H R
M S RNA, FIH] Oligo(dT) 3R 5 %7 poly(A)
E ) mRNA, SR J5 il A NEB Fragmentation Buffer
1 mRNA FTWi  Be, L mRNA ARSI
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%, mEHAT R BOR/NEBR PCR &, 715
cDNA JFE, SCERMG4% 54T lumina No-
vaSeq 6000 - 55
123 MEpRFELRESH DFE R R K
1G5 S22 CASAVA B 3L ( base calling )
AT AL R R AG I ) 81 ( original sequence )o Xif
JR A EE (raw reads) #EATIEUE, FeBRaH 4L A
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HEHEE ( https://sugarcane-genome.cirad.fr/ ) #f
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WA IE, @ 4E#H PDR {H, Jf Ll|log, (Fold
Change)| =1 Fll P<<0.05 Jhriflxf 22 5 ik S A it
(Fipr
1.2.5 27 &k AR A2 43% %( GO )f» Pathway
22X MHTE (KEGG) 447 T Gene Ontology
(GO), %I M4 FIihE ( molecular function,
MF ), 4:#)id#2 ( biological process, BP ) F14H A
2143 ( cellular component, CC ) 3 4~ 7 [ X} 2 5+ &
RFENPEAT GO iR, 2T KEGG Budla %, 1H]
LR g, R SRR AT S, 2
SRR FE AN B PR E 4R Pathway, R H Fisher
PEATRE A6, il 4 Bonferroni A8 FE AT REIE ,
1930 2 N W 2 5 AR GO DB A5
M F T 3 dnb 2 2 S TR SR R R A T S AT
1.2.6 qRT-PCR B&iE Ry 6 UE %5 s 41 5030 /9 ml 5
P, FI qQRT-PCR X #8070 22 5 F A 2 R BEAT BRI o
F| FH HiScript III RT SuperMix for gPCR ( +gDNA
wiper )if 7] & ( Vazyme, Cat. R323-01 )5 il cDNA
% —4%%, >k ChamQ Universal SYBR ¢PCR
Master Mix iif] & ( Vazyme, Cat. Q711-02 ) 5l
HAFELE, UL GAPDH REEAINS, H
SnapGene #4511 qRT-PCR 514 (% 1),
R F A : cDNA f54( cDNA JFW A B 10 £5 )2 uL,
10 pmol/L 1E . [ 5144 0.4 uL, 2xChamQ
Universal SYBR qPCR Master Mix 10 pL, fIIA
Nuclease-free water £ AMAF A 20 pL, 7E Light-
Cycler 96 SR 2% 7 PCR 1 (Roche ) AT
qRT-PCR [ , %6 5E f& PCR U FEF A : 95 °C
AR 30 5595 ‘CAEME 105, 60 Til K FEff 30 s,
T35 40 U FrA IRy i B 3 Y ~~E M 3

x1 AHREASY

Tab. 1 Primers used in this study
HY R " »
UGS TTREED T (5-3)
name Forward primer (5'-3") Reverse primer (5'-3")

GAPDH ATCAACGGTTTCGGAA TTCTGACCGAAGAGGA
GGATCGG GGGTCTTG

GID1 ACCAAGAGCCTCATTA CCTTCTCACGGTACAC
TCGTGTCG GAGCTT

PIE1 CCTGAAAAGAGTGCGT TCACTTATAAGCTCAG
TTGTCGTCTG GTGAGGGTGC

FT1 ATCCCACATGAACGCG GTAGCAAATCACCTCG

GA20ox] TGACAAGGTGGTCAAC CGACCT
GA200x2 CACGGCATATGCCAGA TCTCCTTCCACGGCAG
GAACCCACATCACG CTT
CGAACGGGTCCGGGAT
CTTT

WL B 38 27k AT R A

2 HBREHW
21 MEHERESERSH

U4 ( Smut +1leaf ) FIXJHEZ ( Control +
lleaf) BYJRIAEAE raw reads £043 5 h 45 626 696
S5 M1 46 125 906 2%, it €153 clean reads £04>
WA 42 937 438 4 H1 44 276 602 4%, IF cDNA
BEHCE 9 6.44 Gb Fll 6.64 Gb, Quo Z35IHN
98.05%7#1 96.7%., Q30 73124 94.17%F1 91.19 %,
GC a1 5R 50.48%F1 52.72 % . it BN J3° i
W, R IR E I B TR
22 ERFIEEEMGIE

