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TE: BAERZASERAGRE W, BETMEHEHINEH G IEALSAR T, BAEGS B LS d BB R
(SUS)An AR AEALBR(INV )AL, A T IR ZSUSAINVIAF Rk AT EA T ILEF F 095 fe, A3 @i HPLC
R, s RE T A ETIRF AT 22K S, MR, B HEFEREGSEERATAE L E
An, BT I 4 B P SUSRINVE @ 57, 5AbF o4 & B 05038 3H4T R R bxt, 23] 7 ik SRAF 64 A2 124
A T AT KA % AE(ORF) 49 Cg-SUSHCg-INVA R . ARIB LA L AR LT, 5 5% 4 Cg-SUSI~64Cg-
INVI~I12, FFat R Z A B AMFA . NETEIRT. 2R MR ODRENRF T EmMASH. HFE
KIS E XA E AT IOAER T T2 F Cg-SUS2. Cg-SUS3ACg-INV6EE F 45 A i 3k, sf L #t4TqRT-
PCROYAT, 565K AB4A T 094 m Lt R 5 A B R kAl A otr, 4 R R 7~Ce-SUS2R L5 K4E. Fifate
AT XA F EA AN, B 2 Cg-SUS27T 7835 BT 3548 45 Fo A VE 69 & & A%, Cg-SUS3ACg-INV6 R A&
5%, RE. BEBASEXR AR E XM, S Ce-SUSITRAL 5| EAE 6 I RiR 2 T, N ititst
15 3% R 69 AR A s UDP-3] )48 42 R 4B, Co-INVE™T #8280 50, T4 R AR Y X 4k bh,

KRR AT E AN TTIOA T BAES ARBE, BAESE LS

tih 7 (Citrus grandis) &2 & Fh(Rutaceae) it (JinF$2009), M4 H A AL G PEApHI AR 3] 73

J&(Citrus){), FEAATHE. RE. Gk
SR R A, e ] ) oA AR T SR .
T ¥ & — P B A 2 FoE IR0 25 A B B R,
TR RCHIP, REE . R )R (L
B BRRIER) . EHEER S TR IR O ML AT
JIRE B PR B AT R 7K SR (WuZ2011) . TERF Bl (L
LR VGV E A, Citrus grandis ‘Seedless’)F2002
DALy Sk P I 5 | L i R PR AL, 8O SRR,
R SR B o s At . . k. H AT
W AMNE SR TEAT B AT 78 F B E R R E M AIFE
FERREE AR mE M EE T, HitRAE
iah i rRORH SR RE MR AR 5 TR 70 6 DL

TE = SEAEA Y, B (sucrose, Suc)sg &1
IR ZT= 1, & DO A R0 208 3 ) 1 300s i
BRI A H LU B 0 R4
fift EH I BB BB (sucrose synthase, SUS, EC 2.4.1.13)
By B AL B (invertase, INV, EC 3.2.1.26)f#1k
(Ruan 2014), INVH] DL7Kfi# 5 HE A7 2 5 (glucose,
Glu)F1 ¥ (fructose, Fru), 1 SUSH] DU FEREEEA,
JJUDP-% %) B (UDPG) £ B 9 (ColemanZ42009) .
R 35 37 24 57 BB PRI AS (), TNV R] 43 g 400 i B 2 A il
(CWIN). ¥ 60 %% A Jilg (VIN) R 40 55 2% £ i (CIN)

B}

TR A e A il R e /R A0 B (Ruan£52010)
HINVAHLL, SUSEEY T2 A4 — P UDP-§
B, S AL RERE AR (0 OGS, fHE S0 P i
1l RERE I B, IFAERT T AR SE I K B KA
FH(XuZ52012).

