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WE % 1E(Chrysanthemum morifolium){E R E BRI F AT, TEHAE R EMELF M EM ST RCEERN K. Ut
5 4 B NG A EUR AL G R, H AR RRE IR W RS S A PRV E TR, TR S AL, E AR RS i B R R 4%
MU AN B . IR B AR I 3 R R, CADIAE3E & B A B R L 2R M R FE 5t %, SR FIAR SS9 14 2 6
(SRAP)> THRIC M H L7 5%, J-F FIRNA-seqff I F A 25 L R BEAT I LA 5, 0716 5 BB M 55 1A 22 e R Tk L AL
GERRW, ZTEAMRLS B AR B AR R R R KR — B, HERR T BN E R IR . GOMKEGGE HE 4 s, M A
MZERBANEZFRAEFEHYBRESHSRBEERE. BP0 kRMN, KEAM. AENFERRFEFEZNRK
BEILRRIA R, AT REE SRR A Z R EE K . %N KRB IR T e AR RRE A 32 LA AT

RETEFANLA, S ede 12 70 1 8 FhER gt 1 298 (4R AN o i 22 A B

XEIE e, THHE, IR, Hsdla

TFE, TR, BER, BRESE, BRRE BHE (2026). UITE4 4 52 RACZ NS A 00, YR 61, 250-263.

TYFFIE R R — DR EZSRE, WhkE
FAESEE I EER, ARG ®RE . FEIET.
HERRE. FERRRE. BEREEULERBR
(Fornara et al., 2010; Andrés and Coupland, 2012;
Kinoshita and Richter, 2020). 7E{5 5 A0 B,
WiE T ' B 3R AN B A 8 3R S5 S A R ' ) AR
Ak, TR0 AR S WL e S92 A e 75 1A AR B B i
FEWeE), G IREE RS WIREER LS K B H B
KRS 5 (Balasubramanian et al., 2006; San-
chez et al., 2020). XL (5 5@ & 26 105 5
5 W 2 AL i R ARG R ¥, WFT (FLOWERING
LOCUS T)#MSOC1 (SUPPRESSOR OF OVER-
EXPRESSION OF CONSTANS 1). B AR I
TR RMICR S, BEZERSMNIGES, 0%
WOE NI e E SR RER, GiAPT (APETALAT)FI
LFY (LEAFY) 3Rk, it 2o AR 4 2R 48 40 HE 40
LA, AR E KB (Wu et al.,, 2024).
X — A 5 BN B 76 40 A5 21 2 T 0 2 BBk 4 i R,
R . 5591 microRNAK R WL &

Wk H 39: 2025-05-26; 252 H #1: 2025-09-02

045 2 JE B, RS B4 AR P TF A (R ) 25 R e 1 3
151X (Simpson, 2004; Wang et al., 2009; Bao et
al., 2020).
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fH. R ERERENMEE MR —, BEEE
Wi T 37 B I 7 RV ARG AR R e . SR, K24
S AE AR A HAR A i e R, R Ak
KIE, BT RICTHIFIEMH L, M T %S T8
PS4 REBEREAEER L. EREFEMERES, 7F
AR — M W B AR RIEA, &5 EEKREL
o, FERSFIAE SRR B 2 o, o Rl s )
EAPRIR e R W BB, VT84 4 o AN
A A, TEKMZEIE. BRI, &85
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T RZE R AT e e Ny, R GE LU IR R 2R IA
ZESE, BAEYZIE S AR ORI 22 R RIB HE R J ok
S, V1D R % A AR SZ L AT REFE HIAL
i, 9t — D AR AL ARSI % I 2% K H 1
SEOEFIRAK R 55 2 [N B

1 #HR5EZE

1.1 SEIadHR
AW AR N Y46 %6 4l (Chrysanthemum  morifo-
lium Ramat. ‘Jinshan’)%7 4= 8 (wild type, WT) & H %
Ak (bud sport, BS). ZEARM K}y AR E 4 T2020
TEAES AR P R B R PRI I AR R B R AR, 1%
PARE O Bk 15 WL 82 54F, T8 A [Al Ik vk 7] 25 ) iR A Al
T, SEARMILIAZR R NI FE ST R, R
MR E A RAER AL . MR U4 77 sUE F IR R
Frigtfefa et