W Xt BE 2 53X 00 4 10 00 P i 0 A T G X 43
B, 25N 1 s, A 3276 MR 25 R KA,
Hodr 1677 AHEH B E FIEELX (P<0.05), 1599
AL R R E (P<0.05),

45
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P<0.05
55 |log, (Fold Change) | >1
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30 s ? + DOWN
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&
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Fig. 1 Volcano plot of DEGs
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e, Hob AW R 390 4N, 4R 107 4,
- FUIHE 288 N B TP 28 I/ NR R EE
£, WA 7 AN NEREEE, 4 TIO6E
O 16 /N E AR T3 DR E R
JEE R RN 22 SR R R BN (T 2), b
AW R TR AEY S NGL R (amide
biosynthetic process ). #¥ ( translation ), K4



%5 6 ] FHOLA . HET RNA-Seq (4 H R W HE SR T 12 G 1YL A AH G JE DR 42 41 1105
40 ° BP F2 ZREEKEGG BENH
35 e E,[% Tab. 2 KEGG pathway enrichment of DEGs
N ZERIEN
30 ‘ ks
3 BH
25 Pathway 1D Counts of “value
Pathway [D ~Ounts o
3 20 DEGs
%% Biosynthesis of amino acids  sbi01230 226 4.45E-07
= 15
Purine metabolism sbi00230 103 2.67E-06
10 Carbon metabolism sbi01200 247 0.0004462
5 Phagosome sbi04145 79 0.0005084
3] ycerophospholipi sbi .
0 Gl hospholipid bi00564 113 0.0007
§5858558% s§§§g§s SIS S5 S Sge Inositol phosphate sbi00562 75 0.0008856
SO SO TS S TSI § 88 487 :
§ SIS USSR S metabolism
S 59 P~ N Y
5 §§§§§§§§ éé:gigé: g‘is° ;ﬁfgﬁ ‘%’5 Pentose phosphate pathway  sbi00030 63 0.0011618
§ SeeyISTs $IF FE S&E 58 dvlinosi
¥ gjgé’ﬁéfiﬁ $85 8 Fas a8 Phosphatidylinositol sbi04070 73 0.0011657
58558 T TS gnaling sy
e 3§28 s £ § LR Ribosome sbi03010 249 0.0035088
78 3 7 ST 58
vl s & §5 88 Endocytosis sbi04144 144 0.0037752
2 EBRZEEEAN GO EE Glyoxylgte and dicarboxylate sbi00630 72 0.0044091
Fig. 2 GO enrichment of DEGs metabolism
Oxidative phosphorylation sbi00190 101 0.0065322
%ﬁﬁ*ﬂ% (peptide biosynthetic process ). YR Spliceosome sbi03040 180 0.0065768
Bﬂ,{tiﬁjﬁﬁg (cellular amide metabolic process )\ Pyrimidine metabolism sbi00240 67 0.0081457
Hj(’fﬁiﬁjﬁ%% ( peptide metabolic process >; zEHH@zE Arginine biosynthesis sbi00220 38 0.0100436
N N . N Autophagy-other sbi04136 45 0.0145776
1y 2T RAERHA (ribosome ), AL E K : .
i Glycolysis/ sbi00010 133 0.0183614
A& (ribonucleoprotein complex ). 345 & 40 Gluconeogenesis
%g ( non-membrane-bounded organelle )\ B@W;‘Eﬂﬁ Pyruvate metabolism sbi00620 75 0.0198884
. Ribosome biogenesis sbi03008 103 0.0221835
ZEA A4S (intracellular non-membrane-bounded in eukaryotes
organelle ). 4HjiE 545> ( cytoplasmic part ); 43 Citrate cycle (TCA cycle) sbi00020 50  0.0232448
y] ﬁg I L) ‘;ag % Tﬂ—: 1:2 ;}% Mg E]/‘J g'd:l: ,11:/,;] EE ﬁj\ ( structural Ether lipid metabolism sbi00565 32 0.0244963
. . S 2-Oxocarboxylic acid sbi01210 49 0.0262444
constituent of ribosome ), Z5 #4431 P ( structural etabatism
molecule activity ) 2 rRNA 254 (rRNA binding ) 55 . Nicotinate and nicotinamide sbi00760 21 0.0269251
metabolism
Mz Verar) = .
FIH KEGG B4 13 X} i 158 21| 1Y 22 7 ek R A Phenylalanine, tyrosine and sbi00400 40 0.0283316
HEFTIDRESP S pathway TERE, 25 G% (F2);  mpophan bloshesis
s Ut T 9 e Db s s Valine, leucine and sbi00280 39 0.0322748
ORI A B AR USR5 22 R R B R E AL R T isoleucine degradation
118 /I\,ﬁiﬁj-:‘@i%qj , E%%% @J T 30 /l\,ﬁiﬁj-:‘@i% Proteasome sbi03050 62 0.0351436
f, WMD) I biosynthesis of aming S meuboliom O 3 0sers
. = . . = elenocompoun sbi .
acids ), MRS ( purine metabolism ). ARG}  metabolism
( carbon metabolism )\ ﬁﬂﬁgﬂzjﬂ ( phagosome )\ Peroxisome sbi04146 101 0.0468568
RNA degradation sbi03018 94 0.0478577