H A, & T SUSHIINVEE R 5K fF 58 5 224k
W TE )L B TF (Arabidopsis thaliana), EAIE SR I+
AT 64N At-SUSFIN AN A-INVEE R R IR 7L, B
AT AN A 1) 2 I8 5 R Tl fig (Baud 5$2004) . Hir,
At-SUSIHNAt-SUSHZE I H AR R IE 1 2 IA R,
At-SUS27ERN§ BRI R &, At-SUS3 R ik 1IAR
&, At-SUSSHAt-SUSGRY RL— ML HEAE, FTh
BEATT SR K K1 (Baud%52004) . 55T SUSHE K %k (1)
W IE W J T K (Zea mays) (Duncan:2006). Ak
(Prunus persica) (Zhang%52015)4; kT INVHE
KIEWE ARV B AR )N (Carica papaya). KE
(Manihot esculenta) (Yao%52015)%%, SR1 =T SUS
HUNVEE R S AT T8 AE A e AR

ks 2018-07-16  f&E  2018-09-29
BRI WG EARBLE LA IR H (317045) Rl g AR S
BF 4T H[KYQD(ZR)1701].
* JEIER (niujun5555@163.com).




XSEF AR O BTN S AR (SUS) M B e AL BE(INV )32 (X SR A 15 B 2 SRk i 1577

TR S8R E T SUSHIINVEE A 41, 5
et 35 DR 20 B P2 AT TRV Lok, 43 ) i i 3R 15 6
ANFI12A AT 58 BT U SLHE (ORF) ) Cg-SUSHI
Cg-INVIE[N . ARIFHGE R Al B, KK R
Cg-SUSI~6};Cg-INVI~12, F|FHAME B 2772,
BEAT I R K S i 2 AL HEAL AR (1 T
SERII AT . RIS, 85 T JOAT 2 Al e %
YA, TT R Cg-SUS K Cg-INVEE R {8 7 151 7y
T, Hx H OGS R34 T QRT-PCRAG I . JEIL 744
) 2 8 3 J0 K 3 A T e R R AR U, X
B A B S T B Cg-SUS2. Cg-SUS3. Cg-
INV6HE R 3R IA MO M 20 #r, R TE R E Al SUS AN
INVE [ F K I ThRER ek 2 .

1 R57EE

1.1 EeR

TS SR SR T g e A g T I B
KM (Citrus grandis (L.) Osbeck ‘Seedless”)JE
(L EEARBRZI A 19°73'N 109°99'E), Ftith +- 32270 Ny
TR, WA AR . T20174:2~9 H (751t )5
60, 90. 120, 150, 180, 210#1240 d)7E [& ik
B A5 s Emmn—28. ARk —HOHAGR
TR MO SO R, 5 — R T60 &RIR, 2
JE 5330 AR EURE R — I, SLEUFETIR, % B ot -
TCHBE, W EF RN RS B UCRER IR
IR B G B T -80°CUK AR AR, )5 225
1.2 FAFE BB LA MENE BONE 75 7%

B> PR S EE0.7 git M BE i E A
105°CHE AL %75 4 FE30 min, SR 5 7E80°CH 4 1
M2 fEE, IR T 808 R ORAE, T
1.5 mL ddH,0, JH7E i 75 Be i ds T 75 10 min,
80°C/K B4 Hh /K #3120 min, 11 100xg 50210 min, Y5
1 mL FIE, MPtE R LS mL ddH,0, =
S D IR — RIS IS5 mL, H B ARG
60°CZ& TV AA(Z3 h), JIA1.8 mL 80% L i &
F20°CyKA10 h, 11 100xgZ 0210 mindit & F i
1.5 mL, HE R 60°CZE T A, MA0.7 mL
AR I B WRAT A B8 08 B B R B i)t
TR, SR G TE0.45 pmid SEFLIT 8 2% TPt 8

5% 53 1 26 A SR FH A OB 3 V5 (HPLC,
Waters 2695, the United States), 5& ' fll 52 = 4L &

FRAEIEBEAT, Aor ) 28] Jo A ZEA 1 v o R A4
ARBES HERE. FATREAN SN 2 &, A s Y
7K #¥(carbon water column, 4.6 mmx250 mm), £+ :
37°C; A Ol KIER R EL70:30), HiiE Jy
1.0 mL-min™',
1.3 Cg-SUSTACg-INVESE K E IRV S B AR E (L

