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Deciphering the Aroma Profiles of 27 Grape Varieties Resources

WANG Yong, SUN Feng, LI Yuling, SU Laiman - Al Zezi , WU Guohong, GUO Pingfeng
(Research Institute of Grape and Melon of Xinjiang Uygur Autonomous Region, Turpan 838200)

Abstract: The aroma profiles of core grape germplasm resources in the Turpan region were evaluated to
provide reliable data for the improvement of the breeding efficiency of different aromatic grape varieties. In this
study, the terpenoid profiles and the genetic loci controlling these components were analyzed in 27 grape
varieties. The fruit aromatic phenotypes were analyzed and compared among the different varieties to identify
aromatic types most suitable for breeding. These varieties were classified based on four flavors, namely,
strawberry, no aroma, rose, and mixed aroma. Twenty-six terpenoids were detected in these varieties. While
these terpenoids were found in all aromatic categories, there were significant differences in the compounds and
concentrations between the different categories. The rose-flavored varieties showed higher terpenoid
concentrations than the varieties with strawberry or no aroma. The significant differences were also observed
among the different rose-flavored varieties. The content of nericanol, citronel and rose ether was higher than the
average content of the other three fragrant varieties. The main terpenoids identified in the rose-flavored varieties
were linalol, geraniol, nerolol, citronellol. At the major terpene regulatory genetic loci, three genotypes
including the dominant homozygous T/T, heterozygous G/T, and recessive G/G were detected in the 27 grape

varieties. Sunshine Rose and Zaokangbao were T/T; coreless white, Red Earth, Jufeng, white banana, coreless
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white heart, and SP1153 were G/G; other varieties were G/T. The findings suggested that Sunshine Rose and

Zaokangbao were ideal breeding materials for the rose aroma. Zaoshou Musk, fragrant Concubine, noble

Concubine rose, Italy, oasis gem, and seedless Cuibao varieties had strong or relatively strong rose aroma and

carried the heterozygous G/T genotype, and these varieties could be used for breeding via by self-crossing or

cross-breeding.

Key words: grape; variety resources ; aroma; terpenes ; genotyping
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1.2 K HE
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R (4~12Fh),
122 REFHRYRNE RETLEMBRL, 1
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EIWHERES , 30 CCIFHT 10 min, 7 AR —FFBLRESA BE
(PDMS) 143k, 30 “CHEFH 30 min, 250 “CH# 5 min,
FHT GC-MS 434 .

35 5% 1F . B4l 535 4 DB-WAX (60 mx
0.25 pmx0.25 pm) , ZACH R4S, i 1 mL/min,
HEFETTRE R 250 °C, FBIIINAARHE B Sk 280 °C, 2R
FHRFTHE WA TR 55 °C %84 1 min, L 5 °C/min
B 3 B T 2 220 °C L PR FE 6 min, J5 81T IR N
240 °C,iz17 BB 44 min,

Frik S5 BT U8 FREFE N 70 eV, &1
P53 B2 230 °C, 5% 4 4 9 [l 20~550 m/z, fii
NISTO8 1 45 A 1% A I A T 45 350 HT
F=1 RedE

Table 1 Test materials

FAEBIITIEL 1E 5 A R AR A R AR 4l R RS,
Flg I 2 5 2 DNA . 2 B b 50 i Mol S 4 L 27
T 5% B #0422 I 52 14 %) 4 4 DXS 7 515 82, &
FEAt 50 A e v BB A R A mR T I A B KASP
FRids 1 E s (22) . {2720 PCRAYY H . PCR
SRR AR R AT A 10 ul, HiH HiGeno 2x Probe
Mix 5 ul, 5 umol/mL Primer Mix 1 uL, 20 umol/mL
DNABEHT 1 ul,ddH,0 3 uL., JZWAETF R 95 °C 10 min,
95 °C. 20'5,55~61 °C 45 s, 104G, FHEFRFAL0.6 °C;
95 °C. 205,55 °C 45 5,35 MIEFF, FIIH ABI7500 RAEZSE
&5, #£17 SNP (Single nucleotide polymorphisms )
3R, B ¥ 35 C,1 min,