ASHIE ST FH P R 0 A4 Rk 350 DA [ 110 o6 5 i it
AR TS, MXHEE NT0%, ERMEIE
ALK H A (16 /NI /8 /NI SR IS, 25°C)
18°C) NHTE FRAEK . FRAE AR AR K R U AR AR L
SR BLAE SR A R, 43 %t G 8 2R A R L
TSR R I FZE AT HURE, I RS A M
FEFHEAR SEARTFM, 2R LA 32 2K T 45
AR H RO emZEK. WT-L. WT-S. BS-L
HIBS-So AR B A R Jr . BFAET 2R ZEARHA
B P R ZEAR A RL 2R . BT R i 3 DA SRR ERORE 77 20
KA, AR S REIRMASI R N Y ¥ EA,
HIRB12MFEAR . FERAIAR G S, B T-80°CH
IR VK FE PR AT -

1.2 ZEEHEDNAREIS SRAPS FARICEE
G B B A RN ZE A AT RN B R 4 B e e SR OT
[ F, KA CTABZ:(Springer, 2010)42Hx 4= 3 K 41
DNA, it 1% 3¢ Jig 4l A6 g FL vk Ao I DNA 5 B AR
HMREEE100 ng-uL ™" % .

BT Y I 0 X S5 MR AE BT P S AR SR 1 2
& £ (sequence-related amplified polymorphism,
SRAP)51 ¥, IEMGIMRGCHE X, KI5 YRAT
BRI, R E A0 5 i 1) % =O0) g A [X
BT A1 . e 91, X ER e ol A &

TEARGESE: UIMES & 0 5 AR e 2 LK e sedL o i 251

TRy 3, Iy e . &aiEm. A2 EMR36
Xt T 5 625256 . PCRINAR £ AR F 420 L,
£1472.0 yL 10x PCR Buffer. 1.8 pL 2.5 mmol-L™"
dNTP. IE[FAI A 51 #7451.0 uLy 1.0 uL DNAFERR |
0.2 pL rTaq(TaKaRa, JtT)#113.0 yL ddH,O. ¥~
TR 94°CTAZ 154> B, 94°CAEME140 41, 35°CH
PE153%8h, 72°CREAP1 405, JLEMEIR; 94°CAEME1 43
b, 50°CEME104h, 72°CHEMH17>8h, L35 MEIE;
AT2°CIEM105 5. § =4 8% AL R %
P e Fe e B FL K 40 B AR BB S TEXT A6 T MR I
EIELGRTaR & i

1.3 BERNARISHZANRF

I B 4 B BT A 2 RN 2 AR M R 75 AR K e R
2£220.1 gfF NS RNASEIUMRL, RRALFE S5 34
AR o RNASREUR 3 s 2000 e B AL it 22 i ik
TN B A R AT 5E . W7 7 A HERNA £ 16
TN ST PERE R e v e . RNAR VRS R AR B4
A260/A280LUAA . W L RINME, H T ik fF & &
FERIGFE S SCREM R, SR Oligo (dT)ixk &
FEMRNA, mRNAZ 1 Bi b5 [ 7 5 & iicDNA, B 5
BT RSB R . poly-ANNE fe 23k R, ik H AR
B @i PCRY MR 7 S0 . S 4 8 = PCRI
SEH BRI (F>2 nmol-L™) &, 4207 & 7 SRR A,
& TDNBSEQIJFF & #EAT *i 150 bpik Kl 7 .

14 MFHELBSERREEESI

e 5 46405 HDNBSEQ-Y 6 2E i, £ WriteFQ#H
i oNFASTQR 3R, A& Bl 3E 7 4 K o 7 o =15
K& (ScienceDB doi: 10.57760/sciencedb.j00154.000
1) s FH bR AE SR 0T S A 400 E AT TR 8, IR &
i EClean reads, 7 FAEZE AHiLinuxfk452s. LL%
TEAR B SR L8 8 (Chrysanthemum % morifolium
‘Zhongshanzigui’)3: F 41 (NCBI ID: PRINA796762)
K%, ff HHisat2 & /% Clean reads Lt Xt 45 & [A]
4, A S SAMAKE A L, I il i Samtools ik AT % 2
B, HEFAES] . f# H Subread 1 A [ fea-
tureCountst&Henf Lo 5 R T FE R R S8, A&
F S DR 7K P P R T R

