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Sequencing Analysis of Transcriptome in Different Parts of
Nymphaea ‘Paul Stetson’ Flower
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Abstract: To investigate the floral aroma metabolism pathways and differentially expressed genes (DEGs)
involved in the biosynthesis of terpenoid aroma compounds in tropical waterlily organs, the transcriptome
sequencing was used to analyze the flower organs including the petal (PE), stamen (ST) and pistil (PI) of
N. ‘Paul Stetson’. The number of differentially expressed genes in PE-vs-PI, ST-vs-PI, and ST-vs-PE were
7853, 7501, and 2526, respectively. GO classification and enrichment analysis showed that these DEGs were
mainly involved in biological regulation, cellular processes, metabolic processes, and stimulus response
biological processes. KEGG annotation revealed abundant pathways with significantly enriched DEGs in PE-vs-
PI, followed by ST-vs-PI, and ST-vs-PE. Ninety-eight of 794 DEGs that shared in three comparative groups
were enriched in four terpenoid floral aroma synthesis pathways, and DEGs in PE-vs-PI and ST-vs-PI was higher
than that in ST-vs-PE. In petals and stamens, the genes responsible for synthesis of acacia aldehyde and

diterpenoid kaurene, were expressed at higher levels than in pistils. Six of 98 DEGs were randomly selected and
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subjected for qRT-PCR analysis, confirming the trend on transcriptional expression as revealed by transcriptome

sequencing. The results provided a scientific reference for future deciphering the molecular mechanism of

terpenoid aroma compounds biosynthesis in tropical waterlilies.
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KO NC6G0253360 TCTCAGTGCCCTGCTAAACG TCTCACCGCCGCAGACTTT 191 60.5
" R AR B4 5 e A

2 ERESH

2.1 HRANFRESTNALE

fii FH DNBSEQ - 5 Xif it 32 s Fft 1 2 5 8 4 1
TE I | A58 IR A58 R A 7 SR L o D) 5 2R
N3 AN A A E R DR 43 ) AR B 42764468
42766642 F142470072 /|~ = Ji £ Reads, TP HEA Y
Q20 f I 1 43 bb (PR IR /NTF 19%) ¥R T 95%,
Q30 fifi 3 43 b ¥ K F 90%, GC i 3 % 7/~ F
48.429~50.31% Z [8) (2 2) , 15d B FF 00 okt 12 4
U, B3 2 BV, A5 (A0 P 5 v T Je B2 1)
UGB 2= T

Jo Sk e s A4 A% | 3 GK i TT 9 ) Mapped data
(Reads) , HAa I 1) 5 35 5L K (Unigenes) 1 5 H A
20051 4, Her BN A JE R R 19729 A, TR0 (1) 87 5L
DR oA 322 /> 5 FEA6 0 11620 4> 5% st A, Hip
10308 & T 2 H1 8 1 g DR (49 3 1) P A8 B 2231
AU, 333 A& T8 0 B A gt ik R 1 2 S AR R0 R 1
97948 TRAEIE AL RNA . E RN A KB40 A
WA 178, 1000 bp LA R ) 3 R 5 & B 20.77%,
1000~2000 bp FY K %5 5 L 39.72%, 2000~3000 bp
4 5L BRLER S B 23.23%, 3000 bp L E 9 S BREL S 1
16.28%.,



650 B o w2 25 %

R2 EEERRAHESITIRETMG

Table 2 Transcriptome data statistics and quality assessment of N. ‘Paul Stetson’
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AEH Petal 45573892 42764468 6.41 0.80 95.67 90.09 49.97
JESE Pistil 45573892 42766642 6.41 0.74 96.12 91.0 48.42
TE3% Stamen 45573892 42470072 6.37 0.77 95.86 90.46 50.31
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Fig.1 Gene length distribution of transcriptome sequencing
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Table 3 Identification of transcript factors in stamen, pistil and petal of waterlily

Fe B Kkt Frs B Kk Fes B i
No. Gene family Number No. Gene family Number No. Gene family Number
1 MYB 154 8 C2H2 45 15 C2C2-Dof 26

