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£AELXFRL R KL EREFLR WG PLEFE &
C Pl 2 Ko AR e, BB 6111305 2 DU K ZAE S AR AT BRA A, #B 611130)

WE . A I NGNS FAGENN, RE LR, EARSOIT BFRG AN, 522 Bey%h
EAh A BB, A RN A KA F a9 huh A2k ARSHR 2, A 8 538 0 5 PacBio Sequel - &, VA8 2£ At 42 8
3o K ik 40m B H K (SMART, single molecule long reading sequencing technology ) %+ i, & £ 8% 2£ 3 /7 = X A K 4 F41m| 5
BpHr, & E3EIF 508012 & & & R — 55 7] (CCS, circular consensus) ## 402032 4 4% 3k # & & 7] (FLNC, full-
lenth non-chimeric read) , 3 &K A F 5 H TR EF DGR E A5 132154, 2 R AaFe £ TR G KA 81719 4%
F A (Unigene) #236215 A~ 7% CDS X, 343 84 F7 A 4 & K % i1 NR , SwissProt . KOG . KEGG GO % (¥ F i AT 2 B Fe T 4k
SR ERER 4362 AR R AER NRIEFGEABMZR S, H 635384, & 98.72 %; KEGG i a9 K W 5x V7, 58878 Mk
RAEFEE] 148 Frig 2, Rt o A e A& % (11112), F 8447 4 41240 A SSR 15835 /A~ IncRNA F# 4903 N34k B -,
RLK # Z BT RGO AR R S LR REH KR T TRAL T A 29520 R 7242, 53 F 69 PIKNOXILI3 A Wit 4T
Tl I A B 2R e s T K e i 3 AN B R GA B H A B WR T R R A R Y AR R T WAL F, TR A 8k
EWmA R BT LA, KR RN LA 09T Lo 6 B B T TR A #1424 T A8 Ao dik 38,
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Full-length Transcriptome Analysis of Bulbs of Polianthes tuberose L.

JIANG Fuxing', WU Jingxi',ZHU Xiao' ,HUANG Yuanxiang’,ZHOU Peng’, GAO Ping’, LI Xi'
('School of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130;

Sichuan Tianyi Ecological Landscape Co., Ltd, Chengdu 611130)

Abstract: Polianthes tuberose L. is a perennial bulbous flower of the Amaryllidaceae family. It is a famous
fragrant flower plant with high ornamental, economic and medicinal values. Bulbs are their main reproductive
and medicinal organs. In order to further explore its growth and development mechanism and secondary
metabolic pathways, we use the high-throughput sequencing PacBio Sequel platform to make use of its bulbs as
materials, the single molecule long reading sequencing technology (SMART) was used to sequence and analyze
the full-length transcriptome of Agave amica bulbs for three generations. The platform obtained a total of 508012
high-quality CCS reads and 402032 full-length non chimeric sequences (FLNC), and clustered the full-length
non chimeric sequences to obtain a total of 137215 high-quality consistent sequences. After quality control and
redundancy removal, a total of 81719 transcripts (Unigene) and 36215 complete CDS regions were obtained. All
transcripts obtained were annotated and functionally classified through databases such as NR, SwissProt, KOG,
KEGG GO, etc. The result showed that a total of 64362 single genes were annotated, with NR having the
highest annotation count of 63538, accounting for 98.72%, while KEGG had the lowest number of annotated
genes, with 58878 genes annotated to 148 pathways. And 41240 SSRs, 15835 IncRNAs and 4903 transcription
factors were analyzed. RLK transcription factor family has the most genes. The discovery of homologous box

transcription factors family may be involved in the development process of tuber, PtKNOXILI3 gene was
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cloned, its expression levels were relatively high during the initiation, enlargement, and maturity stages of

tubers, transient overexpression indicates that it can promote the development of bulbils, so that it may be an

important functional gene involved in bulb formation and development. This study provides reference and basis

for in-depth research and development of molecular markers, important functional genes and germplasm

resources innovation of Polianthes tuberose L.

Key words: Polianthes tuberose L.;bulb; full-length transcriptome ; germplasm innovation

W 75 & (Polianthes tuberose L.) Sk 254 i 25
VRN 5 W B Rk S i o S LN EEE PN R
e 22 )& (Agave L.) W W) , fiv 44 N Agave amica
Medik, i)™ T 25 75 B Fl g S U SE ML X, 5 7E T 57 4%
)z AR R A B RE A [ A [ ATl Y
TR ME AR EERIE ", Mf ER &R
ZEVE R, WA I W BN IR R, TR A
A6 YIAE A bR P A% 15 , JUH IR AR 2 AT S U A
T, AT A TR R AR DR A S5 QT ; i e A il 2K
A IR A AR L), DRTHIR BT, T A= |
FIREFIMEE, N AR R . BRI,
WA R SR A LR T AR