ERIE SN, I DESeq2t xf 2% iA H s 3t
IThRUEAL AL, 5 FPKM (fragments per kilobase
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of exon model per million mapped fragments){&,
BN DRI RAG B . 2 7 RIS TE I (1) 97 16 b 1 152
€ N|logz(Fold Change)|21 HFDR<0.01., %} fifi 4 5 %)
)2 53 R IEFENFE1TGO (Gene Ontology) ) REE R
HKEGG (Kyoto Encyclopedia of Genes and Ge-
nomes)ifE i & £ o, FE S nT AL TE ORI Rg
EEAGR. kR ST ZE R RIEER )G,
{5 F TBtools 4 11 £ fil] & [N ik # B, DL 7R HAE
AN [EAE A ) P ik i 102 e

1.5 AT EEPCRAHT

K SEi 9t 52 EPCR (QRT-PCR)X FFAE A < I 5%
= R RILFLNBHATIAE. BRNAZEvo M-MLV/x
gl E ORI A, KD) R 54 icDNA. 5l
Y)HPrimer Premier 5.0%k 11, LACmEF1a AN
ZHER, SIS N FE1. RASYBR® Green Pro
Tag HS qPCR (XCRHmAEY), KIP)YARIEATY 1.
qRT-PCRR NFEF: 95°CTAL VS8, B /531745
AP IEEIR(95°C15F), 58°C15FF, 72°C20%)), &/A

#F=1 qRT-PCR3I¥IFEF
Table 1 Primer sequences for qRT-PCR

BEAT R 20T T A RES S BN EY .
3 DR AR X 2 3 B SR 2784Tik i 8 (Livak and Sch-
mittgen, 2001), {3 F 117 € & 1X #% ¥ Roche Light
Cycler480 Il (Roche, Switzerland).

2 HRENH

21 EBRHERRFTHRREER

it LA < e B AR R R LA AR R AR K R B,
KB LT A i ORIV B AR A7 A i 2 22 57 (I
1A). BPAERER B A S B A, Be IR 58
JEMNE FRAE R A ATHAE KRR, R TB R kIR
7 (E1B), HEMWESEY, s AR, 4%
MORHRBUOARRSL I E R, RS M. iy
HeE g i 4%, Tl 7 A2 A 23R 800 IR
45k, IRZRME BIEZF LI R (EI1C). X EEZ 57
R, ZFAEM B RAE I R 52 B 2 ], HITIEH
RIE N FRIE B 51 Fap 2 vl ek B w s

Gene ID Gene name Forward primer (5-3') Reverse primer (5'-3")
evm.TU.scaffold_629.382 CmCOL2 ATGTTGGATCATAGTAGTGC CTAAAATGAAGGGACAATAC
evm.TU.scaffold_2266.14 CmAGL24  AGCTCCTAGAAACCGATGAGACA CCAACCGTTGAAGTTCCTCTAGA
evm.TU.scaffold_1506.230 CmSOC1 GAGGGAAGACTCAAATGAGG ATCGTTCGATAGTCTCCTGC
evm.TU.scaffold_161.24 CmAFL1 AGACCTAGCAGCACAGCAAC AGCATCCAAGGGGGCAAGAC
evm.TU.scaffold_639.70 CmFTL3 CTATGAGAGCCCAAGGCCATCAATG TGATGTTCGTGCTTTCAATATGTAT
evm.TU.scaffold_952.250 CmSVP CTGATGCTCGGAAACAAACCA ATTCTTGTGGAGGACCAGCG

CmEF1a TTTGGTATCTGGTCCTGGAG CCATTCAAGCGACAGACTCA

B 55760 AR R 2 A R A AR T 22 5

(A) BFAETY (S )FIZF AR RARR () ITAE R BN L (B) HFABYAEFY; (C) 2FARAATIZ . Bars=1.5 cm

Figure 1 Phenotypic differences between wild-type and bud sport mutant of chrysanthemum Jinshan
(A) Comparison of flowering phenotypes between the wild type (left) and bud sport mutant (right); (B) Wild-type inflorescence;

(C) Apical bud of the bud sport mutant. Bars=1.5 cm
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22 ETSRAPHFRCHFEM R RIELEE
NI A B EL 2 5%, A SRAP 7> 7 Fric X
5 B A AR R IR 38 A% 7 St AT O (1812) SR L Uk
,u%wm, PIEMRHE R 2505 8 B &
JE— BN AL IR I A, SRR AL R AL St AR
— PR, RS Y, B
LG AR R R A s = 5. o, 4
A9 G W™ 38 7 WA AR 70 1 B DX A A 25 1 ik 95
BRI, TMI7E25. 331345 5 i 8 7=y h W
LRI, X T HE SR H AR S R XIS ) e 71 sk
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A BAT e B — 2k, R AR R 022 57 S AT g
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23 HFENFSERFEIERS R

