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THHE 4 T mMEERTEEREXAS T
BOEL R K, 2

(1. FHAC R AR K WM AR, BEFE B 7121005 2. v ERFERE Bl 8 SH R se T, s
5 K55 830011)

TWE: [ B8 ] AT HIRE Apocynum 4 Ak B 15 £ F MR BT RAFENG, ARALESRLGEER 5 KR,
A G R RIA BRE R R R ARE R 58, [ F& ] LAk A pictum ‘XA G B A" ‘Huoyubairisheng” #= ‘2
IT7 ‘Xingdeng’ , 4Lk A. venetum ‘E &’ ‘Yudie’ Fe ‘R A =i’ ‘Fanjuan Yunbian’ BiCHifE A iXA, KA TR
= B A IR A A AR &% - R BE D (HS-SPME-GC-MS) # R 5 B A EL MRS, 4458 F RNA AT
EF. [£R] 2402 76 FEL MR, HERASYAFERSOUAS, LPRADR 34, LKL QRELFT X
S ARt ST LB AR R ER; BETREDSRIBIEH LSS RLGIBIE, FHRBK (MVA) A= P K5k 845 57 -
4-5iE (MEP) £ 42 14 AR H £ kik, ACAT. HMGCS., HMGCR., DXS ¥ hA¥it Ak £ o s A B; £ ¥ M &
SR, RRABRFFERKEE, FERFZFDWAER; 8K AEE PCR (RT-qPCR) ik 4 R 5 RNA 0l 5
(RNA-seq) &AM H—5, (L] THKRE IANRFAGREDRA LR S A5 A RS, Lhid GRARA D
JRRAFE F At 4B A B £ . MVA/MEP & 42 ¥ 89 %48 2 F A BRI IE 2 F 09808, h BT Y A RILHT
ALK IRAET T 248, B 8 &2 431

KR FAM; h; BEAMASY; Hx4a
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Identification of floral scent components and transcriptome
analysis of 4 cultivars of Apocynum

CONG Rong', ZHAO Bing', JIANG Li?

(1. College of Landscape Architecture and Art, Northwest A&F University, Yangling 712100, Shaanxi, China;
2. Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, Urumgqi 830011, Xinjiang, China)

Abstract: [Objective] To explore the differential volatile components and molecular regulatory mechanisms
underlying the floral scent differences among 4 Apocynum cultivars, identify the key pathways and core genes
involved in floral scent biosynthesis, and provide theoretical support for the improvement of floral scent quality
and genetic breeding of Apocynum. [Method] Taking the flowers of 4. pictum (‘Huoyubairisheng’‘Xingdeng’)
and A. venetum (‘Yudie’ ‘Fanjuan Yunbian’) at full blooming stage as test materials, the headspace solid-phase
microextraction combined with gas chromatography-mass spectrometry (HS-SPME-GC-MS) was used to
identify the volatile floral scent components, and high-throughput RNA sequencing was performed to analyze
the transcriptomic differences. RT-qPCR was used to verify the expression trends of key genes. [Result] A

total of 76 volatile compounds were detected, with terpenoids as the most abundant. Among them, 63
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compounds were identified as characteristic aroma substances. Significant differences in the types and contents
of floral scent components existed between A. pictum and A. venetum. The terpenoid backbone biosynthesis
pathway was key for floral scent synthesis, with 14 differentially expressed genes in the MVA and MEP
pathways. Core DEGs (e.g., ACAT, HMGCS, HMGCR, DXS) regulated floral scent differences by modulating
terpenoid synthesis. Additionally, enriched pathways (carotenoid biosynthesis, limonene/pinene degradation,
phenylalanine metabolism, etc.) participated in synthesizing differential floral scent substances among cultivars.
RT-qPCR results were consistent with RNA-seq expression trends. [Conclusion] Floral scent differences
among Apocynum cultivars are jointly determined by the types and contents of volatile components, especially
terpenoids. The key differentially expressed genes in the MVA/MEP pathways are core regulators of these
differences, laying an important foundation for deciphering Apocynum floral scent formation mechanisms. [Ch,
8 fig. 2 tab. 31 ref.]