TE L BB i R P i 28 TR R o R
ARG, SR TTIRA AU £ FEE DI T
FFAF MR T A R AR AR ]
HEVHAR BT EE T, B, A
FA I DR AR AR R, R b e ) A 2 S 2L AR
HARFNHBAEE R

We £ AR AR 5 ADE B |, feseH AR 5
XA B IFAERAE R B ST T o B R
J2: % F Ilumina HiSeq™ 2000 F114000 25 — X ¥
B A PR DL S M N RETERf 4 e
HH S B ) B S AR S AT B R ) A A Il L, N
RE TR 8 S e B IR | [] 58 e IR 4 3R 0 1) e Spe AR, e
DIS 3 8 58 B R 5 8 B 1
S5 AR P R AR )t B, R i 21 29T SR L
WY i 35t A5 A5 B 5 TR I kB A 3, T
PacBio SMART #4352 Bl 7 B A ) 4 K s 21
WPy TG 4T W RNA B, B3 i sk A5 3 e K
cDNA, 1Ml HAEME RS 2B O34 10 kb) L 7% T H 5%
SERE L A P E B R B oA 4 Be]
15 B AER ) A K RS A0 (U N T
T AT i R DA

WA T REZE W 60 5 B AL e, RHEETE T
MR E s . DATERE T IRIRS 1 % A6
ZE AL TE AR 5 o B R IR S AR
() S B BT, A2 [ B8 4 8 2507 S i el [

i 6 25t BB A 7 AR W IRRN 7 2% R A5 2 T A
A N i3 ) i B 7/ B LK e S 7o s a = R L U e o
FEREA AT DL 25X i A T A A HLAA A
FEENMESE X, Rt I ik & % 5 h a1
PLER A ST AN G UL, BRI RN A= 7 (AR
i) g0

KNOX (KNOTTEDI-like HOMEOBOX) % [H &
e PR B R Y A K R B 0 Rl S e SR R
FEALFE PR, 25— KB RILHE STM . KNAT1/
BP .KNAT2 Fll KNAT6 55 1 51 , FE A3l 8 ih 3
5 R AEY) T A0S 1 e AR B R R
HEEEM. 5 KR HE KNAT7 . KNATS |
KNAT4 Fl KNAT3 % W% 01, F2ak 1 s in )3z , 72
AW E MALh A RIE, CAMERY
KNOX HE [ Z Tk R A2 400 B I 1) b 55 2% 1 1R B
B BT O ERZE PR (IR
Joi M e T 22 R A R EREE (/NS E ) S T AR B Y
FE R A2 IR I KNOX 35 DR 50 F i & 5 A
L FaE R A E WA R LA HEEMMNES
B H R TE ML AR 0 85 25 S 2% RIS R L
FHE

DRI LG AR A 9 R FH B 5 1E 149 PacBio P17 F- 15 %
WA B 2K A T — A e S L 20 A, % it
APEAT R SR 7 A SSR AR & AT HF 5T, 3F
X2 B AT RESE I AT TR, AT
B B 5 25T B o> FALBRAR (I 225t ol R o
TEIRRIH SR L AR B R AR B
1 MB5RFZE
1.1 iKgesr#t

TEREUREZH 5 5 1 AR AR R ARG il Al R
J&, DU 2L S RL 5 25 A 3z il TS K
b0 w1 11 B Bt e | A W GE Y I
FRS NG 8525 % F 3 R 3 AR BTHA (ET 1) , Pk
BRI ELAA AR 18 3~6 AN AR [a] AN AR AE K I
2L W RE A, 7 BDAE WA O A7 it T -80°C
KA
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ACU53Y] Initiate period

Ji% K Expansion period

JE U Maturation period

1 BEESHZEREH3NTERHE
Fig.1 Three different stages of bulb development in Polianthes tuberosa

1.2 RNARE.EENF SH#EAERE

{5 AR ) RNA $E B & (RE A TR
A ) 40 ) B B A R 85 2K R 3 A [ B A A R
RNA , 35 4 8 5 F, 1k R it A S0 AG: W00 iy 4 B i)
RNA 5B PEAIGT R, 2645 OD {6 (260nm/230nm )>
1.8 B 3 AN [RIBHI AG BL RNA iR & TR E N —1
FEA s bt E i A A ml i T AR %
ZHMTY o >R H] PacBio — Ay ASORT e A5 T 7 i 25
cDNA # 17 W 75, % I J5 /& 5T 5 19 RNA fiff H
NEBNext Single Cell/Low Input cDNA Synthesis &
Amplification Module & i mRNA A9 4= < cDNA,
PCR 14K cDNA., X}4K cDNA ¥ f5i16 52/
HuifE 2 ; 7% e SMRT MEAR A3k DI SO . 3¢
VAR 3 58 B, X SC PR IO o A T ARSI Jo s )
SKJG AT BRI, PR A8 5 F B H AR T HLEL
5, ff ] PacBio Ml 7 A T K S ), 3k
1Rl EEE