2 AP2-EREBP 109 9 G2-like 44 16 bZIP 21

3 bHLH 90 10 ABI3VP1 42 17 mTERF 21

4 MADS 72 11 Trihelix 34 18 FHA 20

5 WRKY 71 12 LOB 30 19 HSF 20

6 NAC 64 13 GRAS 28 20 C2C2-GATA 20

7 C3H 47 14 FARI1 26
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Fig. 2 The sample correlation heat map in stamen, pistil

and petal of waterlily
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Fig.3 Number and Venn diagram of DEGs from PE-vs-PI, ST-vs-PE and ST-vs-PI in waterlily
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A, C, E were the GO annotation classification maps of DEGs for PE-vs-PI, ST-vs-PE, and ST-vs-PI; B, D, F were the GO enrichment bubble
maps of DEGs for PE-vs-PI, ST-vs-PE, and ST-vs-PI; CC: Cellular compoment; MF: Molecular function; BP: Biological regulation
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Fig. 4 GO classification and enrichment analysis of DEGs from PE-vs-PI,ST-vs-PE and ST-vs-PI in waterlily
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BEEET 101 55 GO & H b, HiM 4% A 4 i 1)

17155 4>, ST-vs-PE [ iy 4740 4>, ST-vs-PI ) 2}y
16336 /1>, Ud I ERESE FLAEA T A A QI B s AR AR AR
HYE S MESAAE R 5+

AE WY A% M 1K 45 ¥ B 43 (Structural constituent of
ribosome, GO : 0003735 ) F1 2t Jitd 41 jig (1) A B 25 4 4
il #% ( Non-membrane-bounded organelle
0043228) ; ST-vs-PE 1 1478 4522 5 3R A B R ol £
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#2610 4k GO 4 H -, Qvalue fEHE4 il 20 /5 GO 4%
HAEEWE 4D iR, 25 RN B EFET
11855 GO % H I, Himi 4 A Wl Rk AL &
YA 18t oF 72 (Carbohydrate metabolic process, GO
0005975 ) A 20 AL e A A 1615 1k ( Catalytic activity,
GO:0003824) ; ST-vs-PI H1 4644 2% 22 5 e ik HL R 9
= & 5] 4460 7% GO 4% H I, Qvalue {i HF 44 i 20 1Y
GO #% HAULEI AN & 4F FioR , 22 5 3R0A HE N i 25
BT 101 25 GO 25 H b, iy 25 23531 Ay 4 2 B
IR B 25 4 40 i 2% (GO - 0043228 ) FI 41 it P Il i 45
A 40 M #% (Intracellular non-membrane-bounded
organelle, GO:0043232)

2.5 KEGGERZRHEFMEES

251 KEGGIERZEZZ%E Xf PE-vs-PI, ST-vs-PE i
ST-vs-PI fifi 1 1 22 5 3% 15 55 [N £ 17 KEGG 1 i {1
FE, PRI 3 21 1) 22 S Rk FE R 43 31 5 4~ K2R 19
A3 % (BT SA) AR R a8 (1 g ) AR (1
ANIE ) B (R S AL R (4 ) RS R
bR AR (2438 ) RO A A #R (1A %), YI7E
A7) 4 Jm FTAE Y2 €] (Global and overview maps)
e K AL A 901158 38 4 (Carbohydrate metabolism )
BRI A AR X B 2 | Rl R s 1 25 S R
IBIED AR50 0 5773 4~ 2174 A F1 5311 4, B
I P& S 51 1) PE-vs-P1 A ST-vs-P1 A # 7 F i) i (K]
$e H AR, Y5 T ST-vs-PE, i — 2 3% B 75 6 1 e
s AR AR L, SR R R 2 R
— M KB, 3 A P gl 25 S ek B IR v R R
ZF R 25 1k A 11 5 (Metabolism of terpenoids
and polyketides ) %38 % 28 5l 1 %% H 73 51 4 : PE-vs-
PIH 941~ ( LA 624, Fi324),ST-vs-PEF 57
A CEJE 244, R 334) , ST-vs-PIAT 1114~ ( F 3
784, T 334~ ), 2R AL IR S s S A
() Jo 72 Ak s TR

252 KEGG EH#  PE-vs-PI, ST-vs-PE. ST-
vs-PI 22 KEGG & 4 70 M), 22 57 3R a8 L D 4% [
Qvalue & % (I HT 20 4 KEGG #4243 % 4 [ 5B~D
7R o PE-vs-PI 22 5 3 Tk BE IR I 35 0 4648 9 MR
W) B, BN #7% (Translation) [ 4% ¥ {4 (Ribosome,,
K003010) . E #% 4 ¥ #% ¥ 4K & A (Ribosome
biogenesis in eukaryotes, KO03008) , fig it % i4f
(Lipid metabolism) [ .y 2 18 4§ (Linoleic acid
metabolism, KO00591) , 1§ 5 % S (Signal
transduction) 1Y ¥ ¥ 8 & {55 5 %% 5 (Plant hormone

