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Changes in volatile compounds and expression pattern of genes involved in

terpenoid biosynthesis in pulp of Ponkan fruit during section-drying
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Abstract: Both GC-MS and RNA-Seq were employed to investigate
the changes in volatile compounds and expression pattern of genes in-
volved in biosynthesis pathway of terpenoid in the pulp of Ponkan
fruit during section-drying process. The results were as follows:
(D 13 volatile components were identified from pulp of Ponkan fruit,

among which seven components were terpenoid, accounting for more
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than 85% of the total volatile contents. @ The volatile constituents
in pup were same between normal and disordered fruits. In fruits af-
fected by section-drying, the content of total volatiles and terpenoid
decreased to 32% and 22% , respectively, of normal fruits. A total of
five volatiles including B-myrcene, d-limonene, y-terpinene,
valencene and dodecanal showed a significant decrease in content dur-
ing the section-drying process. @ Eight differentially expressed genes
involved in terpenoid biosynthesis pathway were identified, all of
which were decreased in disordered fruits. The present study elucida-
ted that the volatile constituents in pulp of Ponkan fruits decreased
upon section-drying, which was quite closely related to the
decreasing expression of genes involved in terpenoid synthesis. More-
over, this study provided invaluable information for further research
to reveal the molecular mechanism underlying section-drying in citrus
fruits.

Keywords: volatiles compounds; Ponkan pulp; section-drying; gas

chromatography-mass spectrometry (GC-MS); RNA-Seq
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ZRIGUFIE I 3. WA (Citrus reticulata Blanco cv. Pon-
kan) & B VB SRAD IR Z I S B R EE KK AR K
TR AR BT AT I LA R A S 58 R L 38 ORI
% (gas chromatography-mass spectrometry, GC-MS) % A& Fl
o 3 3 P 4 AR (RNA-Sequencing, RNA-Seq) , 43 4 Hi A A
JK I SR PR R T ) B R A 2 A G WA IR O R R R R
F IR AR A 2 AR R M 5T 5 RE R A K Y 06 3R B HE L
T o T T R A AR KB R AR DL LA R S
1 FeLS 5%
1.1 #R5iKH

NEAT - 2015 4F 12 H T3 J i Jb i DX 4 2R I Sk i o8 4
JRCERE A SR 52 (C. reticulata Blanco cv. Ponkan), H5ZHE
SR W JE T HE 0] 52 3 5, Bk /DN L R OR 8 — B 2R 52
R EE AN 2, 4-— S K A L R (2, 4-dichlorophenoxyacetic
acid, 2, 4-D) R B 4005, BT IR 2R T IR E 48 05 0 T %
JE(8~10 “C), 75 A1, 7 19 HCARE WL 28 Al K & A 16 0L
TE 90 d J5 8 5 WA Al K IR IR /Y 3 SE R Dy xk IR 4R L A
B3 i 7K A 2 S A Sy Al ACRE

LR LT - > 98 Y0 1 P A 2 L4 L 2T A ]

3B T 3L i (methyl tert-butyl ether, MTBE) . f& i
afi, b v R I B A N H]
1.2 us5i&%E

M 03 R B X : GCMS-QP2010 plus %1, H 725 & ¥
Nk

TS B0 W 45 A0 . ZLS-1 B, 1) e Bk DY 1 4% %% 5 A IR
NEI
1.3 AHi&
1.3.1 GC-MSH il #  WERMFRIL 1.00 g Py & B S
BB AR . A 42.5 pg 242 L BR (W A#) A 5 mL MTBE, 3843
RAEFMREHMA 60 min . B A P IEFT H 25 5 0 W
4 R 5 AL DRI CE AR 0.22 po) 3 38 L it EHLAHr .
1.3.2 M- (GC-MS) £ {1

(1) S AH: DB-5MS f7 3 F 41 & # (K 30 m, N &
0.25 mm,J& 0.25 pm) @A, FHR# T DL 3 °C/min Jt
RE S0 CHEE 1 min), A 2 °C/min FFHRZE 70 °C (5
3 min), L 3 °C/min JHRZE 160 C (458 2 min), I8 “C/min
FHRZE 220 °C (45 8 2 min); & 40 F A SAE RS WE A
0.80 mL/min) ; #FFE R :250 C s R HIA 20 i AR