T I X 4 BT AR B 5 AR DRI Iy B 2R AR AT
SR, AR RINEY Y ES, HEH124
AL HFIRNA-seqdli . 45 R KM, M Clean
datatsi£%16.10 Gb, Q308 LB 1E6.38% LA L,
Clean reads5 % 3 K 21 ) Lb X 20K A T-76.10%—
84.49% 2 [8](%2). F A3 HT(PCA)L %JA/T, HN
FEAR RV, ARIAFEAREPCAEIH 2B 5
H(E3A), %%%éﬂlﬂ%l%ﬁ*ﬁﬁﬁﬁw%%ﬂo

2
&&&
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M: DL 2000 DNA marker; &X¢ 5| ¥%f B2kl : B AL BIREAR (72) 5 2E AR SRR FEAR (F)

Figure 2 Identification of the specificity of bud sport mutant of chrysanthemum Jinshan using the sequence-related amplified

polymorphism (SRAP) molecular marker technique

M: DL 2000 DNA marker; each primer pair corresponds to two lanes: the wild-type sample (left) and the bud sport mutant (right).
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22 RNAIN B8 RN 5540\ S 20 285 f K 7 ot 4

Table 2 RNA sequencing data and corresponding quality control of de novo assembly of the transcriptome

Sample Raw reads Clean reads Total_Mapped (%) Clean Q30 (%)
BS-L1 22161625 6648487500 34202828 (77.17%) 96.56
BS-L2 23995799 7198739700 36917976 (76.93%) 96.60
BS-L3 21638050 6491415000 34239457 (79.12%) 96.67
BS-S1 22943023 6882906900 38521761 (83.95%) 96.38
BS-S2 21828680 6548604000 36886062 (84.49%) 96.64
BS-S3 23543482 7063044600 39153223 (83.15%) 96.60
WT-L1 23254498 6976349400 38179442 (82.09%) 96.78
WT-L2 20343081 6102924300 33463987 (82.25%) 96.61
WT-L3 20998543 6299562900 31959286 (76.10%) 96.57
WT-S1 21307818 6392345400 35721575 (83.82%) 96.43
WT-S2 20885305 6265591500 34803877 (83.32%) 96.55
WT-S3 23425513 7027653900 38533348 (82.25%) 96.76

BS-L: ZASHI kLI J; BS-S: ZFASMRLZEAS; WT-L: BRI Fry WT-S: B AR 2E R
BS-L: Bud spot leaf; BS-S: Bud spot shoot; WF-L: Wild type leaf; WT-S: Wild type shoot

PCA
A ‘ B
WT-Svs BS-S WT-L vs WT-S
10000 A
= 5000 - p Group1
X ]
) J BS-L1_BS-L2_BS-L3
~ 0 & + BS-S1_BS-S2_BS-S3
Nt { WT-L1_WT-LZ_ WT-L3
©  _5000 4 H <+ WT-S1_WT-S2_WT-S3
-10000 4 ” WT-L vs BS-L y BS-L vs BS-S
V
-30000 -20000 -10000 O 10000
PC1(70.6%)
Volcano plot Volcano plot
C D
80 T
40
= J  |significant 607
x 30 : gU x Significant
L p 2 U
< C Down = 40 P
2 20 s * Normal > Down
T A <TD * Normal
10 4 20
01 ; 0 -
-5 0 5 -4 0 4
log, (FC) log, (FC)

B3 %k G A T 2R AR SRAR Ay 5 AR AR SR AL R A 2
(A) PCAISGE M HT; (B) 3 LB s AN [RUREAR ) 22 57 AR FE N 43 A5 0L (C) Kl BB R JrFEAR ] By R ER L (D) K
B R IRZ2REEART by FHEERIL. FDR: BRI, FC: %% k. BS-L. BS-S. WF-LFIWT-S[H&2.