signal transduction, KO04075) , fit &t 1L i (Energy
metabolism) [ K £k £5 1 (Photosynthesis - antenna
proteins, KO00196) , 42 il Fl & & (Replication and
repair) [I)) DNA & il (DNA replication, KO03030) . 3F
[ W5 P K i #2 & (Non-homologous end-joining,
K003450) . fi A& VI Bk & & (Base excision repair,
K003410) % £ 2 1 (Amino acid metabolism)
HYAE 2 2 5 A (Arginine biosynthesis, K0O00220) ; H:
R AR A 2 R RIB RN E 2, 2341,
FOOh BB B LE IR G R, 9 22541, ST-
vs-PE 22 5 3RA BE IR I 25 3 45 7 3 R %, 40
AE S T SR E 55 T BB AR R
288 11 B K AR A AR TE R RN RE R AR
(Starch and sucrose metabolism, KO00500) , H (=
SHINMHYMERG SRR ERAERE
L2, 1014 U A RS DA B 5E Ky
FIRERR, 0 734> 0 STovs-PIAY 22 57 KR FEIA
FEET AMUBERE, 205 BIPEAZRA A%
AW RE AR S R, 20 A A AR 3 (Glycan
biosynthesis and metabolism) ) H:Ath S 7Y (1) O Rk
H W1 & R (Other types of O-glycan biosynthesis,
KO00514 ) Fi 57 A 5 10 S 3 R A, Fovh 22 e 3%
RN A i 2 00 B OB R IR AR,
2194, R WG 5 5 2 Y M R 55 ik
L, 194 (ERARE) . 3DAMPILE ,
PE-vs-Pl i 3 & 2 1) KEGG i % fie 2 , Hok ol ST-
vs-P1, ST-vs-PE e /b, I P LU f 3 () 48 1 3 it
Rff S YR G TS %R B TE ST-vs-
PE 25 RA N E E A R
2.6 BEEEMBXREERIES T

i A5 Y R MR AL Y T B 5 2
— TEAEHRE A v A Rk e R AR
AN R 5 25 A BURR SRR FEHLGL , Xk A AR
KIER R IRTESAT 750 Hr . W 3 WAL, HEE AL
A E 3R L R R IE I AT 7944 BT UhRE
TERMKEGG & 4087, R0 T Hifi e Uk
FEAHICHY 98 ALK o 44 98 A4~ J [A ) FPKM A 2%
il 7 HRIR R (B 6) . M 6 AT AT, HA47 90 4~
BRI ANFEM R RIA . DB 2 3T 67
AR FEMESS P B, 31N I 5 70 SRR
HEEE R B, 28 A PR R 9, DI 2 2% S Rk
MFRIKATRES S T HESE R 2R T A, 5
RS OE M VA
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[ 1 Rich ratio A TRich ratio

AN PE-vs-PI.ST-vs-PE . ST-vs-P1 ()25 55 F 355 KEGG #4253 25181 ; B .C.D 431}y PE-vs-PI,ST-vs-PE . ST-vs-P1 125 53 & ik [ KEGG %44
WAERA; OS: YRS MB Al ; GIP 33t AL (5 SAL PG AR ; BIP PRISEE SAL FLL 72 ; CP - 4 ) 72
A was the KEGG pathway annotation classification maps of DEGs for PE-vs-PI, ST-vs-PE, and ST-vs-PI; B, C, D were the the KEGG pathway
enrichment bubble maps of DEGs for PE-vs-PI, ST-vs-PE, and ST-vs-PI; OS: Organismal systems; MB: Metabolism; GIP: Genetic information
processing; EIP: Environmental information processing; CP: Cellular processes
BEl5 BEY PE-vs-PL.ST-vs-PEFIST-vs-PI 2R RIAEF KEGG H X R EESAE
Fig. 5 KEGG pathway classification and enrichment analysis of DEGs from PE-vs-PI,ST-vs-PE and ST-vs-PI in waterlily

HE— 250 2 R PE-vs-P1 41 Hh & 48 3] 25 4 TAGA B AT AREaE =G A
WG (ko00900) Y JERIA 21 (184 B, 34> i (ko00909) HE A 54~ (24~ 3, 34~ T ) 5 ST-vs-
T, AP R R (ko00904) LRI A 2441 PE 4 & B 205255424 #545 i (ko00900 ) fity 2L [F]
1A B3, 3A T D, BaE A A R (ko00902) 2 A 74T, 4914 it (ko00904 ) i) 3k
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Fig. 6 Expression of terpenoid metabolism related genes in PE, PI, and ST of waterlily