NAUN G 5 Fi R ZH 540 e R il (www. arabidopsiss.
org/) T # AU B T+ SUSHE PR 5 AN VA R 5 e 1) 2
751, 5 Al T2 X 41 25080 i (www.citrus.hzau.
edu.cn/orange/index.php)H HEAT [FI YR LL X, B8 13
BNIE", W15 3154 F Cg-SUSHI Cg-INVEEF 5
TR BB e L ] o HE A e T 6k i 6 KT 1) 2 PP 41
&AL B Pfam (i 5 (www.pfam.xfam.org/) (Finn%§
2016)h, BEATE— B I EEHE G Rl 45 H I3(PF00862)
AR L 7% S5 KI5 (PFO0S34) 6 F, i 2 %55 64
F2A A 56 B ORF (¥ Cg-SUSHICg-INVEEH . #R
5 il 2= DRI 2H 25080 PR b (1945 S, {8 FHMapDraw V2
AR R G Ak B RS A B, 2
HE Tiang 55 (2013) Gyt AR o B iy 44 V2060 AWt 52 1)
Cg-SUSHICg-INVEER K IRIHEAT RSt 4
1.4 Cg-SUSFACg-INVERFIBLMR, HUKERA
BFINEFERTH

K HBioEdit® {4+ Protparam 1. E.(http://web.
expasy.org/protparam/), X Jo¥f % #h Cg-SUSHI Cg-
INVER 7 51 o He 9wl 16 2 1 5 9103k AT BEAL R 1
M

MALEE T+ 8P ZE (www.arabidopsis.org) H 1 HX
PR IF6NSUS. 124NNV ()7 41; A, fENCBI
FE IR 2H $ 4 22 A (www.ncbinlm.nih.gov/genome/
gdv/ )18 RS BN (Populus trichocarpa). Ak
(Prunus persica))SUSE: K X i 85 E P41, %l
(Solanum lycopersicum). 7KFG(Oryza sativa)tJINVEE
IR T8 AR 33T 3 FMEGA 7.0
(www.mega.com/), 31T At-SUS., Cg-SUS. Pt-SUS,
Pp-SUSHIAt-INV. Cg-INV. SI-INV., Os-INVZ
[ERFEIC R T A, MERG KB, LSk
BEZMESS502018) )75,

¥ Fastatg 1 1 Cg-SUSHI Cg-IN VI [K] 4 5 1)
WA BR T AR B 1) 2 k% H R 7 41, i@ i GSDSHR
f(gsds1.cbi.pku.edu.cn/index.php)%: il Cg-SUSHI
Cg-INVEE[RI A 75 - F1 40 81 I 25 p i = GRS
F252018).
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1.5 Cg-SUSHICg-INVE HINsEL IS S

Cg-SUSHICg-INVH [ Ty Re £ i 38 (1) 2 il 43
1 F SMART7E £k /35 (https://smart.embl.de/) (Sigrist
2:2013), A Cg-SUSHIC-INVE 1741, kiS5
PFAMZURE 2 HEAT 38, 43 Hh BN 8 1 AH L 1
& B 45 K I (PFO0862) 4 L 5 7% Wl 45 1) 1%
(PF00534). Hi 5L 7K fif lly 45 4 35 (PF 12899) I AL i
1.6 FTAFZMCe-SUSTNCe-INVE R FRIKIES T

MNCBI _E T8 T0H % % K 8 I 3 s 4
J5 4 5 R (SAMNO08640739, SAMNO08640740.
SAMNO08640741 F1SAMNO08640742), 2[R AK 5 &
reads, Fjclean readsBt i} 2| Cg-SUSHICg-INVIE A
|, i RSEM v1.2.31 (LifiDewey 2011) 114 5L [F]
[(] 214 7K F-(Fragment Per Kilobase of exon model
per Million mapped reads, FPKM). F|HHemI% A4
21| Cg-SUSHI Cg-INVE IR B 7R ik A A
1.7 qQRT-PCRE 8K M4 5347

HIRNeasy Plus Micro Kitif7| & $#E Tk %
F7ANAS [E I BATE PR S RNA, EARIRAE A5 5% 0L
MEEH . 5B —8EcDNAE % F TaKaRa Reverse-
Transcription Kit. &2 5 A7 AR 2 WS,
UBCHIACTBEE R ik Jy N 2 B K (YanZ52012)
FI| FH PrimerQuest (www.idtdna.com/PrimerQuest/
Home/Index) 8 {1 15 THqRT-PCRA 51 #1(3& 1) K
TaKaRa/A #]SYBR Premix Ex Taqi¥t47qRT-PCR 43
TR AP IR = B ), AN S M B 3
WEA, 2 FARX RIA &, JFIFISPSS
WAL BT IO B Ce-SUS2. Cg-SUS3HICg-INV6H:
[RI R IA B W 2 R AR P E AN B B M T o

