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Abstract: Improving the fragrance characteristics through hybridization is an important way of fragrant
flower breeding. In this study, Headspace-Solid Phase Microextraction-Gas Chromatography-Mass Spectrometry
(HS-SPME-GC-MS) was employed to determine the volatile organic compounds (VOCs) in blooming petals of
the rose variety Mantingfanghua and its parents. Comparison analysis of VOCs showed that 25, 36 and 22 VOCs
were identified in the blooming petals of Mantingfanghua, its paternal species Rosa beggeriana Schrenk and
maternal variety Queen Elizabeth, respectively. The totally identified 59 components can be sorted to 8 major
compounds based on their chemical structures, including alcohols, terpenes, esters, hydrocarbons, ethers,
aldehydes, ketones and acids. Mantingfanghua has 10 components in common with Rosa beggeriana Schrenk,
while 13 in common with Queen Elizabeth; Mantingfanghua has the VOCs composition in higher similarity to its
maternal variety. The total VOCs content in Mantingfanghua was 579.70 ng/g, which was lower than that in its
paternal species (13939.42 ng/g) and its maternal variety (1157.10 ng/g). The contents of terpenoids and
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benzenoids/phenylpropanoids were lower in Mantingfanghua than those in its parents; in opposite, the contents

of sesquiterpenoids in Mantingfanghua were higher than those in its parents. Meanwhile, the content of fatty acid

derivatives in Mantingfanghua fell in between those in their parents. Principal component analysis showed that

the B -Cubebene, P -Cadinene, P -Caryophyllene were the main VOCs that may affect the fragrance from

Mantingfanghua. This study provides insights for the genetic improvement of rose floral fragrance metabolism,

which has important value for both theoretical and practical purpose.
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Tablel Volatile components and contents of Mantingfanghua and its parents
2yl ) A~ EL
n o Hﬁﬁ}%"é RN T S — Y (ig/ g)Content —
EY Functional S8 CAS I3 R AR AS ks i E 5 1E
5]
Compounds group Formula  Rosa beggeriana Rosa ‘Queen Rosa
. . RI number
classification Schrenk Elizabeth’ ‘Mantingfanghua’
525159 Terpenoids
B-J K B-Pinene i 112 127913 C,H, 17.85+6.74° — —
trans-B-%' )/ trans-B-Ocimene [ 1250  3779-61-1  C,H, 9.96+2.32" — —
B-Z' i1} B-Ocimene [ 1250 13877-91-3  C,H,, 71.18£22.77° — —
BRI 3-Methyl-2-(2-methyl-2- L2 1413 15186-51-3 C,H,0  12.69+3.63* — —
butenyl)-furan
485547 Perillen (35 1429 539-52-6 C,H,0  10.14+£252° — —
J5 1 Linalool =S 1547 78-70-6  C,H,O 8.72+£2.54" — —
FEFERE Neral =S 1680  106-26-3 C,H,O0  5949+2341° — —
1 Citronellal 2SS 1478 106-23-0  C,,H,,O 38.47+11.67* — —
& Geranial 2SS 1732 141-27-5  C,)H, O 137.96 +43.80 * — —
S Citronellol (=S 1765 106-22-9  C,H, O 1159.324194.89* — —
It Geraniol g 1847 106-24-1  C,H,O  898.80+280.30 — —
ZTRFEAETE Neryl acetate i 1724 141-12-8  C,H, 0,  65.16+41.41" — —
TR 41 Citronellyl acetate LS 1660  150-84-5 C,H,,0, 399.12+99.19* — —
LR Geranyl acetate IS 1752 105-87-3  C,,H,,0, 1814.17+377.80*" — —
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HhEH B8 CASE £ (ng/g) Content
et Functional S CAS AT TR AT S/t Tz J5 4
Compounds g]joup . RI number Formula  Rosa beggeriana Rosa ‘Queen Rosa
classification Schrenk Elizabeth’ ‘Mantingfanghua’