(2) FEi% EL, 82 HRJE 250 C L FRESE 70 eV B F
IR E 230 C; HIHE 30~400 (m/2).
1.3.3 #RMYRMEES5ER GC-MS 151 g K 5
FH 45 2 (NISTO08 Fil NIST08S) kAT K 2 - W #4 % 1k 4 Jok ik
11358, T AR 12 %0 45 #8 R PE 20 43 AT 2 52
1.3.4  RNA-Seq 43 #1  HEM# & RNA A TRIzol i 7 £
B, ¢DNA 3 H Ultra RNA Kit for Hlumina i3 & # 4 .
e 38 &) A Tlumina Hiseq 5¢ AL, W )¥ 48 H] TopHat v
2.0.12 B A 5 B LA R 91 BEAT L X, 2% B WA Cirrus
B 5 https://www. citrusgenomedb. org/
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analysis/156), ] FPKM(number of fragments per kilobase
of transcript sequence per millions base pairs sequenced) &7~
HE P R IB K- .
1.4 HiEsHSLE
PER R & B 22 5 B ¢ R B g AT St o
W7 (P<C0.05) o ik [R] 3K B4 1) 2 o W 5 ME AR IE 1) P (1
T2 W . H Excel 2010 84 477E A .
2 HiRSiE
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MY B 1 FhEESE Y BR .3 Fh S5 A 2 PR FR .
PR RN BT 0L T B2 20 TR R, A R A A T
GC-MS £ ARG R Jz P e 1 52 B R AL 4T 5 53 4
BTN 7 B AR bt X T AS 5 2R L 1 R A R B R 3 )
UETE R 37 39 MR AL 4y o A HIE ST U E R HE AT R P 4
AL BT o AR R AL T RE 2R R AR PRI 22 S AE G, T
S 2R B L T A K S s 3 40 A A O ) BT A i 5
o3 L5 REA R S C I 3 AT A O SR SETE IR P S
HE RN 5T i 4 78 W BRI  ZE B 9% v 0 W25 3 it B A AT 2R
AR .
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Figure 1  Total ion current chromatogram of volatile com-

pounds in juice sacs of Ponkan fruit
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B RAE RS o TR R MR S il O 2R ) R e T A A
S MEWI IR - FL M B s 88 Y0, AT MR I M M B R
7500 AL WY A 2 R A R S o S I B R O 2 4
PISAL Gy . 3 4R S W) A AL R AIE T L AT A
T U R R 2 R S A R Rl . AR R
PR EE XA S A A 50 BEAT 58 2 o0 M 45 2R S s Al IR AR 7
4 4 5 P Wy TR R OE R R SE R 3206 (P<C0.05), H
d-F R B RO IE R R SE A 1300 (P<C0.05), 13 Fp#E &
PR 7 P Y 5 FRTE A K I 9 35 A 3 S AR (P<C0.05) .
2.2.1 WEMRMIR R LA AR ORI L M RE B 7 R
W 2 T G BB U A AR 0 3 R KA B AR
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Table 1 Contents of volatile compounds in juice sacs from
normal or granulated Ponkan fruit
Hy i A e T AL (X 100) H
ﬁijl/jnij; PR EH 7K HSD{A /
13.6  KiTH 0.62440.086  0.535+0.107  85.7
14.7 ﬂ*}'] s 1.08640.309 0.08440.019* 77.3

17.5 d-#78BHs  48.120£12.650 6.3154+0.130* 13.1

TEJ%% 19.7  y-HS A 3.826+0.757  1.580%0.105* 41.3
* 35.6 ol LA 0.32540.108  0.28540.095  87.7
42,6 FAETELM  1.97940.427  3.22540.161" 163.0
42.8 a T 0.39940.027  0.428+0.180 107.3

M2 22.8 SRR 1.650+0.113  1.498+0.219 90.8

23.1 TR 1.402+0.793  0.989+0.212  70.5
2 30.8 FrEEE 1.51140.604  1.3304+0.318 88.0

39.2 2.553+0.194  3.730+0.576* 146.1

36.5 CZMRE\EFEE 0.286+£0.040  0.3294+0.033 115.0
S

37.8  ZEEMEE  0.0914+0.009  0.0804+0.024  87.9

Tk TRREREE,P<0.05,

d-Fr B R A8 A A5 2 2SS R 4 S ol BV
FUAB PG WIS AN o7 T4 . 3X 7 Bl 4 254 76 SR A A X
R AE AT K O TR SR 52 22,1 %6 (P<C0.05) , Mo HLig
W2 AL S BRI o ARG IR RN - Sl O ZE A K e B i
B RRAR 43 BRI H RS2 77.3% ,13.1% ,41.3% , T K
I 00 B T AR A K BV I S R R N R 2R R AL ) B
16 T8 05 B A A 7K I T g S R S 163 %6 (P<C0.05)
M ol B o PRI & RN R A B,
2.2.2 BERYIEAMBERYE  BE 1AM AR E ST 1
FREEE Y 0T B 07 R . 5 R R G R AT A A R
i KB A R IE 3 RS2 90.8 % L X Bl 2% B 9F AR B & 5t
S EH(P>0.00), AMRALEEIERT 3 FHEBELY
JO R X AR K B Ay I SR SE Y 110.7 Y0, v T R
TS 25 B 40 A IF B SRS 70.5 %6 R 88.0 % o {H I Bl 25 5 1k
A G it Y B (P>0.05), + ZEEA R & B
Aol 7K B ) 8 2 T R AR O AR R RS 146.1 %0 (R D,
2.2.3 BREYE AWREED 2 MERIKEYIR : LB E IR
MR AEM . X 2 s 2848 R W) 00 & B AE A K B 43
SISk IR RS2 115.0 % 1 87.9 % (P=>0.05) , P M ik 25 9
SRR EA R4 BEETALE D,
2.3 HANHMRAEELEREEERREINZNE