XPARAT A R G B A TAR B, 1 55345 subreads
Fed), BATREE G AR5 BE — 2P 41 (CCS, circular
consensus) . ¥ J¥ 41 43 R 4 K J¥ 41 (FL, full-
length) | 4 K dE #x & ¥ ¥ (FLNC, full-lenth non-
chimeric read) Y5 4F 4+ ¥ 51| (nFL, non-full-length
read) , SR 5 # K AR i G 7 A0 HHAR LR P 41 (R TR]
— SR B ZAHE D) AT RS 15 B R
— Uk B[R] — B e s AS SRR TR T A 2
B, SR AR TUAR B9 5% A ¥ 41, Bl Unigene. %
TransDecoder #1747 g 1 [X )7 51 1 0 )z Pfam 25
PRI BT A RE R 202
1.3 IheEiERRERETFHH

{ifi FH DIAMOND #X {44515 2 A JE TO AR e s A
J¥ %115 NR ., Swissprot ,COG . KOG .KEGG 25 ¥ 42 JI¢
FeXt . InterProScan F] F InterPr 34 1) 5 122 43 B
AETCAREL SEAF AN B GO 25 53, M AR TUAY s s AR

(2 LR T 5 L 8 F HMMER 3K 5 Pfam 58 2
EUXT, ARAHG SEAS I T R A 202

i ATAK RPF 04 508 0 % 3% DR 1~ 3l , A 3
Wy 5% R 7504 2 animal TEDB2.0 %4 55 40 2540
() Sl S DR F-1EA T 28, X AN [R) AU 9 2 S TR
Tt gt
1.4 D2 (SSR) 5 #T K IE4R 3 LncRNA K H

(@& R AT

% Fil MISA (Microsatellite identification tool ) X}
BESEA PN T 00T, 4 AR RIZRAY [ SSR, H A 7
Giitorpre,

LncRNA 5 fig g i1 25 11 5T i RNA %5 45 1 i
Y, IRt R J CPC . CNCI, CPAT #il Pfam %5 %
732 B G 5 T BE 43 T 1k i S AR R4 T LncRNA
(A TR, 4 A5 2 5 5 B 110 B S AR 2o U8 25 B, AT
75 31 9 4 B Y9 LncRNA |, I BUH 28 82 48 Sy fc &K i
I 238 R s MR 55 mRNA HEAT 0 35 B Kb I X 77 2
V5 FE #8001 P LoTar 89 55 P8R0 1 53 47 40
JE DR ) e
15 BZLFHXAXNERATFERRRRES

PtKNOXIL13 3% EFHI T IE
151 SHELZFHEXNERETFEZE HECH
B W 9% , WUSCHEL 1 KNOX (KNOTTEDI-like
HOMEOBOX) 4% [R) 5 & i 5 N e PR A 9 1 41
MG PEFIES B R B b B TR A A, A
LGB A R =R e K M St B, LR
Horp G S P AL G A W 5 5, B4 B A1
R ARG RS 520y ik LT AUE L
FHOC A5 S R 7
152 PIKNOXILI3BERMZEREMERFESD
R N N AV g I 1 S R G I e A A |
ISR K780, IS 19 (1), 2847 PCR Y™
Bk R MDA 2 T A AL RIS
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SEH F A T, Ik ) DNAMAN Fl MEGAX
SERR AR A T S B R PR ST 7 5 43 AT IR B2 4 B I
)48 , i 32 Prabi (https : /npsa-prabi.ibep. fr/) 7£ 28 7
VT A M — e A R PCR Y IR R N
Fz1 S|MBFRIEFET]

Table 1 Primers name and sequence

cDNA 2 pL, iE . Jz a1 5] ¥ 45 1.5 pL, 2xFlash PCR
Master Mix (5 i) 25 uL, ddH,0 20 pL; J2 )i/
T+ 95°C T 48 14 Smin; 95°C 75 14 20 s, 63°C 1B k.
30's,72°CHEMH145 5,35 DGR ; 72 CLEH 1 min.