Figure 3 Primary transcriptome analysis of leaf and shoot apex samples between wild type and bud sport mutant of chry-
santhemum Jinshan

(A) PCA correlation analysis; (B) Venn diagram showing the distribution of differentially expressed genes among samples; (C) Vol-
cano plots showing the distribution of up and down regulated genes between leaf samples; (D) Volcano plots showing the distribu-
tion of up and down regulated genes between shoot apex samples. FDR: False discovery rate; FC: Fold change. BS-L, BS-S, WF-L
and WT-S are the same as shown in Table 2.
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PA|loga(Fold Change)|=1 H.FDR<0.01 4 % #%
e, 0T 4ZHFE A 8] (1) 7 S R 1k Bk A (differentially  ex-
pressed genes, DEGs)ii 1770 FHREER T &L
BHIAIDEGSH AL R 55 1t (KI3B). Ho1, WT-Svs
BS-S5WT-L vs WT-S4143Jj/#5649F13 835/ MF 5+
PEFRIAFLN; BS-L vs BS-SHZERFEFERNEL, &
111764, R LBRAT T 22 R R B AL 7 2 FE
e AULIASLAG I 2 J R B RN 944, Xt
BN EESE 555 IR AR b mi 5 45 FE A
K, REAITRES 5 2 A H LU P [F i 1% 0k
YEEd . M2, ZHDEGsH A 4 LB %A
Sk, AFHL UL E WY BT B AR LR AR B ST (R 4

ﬁ 100 [ []] 2‘:5
iy
1 ig}g ffgifﬁ d /

Biological process Cellular component  Molecular function

mmm DE
100 -

Percentage of genes ¢
3

RIS UIES & 2 AR AL LK e s 4Lt 255

HUio Kl B — D AT T & A [ 22 5 R IA S T
b NSO AR 2R, BHEER 1 0565
A, NIRRT 3354, o EZERAEFET0 0554
(EI3C); mmzFAent fyrh 2R RIAH MR, L3R
4 4367, TR 1914, TCREHEAAIZER61 341
AN(EI3D), R HFAA AR PP R

24 GOFMKEGGEES

X5 25 R R DEGsi#t T GOMKEGG & 4 7
B, CAIBZR2Fh 4 ZU7E A6 % R K o g [ (K1 4)
ghIRRW], R 2R SITE F AR s Hh A7 A S )
BE, HoHEE» R LENEEER, R

o B Statistics of pathway enrichment
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Figure 4 Enrichment analysis of differentially expressed (DE) genes in leaf and shot apex samples between wild type and bud
sport mutant of chrysanthemum Jinshan

(A) GO enrichment analysis of leaf samples; (B) KEGG enrichment analysis of leaf samples; (C) GO enrichment analysis of
shoot apex samples; (D) KEGG enrichment analysis of shoot apex samples
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AN TR 20 SR AE pl A e A0 ok R v B A VR 1Y T 35 Th
W IEE AL

GO & & Hr & B, Ll it #£ (metabolic pro-
cess)& M 5 25 R DEGs 4L [A] & 4 1) = ZA ) 245t
T2, RARACKEARWS ) iz AR M4 B A . M2
T, ZER7E K B i (developmental process) 14 i
s34k (cellular differentiation)2%4% H b i & 278
B, XA RS ERIE N AEHSHES SR ERS
R — . KEGGEIEE £/ HrEY, MY
WMEETHEBRET FAMZERPHEEEE, H
DEGs#i &= %, IRnMEFENBE®ES T, £
AN [F) 2L 23 1R) B [ Y 428 A e A8 ) R RE FH o bAb, TE
R FURERE A A B AR ) & B B ) Sk R 4R, R
HA B 2 AR 2 AR s AR AR = & TR AR i
e BH R UIRe

MR Re 2 7K E, M DEGs EE EH & Tt
A AE R KA e AU DG, SR Rt
BEE, ERAEE AR B E S SRR
AR R EEEH . M25RDEGSN & E 54T
R T G G WG B DG I, s R ARG R
(diterpenoid biosynthesis) A & 5 i A1 3% b A= &
K(flavone and flavonol biosynthesis), iX %Ll A
ISR EILAERE VA, & n]REsmmH A=
ThReFIIE RVE o Wy N ZEATE AR % A2 1 A R R I
G 58 B TRk, R ORI R R 4% .
A B (S . SR, R RS
PGS 0T RN BN IR EAE S, JHEEa
TEA R R e AR BB . X—H8 045
5 MR B D iR N B AR AL 40D A (1 B 2 1R 4 PR 2%
PR T HIS SRR