R SR PR 2 0 T A A K R AT A E R SRS 32 %0
LR B R 88 Do 1 il 4 25 ) T AR A K B AR O IE SR
SEH 220 . X R W 2 ) A A 0 I AT A SR S A
KB R M T A R i R R A R 2R A
W& R AR D DR, AR TF 9% R R v 30 o T 5 2 AR Sk A A 2R 5
i 7K B 5 R 0 SR AR R AR EAT R BE A0 AT JL S 8 Y 8 A K AR
S A T 97 2S00 B A s A G R T Y G A R PR L R0

H B E TR, 45 & ACAT2(gene encoding acetoacetyl-CoA
thiolase., Z it Z WL i A Wi fi#fif 3L ) . DXR (gene encoding
1-deoxy-D-xylulose 5-phosphate reductoisomerase, 1-3= % -
D-7K [ 5-5-B5 2 38 )5 5 44 i 5 ) . HDS (gene encoding 4-
hydroxy-3-methylbut-2-enyl diphosphate synthase, 4-¥% %t-3-
FJL-2-T If-FE W R & % 2% KD . HDR (gene encoding 4-
hydroxy-3-methylbut-2-enyl diphosphate reductase,4-%% %t-3-
FH J-2-40 2R 3 — % 1R 8 )5 I 3% K1) . KAO2 (gene encoding
ent-kaurenoic acid hydroxylase, Ul 5% #2 ¥ 2 #2 1k Fff & KD .
KAO3(gene encoding ent-kaurenoic acid hydroxylase, Il 7242
JEIR 2 Ak i 3 ) . CYP82G1 (gene encoding cytochrome
P450 monooxygenase, 4 Jfd {4, 2 P450 B i 4 i 3% X)) . TCS
(terpenoidcyclases , M ZE AL LR |
2.3.1 WA G IR R IR ARSI 4 A
Wi B R E R R M 22 e RIKE W, WK 2, w2
b4 ) 3 B3 13 H R (Mevalonate, MV A) i 42 il 2C-H!
H-D-J7  #F B BE-4-BF R ( 2C-methyl-D-erythritol
4-phosphate, MEP) i& 18 & 1., 5 /%) £ % R (isopentenyl py-
rophosphate, IPP) F1 — H1 & 45 T4 3i& 42 #5 /2 g (dimethylallyl
diphosphate, DMAPP) & il i 5 ) it & A9 BTk . A< B 52 2
EFEF ACAT2(CICLE_v10015452mg) » H 4 1% i 2. Bt &
Tk Al A L i 1 67 53 TR TPP & )3k A2 vhol W03 F 2 T
AG RO BEE A, ACAT2 7 K i 2 15 5t i 1E %
SERY 61.5 T FEH| 44.9(P<C0.05) , A HF 5% % 58 3] — A 4 15
DXR ( 1-deoxy-D-xylulose 5-phosphate reductoisomerase,
1- 25 8- D- AR M- 5- i T2 34 Ji 5 44 ) 19 i Al DXR (CICLE_
v10028082mg) , 25 MEP & M & 2. DXR TE A /K i % ik
8 T (P<C0.05) , T IE# 2R 921y 207.4 F B A K R 52
iy 99.3, HDS f##fb 1-¥2 3-2-H 3-2- T J&-4-fE B BR (1-Hy-
droxy-2-methyl-2-butenyl 4-diphosphate, HMBPP) ) & % .
AHE5E % E B — A i i HDS Ry HDS (CICLE _
v10027881mg) » % Ik 4t 754l /K i 2 3% F ] (P<C0.05) . i1 1E
HORII 154.5 TR ERKCR SN 84.8. ABFIL L K E B
HDR (CICLE_v10028384mg) , % fith i) 4-3% Hk-3- 1 JL-2-4f
REE TR E R S 5 6 HMBPP A4 g IPP 14 )2 B .
HDR TEAG /K I 335 5 1 IE# B 9209 67.9 T R R 52.0(P<<
0.05),
2.3.2 WA BURRBREEFE AR E S 3 A2l A
W 2 S RIEFEE, WE 3. BT 00 H i 0 S AL IR
g ¥2 L Biff (ent-kaurenoic acid hydroxylase, KAO) Fl 4 ig & £
P450 B fii %A B ( cytochrome P450 monooxygenase,
CYP82G1) iy KAO2 ,KAO3 Fil CYP82G1, 1% 3 /N4 [R7EAk
TR H) 5 R U A0 8 4 (P<C0.05) , 3 ik i A IE 3 R 52
B 11.0,47.0,113.3 TR AR R T AY 4.9.27.3.48.9,
2.3.3 MRV A RERH RN AL % E B 5 i
i 2 BF fk i} (terpenoideyclases, TCS) iy 3 A TCS, WL 4,
it S PR AL Tl SCPRME 2845 L 2 — 28 E A 5 G U L AR
K 5 R R K G TR N Y — R R R . AR M
1 TCSTE A /K 32 3k 4k i 35 F B (P<C0.05)  JAIE SRS (1
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