o-LEJE T a-Cubebene i 1463 17699-14-8  C,;H,, — — 16.91+6.83°
-1ty U a-Copaene (03 1492 3856-25-5 C.H,, — — 26.46+10.60 °
B-4< >4 4 B-Ylangene [ 1589 20479-06-5 CH,, — — 7.62+3.77°
B-£1 474 B-Caryophyllene (130 1595 87-44-5 CH,, — 21.61£3.93® 3703+ 12.44°
FERIMTF AT epi- 9 —  54274-73-6  CH,, — — 17.03+£9.00°
Bicyclosesquiphellandrene
y-A< 43145 y-Muurolene [ 1692 30021-74-0  CH,, — — 14.89+8.50*
B-BEVEifi 1475 B-Cubebene [ 1545 13744-15-5 C.H,, — — 121.22+4048°
-4 243l a-Muurolene it s — 31983229 C.H,, — 4.96+2.39° 7.79£3.72°
a-75 e a-Farnesene (i3 1746 502-61-4  C H,, — 2041+381° —
B-HL:A i B-Cadinene il 1720 523-47-7  C,H,, 14.93 £5.44® — 5511+ 18.49°
%<7 1245 Theaspirane i 1526 36431-72-8 CH,,0 — 82.96 +4.50 ° 1636 +4.36°
& (-B-48% =i Dihydro-B-ionone T 1842 17283-81-7 C,,H,,0 — 214.68 £45.08° 3250+ 17.24°
7 M- Z£ TN Geranylacetone A2 1841 689-67-8 C,;H,,0 — 5.82+2.59° —
JhL SR -2 2 2 2 1865 20483-36-7 C,H,0 — 5.15+221° —
Dihydrodehydro-p-ionone
_&-B-4 %' 2B} Dihydro-p-ionol (=S 1951 3293-47-8 C,;H,,0 — 36.93+£10.81° —
FRIENRRMGW)
Benzenoids/phenylpropanoids

HZ.)75 Styrene Jeds 1261 100-42-5  C.H, — 3.50+1.49° —

ZXHIEE Benzaldehyde [N 1520 100-52-7 C,HO  443.50+100.96° 27.15+£4.59° 1123+2.73"
4-H S FEFE 2,03 4-Methoxystyrene [l S 1684  637-69-4 C,H,,0 — 44.62 +6.28° 32.35+10.92°
LR Benzyl acetate Fig2k 1720 140-11-4 CH0, 667.77+139.76*  14.71+3.96° 5.07+1.33°
LA L Acetic acid, 2- (S 1813 103-45-7 CH,0, 1049.63+28930" 2447+6.06°  42.93+17.39°
phenylethyl ester

3,5- SRS, 5- fik2ks 1851  4179-19-5 C/H,,0, — 564.78 £73.80*  31.27+7.88°"
Dimethoxytoluene

ZRHIE Benzyl alcohol fiifs 1870 100-51-6 C,HO 3707.21 +754.38° — 1571+ 1.19°
7K ¢ 1% Phenylethyl alcohol (=S 1906 60-12-8 C.H,,0 2261.45+560.06* 40.56+1641°  3647+045°
I T 75 B Methyl eugenol [ES 2013 93-15-2 C,H,,0, 9.02+2.47* — —
%1 Eugenol RS 2169 97-53-0 C,H,0, 16.69£595° — —
NGy BRAT 4= %) Fatty acid derivatives

21 Acetic acid (78S 1449 64-19-7  C,H,0, 13.43£1.65° 7.00 +£0.94° 2.94+0.57°
3= 3-2- T - 1-Ji% Prenol e 1320 556-82-1 CH,O  181.12+19.31° — —

3-H13E-3- T 4-1-1% Isoprenol (S 1248 763-32-6 C,H,,0 81.14£16.78° — —
2- B 2-Hexanol s 1220 626-93-7 CH,0O — — 1.59+0.24°
I (Z)-3-Hexen-1-ol s 1382 928-96-1 CH,0 5.85+2.87° — —
1ECU ¥ 1-Hexanol fiifs 1355 111-27-3  CH,,0 10.31+1.94° — —