AT 134 (44 B3R, 9N TR, Bl A= 91 & i
(ko00902) LK 34~ (H1 R i) , 521l A =il 2B M 4
A% (ko00909) JE [K 2 4~ (34 |3 ) ; ST-vs-PI 41 H & 4
F B S04 W4 8 (ko00900 ) A HE N A7 22 4> (14
A R8T, A G &R (ko00904) 1Y
FEHA 16124 L 44T, Bk 914
(ko00902) LK 8 4~ (44~ L1, 4 A~ T 1E) , 52 Al
=il A A (ko00909) JEH 4 A~ (24 B L2 A
P N4,

R4 EERRATSIEREMERBXKEGG BB

Table 4 Analysis of KEGG pathway related to terpenoid
biosynthesis in waterlily transcriptome

FEH % Gene number

. FRI

1D Metabolic pathway PE-vs-  ST-vs-  ST-vs-
PI PE PI

k000900 A H AR 21 7 22

k000902 BAREI AW 7 3 8

k000904 YA 24 13 16

k000909 R R =0 AR 5 5 2 4

22 KEGG it #% [ 73l A B8 T MVA i@ 12 1 45
2N R A2 A ARG 7 AN B A 9 AL,
AL 35 14> ACCT. 2 A~ HMGS . 1 > HMGR .1
PMK 14~ MVD .14~ AaSDR-1,2 > NS, MEP &%
PR EIAE 2 A~ BB R 1A il 4 A PR 0 10T
20 N FEN, Hid 14N DXS 14N MCT 14> HDS 14>
HDR .4/}~ GPPS,7/~NDH,3~CS.TS,1/}>CPS#11
KS(E 7).,

2.7 RT-qPCRIGIER XBEIFIXEFIZHE

PIBESE Actinl] RS HE 7E 98 422 S 3Rk
SR B 6 A ET T3 TIE (8] 8) , RT-qPCR Y% i
2k 35 Ry s — W Y g 2y ST A 2, 16 6
AN BE DR () 5 | e S A T S OR B T
J& RT-qPCR [ SEE0 40 BT 223K o 6 A4~ J [5 7 B S 4L
SRR TRL B A 22 5 3R ik S e skl B B e ik s
AR, EB T AR R A B A, N SR ST R
W i AR I IR A AR A RS 15 8
RIS

Wi 5 i 3 0 P AR A W 15 B A AT
ORI & 2 , 15 B i 20 ) 45 2 2 T B AT AL )
WA AE A o TP BOR B AR5
PR SR s iy S U A DI (O R X S (1 S U2
B BRTEE A B 2 e iaE > (A
P A A LS AL R R o AWFSE
A 3o X R SEE it LR 2 W AE A AN R i1 7 e
LINFE , 3RS 20051 A LA, 5 645 B oA 2 i il
TEAC AT A ) ORI 48 11 G A IR IR A T g 4R At T
HEFEBR

T e R Z RO ) B A A& W 1) 2 2858
I, A A5 B U0 &S B TR AS 2
LR AL 5. PR, K25
PIFEA R B TR , FLAFRA7 W88 eS8 e A
FIREWREHUE BRI FRD . =l B OHEXT
56 AN RESE SR AE B 25 0 Do g 1 | B SEE A
AR B S B AL T, o S B
9 75 S B 25 AE 1 70%~90% 15 41 1 R 3
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Fig. 7 Expression of genes related to volatile terpenoids metabolism pathway in waterlily
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The broken line was gene expression from transcriptome sequencing analysis , and the column was gene expression from RT-qPCR
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Fig. 8 Expression comparison of RT-qPCR and transcriptional analysis of six genes in PE, PI, and ST from waterlily
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F14) B 32 0 R 2 T A6 B $R B 1) GS-MS il 43 Bt
GEILTR BN HESE AR S P A ORI =22
P A VA N TS N S i 3 Y S S i e E
AN TR AT B 22 57 ik JE PR A3 AT 45 S B, PE-vs-PI
ZH N ST-vs-P1 4 25 55 F iR JE AL H B 8. 3 F ST-vs-
PE, & B M 55 FAE M (0 L PR 2 R X 5 ANl 88 A 45
D 25 55, 40 3 A AL A8 B SE IR ek = 22 S5 ]
S HHERYRBERS RAAEN R 2Z 5N E

il A 2 M A S TSR ) U P A A )
oy 2 —  FE PP S AN AR I PR ik, DAL
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