Him#ERE L ( glycerophospholipid metabolism )45
24 FHEXEERWNERRESH

MG S B Th i e 2] 30 NS5 IR LA
K2 FRINEN, HpafEIF %5+ (floral
integrations ) &K 1 A~ 504 2k
( floral meristem identity genes ) 6 “~; JtJ& 1Y
( photoperiod ) IEFEAFKIEH 16 1~; HILEEA
KIEH 14 RERBEMECHER 6 1~ (F£3),

25 FiEHEAEEM gRT-PCR I&iiE
YEHL GID1, FT1, PIE1, GA200x-1, GA200x-2

555 A SHYIT LR e R 24T qRT-PCR

e (K 3), 4550 ER, SEFXTRAHL, TR
MR E R H RE1 M FT1. GA200x-1,
GA200x-2 JEH g% FFRiA, 1 GID1 1 PIEL
LR W TR ERIN . BARIX 3 NI R FE 4Ll
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Tab. 3 Analysis of flowering related genes
page FH AR HE R 2 5 FIREATEL IhREHER:
Pathway Gene name Gene number log, (Fold Change) Function annotation
FAp A+ FT1 Sh03_g001310 7.958152092 Protein RICE FLOWERING LOCUS T 1
Floral integrations
MADS-15 Sh02_g000890 13.13985093 MADS-box transcription factor 15
MADS-16 Sh10_g017730 5717251945 MADS-box transcription factor 16
ST EABIGEIEN  RAP2-11 Sh02_g018350 7810617389 Ethylene-responsive transcription factor RAP2-11
Eg;f}t;n ;?jﬁim RAP2-3 Sh02_ 2030860 1628805404  Ethylene-responsive transcription factor RAP2-3
RAP2-7 Sh09 g002170 1.242907698 Ethylene-responsive transcription factor RAP2-7
RAP2-4 Sh02_g011650 -1.191152161 Ethylene-responsive transcription factor RAP2-4
PFT1 Sh02_g010230 1.684690279 Phytochrome and flowering time 1 protein
PIF3 Sh02_g002020 1.145448931 Transcription factor PIF3
CIB5 Sh06_g005950 —-1.991067928 Protein CRYPTOCHROME INTERACTING BASIC-
HELIX-LOOP-HELIX 5
CRY2 Sh06_g005950 -1.568184262 Cryptochrome 2
CRY-DASH Sh10_g015300 -1.668928566 Cryptochrome DASH, chloroplastic/mitochondrial
CIBI Sh04_g019390 1.27080514 Protein CRYPTOCHROME INTERACTING BASIC-
HELIX-LOOP-HELIX 1
COL4 Sh07_g007600 —3.004809988 Zinc finger protein CONSTANS-LIKE 4
SeJE COLS Sh04 g004530 —2.138158501 Zinc finger protein CONSTANS-LIKE 5
Photoperiod COL9 Sh10_g010100 2.716167887 Zinc finger protein CONSTANS-LIKE 9
COL16 Sh01_g009230 —1.814080263 Zinc finger protein CONSTANS-LIKE 16
COL16 53723%027“"“@'250000 ~1.742909918 Zinc finger protein CONSTANS-LIKE 16
COLS Sh06_g008770 —1.263104823 Zinc finger protein CONSTANS-LIKE 5
PIEL Sh02 g011510 —2.374910569 Protein PHOTOPERIOD-INDEPENDENT EARLY-
FLOWERING 1
SEF Sh_231L07_g000030 2.932200999 Protein SERRATED LEAVES AND EARLY FLOW-
ERING
RUPI Sh04 g000580 —1.698504889 WD repeat-containing protein RUP1
GI Sh01_g036290 —2.982276809 Protein GIGANTEA
FIVER VRN2 Sh03_g010670 3.001678826 Polycomb group protein VERNALIZATION 2
Vernalization
GID1 Sh09 g010540 —3.198956386 Similar to GID1-like gibberellin receptor
FEERR GIDIL2 Sh02 g002840 4.206398003 Gibberellin receptor GID1L2
Gibberellin pathway GIDI1 Sh10_g016190 1.585422559 Gibberellin receptor GID1
GIDIL2 Sh10 g007510 1.362567614 Gibberellin receptor GID1L2
GA200x1 Sh01_g000490 1.60517892 Gibberellin 20 oxidase 1
GA200x2 Sh06_g017130 1.486081164 Gibberellin 20 oxidase 2

