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Changes in Fructose, Fructokinase and Its Gene in Morinda citrifolia
during Fruit Development

WANG Qingfen, GONG Shusen, BAI Yan, LIU Nian, WANG Peiyuan, WU Tian"

(Southwest Landscape Architecture Engineering Technology Research Center of National Forestryand Grassland Administration, Yunnan Functional Flower
Resources and Industrialization Technology Engineering Research Center, College of Landscape Architecture and Horticulture Sciences, Southwest Forestry

University, Kunming 650224, China)

Abstract: To reveal the formation mechanism of fruit flavor in Morinda citrifolia, the activity and expression
pattern of fructokinase (FRK) gene during fruit development were studied. The results showed that the contents of
fructose, sucrose and glucose in fruit of M. citrifolia accumulated with the development of fruit, and reached the
highest when the fruit was fully mature, while the activity of fructokinase decreased with the development of the
fruit. The fructokinase gene TRINITY_DN17192_c0_g1, named as McFRK2 was cloned from M. citrifolia fruit,
with 984 bp ORF, encoding 327 amino acids, and the GenBank accession humber was MW380742. The amino
acid sequence of McFRK2 was similar to that of FRK2 of coffee (Coffea arabica) at 98%. By using gRT-PCR, the
expression of McFRK?2 decreased gradually during fruit development. When the fruit was ripe, the expression of
McFRK2 tended to be stable, which was consistent with the change trend of fructokinase activity. Therefore,
McFRK2 might be involved in glucose metabolism by regulating fructokinase activity in fruits, which plays an
important role in regulating fruit flavor formation.
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i 8k (Morinda citrifolia), 7RFRIENN, A5
Fl(Rubiaceae) L K @MY, RLh&H ZMEFR
By, WEAEER. B B, BT, £
W BT RS EERS . 2004 FEIRETT L C S
W40 f2ETma s, HEZFERMKNSE, 8
4858 G s Fy i f e . g B R SR T
R RPIRERAR T, fERSL G R R EH ST A
AR IR 7% A7 FE T B AR IR, 6 SR S A
S SRR T R 5 T G A T AL B . T
SRS IRV T B 11 2 B ke 5 TR 3 R AR,
HIAME RPE. RS, ERR K ZEEYOLEE
R R =2, 7B/ F R 23 e B A
AR, FOME O — 25 R B TR A R G (fruc-
tokinase, FRK, EC 2.7.1.4)53# CLHE B (hexokinase,
HK, EC 2.7.1.1)§fA, {HFPEEE S5 FpE 126 A0
D3, R R SRR AT A o SR A 1 R
AR BSL, [ PRI R A AN AR Kk i T
Uk, WPt EE FRK AEAER LR F PR
BTG, BRI T R, Dy R KRR
IR LA

Hil, SAZHMESHEyh w7 FRK 2R,
K2 (Manihot esculenta) 45 6 1 FRK 2 [l (MeFRK 1 ~
MeFRK6), JAEm:, 25, FERRserh kiR FE,
Mi#%& (Citrus reticulata)fq 2 > FRK £ K (CuFRK1 Al
Cufrk2), Cufrk2 7E 4/ 5L 4)) H &5 #2123 b Rk,
1M CUFRK1 7E R A RS2 b A, FRK IV BE R sk
REZ NS, S5RhRREnBsRa K, #HE
FRIK 37 {1k 70 AH A7 S S S bl 28 ol 2 8244 1), Qin
2P HE A (Eriobotrya japonica) k2 T 1 4 EjFRK
%W, EjFRK FIRIEEM FRK i HEERL L EH
Wi Tt 1, 5 RO A AR A R, R
= FRKOVEPERT ReAfi] R AR R . PRI, FRK 7E
TEPIAS R B 8 B JI s AT e S ek

AT ELER R 7T 32 B R AR R A AR
HURHE. ZGRMNE . PRI, BN THASE
D5 THT, % VA LR S e A 4% LB ) B T A
. AT UANFE R B I R SR R
R FRE S B FRK ST B 2k R, &
T AT #H RNA-seq iF A &5 1, #t— B 5a % 7 P
B HE K] MCFRK2, 43 #T T MCFRK2 71 i B2 5k 2R i
AR B B RIEE R, N JE LR
97 5 [R] T i R VR 42 A L i R s R SR A B S RO B
RER .