Z BRI Pentyl acetate (2 1176 628-63-7 C,H,0,  49.64+11.55° — —
AUFEENG Prenyl acetate Mk 1249 1191-16-8 C,H,,0, 324.64+52.96" — —
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Compounds gr.oup . RI number Formula  Rosa beggeriana Rosa ‘Queen Rosa

classification Schrenk Elizabeth’ ‘Mantingfanghua’
LR C T Hexyl acetate Mk 1272 142-92-7 CH,0,  99.91+21.75° — 570 £1.29°
4-CU )5 1-BE L R 4-Hexenyl acetate S 1326 72237-36-6 C,H,,0, 202.41+15.69° — 6.69 £ 0.98
LR -2- U6 (Z) -2-Hexenyl FES 1319 56922-759 C,H,,0,  69.35+9.80° —
acetate
FF 3 P75 Methylheptenone UEES 1338 110-93-0 C.H,,0 — 8.19+1.99* 7.94+0.29°
ELT {8 Tsobutyroin i — 815-77-0 CH,,0, — 432+137° —
LR Acetic acid, heptyl ester S 1377 112-06-1 C,H,0, 6.07 +£2.81° —
F+—%¢ Undecane JR2s 1100 1120-21-4 C,H,, 3.50+1.25° 1.26+0.38*° 1.50£0.20°
4% Pentadecane e 1500  629-62-9  C,H,, 10.35+£0.78 3.43+2.00° —
(2E)-2-t75thfi-1-B% (2E ) -2- 22 2574 26993-32-8 C,H,,0 — 443£1.44°
Hexadecen-1-ol
bkt Heptadecane lees 1700  629-78-7  CH,, 8.47+0.72° — —
- JUJ Nonadecane e 1900 629-92-5  C,H,, — — 25.38 £15.66°
9-1JURR M 9-Nonadecene (22 1880 31035-07-1  C,,H, — 16.15+221° —

—RFXI AR BN B AR AR /NG FREOR BV 225K (P < 0.05) ; CAS : fb2# 3CHHE, T [

— means that the component has not been detected or the library has not been queried; Lowercase letters represent the level of significant difference

(P<0.05);CAS: Chemical Abstracts Service, the same as below

o W 3 1 59 A v A BLAE S P (VOCs,
volatile organic compounds) fR 4 fig A1 243 R 9
R BLFEMER MRS RS R R 2k T
B EFNIRIS . ACA L R A% A 1 Wy I 4y
BRI FIRESS , HL 20 B, YR MM (2K 2
M2, Bk RIS A 1 i, RS T . BEAR
PRS2 EHE RV BT 2R ) iR i 2, 3
SHp, IR RS BEZE WIS (RS RIEESS R
FEREY AL Tl A ST BT, W 5 R
PEY BT R Y B 2, HE 9 Bl R RERS (B
2 B RIS S FIRRZE W) BT 1 o, AN 57
My, 5 A I B L, W 5 AR A A
YIRTHE T 7R, WS 4 Fh RS 1R DA S 2
s b 718 AN, EERESE 6 b SR 1P BRI T A
M2 2 Ffr DL e 2 2 . S REAS ARV RR U4 111 L F A
LU, W B O AR R ) B 0 1 8 A, A 2 6 A
R 28 9800 1 5 Fh, S8 2 A RN 2E 3 F

P ACAS TR g BEASP N U 1 L S E Y
ARSI 2 1 BT VOCs 24 T b (R 1) o &
PG E 75 AR B 11 25 Fh VOCs H , [] A2 AR 250 35
PIAFAE 10 Fh AT o), G0 F B-REARR R | LR
WHE LR TR KRB RCEE 5t LR
fiE 4-C - 1-BE TR BE A SR, o SCASKS I 21 e A7

B3 14 27.78% 5 [l BEAS B 948 11 2 FAEAE 13 Flidt:
A BT A RLE BT a2
A-B-BF L EH R AR LB
Fit \ZBR A TR 3, 5- A SEH R KO mE .+ —
Bt R I DA R A TR, o B ARG I 2 T AT L 43 1Y)
59.09%; ILA B B A 8 FREA iy , 035 o-BE T i
T o=t B B 25 M BB s oy-AK
EAME L B-TE I L 2- A Lk, b
32%,

S5
Rosa ‘Mantingfanghua’

25 1 8

W

Rosa beggeriana Schrenk

PRTFH 2 E
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A KRR 0K 3 A VOCs i8R,
HAWBC TR BRI R VOCs Y%, T [