25 FrEBEBREXERNERTRESH

251 REERFPHXBEENRETK

Mg AT ieoR, MAESBEEE NI FDL2, FTL3/ SOC1
TEZEAR MBI B FI 259 1) .35 R, AGL240I7E
PR A B FIH(EI5A). T8 B It R B AR
RAP1. FULFIAFLZE M 2R R, LFY{EZFARZE
R FIE L2, SPL4. SPL5. SPL9AISPL13
FEZEIRT T FFAERIIE R TFL1afE 229 b B3
A, T TFL1bFTFL1cZRIATE B 84k . X EE LA
() 570 RIE, 3R UIAEZE o IR A R 42 o i 52 31 7

BHAS, FECEMEITCIEINUR 5E BRBRAEFE AR o

252 RBAHREHEXERREEL

SR BB R, FTL3MI FDL2AE 2 A8 k4 kb vh R i 3k
(KI5B), mIAESMFT-FDE AWK . COL2/BBX3
FEM Froh B, s CO-FTRUR I IEH Tkt . PIF8
FTEMITEM J IZER R 35 825 L i, CDF4{E £
w3 B, T CDF2EM i MZER P EZE T . BRH
F AR A DS L K G APRRSI7 2.3 T i, R
TR N 48 ThRe 524, AT e szt & BIME 5 1 1E
WL J6ZAR KGR 5 SR (WZTL. FKF1.
CRY1/2. PHYA/B. COP1RISPAZ & i ) i1 1k 1)
TR ZFEAMN, RS-SRGS R SRR %
B, RAESZ AT e BB R iG55 K ER
T R K

253 BIXEFEHXEAREITL

KB H ERFEREERFE(WFCA. FPA. FVE. LD,
FY. FLK. REF6HI TAF15b){E 248 b1kl ity ik 1)
To i 2k, T 2H B 2 H SR i R R FLDTE M o
N, FLCHIRIJEIE K MAF21E - Fr Fl 2540 vh 2 (2 3%
FI(EI5C). RERZH A EIRFHFMRERZ R
SO, AH SCER IR T AU R AT R R DU AR 5
PIEFfE, SEEERERIIIREE S K.

254 FRERERFBEREVEHMTHE
ERFRESHFEE T, GAZIRIEKGIDTE AR
MR T, GAEDA K ICHERT R GA3ox T
W, 2% R GA2ox L (EI5D), & BIGAE S
TR S T GAR R AT REZ 24| . R UDELLAZE F
F IR I RGA. GAIFIRGL ) 215 6 & 32 A8 4k,
I8 B I AR R R R AR AR B B AR
JZH

26 XBRAEEEAREFFRIEZEENIRT-PCR
o iE

R 56 IE L S5 AR A 4 1) vT S 1 DL K DEGs ) Rk
M DEGs H1 it HX 6 4~ JF {£ 5% # Jk [l CmCOL2 .
CmAGL24.CmSOC1.CmAFL1.CmFTL3%1CmSVP
A ToRT-PCRIGIE . &5 R, FIRFERRIAR 2=
g R G HGEH I Ry — 8, R T 5%
Kl B S AT 5 SR B S T K (18).

