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Genetic Diversity Analysis of Aroma Substances in 62 Grape
Germplasm Resources
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WANG Min?, XUN Zhili*, ZHAO Qifeng’
('College of Horticulture, Agricultural University of Shanxi, Jinzhong 0308005 Institute of Fruit Trees, Shanxi Agricultural
University/Shanxi Key Laboratory of Fruit Germplasm Creation and Utilization, Taiyuan 030031)

Abstract: To investigate the genetic diversity of aroma components in grape germplasm resources, 62 grape
germplasm resources were used as experimental materials. Headspace solid-phase microextraction combined with
gas chromatography-mass spectrometry was used to detect volatile compounds, and significance analysis of
aroma compounds was conducted. 8 agronomic traits were identified, such as color of the upper side, sheen on
upper side, anthocyanin colouration of young leaves, articular flavor of mature berries, and so on. Correlation
analysis was carried between volatile compounds and 8 agronomic traits. The characteristic volatile substances
compounds was screened out by non-metric multidimensional scale analysis (NMDS, stress<0.2) and orthogonal
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partial least squares discriminant analysis (OPLS-DA ). The results showed that a total of 99 volatile substances
in 7 categories were detected in 62 grape germplasm resources, mainly alcohols, esters and terpenes, with the
contents of 13.83 mg/L, 13.53 mg/L and 8.99 mg/L, respectively. There are significant differences among
various volatile substances. The results of correlation analysis between 8 agronomic traits and aroma substances
showed that the color of the upper side, sheen on upper side, anthocyanin colouration of young leaves, color of
skin and articular flavor of mature berries were significantly correlated with terpenes, esters and ketones. Non-
metric multidimensional scaling analysis can clearly distinguish the germplasms with very weak anthocyanin
coloring of young leaves and the germplasms with middle anthocyanin coloring of young leaves. Based on the
variable importance in projection (VIP)>1, P<0.05 as the standard, 17 main volatile substances were screened,
among which the VIP value of ethyl caproate was the highest (4.07), and the VIP value of nerol in terpenes was
the highest (2.07). This study provides a theoretical reference for improving the aroma quality of berries and the
innovation of grape germplasm resources.

Key words: grape germplasm resources ; agronomic characters; aroma components; genetic diversity
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Table 1 Information of 62 grape germplasm resources

i i Tk %' R S %5 A iz
Code Cultivar Type Code Cultivar Type Code Cultivar Type
Vi BASC A V22 I ELR A% 3K A V43 8-11 QIR
V2 HEFR/R LA leSLi V23 PUHE WA V44 TR BRI Al
V3 i35S lesti V24 BRI WA A V45 B IV Fif
V4 TRYVIZK WAL Fif V25 BHET R BRI i V46 8-27 BRSEFD
Vs 2 les V26 385 B il V47 LB G ey
V6 AR el V27 #59-15 BT V48 PO A S B A BT Fif
V7 ST el V28 =N RRATE il V49 F o R fif
V8 AR el V29 UR 540 BT i V50 VN eSii
V9 ANk 1% V30 B RTF i V51 Hed e
V10 AL B Al V31 FIHE SR V52 K Bk R Al
Vil B WA V32 Yt e V53 NER € BRI Fif
Vi2 Bres lesHy V33 A B el V54 W RRSEFh
Vi3 B el V34 BT S V55 F Lk el
V14 LW fi el V35 G iR V56 GR eSi
V15 T lesii V36 BT AT BB A V57 LT eSii
V16 AR RR A V37 ENUSTS RS V58 AT £ Rl
V17 JE1055 BR SR V38 LTH el V59 ETETRES BRI Fif
VI8 PN WA V39 11-5 MRS R V60 T ER BRI Fif
V19 Herg B RO i V40 KA TN 65 AT i V6l A el
V20 Wearvids BRI i V4l 29-14 B i V62 WLTER el
V2l R R Fi V42 RS el