Key words: Apocynum; floral scent; volatile compounds; transcriptome
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Figure |  Flowers of 4 cultivars of Apocynum at full blooming stage
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1.2 ZHEEZMENEAIRE

5 A5 BRACAE R AL A WK FH HS-SPME $2050: 0.5 g FEM S AW A ks, 7 EV%E A 20 mL T 2s
i, S mL AT NaCl s 0 il B 02 )2 1 5 28 DR AR Ic 8% B 5, 50 °C P 15 min, FHHA
DVB/CAR/PDMS # B3k F 50 °C W B 30 min. Bl 5 F A2 BG4l A GCMS-QP2010 SE (SHIMADZU) #47
A AIE-FRE I Y (GC-MS) 208, BERET 250 °C f# W 3 min, A SR 3 WAEY 4R E .

1.3 GC-MS &o#f
GC-MS 43 #7% il DB-5MS E414 4 (30 m x 0.25 mm, 0.25 pm, J&W) 3 E#ERIELEY), S%#
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AU BB EAER A . AR BAUONER (He), WU 1 mL-min', AR HERAT
40 C f&+%F 2.5 min, LA S Comin' F+ % 230 °C, 4E%F S min, JTigscfF: EIHEE, REGREEN 70 eV,
BFIRSE LR YN 240 °C;5 2.5 min JFOAREE, TRFIHIE RN 35~450,
14 BEEHUEYHEESHENEESH

HRAE NIST-17 B 5@ b &9 . R A AR — 75002 23 R AL S WA & . A =
) Jo g T AR/ BT A ) B DA TET R R < 100% o ASBIFSE & i AR 1, 5 22 AT 3E b S I A S8 B
A . R E LR ChemicalBook 45 & SCHKHiRIE 9 & UG E . ARFHESHT I E LAY
HIE .
1.5 HFANFDH

HSRAMF B A AR (F5) AR A RA A E M. $EHUE RNA J5 R e B | 2l B e 58 3
% ; R F Hieff NGS Ultima Dual-mode mRNA Library Prep Kit for Illumina (Yeasen) #4 &l |5 SC &, #&
Illumina NovaSeq “F- &5 M ¥ . J& #h 5 4 BMKCloud *F £ 4b B 3k 15 4 50 B (clean reads), i i
HISAT2 #/ 5 H RS % EL 4 (1%25 %5 3 400 20 256 10 B A 8L Pl A5 1E & A AR 43 Bl R
StringTie!"" 44 5% 5 24 . LA 1 5 Wl S e 50 v g T B 5 e SRAS 1) 7 BEEI (FPKM) Ry 25 R 3R 3R /K P48
%] DESeq2 #cf: (R 4t Z5458=1.5 H P<<0.05""%) %5 2% 43k 5L K (DEGs), il i sr i L
SR ABIRE (KEGG) HEATIIRETE RS
1.6 EEEHEEE PCR 717

FOFT R 4 4 2 A BR SRR AR 9 RNA I R8G5 8 cDNA, 2 8 /45 1) DEGs, K F 2xSybr
Green qPCR Mix (High ROX) il & (Aidlab), 7£ StepOnePlus ¢ Y i ft HE K § 144 (Thermo Fisher) |k
1T RT-qPCR B iiF . FEPFRES MG Wt ALt R E DR IR A BR A R A GR 1); S5 5k (i
7, H TUATE RIS EERA, SR 27 R AR X ik 1 17,

£ 1 ERREEE PCRIIMFS

Table 1  Primer sequences for RT-qPCR

FEH ESIHIFF(5'—3") REIMRFHI(5'—3") HEHE S

TUA CTTCTTCAGCGAAACTGGGTC TGTTAGCGGCGTCTTCCTTT

ACAT ACGACTCCAGCTCTTGTGATAC TGGTTTGCAAGAGCCACAACC Api02G000320
AOC3 TGAATAGGACTGGGCAACTGAC CTCCACGTGCATATTGTGTGACC Api07G004390
DXS ACTTTTGCTGCAGGATTGGC TGCACTACCTGGTCATAAGCTCC Api04G009250
GOTI AAGTGAAGGGTATGGCTGATCG CAACTTGTTCAGGAGTCAAGCCC Api05G011640
HMGCR TGCTGGACCTTTGTTGCTTG TTTCAACAGCACGCTGGTTGC Api07G009240
MIF TGCCTTGCCTGAATCTCTCTAC ATGAGTTTGGCAACGGTGGAGC Api05G001190
MVD AAGGTTCAGGAAGTGCTTGC TGACAAGCTCATCCCAATGCC Api02G022100
MVK AGACAACGGCACTCAATTGC TCAATTGCAGCCGCTATAGCC Api05G008060