JF45 S Fl QRT-PCR 45 J 78 HL IR 22 S ik 80Tk
SEe—E, (B T A s ) 22 5 R R AR AL
IRy, UL S B B T AR

3 Wi

FFAE S 5 J 2 A R K T
B, AR S A O
AL RS SO 3R T 62 AT 75
AT T R ABFEI i AL T

five i 3276 MEFFEIRFNA, Hrp 1677 A3 H

R, 1599 NEHE T MK . gAMYL
TR IR 22 S R IR T — 408, TiiEH 30
DE B 22 5 RIKHEK . FLOWE-
RING LOCUS T ( FT) Wb HAE N Tl {63
BERRA, TUESEZDMHAERETHELRERS
O T, AEHEIFAE MG IE N (263 , e A 461
SR, 1 FEIRHRE SCFT1 5 DA Al 40 il 480 g 57 T
AR A G S 2H I o0 AT o BRAE H TRE MR B
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15- A 200 B *x 15- C 251D * E —Lr
—— —_
5 20l 1 .
= g 15F o .S .2
.S .2 2 a 2 2L
2 1.0F 2 2 1.0 o o
. . 1 = 3
5 5 10r s b °
1) 1) o > 10 2
> ok > > g r g
g 05) T 3 g 05 < 5 I
) T 05) © ~ ~
1 1 0 1 1 1 1 | I—— 1 0 1 1
GADPH GIDI1 GADPH FTI GADPH PIE]
A &

*RARZERRE (P<0.05), **FRERMEE (P<0.01), **FREZFMEE (P<0.001),
* indicates significant difference (P<0.05), ** indicates extremely significant difference (P<0.01), *** indicates extremely
significant difference (P<0.001).

3 oRT-PCR Zifi£RRIEEE
Fig. 3 qRT-PCR analysis of differentially expressed genes

RYJ5 SCFT1 L2 B3 FiHRE, [FEF qRT-
PCR HRIIE 73X —45 5% . #ENH MR Wi 5
R H RTINS, VTR i s e L i
I AEIR R TN .