2 SEIEER

2.1 TFFEMAAMESESH
PR ) 73 A2 TR T R AT il o 4 K%
. AW HPLCYELE ToH 28 M i oh

DR SFPRrEVERE, G ATRE . ABE. SBE.
I w MR (B [ERERENE, EH AT
R S oS G P IR R (S 1 N R (ERE Y9
ISR B AR B LT A E . SR BEE ok &
Y PR A, SRBE LR Z RT RE R ) R
4N, X8 J5 BT 5T ok E AN SUSHUNYHE R 5k
S TCHT BB A LR Al 1 SR
2.2 Cg-SUSHICg-INVE R w5 & BB L4F I 7 #7

I8 IS Blastp /i, M2 R 4 A SR 4 e F)6
Cg-SUSHN2ACg-INVEEH . % Cg-SUSHICg-INV
R H K cDNA R gm it 85 (AT 7 5 i (3R 2), &5
TR TR 1% R 0 735 9957.20~2 042.28 kDa,
ORFF- 4K J& g1 578~3 366 bp, F:4miL508~1 121
MNEIERR . GBS Protparam 7, HEM 1% 5 F KA
AL o T R 2 B s, A 2 7 8 56.24~
126.27 kDa, 25 Hi 15 N4.9~9.19,
2.3 Cg-SUSHICg-INVE R S MR BARENL

64N Cg-SUSFI 24N Cg-INVHE PR AE YLtk |
IR B AT 704, B E20T LAE AN S o A
FEMIF-9 4% YLt 44 (Chr1~Chr9) -, A4 et Ak fr,
W HAR Uk i 44 N Cg-SUS1~6 2 Cg-INVI~12 (1K2).
HA1Chr5. Chr6. Chr8FIChr9& &1/ Cg-SUSH:
[Al; Chrd {52/~ Cg-SUSHE A, HAR % etk A5 Cg-
SUSH:RN . *FF Cg-INVifi =, Chr2, Chr3, Chr4.
Chr6. Chr7fIChr8 % 214N Cg-INVHER; Chrl.
Chr5F1Chr9 24 Cg-INVEEH
2.4 Cg-SUSHCg-INVERE#H UM RASTF. INE
Foth

N T R 5 Cg-SUSHI Ca-INVEE R 5 e 3k, |-
I B KRG R R, A FUITRE | Cg-SUSH HoA3
MNYIF(A. thaliana. P. trichocarpa. P. persica) SUS
F(A. thaliana. S. lycopersicum. O. sativa) INVZ R,
R RGO M. B3R E i, Cg-SUS
R S AT 5 N34, 43 29SUSL, SUSIIAISUSIII,

K1 JORF A P9 2 5 R R G S B[Rl QRT-PCR 5| )
Table 1 The qRT-PCR primer of reference genes and key genes in C. grandis ‘Seedless’

BEH] LiESI(5—3") NS (5—3)
UBC GGATTGGGATGGCAGAGAAA CGAGCAACAACATGGGAAAC
ACTB CGATTAGCCTTCGGATTGAGAG GATCTGGCATCACACCTTCTAC
Cg-SUS2 CTATCACCACCCACTACGACTA CCCTACACTGAGGAGAAGAGAA
Cg-SUS3 GTCCAGTCCTTGCCTCTTTA TTCCACCTGATACACCCTTT

Cg-INV6

TGGCTTGGATACATCACATAAT

GTCAATCGCAAACTGTCTACTT
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Fig.1 Changes in soluble sugar contents in juice sacs during fruit development of C. grandis ‘Seedless’

Cg-SUS67 T-SUSI4, Cg-SUSIAI

Cg-SUS2Ai T SUSI4, Cg-SUS4. Cg-SUS5HL T

SUSIIIA.,

FE P4, Ce-INVEE R X0t ] ROV3AL, 7373 2
AT AL R K R RE D KR 4

2 Cg-SUSHICg-INVE:R F 1z )

SV

JuEE A BRE R K . o, Cg-INV3. Cg-INV4,
Cg-INV7. Cg-INV9. Cg-INVIOM Cg-INVIIHL T4
NS e AL Bl L A 5K, Cg-INVERI Ce-INV 20 T
WAL BRI K iR, Cg-INVI. Cg-INV2, Cg-INVS
HCg-INVELL T2 B A Flg = DX 5