GlL/ P2 IFHN(5 —3") JH
Primer name Primer sequence(5'—3") Usage
PtKNILI3F ATGTCTTACCACTCCCACATCGACCTC R
PIKNILI3R TCACCTTTTTCGCTTGCTCTTAACTGC

PtKNI130F GGTCCCACCTGGCTCAACAG AHXT S
PIKNI30R CCATGATGGAGTCGCCGGAG

PtGAPDH-180-F GCTGCTAAGGCTGTTGGGAAAG SEEIE]
PtGAPDH-180-R TCCCTTCATGCTCCCCTCAG

PtKNILI3F cagcteggtacceggggatcc ATGTCTTACCACTCCCACAT E Sy SAUN e
PtKNILI3R catgtcgactctagaggatccCCTTTTTCGCTTGCTCTTAAC

INEF R F R RS L FT
Lowercase letters represent sequences on plant expression vectors
1.5.3 PtKNOXILI3 £ A #) 3 Bf 3% & & £ PCR
(real-time PCR) #| H # /4 Primer-premier 5
(http://frodo. wi. mit. edu/primer5/) 1% 1T real-time
PCR AW (1) . 377 ¥ i B2 FELAE 100~
250 bp. S I 1R & Fil 45 14 2 i SYBR Premix Ex
TaqTM kit Ui 45, Ll GAPDH LR Jy it 7 T ik
SYMTIIN S U B AT 3 UK a3k AT ik ik e Xt
Y1 BRE VRS T PRAR A 2409k ke i o BRI
(OF PO STy T
1.5.4 PtKNOXILI3 EFEMBEREAL O HAHE
R FIBBIA pCYHO5251 F(F 1), K254
TR E Y 5L DR A 35 R v S AR R AR AT TR
EHA105 v, 5 (A6 R IR 7453 19 & IR | 64 7 5%
i 2 Al v W % [T S I DRt = R LS DL
PLE A FER R R Ab B A3 20 AL 30 A0 4, Ik
i3 RAEYEER . A 48~72 h e, FRLHBEA LA
oAt F B HCRNA S 47 AH X 28 6 i R ik )
B2, [l Bk 1A e 7E 4H 85 25 9 25°C #5557 15~20 d
J& , WEE A BT U 1T 7= A R ZE R 1 O, I AH
PLEEA T I BT
2 FBR5HMH
21 BEFSHEZSKERABESFT

M R 25 1 & & RE T 408 3B AR 1
AR G, KNI 46 J5 30, R 1IN ;
55 2B R I, B T K AR AR L S

WSS TF AR TR ; 56 3 B A 2 st , R IE R A [
eV i 2R AR 1, IS Z AP R (| 1) o Fl
FHHL 5y K 800 ¥ 32 R (SMRT, single-molecule
long read sequencing technology) , Pacbio 5 it 2 Ml
JFF- 55 %) cDNA SCEFEA T 7 243545 49.69 Gb Hidla
i, A4 full passes KT 3 HF s EMITE KT 0919
JEEOU], I 1 4 FR R AR TE —BUF41) (CCS) L 4
CCS JF AN #1787 IE , CCS J¥ 41 %1°h 508012 5%, CCS
(AR EE B0k 887701911 4, CCS J7 41l - #44K E h
1747 M08, 508012 £ CCS JF 48 81 4 KAk i &
751 402032 2%, H A K AR G 7 41 A LU 51
(RP[m]—& S A 22448 DU ) g4 7 R 2515 3] 137247
25— % Sk AT 51 (Consensus isoform) , 477
I 8 B fE R 15 81719 4% dE UU & & 5 AR Iy 4
(Unigene) , K [ TransDecoder #X {F 31 754 s A ¥ 471
A4 FF 5 58] 124 (ORF, open reading frame ) J2 H: 4 5
SIETR TR, LR 15 ORF A 67972 4 , Hivh 52 #%
ORF 36215 4%,

22 BEESHELKERHANGETRE

221 FHFRANRER FHNCBIHIETTREN
F R e AL T A B 1 B I R 1 e
TR R A E AR IR Al NR EE X2 S [R]
RPN AT AT 9 B B 22 (39226 5%, o B B A
PRLEET 61.74% ) , HUCOA AR (4304 2%, Gk
LRGN 6.77%) , $5UCHEAL (3379 5%, (LW R
LD SERY 5.32%)  HIAR R I A de /b (484 2%, i 9k
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TERRIE N A E1 0.76%) , HoAb P PP A 12169 4%, i
B BERL R MU 19.15%
222 HERAGOHFE iE T GO B FE Xt 4
BT, 3645 203412 DI RGEERE, 43 R = K38 AR
T AL sy Fn oy F e . A R E R 2,
BB N5 Ii6e, A 7 e/l o TR —KEEY
TR 4 A # (Cellular process) iz 2, Hk AL