The number in the overlapping area represents the number of
VOC:s shared by various three materials, and the other numbers in
each circle represents the number of VOCs unique to
each material , the same as below
1 HEFEREFARAVOCs FRESH
Fig.1 Ven analysis of VOCs of Mantingfanghua and its parents
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LW PRI \CFRR LR 3, 5- VRS ZR A
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P 4-C 0 -1-BE SRR LA S SR 5 SRR AS G i ¥
LEAFAE 3 MIA BT, e R PES R LA K
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Rosa beggeriana Schrenk Rosa ‘Queen Elizabeth’ Rosa beggeriana Schrenk  Rosa ‘Queen Elizabeth’ Rosa beggeriana Schrenk  Rosa ‘Queen Elizabeth’

AEAL A IR s B A RN RIS W5 R AR ; C RITIR S AT A R AL 5 6 s A%
A: Terpenoids synthesis pathway; B: Benzenoids/phenylpropanoids synthesis pathway; C: Fatty acid derivatives synthesis pathway
B2 3FEMERLLBESEREERVOCs FRE D
Fig.2 Ven analysis of VOCs of Mantingfanghua and its parents in three synthesis pathways

22 BEFEREFERELZEESEESHT
221 HEFEREFAELZERDEELRES
T N R R Y R S = = )
13939.42 ng/g, BEATHINI 122 FAERAE LN ERL ST B
B A 1157.10 ng/g, 1 RE T HEAE A 15 5k A I
FECRN 579.70 ng/g(K13) .
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==
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<E 3 Fatty acid derivatives
82 5000
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Material
B3 BEFEREFAEIHESHEEZLVOCSEE
Fig.3 VOCs content of Mantingfanghua and its parents in
three synthesis pathways

TR E R RN R RO E YA sz L
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R A A 28 6 s 1% b B AE A o Bl A
12.1066.20 ng/g. HAEMIAAE Y G BGEER LM E
BY R R RGEE, CREMN RS S B RN
JBT, 5 b 13.01% , WL AN G 5 A5 i Je £ T
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26.60% , F LY R IDFER LR LR IR  LTR
R SR, 7 FLER IR E 3% LA I s B iR S HoAir
AEYIRA BGER F BB S i 2 Y,
FAN 2.33% , 23548 A T 45 o5 HEAS 51 1.5% (&
4.%1),

BN v 2 FAE 3R G R A b 3 R M
SRR FENTEREN . TERBENREEEY
B R AR B R fe e, M 719.78 ng/g,
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Fig.4 Main VOCs content of Mantingfanghua and its parents
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Table2 Aroma type characteristics of the main volatile components of Mantingfanghua and its parents

assy] CAS* 5 F FORAA
Compounds CAS number Formula Aroma description
BAESAE A9 Monoterpenoids

7l Citronellol 106-22-9 C,,H,,0 W BOLE FIE
7 i Geraniol 106-24-1 C,,H,0 AT BT T
Z R Geranyl acetate 105-87-3 C,H,0, AT B
522k 51 Sesquiterpenoids

B-f1 41 B-Caryophyllene 87-44-5 C,H,, AT T
B-EE T i B-Cubebene 13744-15-5 C,H,, R

p-Ft A% B-Cadinene 523-47-7 C,.H, A
AFLiE21E A9 Trregular terpenoids

A< 7 1245 Theaspirane 36431-72-8 C,H,,0 KR KA
A -B-#% [ Dihydro-B-ionone 17283-81-7 C,,H,,0 K HH
IR IR A Z2:1EA W) Benzenoids/phenylpropanoids

4- W4 B M5 4-Methoxystyrene 637-69-4 C,H,,0 T
LRI ZG Acetic acid, 2-phenylethyl ester 103-45-7 C,H,,0, T B
3,5- " HI4E S % 3, 5-Dimethoxytoluene 4179-19-5 C,H,,0, R

Z%HI i Benzyl alcohol 100-51-6 C,H0 A iy R A
7% 2. Phenylethyl Alcohol 60-12-8 CH,,0 AT B i

TGRSR [ Pherobase : http : //www.thegoodscentscompany.com/LA 5 Zhou 217 Fn B 1S F 5%
Aroma description from Pherobase: http : //www.thegoodscentscompany.com/, and the study by Zhou, et al.""" and Luo!
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