© 0000 Chinese Bulletin of Botany



DIAE% & AR IRAE Z B e s A by 257

EIE

Group B

— GTOUD
6 Group 7 G
BN evm.TU scaffold_2266.14 6 ' roup
> Group EEEN evm.TU.scaffold_1284.237
A AGL24 evm.TU scaffold_508.467 5 oo evm.TU scaffold_192.32 5 [ Leaf FTL3 evm.TU.scaffold_1150.102 lg W Leaf
evm.TU.scaffold_1702.41 | ovm.TU.scaffold_61.93 4 [ Shoot apex [ evm TU'scaffold 63970, B Shoot apex
| ] | [ | ] evm.TU.scaffold_1506.230 I s — EEEEE ovm.TU.scaffold_1536.8 3 FDL2 evm.TU.scaffold_192.32 3
soct newGene_66435 M I i evm.TU.scaffold_9466.10 evm.TU.scaffold_61.93 -2
newGene_44195 LFY B EEEE rocen 25277 2 evm.TU scaffold 629382
evm.TU.scaffold_1506.421 1 SPL4 EE I evm.TU.scaffold_1687.25 1 BBX3/COL2 BOE e iare, Mo
newGene_8962 0 - evm.TU.scaffold_6137. )
AP1 B 100 evm.TU.scaffold_1262.227 s || evm»lg-smﬂ:{ﬁ;’; 0 CDF2 evm.TU.scaffold_1402.36
U evm.TU.scaffold_629.343 SPL5 evm.TU.scaffold_1447.. evm.TU.scaffold_1597.147
| [ ] evm.TU.scaffold_1638.381 CDF4 evm.TU.scaffold_1266.327
evm.TU.scaffold _10124.129 L
ovm TU.scaffold, 1371.143 L] evm.TU.scaffold_1333.596 Gl evm.TU.scaffold_8549.21
T 161, o e I evm.TU.scaffold_1021.55 evm.TU.scaffold_7146.9
[ | NN evm.TU.scaffold_161.24 TU.scaffold_950.196 APRR5 BE evm.TU.scaffold_2426.23
FUL 1 evm.TU.scaffold_573.137 SPLY 9“""TU'S“’" 175104 APRR7 evm.TU.scaffold_1303.164
evm.TU.scaffold_11956.14 evm.TY.scaffol . evm.TU.scaffold_1310.90
L TU.scaffold_1019.180 »
evm.TU.scaffold_7072.5 evm. TU.scaffold_1019. PIF1 evm.TU.scaffold_460.679
evm.TU.scaffold_asm16_new.355 - o evm.TU.scaffold_2287.108 evm.TU.scaffold_3604.32
AFL U evm.TUscaffold_632.139 SPL13 newGene_20898 PIF8 evm.TU scaffold_1371.333
SR ovm TU.scaffold_1284.237 evm.TU.scaffold_1118.77 evm.TU.scaffold_11464.122
FTL3 evm.TU.scaffold_1150.102 evm.TU.scaffold_8178.32 HEE I evm.TU.scaffold_1616.128
|| S evm.TU scaffold_639.70 TEM1 B evm.TU.scaffold_427.129
-TU 639, WT BS WT BS ] evm.TU scaffold_427.213
WT BS WT BS
WT BS WT BS
C — . Group 5 Group D Group 7  Group
v TU.scaffold 218140 6 evm.TU.scaffold_1573.840 [ evm.TU scaffold_6203.2 Ns
[ | Leaf iffold~493.344 Leaf
evm.TU.scaffold 5 evm.TU.scaffold_1654.298 -4 = eevm.TU.scaffol 1
evm.TU.scaffold_ fe7a 38 1 o m ] newGene_350! 3 M shoot apex GID1 ovm Ty soafiold 1899280 L i I shoot apex
FCA | | ] evm.TU.scaffold_1903.1 3 evm.TU.scaffold_1573.841 SmIUSEMEIRS 3
evm.TU.scaflold_218.149 3 evm w.scaxo}g 1573459 2 evm TU scalfold 45 3
evm.TU.scaffold_987.112 vmTU.scaffo y evm
-1
evm.TU.scaffold_224.117 1 scaffold_1754.12 1 Ty SEHo- 1305500
mnomemy o = L SNSRIy
1 % flold 1121086
evm.TU.scaffold_139.81 m.TU.scaffold_3601.85 ovm TU Scaffold 50124
evm.TU.scaffold_10595.96 fold 50,121
ovm TU Scaffold_1708.141 FLK vm.TU scaffold 1709.230 GAl e TUscalold 93218
evm.TU.scaffold_8473.16 evm.TU.scaffold_{231.167 ovm.TU Scaffold~197 186
FPA evm.TU.scaffold_asm7_new.350 evm. 0 “ﬂw I 152.46 evm.TU.scaffold"938.66
evm.Tu.scaffold_1107.88 VI TU.Soalfold 4064264 Ty S 4,
evm.TU.scaffold_421.409 - = - B
evm.TU.scaffold_6877.31 ovm. T Scaffold 904203 RGL | EEEEEEEE RN STy seatod328023
evm.TUscaflld_448.408 REF6 T o120 150 scaffold8987'7
FVE U.scaffold_408.204 evm TU.scaffol GA20x flold 1800781
EREERCEEEEEE EV'“TU scaffold_1314.62 evm TU scaffold_1064.357 Scailold—481.83
vm.TU.scaffold_780.44 TAF15b emTU saftld_iaz2 149 A3 scaffold_6849.37
FY evm TU.scaffold_2297.8 evm TU.scaffold_1064. ox scaffold 681.46,
evm TU scaffold_asm20_new.454 ovm TU.scaffold 1003. 151 |_evm.TU.scaffold_1003.152 vm. T scafiold_1330.02
FiD evm.TU.scaffold_1763.342 MAF2 o evm TU.scaffold_325.142 GA200x 5 'sca«olu asm3 new.746
evm.TU.scaffold_5571.137 m.TU.scaffold_1085.55 vm TU'scaffold_3007 204
evm.TU.scaffold_705.15 EEREERESNENE v TU scaflid 5019.65  scaffold_18201432