1.7 HESH

K Excel 2016 #EAT 8 4L P, {{iJ1] GraphPad Prism 9.5 #4770 4 221, {1 H] Adobe Ilustrator CC
2018 HEATIEBEIZH], (7] Chiplot 4 THIEAT EM 7387 (PCA), ] SIMCA 14.1 ZEATIEAZ fit 52/
I 43 BT (OPLS-DA).

2 HERESN

21 ARAFTHRGRMIENELZELEWHT

211 FEE S B H5H 4 HS-SPME-GC-MS 4341, M 4 4S8 75 ik S R 4 rh 2 e 5 76 Fhig
RVEL Sy, iR R L, 22 fh, (5L 28.94% (K 2). LIRRALSWIRNEER Z TR, HilEE%L
B CCES 17T &S TERK @ R 3RNE 3), iERAIRRE AT ZE RO, AN
b, FRRDAERZSO F, BERIRZ; LORRNE SRS S H R R 22 R TR (18] 3). BB SSAR XS AR AIR
( ‘K& F339%. ‘BI K 9.03%), HiZIEY I EATRBIENS . PSEHHEE S RS, W RETEAL
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Figure 2 Quantity of compound types among 4 cultivars of Apocynum
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RHEE . RO, g OES 12 FEE YT, FIRRRAMM AT ZFWERNZ —, ‘£& 5
‘RERB ZEIA 24 MhERH S, Hbh - pURIE . BTG SRR T 12 B, R
PR 2E 7 T R 2 ALLRR SRR AE B B B I A R DG R 2R

22 ARTHHRGRMEERAST

221 HFMHBESH TG 7575 Gb T8 (clean data), 454§ clean data=5.86 Gb,
030=94.76%, clean data 552 SE K 241 HLXF RN 90.929%~94.99% . Fob P it b 1] 22 S5 35k (R B i g /0>, e
ZIRREL R 1 8544 MHEM “kKPHHA Ham &=’ BT DEGs #imfm, A
33494~ R 2447 A (&1 SA), ERGIEFR AL RN RSF . 4ERL (Venn) 4347 (B SB) s : 41k

50 - 100 - 108%  11.63% 271%  4.29%
45 | 5 9 | P 1236%  160%
40 80 -
- 70 -
. 35 S 29.08% 000
= 30 i‘i'; 60 L 54.03%
EI@ N 65.33% 1339%
25 = 50 S
e z
& 20 2‘? 40
=
15 = 30
10 20
5 10
0 0
BB BX HB HX BB BX HB HX
w w

Hipb FR MRS miie et Mk Wik
BB. ‘“JCPHHA ; BX. AT’ s HB. ‘E® ; HX. RERW

B3 4T A ks AR L b R R AL S F £ B AR 82 2Tk

Figure 3 Comparison of flower volatile compounds quantity and relative content in 4 cultivars of Apocynum
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Figure 4 Principal component analysis and orthogonal projections to latent structures-discriminant analysis (OPLS-DA) of volatile compounds in

flowers of 4 cultivars of Apocynum
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Table 2 Aroma characteristics of volatile component in flowers of 4 cultivars of Apocynum
AR 5 5/ %
o p— - .
RN CAS J‘aﬁ I . . zi AR
fi5izalcohols
1-3J#5-3- 1 -penten-3-ol 616-25-1 0.3020.17 — — — B, RS
5% B2 1-butanol, 3-methyl- 123-51-3 0.99£0.30  0.47+0.06 0.04+0.03  0.23+0.05  IHHIIRFE LR
IE %1% 1 -pentanol 71-41-0 0.14+0.03 — — — =SS
2-Z. %2 I 1-hexanol, 2-ethyl- 104-76-7 1.96£0.56  3.66:1.64  0.27£0.03  0.20+0.04  BORMIER
It E#3hexen-1-ol, (2)- 928-96-1 — 0.86+0.51 — — HHIL
# Z Bphenylethyl alcohol 60-12-8 — 1.60£0.76  11.15+1.31 14.23+1.66  HERAIIER
1-2F45-3-F5 1-octen-3-ol 3391-86-4 — — 0.03+0.01 — %§%§K$ - HRA
ZH iibenzyl alcohol 100-51-6 — — 1.01£0.05  1.48+0.12  HIRIAIA IR
2 R-2-B8 4 BE2-decen-1-ol, (E)- 18409-18-2 — — 0.16+0.04 — WA
2:@%&‘%‘?&;3@1_ 1569-60-4 — — — 0.06£0.00  EEAHMES I
l(algfz(;)lé;ghﬁaFilpha.-methyl-, (R)- 1517-69-7 — — — 0.30£0.07  FAER
fi¥2%aldehydes