W i B (Metabolic process) , F ¥ & 40 Jifd 1
(Biological regulation) ; 7E5% — K24 FIhREH , 4%
% (Binding) ) £, JL K fif 1k i £ (Catalytic
activity) , F-UK 432 i 1 4 (Transporter activity) ; 55
SRR A 5y, A 25 F4 4K i £ (Cellular
anatomical entity) , HCH A A (Intracellular) , FHK
R A1 (Protein-containing complex) (K]2)

o
=) 2
Spe -
= <
vy
v
[}
5
8 1]
o S
(=1 —
S St 45 9
5 N o0
en [
S S
< —
g 2
o
o) £
L
=¥ =]
~ Z
5 q
iy N 49
N DO
X K
<H§ b
] S Jd
=) SNy 19 T TS L T TeTS T TS T T IS TS 1S UL LRSS e}
5 FEFSSES T, P E PN R 3G § A o
S5ES5E £, 5 £ 258588
5 55585583 S8 PSS LSS E885SE585858 K
3 SISHILES SO ASS AT 9[[055 5855588583
g o5 58555 Ro§ 55079055 S5522588§595F
5 58 §L385° S55TS55F S8 S855°835588
S 5 £585 F &35 58855 5§ T<85s7FEE4E
5 FL 5 3 S & 5 N g9
g §50¢ S &g SSETS 225 So&h .9
§ §CE§F § 3LE cO5E5S 85 §58 558 &
< g 5§ €528 = 552 &% LEXG BPS
S ~ < 585§ Z8&m °9 & <=8
o 5S28 z 5§ 5§ x 539
g R g4 S S
2 £7.5 9 = S S
s AEZL 3 ) s ]
& IS g g 2
= 5 & 5
= g g
9 I
jol ol
£ g
2 £
£ =
4 R Ny o
AL Iy FUIRE LS /uRs
Biological process

Cellular component Molecular function

2 GOIjEEEHE
Fig.2 GO function annotation

223 COGH#T AT 22676 A COG 1R,
il 25208, Hrh i BB E I SR g
1B (Posttranslational modification, protein turnover,
chaperones) , H- & 212 iy 5 £ (Carbohydrate
transport and metabolism) , F X A — i 2y G i ]
(General function prediction only) , />t & RNA I
T 51&1f (RNA processing and modification) , [V ff%
4ASED AT RAITREIEE 3484, 1268 3L
UCAARI B 8 B S AN A G, JX S LD P RE 5 e
A i 25 b R A AR RN 2 T A3 AR
izl AR E LA S (K3),
2.2.4 KEGGEHHH it KEGGHUIRAE X4
e, HA7 58878 ML AW T BRI T 139 Zkigdt, Horp
R85 42 (Metabolic pathways) 4341 A R i £, H
W WA AR = W W) & R (Biosynthesis of