1 MBI 75

1.1 #%t

75 %k (Morinda citrifolia) Fii T = B & L& T
JCTT B A S b . eV A ) I 23,
fi&, T8 23.7 C, FEXIFKELZ 800 mm, &
SRR FY, RSk B N
W14 ) ARG ) BRI (6 )«
SE (8 B A B (43 . REAF K & I 1
(SR SR, G R EGE R, T -80 CUKAR
“H.

12 REWEE

i EEL A SR S R 2 i R T i Oy vk
€, RO (i (Agilent1260, 78 ) I E
HANREN Y 3AEL . AR AES 9 RAE . H
BIREFIRERE, SN A alie i, BUBORE i A
A A o PR e O B I R AW TET A, bR R A 2R O

AR

1.3 BSLHRB B 1 e

IR R 2R 7 R R B (FRK),
AN ETHUV-5100, FiF)IIE FRK 3EPE, A
AEAEERAEVK E5E sk, BEE 3 k.

1.4 McFRK2 fIRIE 4 #7

FEFEEER RNA-seq W70, fiiik 4 4 FRK
R B, Hordt TRINITY_DN17192_c0_g FEEI7E R
W5 0f48h REEERTE, WiITWLEEID
qFRK2 (% 1), L Actin g4 24T qPCR
B, JRNRFR N 20 L, B3 2>SYBR Green master
mix 10 pL, IF. K519 gFRK2 £ 0.6 L, S5
cDNA #i#) 2 pl, ddH,0 6.8 . qPCR N FEF N
2595 “C 10 min; #8595 ‘C 15,60 C 30s, 72 C
30 s, #t 40 MERF. 3AEE, 2T AN R
k5, FFH SPSS AT Z /0, UL P<0.05 Fn i
ZE5t, P<0.01 RKs i 3% 2 7, F Origin 2019 1 &

1.5 McFRK [ i) 52

K Trigol 1271 & ([ A RHA PR A 7], Ak
ORI S RNA,  F 1.0%35 i b s fi iR
R IR A IUASCASE ] RNA 1 )52 & - # H TransScript One-
Step gDNA Removal and cDNA Syntjesis SuperMix
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1, s —%5E cDNA. HRHE RNA-seq i ik it SR 5k
FRK R F B, 48 Primer 5.0 8044 ¥ 45 7 5
Y FRK2 (38 1), PASIESA U cDNA J9tsiti, 4
¥ FRK Z K4 K P PCR MK R A 20 WL, £
& ddH,0 13.2 L, 10>Easy Taq Buffer 2.5 L, dNTPs
(25 mmol/L) 2 W, 1E. KI5 FRK2 % 0.5 LL,
cDNA #%#% 1 pL, Tag DNA polymeRABe 0.3 pL.
PCR N AEFFN: 4595 C 3min; 4R)5 95 C 455,
58 C 455,72 ‘C 90s, 3 35 4MEH; &5 72 C
7 min. T 4 ‘C F#A4E, PCR =4 kA& 5,
YIRS, #E3) pMD18-T Tefg ik b, Ak
FAAT B BRECBH I PR B 0% 2 A T AR A IR
A A AT IR o