JR75 % ( gibberellins, GAs ) J&—ZRH EAYHL
ViR, TERAT Y A K AT A P AR AR by
i B mEARE Y, AR RS ST,
GA “Z{& GIBBERELLIN INSENSITIVE DWARF1
(GID1) &1 GA {555, 5 Tiif DELLA HH
N-¥it DELLA/TVHYNP Z5#4 3 5 4% , fi£ #F DELLA
é’é SCFGIDZ/SLYl {Z%%/26S ﬁél%ﬁ?ﬁ‘%ﬁ#m'w,
IE PR . ERRSERE . Rk
Je b7 % S5 R 2 #22°27) . Gibberellin 20
oxidase ( GA200x ) JE AR A 2 & B B ) —28 &
THIFR B, GA200x M Gibberellin 3 oxidase
( GA3ox ) i —RIMEIL S, #5258 Z= A
GA12 ¥40 0 BA LE YIS TE Y GAL Fil GA4PS0
GA200x-2 BLIN M —~ “ZReAfiar” JE, HZE
AR L EOKRERVIRFT AL, TR KR S TP,
AR RIS XT AL, H AR R T R e
JE+1 i ScGA200x-1, ScGA200x-2 i K 1 2 B
WFE FPEFRIL, 1 ScGIDL HEPH & W E TRk,
X5 GID1 IE [P AE R4 R A5, 1
b, BEREXLAE (yeast two hybrid, Y2H ) FIXLS3
T2t HAMNLE ( BiFC) B3 & B, ScGID1 fE &
ScGA200x2 TEMRANFIAR PN &4 B AE ($dl e &
). HENNH R R WY — T R ScGID1
FKik, H—HHEAEH LIF ScCGA200x FRFE R G
B OCEER ERik, TR T ScGID1 5 ScGA200x
O E I (=3 E I YN (T18 7 & W L o i

AN T 91 R AR BE ) PHOTOPERIOD
INDEPENDENT EARLY FLOWERING1 ( PIE1)
A (MR BRI R AR A, PIEL 28 28 Be 41D 46l
FLOWERING LOCUS C( FLC )/~ SR £ £ A,
HFEFAE FLC KA R AL RO A58 & B
TEH REHE R AR L 19 T RE+1 it rp SCPIEL BE A
e SRR AR S 2 T R R AR, MR H R SR A TR
SHEREINLTRES SCPIEL FEF AR IL T IE
X,

TE BT CONSTANS-Like ( COL ) 2 [H &
JEJE IR ST AR AR i e s S N T, S
KB AtCOL4 S H HEANE B HE (%) TF AL 1 K 7,
COL4 it F6ik FEIFAEIER P i % 1k AtCOL5
A% S5 H B R T T AEDY s coL9 i i 1 4
Ehd1 ( early heading date 1 ) J& X SR /K AF (1) T 4K
i []12%1; COL16 JE R 7E /K R it ik b 3 JF 46 BHLAS:
F£[H Ghd7 ( grain number, plant height and heading
date 7) JRAMHIIFAELT, AHF5E & B ScCOLA #il
ScCOL16 & # T i i5, iii COL4 Fl COL16 7EH
AR P A AE MR G R IR G, HEDN T e SE A
P AT REIE T X 2 A4 3 R ik AT 75 S H
HAE, 1 COLS5 il COL9 7 H i i 2 ik 12X
DIRerl g 5 HAEY A —E 25

L& b K F- ( ethylene-responsive transcrip-
tion factor RAP ) RAP2-3. RAP2-4. RAP2-7 %)@
T AP2/ERF 2K#%5kH+, Z5MYIERTE « LI
B BT RN A LA i I 0 e py e AR
APETALA2 ( AP2) & R 1 40 g It v B 5k m) 22
P L B A P IR R gk, FTEYA
SOC1 HENM, gEm IR I 4L . AW 5T % B
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RAP2-11, RAP2-3, RAP2-4 LA FKA T, e
X3 ANHEDE AT RN Y TOH R R R e,
i H AR,

CRY2( cryptochrome 2 ), CRY-DASH ( crypto-
chrome-DASH ) #{J& T Fafb (8 = L I 5K 05, i
CIB1 ( cryptochrome-interacting basic-helix-loop-
helix 1), CIBS ( cryptochrome-interacting basic-
helix-loop-helix 5 ) f&—EZ KN T, FIL
EWOCHER TS CRY2 BAE, #Emife il Ir
FRAEH, AW g & B CIBL S DA 1E H HEHE AN TR 12
YuJi 2 sk, SR R T T R b
i CIBL 31k, dEmifie st HRERAE

KT H R R A 115 T R AL R AE Y
fif LR IE , ARG HE T RNA-Seq B AR i i T
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