secondary nmetabolites) . X4 (Carbon metabolism) |
TR (G 51445 (Plant hormone signal transduction) |
FEL 995 ) 7 5 AE (Plant-pathogen interaction ) 1% F&
R & il (Biosynthesis of amino acids) 55 (22) ., HA
FLA KL 5L 7~ (Basal transcription factors) 198 />, A
A2 5 TR AE A PR
EJRAACEE VI T W2 H I (Butanoate
metabolism, fCHFREEHEEREE R 130) 2R M 1
TU7 B PEIR 2K M % By & % 42 (Stilbenoid,
diarylheptanoid and gingerol biosynthesis, 1,1} i %
PR 134) (il A DG A i AR (il 28
2R BRGNS R A A = S
4 , Terpenoid backbone biosynthesis, monoterpenoid
biosynthesis, diterpenoid biosynthesis, sesquiterpenoid
and triterpenoid biosynthesis, and so on, 10§ & H
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A: RNA processing and modification[4~0.02%]
B: Chromatin structure and dynamics[39~0.2%]
C: Energy production and conversion [1488~7.45%)]
2000 - D: Cell cycle control, cell division, chromosome partitioning [271~1.36%]
E: Amino acid transport and metabolism [1580~7.91%)]
F: Nucleotide transport and metabolism [420~2.1%]
G: Carbohydrate transport and metabolism [2196~10.99%]
H: Coenzyme transport and metabolism [1018~5.1%)]
1500 - I: Lipid transport and metabolism [1419~7.1%]
J: Translation, ribosomal structure and biogenesis [2016~10.09%]
3\ K: Transcription [415~2.08%]
E L: Replication, recombination and repair [663~3.32%]
.g M: Cell wal/membrane/envelope biogenesis [1131~5.66%]
2 N: Cell motility [111~0.56%)]
= 1000 | O: Posttranslational modification, protein turnover, chaperones [2242~11.22%]
% P: Inorganic ion transport and metabolism [866~4.33%]
}E’i\ Q: Secondary metabolites biosynthesis, transport and catabolism [1268~6.35%]
R: General function prediction only [2043~10.23%]
S: Function unknown [348~1.74%)]
500 - T: Signal transduction mechanisms [2039~10.21%]
U: Intracellular trfficking, secretion, and vesicular transport [134~0.67%)]
V: Defense mechanisms [797~3.99%]
'W: Extracellular structures [52~0.26%]
l l X: Mobilome: prophages, transposons [15~0.08%]
0= o Y: Nuclear structure [0~0%]
PR TN T T T T NN T WO T T O T TN WO T T SO T W A W A1 Z: Cytoskeleton [101~0.51%)]
ABCDEFGHIJKLMNOPQRSTUVWXYZ
IRESrZE Function class
B3 COGIhRES
Fig.3 COG function annotation
*2 KEGGERESE
Table 2 KEGG pathway enrichment
s wiz IR TE R R et (%)
No. Pathway Pathway ID Number of annotation genes Percent
1 [ ipoes ko01100 11112 18.87
2 U R Ko01110 6172 10.48
3 AL ko01200 1730 2.94
4 L e R k004075 1347 2.29
5 s It R ELA R k004626 1323 2.25
6 PRSI S T ko04141 1305 222
7 G k001230 1277 2.17
8 [ELEN k003010 1232 2.09
9 MAPK {5 1% ko04016 963 1.64
10 RNA iz ko03013 949 1.61
11 WA ko04144 897 1.52
12 2R S0 B A k004120 823 1.40
13 AT k000190 773 1.31
14 SFZ AT ) AT k000520 666 1.13
15 HNFRAE k000940 653 111
16 mRNA WAz k003015 646 1.10
17 LR Ny RIS ko00630 629 1.07
18 AR ER k000620 590 1.00
19 s v bl (] k000710 588 0.99
20 RNA [%fi# ko03018 509 0.86
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FE R R 290) A= WA DG A AR T ag A% (gl A=
Pk . S M bR A= A LA B FE 4 IR 1 R g 21 A A i
% , Indole alkaloid biosynthesis,
alkaloid biosynthesis,
pyridine alkaloid biosynthesis, and so on, f{ i %
rh 5 [R ia R 348) |V 3% & 8 i (Brassinosteroid
biosynthesis, i i rh 3L R E A 65) R I IERE
il (Benzoxazinoid biosynthesis, {1} i #% H
B 27) S A AR s X S E A A
Hh B (48525 A B (Monosaccharides ) S
f$§ ' 1 (Spirostanol saponin) | 2 [FFE R 2 (Steroid
glycosides) . Bk i BE B2 (Furostanols) | Wk £ 4 it 12
1 (Furostanol saponins) & A 1 (Alkaloid) &5 ¥k A=
R RS , BA BRI R T A DI RE A B
WE, FEEE 2540 A5 A AT R INE.
23 BHRAPEREFHHT

A 4903 MERN T2 5 T WA K28 LI
WA ™ W1 0 T8 it B, 28 32 AR B RLK
(receptor-like kinase) 3 [H F ki £ , N 10491, 1E
K37 R4 RLK ) RLK Pelle DLSV K 54 173
A, HWKCN bHLH 169 4>, F1CH bZIP 146 4>, £
5 MYB \WRKY . C2H2 Fll NAC %5 5 0% , e/
J& SET L [H 68 1~ . CAMK _CAMKL-CHK1 %% 5% [N -
66 1~F1 PHD FE[N 651~ (1814) .

isoquinoline

tropane, piperidine and

150 -

100

5

GRAS F

RLK Pelle LRR X111
CAMK CDPKFp

RLK Pelle RLCK Vila2
RLK Pelle DLSV [

%8 Number

(=) (=]
EREE
S
|

- EEssE
[Eevies)
R

RLK pelle LRR XI11

HEsR K 15K Ji% Transcription factor family
4 EBRETFRES XM=

Fig.4 Types and quantities of transcription factors family

2.4 FHFRAPHIESSRs L EHNT

X547 130666731 AN L () 52370 45741 b4 7
K2, H3545 41240 25 SSR 41l , & 47 SSR % A
B A 34322 45, & 14D L SSR 7 H1 4 9296
Zo MBS AN /A7 % 8 (4 Mb B0 ) R, L Sk
W EZ A 197774, HR A B EE 13741 4, F1IK
R =R 70724, e /D B R PO | 7S A T
I, 535100 366 4~ 146 S FT 1384, 5 4 & A % SSR
69181,
2.5 K#EIERIGRNA

FH 4 Bl 2347 5 2 00 LncRNA, 15 51] it 25 S B
LA, R I 4R1S 15835 4> LnecRNA J¥ 41, Hih A
13406 1~ 55 266746 > ¥ 5 A VL L, oF- 1 B A
LncRNA 5 1991 M s A HE B AR (K5) o