T butanal 123-72-8 0.46+0.24 — — — KPR FER S
5t X MEbutanal, 3-methyl- 590-86-3 22940.65  2.60+1.15  0.14+0.06 043029  METES
J¥ ¥ pentanal 110-62-3 4.82+40.65  1.51£0.49  0.50+0.11  0.68+0.41 7, HEHFS
1E T B¥hexanal 66-25-1 2754129  2.01+1.13  0.25+0.14  021+0.12 BFEX
F-fEnonanal 124-19-6 0.90+0.21  1.7240.99  0.36+0.12  037+0.05 FHEES
2 B ¥ benzaldehyde 100-52-7 — 2424143 298+0.99  3.47+0.08  AABK
1E¥ W octanal 124-13-0 — 0.46+0.23  0.08£0.03  0.07+0.01 SN
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Table2  Continued

AEXT & 5/ %
FERNEFR W CAS P eis e e Wz T URHIE
HA L] £& o
payp i}
K WEbenzeneacetaldehyde 122-78-1 — 3514170 34.84+3.15 18.93+1.54 MUFFAIK
% 22, 6-nonadienal, (£.,2)- 557-48-2 — — 0.23£0.03  0.59+024  BEFEHS
25 -2- L4 2-nonenal, (E)- 18829-56-6 — — — 0.55£020 ERES
i Zterpenes
4-HI2E-1-CL4fi1-hexene, 4-methyl-  3769-23-1 0.41+0.05 - - - HE
ﬁﬁfﬁi?ﬁiﬁ%ﬁg 3338-55-4 1674021  3.77+1.60  0.14+0.10  0.11£0.05 FEFMEHEHE
a-1WeMia-farnesene 502-61-4 3.06£0.40  4.67+0.46 — — AR 2 R A A
2 3-p-% )i trans-p-ocimene 3779-61-1 0.24£0.13  0.59+0.31 — — [IERLUS
o-JRMia-pinene 80-56-8 — - 0.06+0.01 - AT
B-IKNGB-pinene 18172-67-3 - — 0.03£0.01 - /N RS
O- M A diso-elemene 20307-84-0 — — 0.25¢0.11  0.17+0.12  ARBHHEE
(—)-A-¥EWR il o-cubebene 17699-14-8 — — 0.03+0.02 — PN
A-i W ficopaene 3856-25-5 — — 0.05+0.02 — B AR
-BiT I p-elemene 515-13-9 — — 0.18+0.07  0.1140.07  IHHIATR
iﬁﬁ%@ﬁ g{ﬁlﬂztﬂlyﬂlgeggni;‘;i) 17699-05-7 — — 0.03£0.00 — T
A1 7T Hicaryophyllene 87-44-5 — — 0.43£027  0.13£0.03 WA
KARFEM-JB germacrene B 15423-57-1 — — 0.12+0.05 — HAHER
LY () -aristolene 6831-16-9 — — 0.08+0.04 — FHATE
I BRMhumulene 6753-98-6 — — 0.55+0.28 — ARFiE
-1 (& Miy-muurolene 30021-74-0 — — 0.11+0.02 — THIRAA
p-1 LU p-copaene 18612-33-4 — — 0.51£0.10  0.20+£0.14 JEEAFE
B-£1IK 27 p-bisabolene 495-61-4 — — 0.39+£0.07  0.25+0.17  &HEARE
A-F¥:#Mnaphthalene, 1,2,3,5,6,8a-
hexahydro-4,7-dimethyl-1-(1- 483-76-1 — — 0.14+0.07 — AN
methylethyl)-, (1S-cis)-
(5)-5HIWUA (-)-isoledene 95910-36-4 — — — 0.05£0.03 M
7-Hi 5 Hiry-elemene 29873-99-2 — — — 0.17£0.12  THIRARE
fiii2ketones
I L BEJiTi 5-hepten-2-one, 6-methyl-  110-93-0 — 0.58+031  0.47+0.13  0.63x0.05  HTfEHk
13 J5-3-fifi 1 -penten-3-one 1629-58-9 — — 0.050.02 — PRI