L AFhAARR

IO Y [
7

Fris . S e Iig . S K
No, vty Genealogy Source No,  ‘ariety Genealogy Source
name name
1 PRAE| e AT T 16 BEAH  Bicane x Muscat BEH
2 21 ER C12~80%xS45~48 X Hamburg
3 Bl R TR HA 17 EHEL GoldxQ25-6 *H
4 AR FRADEE VR K 18 BRELE AR RS < o [l A
5 FOLBOR  Z=H21 Sx M HA i vt M TE T
6 RAE AT L AR A 19 SMEA ZbERRE B A R FA X
e R 2 k) ST P
7 HE WA= R B 20 EERE HEIAE.L LY AR FHBE
8 FMEEL  BURE G AL s AR AR B S Een
INES e 21 KMEBE  IHERSHTS o TR A BR IR X
9 REHOE SPI01S< N K hEHEAgEE /R AR JTit% HFTCRATTE BT
HETCRATTE BT 22 SP6164  SP91226x 7 K F PGSR E 2K BIRIX
10 RUEE HERE R ESE 12 T 5 e
25 23 SP10140  BMAF<HILtyy  hEHEHAEE R AKX
11 W WAL <Yihr Pl LU PG A AR BB )\ R
B HBRBF5E T 24 SP1015 < LA P E RS R IR X
12 767 AHE PINES HH TR BT
13 SO SEERARTOREx eS| 25 SP539 SP122xSP10140 rh TR R R X
B40-208 W TCRAFTE BT
14 it BEEHSEE PEdes T RWEERE |26 SPI153  ZL9eAEMIER  FEFRGE SR IR X
PR x4lker ol R R 5E i FAGL ik ST
15 RREE B0 YA AR 27 SP4614 JR107<[ 13 o TR AEE R H IR X
e e 7 SR i
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Table 2 Information of DXS KASP marker sequence of terpene metabolism regulation gene in grape fruit

SR AR
Gene NAGEIE?)! Em5192 S )51
Forward primer 1 Forward primer 2 Reverse primer
name
DXS GAAGGTGACCAAGTTCATGCTGAGAA GAAGGTCGGAGTCAACGGATTTAGAG CCAATTCATGCATCGGTCCGCC

TTACGAGAGGTTGCCAAG

AATTACGAGAGGTTGCCAAT

1.3 HiESHR
i i Excel AbBRAHE AT s 1R 1A o

2 FERESH

2.1 27 EERMBRERLEREREESEN
27 453 2 b PG U R S M A R N 3 R
BAVRABTF R A 70y , e BRI 1 3 26 R R A
FLRR AT s PHOGECEE D ac B RO AR e
WAREBCER AR ; SP539 R ARTR A A A , (0 B8 4
B HABMBOREWRIIA 30, MERF L
FA R E  BA PSR A 40y, HE
WA BLAR VS ICIE (SP10140 . SP4614 ; HA RS IR B
KRG 6, W E R RELE EEK
i . SP6164 .SP1015; HATIR B AR A 503, A
FRRECE 75 67 TCAZ IR0 KO AR £ (SP1153; 6
FRIAT 203, o I RZr ek
2.2 REHERRAKRNE
22,1 ARBEHREBFFHRRERLIERYRME
5&8 27 (% G dh e iR S B 26 Fhifi 2
Y (3R 4) o ARG & A s S B fh

R3 HEERMRTBERIEFREREER

KETREIWEKS, HEAFRFRIE -, TCHFERER
il FP TG TR 2L B3R 530 & A i 2 o 5 4 F
BB R 1.24% . 3.01% ; HEREF T b Rl 4 B
AMEHY TR 8F, S E R 1.31%.2.10 %;
IRGFF RIS 2 SP539 ST A MR i 16 Fl, S5 iy
5.87 %o XUkl M) BT A7E O A RS B RN R AR A7 7
i P SR S R S8 A A (R ZE R ORT B B A
B,