1.2 RZMWRHEE

1.3 #EXRMHEYREIRE

Y F 4 4 b 9T R A Y RN B bR
HEN, X 62 47 ) 4 T BT 4 - 5 BUEVGR SE R 2
PEARVEAT S 5 . 20224F 5 F 18-23 H , kA 5 A1
BF, Bl AL 6 B 10 1 RS I 5 &) i i 3R T 6
EREOLE EFRE O T HLE 4 TEIR,
HA AR P A 2= TRk I FP i, LSRR 2R 56 — A
JEIFIEF s R AR TF 5k DL _E 2 4 FFK A Al s, D0
EERHARAE 4 A R TF Ryt 7, fd FH H DU 52 Bt LA R
A B A S R T, 2022 4 8-10 A, By
ol ot B AL R 45 SR ARE JC HLARAS 9 119 3 A~ SRR AR S SO
WX G, 43 5 OR35S F SRR, 2
AR S SR R B RSO R A SRR
IR

SPME #: JX 3k #% ] 80 um DVB/CWR/PDMS.
R B AL Bk B2 R By iR 22 i A4 RE UL
WIA57E 250 CHYIREE T 24630 min, 2 A 1y i
Z:7% Chen S FINGE N 5k o il AE AL N
M=80 CoKHEHUHFE b 100 g, R I B AT A1 AT
T 1.0 g ZZI IR SRS el A1 0.5 g D-7 4 BHIR
BT RS 2R3, 56 A 50 mL &0 TFE 4 CIRE
4 h,4 °C 10000 r/min &[> 20 min, B 6 mL _F3i5 ik
AT, A5 pL BRI 2-BE(155 mg/L) , 1.0 g
SN, R K TUEHE40 °C 500 r/min A7)
ek AR , A 30 min, £ 4K 15 min, %30 min 7,
P 2 BOCK A ASOAH €8 335 5T 335 5K A (GC-MS, gas
chromatography mass spectrometry JEFETH #4778 min,
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1.4 GC-MS & #r

R 5 A 75 A Agilent A BT €2 3% B R A
(7890 B-7010 B) , i 41 4 HP-INNOWAX (60 mmx
0.25 mmx0.25 pm) . FEHETHEFE T N 50 C, 55
1 min J5, P4 3.0 °C/min J} % 220 °C, {£45 5 min, &
SORER, TEEO 1 mL/min, $ERE RS 250 °C, A
S3U, fEHT 8 min. Uil A5 F  EI ML 2506, Ml FRg
70 eV, TURATILIE A 150 C , fBRER TR EE M 250 °C.
1.5 HiEAE

15 I Excel XF £ 4k #5471 2% #5531 5081 , SPSS
THEEE bR 22, B3P HT R Auncan’ s K
IR 28 ANOVA 434 f# H Origin 2022 3k {44l
BERNEING RSN GBS 0 Tt O =4 P G B ]
4t - 55 (Metware Cloud, https : //cloud. metware.cn)
PEATAE R i Z2 4k RUBE 434 (0.05< stress < 0.15, Fb#s
F2 MEREERERE

Table 2 Agronomic traits identification of germplasm

AR 5 0.15<stress< 0.20, 7] F) , {4 [ Simca $EfTIE AL
P te /N —Fe- 215143 #r (OPLS-DA , orthogonal partial
least squares-discriminant analysis) .
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Xt 62 173 Fift o BE U1 4y 5 SRR R 2R AT
TE L, M2 PR, A BRI AT B Ak SR
R AMPUE; ERMDEE T AACEMIEHE;
VNS S R DN € RN U R SR e
SERASI N AN AN S S 1€ S BT
B BUOAT B 22 CRAL P LL LD S M 2R
SHARA BT I ENIE G R BR300 5
s RPN D 55 L5 5 R A AR IR 0 O B A
R ECBRMR S oAt