CPC Pfam

BT RN LA 4 TSR S 1 30 R 2 B e S A SR IR 7
BT AR ISR, BN HEAT R SRA (i it

The number is the intersection obtained by using a stepwise screening

method to identify non coding transcripts identified by the above four

analysis software, that is, the number of shared transcripts

B 5 MRIE4FIFIEFTEFNE LncRNA B4 B E
Fig.5 Venn diagram of predicted LncRNA
by four kinds of methods

2.6 HELZFHEXNERETHIZHE

HR P 7 | =25 = AU K S B, a5 &
e S DR RNAS [) 32 R R R A M s T, B 2590 K
B HASEAY F B S RT3 MYB . AP2 .GRAS Fl WOX
(Homeodomain ) &5 LRI KR (£ 3) .
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Table 3 Exploration of transcription factors related to bulb development
B
2 BRI TR EEREILN EH st
No. Transcription factor Main functional genes Main function Number of
transcripts
1 MYB MYBIIS ME R A S A 176
2 AP2 ERF(Ethylene response factor)/BABYBOOM PRE AR T M s 90
3 HOX BELL T SEM AR R H 49
4 GRAS GRAS IREEFR A P T 96
5 AT hook motif AT-hook motif nuclear-localized protein WHKE 2
6 Homeobox KN domain KNOX WERE 125
7 Homeobox associated leucine zipper Homeobox-leucine zipper protein HOX WEEE 50
8 Homeodomain wWoXx WERE 168

27 BELZBFHEXWEIRE PIKNOXILI3 ¥ FRE
FHIRER IS T

2.7.1 PtKNOXILI3EERTEE MBFE ik —
ReKEFHAHHERPLERAT 1IN RS N
Ptbulbtranscripti-125603 ({54 SEAS 1% 5E AR 25K
KNOTTEDI-LIKE HOMEOBOXI3, W] i J& KNOX %
R 7E A A R I, 283 w2 ks Hoin 44
9 PLKNOXIL13 3E[H i H 38 R 4 K AT 1798 AN
B AUHE 5 s AR GRS X 178 HRE , 37 Il g i X
453 KL, o) e s it X 1167 M, Hhgmbid
388 M2 JL 2 , 7E NCBI I+ Genbank #1228 , 3R 15 % 5%
= (The GenBank accession number PP066245) .,
HLEG SR g 5 AE K A JE 4w 5% RNA R T R &
B I 5 45 5 S Ptbulb_transcript 49465 | Ptbulb_
transcript 82205 £  Ptbulb_transcript 54645 %
LncRNA 77 B AE , 7] G857 2| LA dE 4w i RNA 1Y
VAP

272 PHKNOXILI3 S EBARTXE o ZLid
DNAMAN # 4 43 #1 & B8 PtKNOX1L13 & [F {1 $§
KNOXI .KNOXII .ELK F HD % KNOX &R 5% ji i 7y
FIARST IR &8 T KNOX it PR 5% 0% 1 [l I S 2
HORRTF (K6).

273 PKNOXILI3 ZRZEEWHE ZREKEW
AL PR ZERE, S — R R E R BT IHEY)
KNIL13 3 R 2H A, 5 i # iE Al 0 19 e 7 &
PtKNI1L13 3R AR EgKNILI3 KH , 55 301 H-Hi
VI RE B s MIKNOX3 KEIH | R IF AtKNAT3 L)
F AL GnKNLT FE R4 B — A0 3, Ui 0%
Gtk R, DhRE AL mT BEA AL T, Bk
JE A A AR AP AR Y KNTL3 FE R

Rili S A XA 2 R AR — RS A SR
T AP KNTLI3 JE A5G HEAE
F BRI RO RS A S5 5 X S AL GE iIAR ) 3 AR it
R AR A —F(E 7).

2.7.4 PiKNOXILI3 EBEHIHEMEERIESHT X
HIWIE R e B AT (1E25) A6 2F (FE2E T 204
P ALH (Fetr) W FF (2= MR 30 BT
(Fe250 TP R AR i 25 | A il =5 i ol 22 s =5
G ETPIRIB I T, 45K, PIKNOXIL13
JE IR AR 85 25 % 5 19 3 A GG I R A )
() 2% 3K it 1 LA R, 0 R T Bl A i 2K b R
IR A, TE 8% T R0 A 2= LA A A E At A5 A
) #% B P R R R T R Rk
ik (E18).