22 Tt B 3L A R A i 2 S A B Rl R
FE 5~24 i, fie 2 1) 2 B &, e /D 192 SP1153.
B A R AR i A BH G B 53 Gl B R
T W5 A 20,1924 .20 Rl 259 5 5 A vk A ok
h R R e R S 5 A4 A 18,2020
Fvine 22 9 ot 5 op S A5 BR S R BB A L ST Y5 TG
SP10140.SP4614 73 5l &% 47 21,18 .21, 14 il 54
Fi s IR AR A PR R E K CEEN
B . SP6164 . SP1015 4351 &% 41 18.21.18.19.20.17
PG S 0T s TR AT R S Pl 2 MBSO L 95 67 TC A% 113
L KMFR T SP1S3 43 5l & A 12,1219 .14 5 F
TSP . U0 BH A2 SR S A e 2R R

Table 3 Identification of fruit flavor characteristics of 27 grape varieties

Ik IR R
i 7N =S| =S| i i
1 B T TR L Rl
Variety Flavor . Variety
No. Flavor || No. Variety name Flavor | No. Flavor types Flavor
name types name
degree degree degree
1 P AR T b 10 RUREEE O BEREWR AR | 19 SNE4 BBk Bk
2 EAR:IEE e e 11 W BORAkR Rk | 20 R BOATIR Bk
3 S BAEEIR AR || 12 67 £33/ i) SR VS 21 JINRE BB IR i
4 FIEE BERRR WS | 13 MR BAER RS | 22 SP6le4 BORTFIR IR
5 PO ik WA || 14 I WA AR | 23 SP10140 HBAR haE
6 THCWE  BORAEW® OWAR || 15 L e BoRAk  R§k | 24 SP1015S B AR Figik
7 A BORAER P | 16 TRERA Bk ok | 25 SP539 R EAUREAIAR VAR
8 TAHE BEER R 17 EEASS  BELEK R 26 SPI153 B R 3
9 FENH BOREW O TR || 18 BAEIZ BUREW THIR || 27 SP46l4 B IR LR

PP, T

The number is the same as table 1,the same as below
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TR (F5),

22 Fofr B B A Y5 R oep s 2 A o B A
0.71%~52.06%. fix = [ 52 o 1% 3 5, fe AR 1Y 2
SP1153. BUILAURAAR i A F U B 7 L BHOC B |
F L . S U BRGSO R L
HAEL s B AT IR SR B R IO R 5 I A
)0 e A G h S A R L R B AR S YR O A% |
SP10140.,SP4614 535l A iy ARSEG; IR A
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Table 4 Main terpene compounds in fruits of 27 grape varieties

SP1015 4351 A 5 L e AR K P SR TR A R
P8 AR A G o 3 10 BH A AR VA IS ot ol b5 25 4 I
P, AT IR AR 2R B AR, HAAE
FERFIRNE O, T 7 R SRl SPA6 14 BRI 247 T
AR AER P, IRE RSB R

A~ EL 25

IR ISP o, (A IRFEIR (3R 5)
27 {7y 37 b o B DR SEE 2E AP S

H
M2 BRI (3R 5) R, WS B 4 b B iy
M A A (AR B A B dh R R B RPN
HATRZ S EBOELE R A RIS AT il
YA Z R ) A, BB AR SR, (H
WAFAE—LEBISMFEDL .