WT BS WT BS WT BS WT BS

BE5 4516 m IR (WT) M ZE AR (BS) JRAL M I R ZE QT L8 AR 50 22 S 2 i 2 X ' 4 0 A
(A) TESETRRA BT HEA R R Z R RIA L, (B) e AIMIS AR ITAEM G HE K 22 A E L, (C) A TIREIT R 5L B A e

i (D) B RIBRTTAEM R I 2 R AR IE 1K L

Figure 5 Enrichment analysis of differentially expressed genes in flowering pathways in leaf and shot apex samples between
wild type (WT) and bud sport (BS) mutant of chrysanthemum Jinshan

(A) Differential expression of flowering-related genes during early floral organ formation; (B) Differential expression of flowe-
ring-related genes in the photoperiod pathway; (C) Expression patterns of flowering-related genes in the autonomous pathway;
(D) Differential expression of flowering-related genes in the gibberellin pathway
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Figure 6 The validation of differentially expressed genes in bud sport mutant of chrysanthemum Jinshan with qRT-PCR
BS-L, BS-S, WT-L, and WT-S are the same as shown in Table 2. Error bars indicate means+SD from triplicate experiments;

* P<0.05; *** P<0.001; **** P<0.0001; ns: Not significant
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Transcriptome Analysis of the Underlying Mechanisms
of Flowering Inhibition in the Bud Sport of Cut
Chrysanthemum Jinshan

Yating Lei, Shuang Wang, Weimin Fang, Sumei Chen, Fadi Chen, Jiafu Jiang’
College of Horticulture, Nanjing Agricultural University, Nanjing 210031, China

INTRODUCTION: As an important ornamental species, chrysanthemum (Chrysanthemum morifolium) depends on pre-
cise flowering time regulation, which is a key factor affecting its economic value and market demand. The bud sport of cut
chrysanthemum cultivar Jinshan maintains vegetative growth under normal cultivation conditions and fails to initiate re-
productive transition. However, the underlying regulatory mechanisms responsible for its flowering defect remain unclear.

RATIONALE: To explore the molecular basis of the flowering inhibition in the Jinshan bud sport, we conducted a com-
parative analysis using both the wild type and the bud sport lines. Sequence-related amplified polymorphism (SRAP)
molecular markers were used to evaluate their genetic backgrounds. In addition, transcriptome sequencing (RNA-seq)
was performed on leaf and shoot apical meristem (SAM) to identify differentially expressed genes (DEGs) associated with
reproductive transition.

RESULTS: SRAP analysis revealed a high degree of genomic similarity between the bud sport and wild-type lines, sug-
gesting that large-scale genetic structural variations are unlikely to be the cause of the floral defect. Transcriptomic anal-
ysis identified a substantial number of DEGs between the two lines. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses indicated significant enrichment of plant hormone signal transduction
pathways in both leaf and SAM. Further analysis of flowering-related regulatory networks revealed widespread transcrip-
tional dysregulation. In the photoperiod pathway, abnormal expression of the CO-FT module may have impaired the
perception and transmission of flowering signals. In the autonomous pathway, upregulation of MAF2 (a homolog of FLC)
and downregulation of FLD likely led to the repression of downstream floral integrators. In the gibberellin (GA) signaling
pathway, a significant downregulation of the gibberellin receptor GID1, as well as the downregulation of the GA biosyn-
thesis enzyme GA3ox and the upregulation of the GA deactivating enzyme GA20x, may result in a reduction in active
gibberellin content. In the early regulation network of flower organ formation, the expression of SOC1, AP1, FUL, AFL,
and SPLs was significantly downregulated, and LFY expression in the apical meristem was nearly absent. These changes
may collectively block floral primordium formation and flower organ differentiation in the bud sport.

CONCLUSION: This study reveals that the abnormal expression of multiple key genes in the photoperiod, autonomous,
and gibberellin signaling pathways contribute to the failure of reproductive transition in the bud sport. These findings pro-
vide preliminary insights into the potential mechanism underlying flowering inhibition in the Jinshan bud sport at the tran-
scriptomic level, and provide theoretical support and candidate genes for molecular breeding of flowering time in chry-
santhemum.
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Disrupted regulatory network of flowering in the bud sport of chrysanthemum Jinshan.
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Appendix table 1 Sequence-related amplified polymorphism (SRAP) primer sequences used in this study
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