#:Z Bilacetophenone 98-86-2 — — 28.56£0.95 41.57+2.70  AISEMRIHAKEES
fEtESsalkanes
IE+-Hiktpentadecane 629-62-9 — 1.24+0.75 — 1774143 Wk
fiZesters
AR Zibenzoic acid, ethyl ester  93-89-0 0.63£0.28  0.95+0.07 — — PUS
K H figmethyl salicylate 119-36-8 62.09+7.46 52.53+2.15  0.73£0.17  0.10£0.07  ZERHfIR
A S 2 : :
ﬂiﬁi?ﬁi&fﬁ’ enzoic acid, 2- o6 4.1 1.8120.34 - - _ BRI
ZRI-3,3,5-= HI FEIR O iR
cyclohexanol,3,3,5-trimethyl-, acetate, 24691-16-5  0.79+0.17 — — — 2 ) S ey R
C1S
IK ¥R 2-ethylhexyl salicylate  118-60-5 - 0.55+0.39 — - TR 22 IR
S
i‘t%ﬁtﬁaacetlc acid, phenylmethyl 140-11-4 o o 0636004 0450013 AT
g;t%‘zlilﬂﬁacetlc acid, 2-phenylethyl 103.45.7 B - 0650100 6395087  HOHAIE
2K iz iRbenzyl benzoate 120-51-4 — — 0.28+0.07 — IRFTEATT
ZFR C ERacetic acid, hexyl ester 142-92- — _ 0.07+0.01 _ FEHEE
5L ik
iiﬁ;ﬁ}k@a 1-butanol, 3-methyl-, 123.92.2 - - B 0205014 BHEEE
E‘Zﬁ fi%: 1F T Ti§2-propenoic acid, butyl 14132 - - - 03740021 EEE
HoAh 2k
Zbenzene 71-43-2 1.14£0.16  2.07+0.43 — — T HR
A ZJifibenzyl nitrile 140-29-4 — — 0.08£0.02  0.26£0.10 AR
S TREbutanal, Smethyl- - oc00a 2780105 2154125 0245016 091:012  BEFEA
m5[Mindole 120-72-9 2.68+0.74  4.57+2.53  0.38+0.04 — WHER

Uil SRR .
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50 %03 DEGs, (23 5OCHAEY SRR M IR S “BB vs HX” 41%¢ 5 DEGs i %
(542 1), ERRRIEZE IR, KEGG E4E (B 5C) £ : DEGs W& & T 20 5k, JHEPFiis
G, KIS DRGSR F O

222 fAARXiE% DEGs RiA £ 754 ST IR LR G B C DEGs, KL /R 45 i F
] BRI IR AR 22 57 (K 6) WIS B HLAE W) 6 1l 76 5 48 DEGs I 2 (45 1), HARRIR Ry 4879 2R - I 2
MR-t TR AEY G A (33 1Y) ARNARRICH (27 1Y) KIS M RG24 1) Bl G (11 ) Bt
I IR B I (8 1Y) FURR S LI 5 A s, Bl SRk AT . FIRR S SR KRN R
M2 38 [ DEGs, 7] g ZARTEIF MR is A2 & BT B G mT AR SE MR RAE A5 Z0RR R 45l & i 5 i
5. TRIGREARIE R, X T BRI R R B R A SR R R AR S A G K L T ) 2
SO, B LT YA B DA R, LR A 25 R N R R AL F L B E A AR
223 MVA f= MEP #2547 W28 B 384 ) 6 BGE B 02 B A KL T & L .0 3l JE 5 4R 45 4>
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Figure 5 Analysis of differentially expressed genes in transcriptome
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Figure 6 Heatmap of differentially expressed genes in 6 flower fragrance-related pathways
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