b= (=27 CAS 5 75 (=27 CAS 5
No. Terpenoids CAS No No. Terpenoids CAS No
1 trans-SE AL B BE 876-18-6 14 B-H 123-35-3
2 cis-SA L BOR 16409-43-1 15 B-/K T 555-10-2
3 FEAE Rk 1786-08-9 16 D-Frigh 5989-27-5
4 LR 78-70-6 17 B-cis-% #)as 3338-55-4
5 Jot S A 29957-43-5 18 B-trans-%' #)Js 3779-61-1
6 o R 98-55-5 19 GlEZ il 673-84-7
7 MH g 750 4 Ak FELAR e 14049-11-7 20 (E,Z)-5 % ¥ 7216-56-0
8 Hor 106-22-9 21 Y- T 99-85-4
9 FEIEmE 106-25-2 22 SR 586-62-9
10 7 -t 106-24-1 23 F s 141-27-5
11 cis-IRIH T 44k B RS 5989-33-3 24 AR 459-80-3
12 A-FAThEE 562-74-3 25 FETEmE 106-26-3
13 4-H L2 e 108-11-2 26 cis- S IR 5944-20-7

CAS 5 b2 ol AL i A

CAS number is the abbreviation of Chemical Abstracts Service
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Table 5 Statistics of main terpene compounds in fruits of 27 grape varieties

[l S [t
RS LR AR Types of terpenoids Content of terpenoids
Flavor types Variety name Flavor degree
A2 Types L Level  7riE(%)Content 54 Level
Je7F %I Non aromatic type A J 5 1K 1.24 1%
£k & 4 1% 3.01 {LiS
HREAF R Strawberry aroma type [ENES WA 9 i 1.31 1%
A HeAR 8 {LiS 2.10 {LiS

R4 7 1 Mixed fragrance type SP539 AR 16 ER 5.87 IS
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Types of terpenoids Content of terpenoids

Flavortypes variety name Flavor degree 2 Types i Level  #rit(%)Content 4544 Level
7% Rose fragrance type FEYGECER AR 20 [ 28.78 =
SHICB AR 19 = 19.83 H
B hag 21 [ 19.74 H
Pisuer % 12 {liS 3.30 {[iS
LR WA 24 =] 36.51 [
Bz TR 18 L 27.24 5
I 67 % 12 ik 3.76 ik
TR ek 20 [ 52.06 =
EANTIN P 4 18 H 14.92 G
i AR 20 [ 49.37 =]
RS TR 21 = 39.18 &
FRA ok 18 ea 38.96 =
P ASPEIN % 19 = 9.67 {[iS
BAEL TR 18 eR 8.19 ik
GENE A L7 20 = 31.13 [
S TR 19 =] 10.42 LIS
KMARTE % 14 G 5.59 ik
SP6164 TR 20 = 18.88 i
SP10140 ERE 3 21 =1 27.88 =
SP1015 THIR 17 GH 21.37 H
SP1153 R 5 ik 0.71 1%
SP4614 hag 14 W 4.97 15

222 260MEERMBRAEI M EFHERERNDH
26 PSS JTAE 27 £ S FIGE IR TR A 43 A L 6, HL
ABEEFN o- AT EBEAE 27 3 i A B R A A . B
AL L o-FATHIBE 7520 B FE A 1 A (BT 7 4 At 72
A o A o R AR EE S B | bt g TR AR
A B A I | cis- I 7R AR fb B L 4- FH k-2
P B- H W B-7K M | B-trans- 2 45 51 2 )
W5 y-FAII AT R L cis- S A I EESE 14 5
i 2P o RAE A BURAR W A FPrh 2041 o trans-8
R | cis- SRS ECR 4-FATHEE \D-FriGda L (E, Z)-
FIEZE LI TN D A et ) i d R e

BORA R A A i E RS R A . cis-
AALEOR A AETE AR | o-FATHEE A5 55 AL
fist AW L B- H RIS D-FrE N B-cis- T MG L (B,
Z) -5\ % Byids SR A T AR AR
cis- S A M EESE 16 Pl Y AR IR A A B S A P Ay
G3A . BMEE (B, Z)-50 2 i 1e 21 0 B & 7 i
FRGEE 947 2 A1, cis-SA AL B L B-cis-% $144 7E 20
1y B AT Y S RO IR R A A, B AR ST
95 TR S HLAREEAE 19 0 BB A L AR v R
WA A, B P BETE 18 ) BLB A& A S A e i

oAt
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Table 6 Distribution statistics of terpene compounds in 27 varieties