2.7.5 PKNOXILI3ZEEMINGESHT A T E L
AT PIKNOXILI3 3ERE SR 2 5 T 2L 08 18, 1%
HE B B 2R AR pCYHO05251 b IR FH BERT
R ORI UF LT RE . PR R A R 2R AR
MESEA T AL AT, -5 HOoR 2Rk Ab 5 R 1) FLIF]
JRITAREIR T 48 8 R E) i LR IR
J1 455 (Ornithogalum thyrsoides) W Fr Y 11 %% 5 i
A BRZE NBEZE) 8 F UEAT AL 4B, PR e e
PRI EF TR A AL 2420 7E 48~72 hF , 23 B HCH
HEZH RN A B (0 AT 26 8 s A 2 BH , Ab B
2 A R 3R 0k B SR T i B 8 4
EAWMERFENZES (K9 ; T 15~20 dJ5 17
SREL AT B0, 25 2RAL PR AG X BR 4 208 Ab T ) )
ARZS, T I 3 20k A A BRZE I ) 11 2 47 A
A/ NFER (BRZTFRBUE ) (K19) , 3280 PLKNOX1L13
SLR BRI UE R ZE PN 2R TE AR &
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He3:  Zingiber officinale  Ma¥ENGLPRELTAL 'VREDN
s Ananas comosus MAYHGHG. ... .HE LRARBRRARRARAE LROCG
B DiOSCrorea cayenensis -« -« «sssainnns MPPLSHYDH ....DESAAGECRISG CRQGC .
W45 & Polianhes tuberosa BSEgSHI. . HV....IPDYLASTSAAD LCggR

3% Zingiber officinale Gce..

£ ESSVSAG . DDEVEA .
P Ananas comosus BRCHGYVY DSSAAAPAPARGGGAAVCWLPRPAILCRNGS DVALPGETLM 5
Wi Dioscrorea cayenensis ... .. EV ESSASEVARAG......KWMSRVGMVNRSGSE........DEVFVSSDSMIZNEISHGSHE .
Wi 75 Polianhes tuberosa ~ BESCHYCN MED. . vvvvnnneeeeresensnneeeessennnnneess. ENNVSGDSIMAEAZAAADHE .

«....ARGEIREARHEEG N
EIGEGDAGEGTGCAEECTIe
AGBGEGGMEVGLHEDE . Rle S,

He2  Zingiber officinale
s Ananas comosus

Bt Dioscrorea cayenensis
W75 Polianhes tuberosa """ """

H:2%  Zingiber officinale
JEE  Ananas comosus
B Dioscrorea cayenensisGPEAESCHLENE
W75 & Polianhes tuberosa

He% Zingiber officinale
S Ananas comosus A
i Dioscrorea cayenensis®
W75 Polianhes tuberosa &

ELK domain

B3 Zingiber officinale

s Ananas comosus

B Dioscorea cayenensis
W75 Polianthes tuberosa

Homebox domain
6 PKNOXILI3 EFERF XI55
Fig.6 Sequence alignment analysis of the PtKNOXI1L13 gene

PR EgKNILI3 Elaeis guineensis XM-010929956.3
BT MENOX3 Medicago truncatula XM-009357530.3
We& E PIKNILI3 Polianthes tuberosa PP066245

$AFaFF ALKNAT3 Arabidopsis thaliana NM-122431.3

A4t GnENLI ium hirsutum KC200250

1.2 JEHETR DcKNILI3 Di is subsp XM-039276197

0.0 22K MsKN1L13 Magnolia sinica XM-058255399.1

0.7

A58 PeKNIL13 Phalaenopsis equestris XM-020727908.1
WA DKNILI3 Dendrobium catenatum XM-020827723.2
5% PAdKNIL13 Phoenix dactylifera XM-008790553.4

0.7,

T AcKNIL13 Ananas comosus XM-020247088

43 ZoKNIL13 Zingiber officinale XM-042609097
0.5

- F5%¥ AoKNILETI2 Asparagus officinalis XM-020410075.1

1.3 Q KE GmKNILI3 Glycine max XM-003550152.4

1.0

Z Pk SiKNILETI2 Sesamun indicum . XM-011080281.2

0.5

0.0 JKA® Oryza sativa japonica  NM-001422528.1

0.2
0.1
0.0

A ApKNILETI2 Andrographis paniculata XM-051276179.1

B3 PdKNIL3 Pyrus bretschneideri XM-009357529

4§46 PmEN1L3 Prunus mume XM-016792156

A8 D:KNIL13 Durio zibethinus XM-022894567.1

BRIMAEA AgKN1L13 Anus glutinosa XM-062303336.1

Bl7 PiKNOXILI3 REGEBEH
Fig.7 Phylogenetic of the Pt KNOXIL13 protein
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Fig.8 PtKNIL13 gene relative expression
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Control was transient overexpression with pCYH05251 empty vector, treated was transient overexpression with pCYH05251- PtKNIL13
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Fig.9 The effect of PtKN1L13 genes on the formation of bulbils in the incision of Ornithogalum thyrsoides leaves in vitro(A)

and relative expression analysis of PtKNIL13 in O.thrysoides(B)
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