- 41t Young leaf JREAH T Mature berries
Code WS RREDEE EEREE ST REg6 RITBAR RAZIE RAFEK
Cus SUS AC HBVL cs SF CF AF
\% # H JE e B4k % 55 Bk
V2 ET I JE % = % 5 A
V3 P I e h -t EILibiZ7 55 TREIR
V4 5351 T e i S L1 Cli oA
V5 5351 H e i 2 B 55 TARFIR
V6 H I e i G B 55 TR
V7 ET x T e E-SAN 13154 55 TR
V8 £ x x i 0 PERTE 55 FOREIR
V9 oAy H h B G LI 55 oA
V10 53 T h i ESAN e 55 BOsk
\%0 R # H G x E-34n B 55 BOsk
V12 oay H LE i ESaN 2piA Cli AR
Vi3 4 x T h 2R L1 55 AR
Vi4 R # T el i g B 55 FREIR
V15 # x 55 % g B 55 AR
V16 £ x b W kret LI h TR
V17 £ x W55 W AN B 55 FOREIR
\%H] # H 55 = g LI 55 ot
V19 Li53 H h T E-SAN 3517 5 Bk
V20 i H 55 h 2R B 55 XS
V21 LA A H o ZiEal Ik [RIE 55 Hipt
V22 £ H % Wi a1 LI 55 ot
V23 H H 55 i 2R B 55 ot
V24 R H el T HIEAN HhIRE 55 At
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F2(4)

o) 4t Young leaf KR Mature berries
Code LRWESE  LREDLE EERE6 YA REge RITEAR Ryt RAFEIR

Cus SuUS AC HBVL Cs SF CF AF
V25 ,\ A 5 Wi G ERTE 55 oA
V26 RS H eE i k<48 W TE H Bk
V27 % H LR % g i 55 HAb
V28 # f 5] ol CE e 5 Bk
V29 R A h T W4 LI 55 Bk
V30 o # f i Gl E-3AN IR ] Bk
V31 il H B3] it g i 55 BREIR
V32 ES I T % ZyiEAN 13154 5 TAREIR
V33 2 J J ol E-SAN e 5 FREIR
V34 S x J = 1A LI 55 XS
V35 # T 55 % = I 5 TEREIR
V36 e H eE oi k<48 B 55 BOk
V37 E53 I e % k- SaN i 5 TAREIR
V38 2 J J " LI EAN HHRE ] FREIR
V39 Rk H LR it ESAN IRDE 55 TARFIR
V40 # oW e W ZiEAN LI 5 HAts
V41 i H aR it f-San IR 5 BOk
V42 # By e T E-3AN B 5 TERIR
V43 %o H 5% b Tl L7 5 Bk
V44 53 H J T G 54 h Bk
V45 53 f 55 5 3N L1 L) BBk
V46 LA A J ®e 5T % FiAt
V47 ETS T e % GHIEAN B 5 TR
V48 # & 5] w AN R 5 Bk
V49 oy A LR i ESAN L1 55 Bk
V50 E-SAN & G W =20 LI G5} XS
V51 £ ¥ 555 i LiEal X.0TE ] BLREIR
V52 E-3AN A i Je E-3AN HhIRITE 5 HAs
V53 on H r Wb CiE % 5 Bk
V54 E-34) A i % EFAN HIRITE 55 FREIR
V55 3 & T i g e L5} HAls
V56 £ ¥ J H - San % ] TR
V57 # T 55 h ik PN 5 R
V58 £ x 555 w =4 5B 55 Lk
V59 53 H e T G L1 55 Bk
V60 fi H 55 oA LI EAN IR E 55 Bk
V61 £ & & e ®e i ] TARIR
V62 # oW 55 i E-3AN I 5 XS

CUS: Color of the upper side; SUS: Sheen on upper side; AC: Anthocyanin colouration ; HBVL: Haris between veins of lower; CS: Color of skin;
SF: Shape of fruit ; CF:Color of flesh ; AF: Articular flavor; The same as below



7 3 T RS 62 (A A IR AR A1

FRW L 2R BT 1097

22 BHEMRAOESYRSHEMES N

e SR | W NS g d X e 70|
PP YIA G 8 5 H & s % V)M ¢ . A A HP-
SPME-GC-MS X 62 13 5 % i Fp 5% P 117 ¥4 & M
Wy B R, FEAG I Y 7 2 99 R & M IR, L
FE 14 B RS T RD EEZS 17 B A 25 18 b R
3LRR RS 7 Rl S RIS RN (SR 3) . 62 R
Jo ) A R ) (RS- 2 5 R 47.89 mg/L, LR R