A YRR Number of varieties containing the substance

75 S EEMEF WEAREEORGEREGH LR
No. Terpenoids Non aromatic Strawberry flavor Mixed fragrance Rose flavor lTu;tal
variety varieties line varieties

1 trans-5 LR 0 1 0 4 5
2 cis-4A L BOR 0 1 1 20 22
3 LAl 0 0 1 8 9
4 R R 2 2 1 22 27
5 ot S B A 0 0 0 19 19
6 oA 2 2 1 22 27
7 IR 7 4 LS e 0 0 0 17 17
8 AW 2 2 1 18 23
9 FEIEmE 1 2 1 22 26
10 A 0 0 1 21 22
11 cis- kI 7Y 4 Ak HLAIR e 0 0 0 15 15
12 4-F 0 2 0 13 15
13 4-HIJE-2- T B 0 0 0 1 1
14 B-H kM 0 0 1 19 20
15 B-7K s 0 0 0 12 12
16 D-FriEk 0 1 1 17 19
17 B-cis-Z #hi i 1 0 1 20 22
18 B-trans-Z' ¥l Jds 0 0 0 11 11
19 e 0 0 0 12 12
20 (E,Z)-5% s 0 1 1 21 23
21 YA 0 0 0 4 4
22 SR 0 1 1 19 21
23 At 0 0 1 5 5
24 iy 0 0 1 19 20
25 FETEITE 1 2 1 22 26
26 cis- S 0 0 1 12 12

223 T EERMARRLENEETERE
MRNEE BOLEKR R EREY T AR EE  o-124
TS I A AR A O (trans- AL EL
RN cis- AL BB ) S TEA 7] 7 IR 218 8 70 B 3 7 Y
dn PP DL 1 B 20 AR T SRR
FIR R S R TE 0.65 %~38.77 % (i MR o 4 52,
AR Z SP1153) , V34 3 2 JC A T8 S A 95 s
6.77 5  ELBE A L Bl 18.49 £ IR A ALM &R
SP539 114 22.43 % ; o-FATHIEE 5 T 7E 0.019%~1.17% (fx
R ELD , KA 2 SP1153) , HoP g & Uk F

REA RS AN TR, RO T SRR UR Y 1465
A AN 0.38 % RS A Y ALY 7 4 5 A -
B AE 0~4.79 % (d5 & 002 RO 5, ik 2
SP1153) , EX & iM 1.77 %, JoiH S R A B A 7
RSN & 5 % IR A T SRR B i 1.20 %
¥ A0 L 5 1 0.03%~4.67 % (I5t 155 1 2 55 1 95 0
W, AR 2 SP1153) , P34 15 1 o0 Jo A B i b 0 5
() 54.5 5 B RE A T S AN AG 7.79 3% s B S B TR
0~1.539 % (I3 = R BUR AT , S fR BB TOA% AR
T R CERR]) T R A B

& o
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(9 20.5 % | B8R A AU B Y 2.05 £ 5 Bk 5 AE
0~0.414 % Z [a) (fz i 09 J& O A&, (R 19 2
SP1153) , V34 1o S FERE A5 B (b P %) S A%, T 1Y
A AR RS R

72 FO A s T, 6 BhiG 259 R 7 22 13K
B R SR i S AR EAR R 22 57 5 1R ) S A X
Z A5 W AR TTAR T 2R S AN [ 11 /8%
B AR R b OIS A R AR H PR
BRIk S ARG 5 5 O i TG RN A A
Y e FRS ) B A e, A I B B Ay
BRI SRR B, o WA THIREAE B AR AT DR N BOR AR i
A —E o, AirE s TEE. BRAEMR
SP539 LSRR LIS A S BRI 1 Y e, I
HRRS LI 5 13K 1.61%; 3 R I 78 B A& 7Y i i o