R 1 51951 PCR 2

Table 1 Primer sequences and PCR program

514 Primer J¥%1 Sequence (5'~3")

FRK2 F: ATGGCGCCACAAAACGGAGG
R: CTATTTATTTTCCGTCGATGAGACGGAGT
F: GTGACAAGATTGATGATG
R: ATTCTTAGTGTAGTAATTGC
Actin F: TGTATGGCAACATCGTTCTCAGT
R: CCACCTTAATCTTCATGCTGCT

qFRK2

1.6 EWfERBEDHT

F NCBI-blastx AT FF A1 ELxS, fiiide tHARAEL
LT 5], s H MEGAG Bk R4ttt
. K ORF (https:/Avww.nchi.nlm.nih.gov/orffinder/)
BEAT T EHE Ee X I 4 3 & LR 7 41, Al NCBI-

m

&HHJ

SRR FRK activity (U/g)

1

Dev elopment sw.g,e

CD-Search AT (< 45 #3547 H7 . i Cell-PLoc 2.00°
(http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) i3 47
2 5E £7 . FH TMHMM Server v. 2.0 (http://www.
cbs.dtu.dk/servicess TMHMMY/) i3k 47 25 [ 14 5 45 #4g i
Tt .

S S

2.1 RER FRK FEHEMRESETH

ML BT 0L, FRK V14 BE S SE 1 R & i A
B, RS54 BOART AR . SESEAN R R E I S
TENEFIE Z0E & b AAEL, B 3 ks & =48
B S S B AW R, A RS 58 A A B
T, 20 A 20.02. 8.76 Al 10.01 mg/g. S SEAE AR
dfEd, S EEEE T AR SR, I
B 58 & AR A KBS . DU KA S
ROy A, IWAERLVE B2 KB FRK /ﬁﬁﬂi’%$
AT KR A, SbE. RERE. AATRE S
AR 007 3 2 2K B b e v T ﬁﬁﬂiu
A, FRRIGMES IS R EMHKKR, B
KB FRK 3 14 0T B 2 fi] SRS i A =

22 ETREREFANTH FRK ZFE &
RNA-seq M5 1] LA1S 26 P04 i 4 2R 838 B 7
e IR R RIAGE B, T2 R A
W& A R ), 2 RNA-seq™™ (PRINA
503490) 7341, FRK Z5 7 GUpEAIH #5 b5 AU (ko-
00051). JEM FIEREC U (ko00500) . 2 FEhE Flk%
BEAR 151 (ko00520)i& 4% . 7F ko00051 A ko00500 i& 1%
Bl o S Fructose

1 #EBE Sucrose
20| E2D WIEHE Glucose

d
10F ef
_-li% |
0
1

S E AT Development stage

77 i Sugar content (mg/g FW)

wn

B 1 i EERSA R R B BRI & R A FRK G, 10 JEBE; 20 Si50E RN, 3: B0, 40 43dl; 50 At

Fig. 1 Sugar content and FRK activity in fruit at different development stages of Morinda citrifolia. 1: Flower shedding stage; 2: Young fruit formation stage;

3: Stigmas stage; 4: Green ripe stage; 5: White ripe stage.
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i, BB (D-fructose) £ FRK Al HK /EF R#E4L K
[-D-SHE-6P (B-D-fructose-6P), #R Jm 1 N A I figd ol i
SRR 1 k000520 i 12, HBE (fructose) 7F FRK
A HK VEH T EER LN R HE-6P (fructose-6P), #AJ5
BEN VR AR S AP B 73X 3 Mg far, 1A
F2H8 32 7 FIAH) FRK (TRINITY_DN17192 ¢0_gl.
TRINITY_DN17601_c0_g1 A1 TRINITY_DN10207_cO_
g1)A1 HK (TRINITY_DN17136_c0_g1. TRINITY_DN
4665_c0_g1 A1 TRINITY_DN18580 c0_g1)J& A,
H TRINITY_DN17192_c0_gl 78 H52%4% 5 0 Al 48 h
2Rk ZE 5 R (K 2), FC{HiA 190.57 F135.81, wJ L
T2 DR Dy g T2 ik SR 5 SR Tl IR A 1) D B ok aE ik 1]
WO BRI N AT J5 821 A K e b S Rk 4T