®3 2EEFMRARELEMREE

-8 O TR AE 5 S A iR (13.83 mg/L) , 22 4k
JL N 37.87 (5T ) ~456.56 pg/L (EFS) , F %4y
F52,4- 0 - 1-BEAN 1-58 055 (81 1.8 3) PR S
TR Z (13.53 mg/L) , BAbTE A 16.19 (7538 %5 )~
630.55 ng/L (J§Fe) , EEAHE (E)-4-JHR IR L1
FEBR TR TR SR AN 2- (L FER 3L ) N PR 2 iR 45
(E1.£3); BRI H V-3 & ik, J2 0.44 mg/L,
EATE R 0 (95 38 %555 )~35.93 pg/L (A 3 i)

Table 3 Content of volatile compounds in 62 grape germplasm resources

GiES CAS %5 R MWL FEME S bR RRME
Types CAS Rn Volatile compounds Mean SD Max.
525 (pg/L) 99-48-9 LA i 0.52 3.83 37.91

Alcohols 928-97-2 (E)-3-C\H-1-1 2.55 8.77 84.09

928-94-9 JF-2- L 41 - 1.88 3.24 12.56

64275-73-6 i, 5= Jfs-1 - 2.19 8.83 72.18

6032-29-7 2-JRBE 0.34 1.19 6.08

60-12-8 I 2.77 5.70 33.89

507-70-0 2- 0.08 0.65 5.44

34995-77-2 S0 [ -, -5 F -5 20 FE DU S Ak -2k i Y 15.04 37.18 236.85

3391-86-4 127 J5-3- i 5.56 4.46 17.41

143-08-8 1- T 0.08 0.64 5.40

111-28-4 2,4-00 -1l 167.55 70.43 537.03

111-27-3 1E O 4.57 5.06 29.84

100-51-6 s 0.36 1.29 7.46

112-30-1 1-Z8 B 8.34 22.87 240.37

5 (pg/L) 109-52-4 R 0.14 0.81 6.09

Acids 111-14-8 B 0.40 1.43 7.48

112-05-0 T 0.69 2.73 14.26

124-07-2 FR 0.12 0.64 4.68

142-62-1 .2 1.32 2.77 16.32

1871-67-6 (E)-2-"FIIR 1.50 8.19 60.99

64-19-7 2% 2.82 451 20.25

T2 (pg/L) 6728-26-3 Jea-2-CUR T 13.63 16.06 67.50

Aldehyde 66-25-1 CLE 27.53 26.52 131.32
590-86-3 3-HLTRE 0.56 1.59 8.71

5779-94-2 2,5- ISR 2.14 3.28 10.25

557-48-2 FZ, -2, 6-F W 222 4.40 45.65

5392-40-5 FrEE 1.55 3.47 17.42

4440-65-7 3-CU 0.42 1.78 11.76

432-25-7 B-PR A 0.61 234 19.97

4313-03-5 (E,E)-2,4-Bi )T 7.24 9.39 96.56

2548-87-0 -2 3.65 23.02 313.58

18829-56-6 (E)-2-FJsfs 2.78 3.70 2725

142-83-6 (E,E)-2,4-C0 s 10.63 7.80 34.92
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e CAS i HEREYI T EIE bR ERRME
Types CAS Rn Volatile compounds Mean SD Max.
B2 (ug/L) 124-19-6 T 8.97 16.69 129.17
Aldehyde 124-13-0 1B 2.20 8.41 73.59
122-78-1 RO 15.96 14.06 74.21

111-71-7 R 1.66 4.84 38.51

100-52-7 AR 4.59 5.71 47.55

iR (pg/L) 123-35-3 AN 0.26 1.13 8.43
Terpenes 13466-78-9 3- el 4.79 18.64 146.81
18172-67-3 I TiE-B-IR NG 10.45 20.47 156.01