M &R, H BT SP539 AL 5 o

[0 JE# Y5 B Non aromatic variety

0 Hi4 & 1, Fl Strawberry flavor varieties
ses I IRT A ALGFP Mixed fragrance varieties
T Eo & 1 5 fD Rose fragrant variety

144

(%)
12
1

T4
Average content
N,

Al

(]
L

1z L6l
’—1‘_‘ ’—J_’Lw}
‘ 0.62
0.37 0,41
ool 2814 ¢ g 005 c:_Q;BJ—h :ﬁ-ﬁ_i'-‘],—llf’-_l,

wapme la-fiinEe! werazl fieme | Aee | opee |
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Varieties Varieties

B2 HBREURMRATIEZEXYRTEHESE
Fig. 2 Average content of main terpene compounds in the flesh of rose flavor varieties
Fig. 1 Average content of main terpene compounds in pulp of different flavor types

2.3 BRSLHESEY B s B E AL A E E A
27 47 b A G U SR SIS 2R SR P TR DXS o7
LR RGN GS RN 7, G FRoRFRPEILR T3

TR PRI TG IR RE T I 4 S SR A
JLR R Ry ik alia G/IG R, TR-A 7R & SP539
HA BAEZe S G/T B, 22 N A R, BHOG
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B SRR LS BAELES T/T R, SHC B B
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Table 7 Genotypes of terpene regulatory loci in fruits of 27 varieties

e AT B RA g LR 7Y e RS Bt LR 7 ) RS AFIRAV pii B K 7R
No. Variety name Fragrance locus - Variety name Fragrance locus No. Variety name Fragrance locus
genotype genotype genotype
1 Tz G/G 10 R G/T 19 SN GIT
2 21 b BR G/G 11 2 e G/T 20 P % e G/T
3 [ G/G 12 7567 G/T 21 KR E G/IT
4 FIAF AR G/G 13 L AITRGEy W G/IT 22 SP6164 G/T
5 FHOGECE /T 14 il G/T 23 SP10140 G/T
6 SHCBL G/T 15 LR /T 24 SP1015 G/T
7 A G/IT 16 BEARH G/T 25 SP539 G/T
8 FANBOL G/IT 17 BRI G/G 26 SP1153 G/G
9 SEER G/IT 18 RA& I G/T 27 SP4614 G/T
*8 WMAEFEBEAIT/T.G/GCHRMERRBESTEFRYRESE
Table 8 Flavor type and main terpene content of varieties with genotype T/T and G/G at the locus
SR vaiif TR w0 ehin BEMGD BESGD RGO SR
Genotype name types Linanol a- Terpineol Citronellol Nerol Geraniol Rose oxide
T/T FEOEECEL  WBOL 19.8614£3.200  0.287+0.074 0.228:0.082 0.451=0.100 0.698+0.403 0.067+0.010
RS ORI 23.445+3.699 0.11120.030 - 2.032+0.501 4.789+0.996 0.065+0.017
G/G TR IR 1.129+0.398 0.024£0.004 0.158+0.164 1.646+0.226 3.936+0.425 0.035+0.012
SP1153 IR 0.651+0.188 0.005+0.005 0.017+0.039 0.028+0.011 - -
Tt ¥ 1.174+0.036 0.004:0.004 0.014+0.012 0.044+0.008 - -
FARI (82 Jo 2.868+0.812 0.016+0.003 0.031+0.006 - - -
g R 0.739+0.180 0.013+0.018 0.215+0.103 0.208+0.084 - 0.0133+0.023
[EEy AR 0.738+0.087 0.7170.137 0.19+0.062 0.070£0.012 - 0.038+0.008

HCHLIE trans- AL B cis-SA LB S B AOH; R S A%

Rose ether was the sum of Trans oxidized rose and Cis oxidized rose; — indicates zero content
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