2.3 McFRK TEf& & McFRK A4:#f8 B 247

TERER TRINITY_DN17192_c0_gl JL£[H ¢ ORF
20N 984 bp, 4ihith 327 AN ZE 2 - F) H NCBI-blastx
HEAT AR EEXT, &5 1% 8 A S5l (Coffea arabica)
1) FRK2 AR 7 AR 98%. Rt bR
B (1 3), 5 EER ) FRK 5 i SRk k& uin ik i
FRK2 SEZ K Rl . Xt — DR EE FRK 2
FRK2 JERI M, B % EE R 448 McFRK2,
GenBank & %5y MW380742.

FH NCBI 1 {#] CD-Search i3 475 57 45 K 3840 47,
B McFRK2 EA PTkB ki m R hete, &
B 3ANEMLE A X IR 6 > ATP 45547 5581 3 Mg
SF 45K PLN02323. bac_FRK Al RbsK, #fEl] Mc-
FRK2 A REEARFE MM TIRE, 8T 26
B, X APEEA SR R (A ).

92

87

100 I: FRK
FRK4
FRK4
5 —l__
99 FRK

200 ¢ a

g
] |
=
x>
=

A% ek Relative expression

KEIA Gene
5 2 RNA-seq ik 1) 6 /> 22 R B ZE R K15 . 1: TRINITY_DN17136_
c0_gl; 2: TRINITY_DN4665_cO_gl; 3: TRINITY_DN18580_c0_g1; 4:

TRINITY_DN17192_c0_g1; 5: TRINITY_DN17601_cO_gl; 6: TRINITY_
DN10207_c0_g1.

Fig. 2 Expression of 6 differentially expressed genes screened by RNA-seq.
1: TRINITY_DN17136_ c0_g1; 2: TRINITY_DN4665_cO_g1; 3: TRINITY_
DN18580_c0_g1; 4: TRINITY_DN17192 c0 gl; 5: TRINITY_DN17601_
¢0_g1; 6: TRINITY_ DN10207_c0_g1.

FIH Cell-PLoc 2.0 #4740 A e o7 Tl , 25 5%
FKH McFRK2 HEH EEM THMEF . TMHMM
Server v. 2.0 ¥ I &5 A TN ER BH , 1% 8 A B i
SERI, IR MCFRK2 8 1 - ZEAE A T & It AT
fEDiRE, BT IR WEA.

2.4 McFRK2 [IZRIE 73 #T

BEIRSERIRH, MCFRK2 FRiA &8 T, H
FE IR SR 52 4 BRI I8 B T385E (B 5) . WAE
i 7 3380 SRS KT, MCFRK2 (1208 BB T %,
{EAERFAEADS B KK FVRJER SEH MCFRK2
RiBERAK.

AJK93568.1
XP021610758.1
XP 021629101.1

Manihot esculenta
M. esculenfa
M. esculenta
AJK93567.1

M. esculenta

FRK2 XP 021650136.1 Hevea brasiliensis

99 93
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Morinda citrifolia A
Coffea arabica .
C. arabica .

Glyeine max

FRK ~ MW380742
2 XP027119568.1
L2 XP027117476.1

XP 003537935.1

T E————e

XP 003541157.1 G, max

FRK4 XP 003546905.1 G. max

FRK2 XP 020223313.1

Cajanus cajan

FRK2 KYP58438.1
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3 RFEYFE FRK & A 1R G

Fig. 3 Phylogenetic tree of FRK proteins among different species
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Fig. 4 Analysis of McFRK2 conserved domain of Morinda citrifolia
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Fig. 5 Expression of McFRK2 in Morinda citrifolia fruit at different deve-
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3: Stigmas stage; 4: Green ripe stage; 5: White ripe stage.
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