586-62-9 [N 19.56 26.68 237.08

5989-27-5 D-FPEs 12.53 17.79 89.35

99-83-2 a-7K I 0.49 2.10 13.77

99-85-4 [ 4.64 6.45 31.77

127-91-3 B-IE M 435 15.43 102.60

40716-66-3 Sz 2R A A 0.33 2.05 19.20

106-25-2 i 17.80 27.17 125.76

106-22-9 B 4.52 12.27 54.25

10482-56-1 o-FATHIEE 2.46 9.46 87.82

106-24-1 A 0.80 422 33.17

98-55-5 o-FATHIEE 29.33 38.86 161.75

78-70-6 Ty R 17.36 56.69 426.73

562-74-3 4- T I 11.07 13.00 48.36

2216-51-5 L~y 52 1.66 6.04 52.12

928-96-1 JIFE-3- £ e 2.58 7.76 85.84

Mk (pg/L) 97-62-1 S TR R 1.17 2.84 16.01
Esters 93-89-0 KR 1 7.72 10.15 40.87
93-58-3 R R Y 0.17 0.89 6.93

77-68-9 3-8 56-2,2,4- = HIL R T R BE 4.72 5.96 44.11

7452-79-1 2-HWEE TR LR 6.62 8.54 29.96

7367-82-0 [ - 2-"F IR L TR 5.77 14.38 113.07

628-97-7 TN LR 0.11 0.50 3.28

5837-78-5 s MR LI 1.30 4.03 37.88

54340-70-4 (E)-4- B L1 11.15 22.79 199.62

5405-41-4 3R TR 10.48 11.79 37.48

539-82-2 B2 g 10.25 19.42 150.31

3025-30-7 (E,Z)-2,4- B IR L1 0.41 1.52 9.88

2396-83-0 3-CARIR TR 1.38 3.46 15.05

2305-25-1 3-FIECR TR 2.58 10.22 97.05

20461-97-6 2-( L HE L) N IR C g 16.96 18.51 62.70

1552-67-6 2-CUA IR L TR 0.40 2.07 16.08

142-92-7 ZIRC g 5.08 14.83 97.97

141-78-6 IR T 0.19 1.53 18.11

123-92-2 LRSI 49.04 46.64 159.59

123-66-0 CR 2 TR 0.64 1.96 12.05
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F3 (%)
fhik CAS i PRI PEIE AR KA
Types CAS Rn Volatile compounds Mean SD Max.
E25 (ug/L) 123-25-1 BEFAIR — 1 4.54 7.97 44.83
Esters 119-36-8 K iR 0.28 1.27 10.85
108-64-5 SRR O 0.54 3.01 19.23
106-70-7 LR H g 9.23 17.54 169.06
106-32-1 FIR R 7.45 13.34 107.14
106-30-9 B2 L1 35.42 52.70 255.43
105-54-4 TR 2.45 472 17.40
105-37-3 NTR Z TR 0.33 2.10 18.63
103-09-3 2-2H O TR 3.34 10.85 100.22
101-97-3 KR T 0.45 1.22 8.12
110-38-3 1EZEIR L1 1.02 225 12.67
Ji2 (pg/L) 937-30-4 POpAE S . 3.79 3.18 17.86
Ketones 79-77-6 B-52 2l 0.18 1.04 8.60
76-22-2 22K 6.42 26.07 174.36
67-64-1 PR 0.74 1.63 8.60
590-90-9 437 FE-2-T TR 29.92 52.76 290.34
30086-02-3 (3E,5E)-3,5-3¢ —J#-2-1iil 0.90 233 16.53
111-13-7 2-2F 5.78 5.97 20.69
R 58 25 (pg/L) 8013-90-9 v ] 1.40 7.29 58.10
Norisoprenoids 23726-93-4 K- 5.91 8.10 44.13
16409-43-1 UL 9.99 19.42 84.23
14901-07-6 B -5 4T 225 6.34 44.13
127-41-3 o- Tl 0.46 2.38 17.33

CAS Hi 'S YL PR FE— RSB ARR, B — g o R —FIE M B

CAS number is the name of the unique identification code of the substance in biochemistry, and each number represents a volatile aroma substance
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A :Histogram of aroma content , different lowercase letters in the figure represent significant differences between different volatile substances at
P<0.05 level; B: The range and distribution map of aroma substance content
1 2RHERARIHESSE

Fig.1 Aroma contents in mature fruits of 62 grape cultivar
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