BT K b £ Y ERAL RS A 3 A

Table 2 Bioinformatics, coding protein, physical and chemical properties analyses of the Cg-SUS and Cg-INV families

WD L&k R ATROE semm oREby GEEREAE T
kDa =/kDa

Cg4g018010 SUS1 chrd (23 888 364~23 891 860) 1 449.24 2 388 2 388 795 90.83 5.81
Cg4g018060 SUS2 chrd (23 933 632~23 928 856) 1736.42 2 860 2421 806 92.29 5.85
Cg5g037720 SUS3 chr5 (44 425 171~44 418 874) 1 841.64 3036 2130 709 81.56 6.38
Cg6g016740 SUS4 chr6 (18 501 251~18 505 366) 1739.14 2 867 2514 837 95.05 6.13
Cg8g016990 SUSS5 chr8 (14 094 631~14 099 139) 1765.82 2911 2718 905 102.79 7.54
Cg92002460 SUS6 chr9 (2 507 989~2 513 760) 1 630.00 2 687 2427 808 92.66 6.01
Cgl1g009760 INVI chrl (6 541 296~6 538 838) 957.20 1578 1578 525 58.98 7.59
Cgl1g009770 INV2 chrl (6 554 408~6 547 807) 2 042.28 3366 3366 1121 126.27 8.69
Cg2g032800 INV3 chr2 (41 989 887~41 985 162) 1631.50 2692 2034 677 76.54 6.13
Cg3g019340 INV4 chr3 (26 561 313~26 556 579) 1364.73 2250 1677 558 63.66 6.07
Cg4g006840 INVS chrd (7 401 818~7 404 473) 1302.36 2 148 1 605 534 60.33 4.9

Cg5g008630 INV6 chr5 (6 290 979~6 295 067) 1754.29 2 891 1527 508 56.24 5.23
Cg5g040500 INV7 chr5 (46 305 008~46 301 772) 1202.34 1 980 1 980 659 74.38 5.75
Cg6g015210 INVS chr6 (17 403 417~17 398 694) 1 184.63 1952 1725 574 65.25 9.19
Cg7g009870 INV9 chr7 (10 485 560~10 479 334) 2 005.30 3309 1953 650 73.07 5.89
Cg8g017930 INVIO chr8 (15928 129~15 924 290) 1514.23 2497 1932 643 72.42 6.72
Cg9g000750 INV1I chr9 (1413 310~1 416 703) 1 558.88 2572 2028 675 75.76 6.72
Cg92024960 INVI2 chr9 (36 156 923~36 161 625) 1361.28 2242 1929 642 71.30 5.61
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Fig.2 Chromosome localization of Cg-SUS and Cg-INV genes in C. grandis
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Fig.3 The evolutionary tree of SUS genes
P 5 5 IR 8 543 A Ar-SUST (At5g-20830), At-SUS2 (At5g49190), At-SUS3 (Atdg-02280), A-SUS4 (At3g43190), At-SUSS (AtSg-
37180), A:-SUS6 (Atlg73370), Pt-SUSI (ADR-81996.1), Pt-SUS2 (ADR81997.1), Pt-SUS3 (XP_ 002302727.1), Pt-SUS4 (ADR81999.1),
Pt-SUS5 (ADR82000.1), Pt-SUS6 (ADR82001.1), Pt-SUS7 (ADR82002.1), Pp-SUSI (AF157908.1), Pp-SUS2 (XP_007225257.2), Pp-SUS3
(XP_007200961.2), Pp-SUS4 (XP_007225235.1), Pp-SUS5 (XP_ 007216050.2), Pp-SUS6 (XP_007210378.1).

K 4 K cDNAFF 51 5 41 B ) 3 K 2L DN A
PP A AT LA, #aoR T 84> Cg-SUSHICg-INVIF 4t
BT-WE TR . Cg-SUSH & TH HAE12~141
Z [8], Cg-INVIN & T8 B E3~12> 2 [8)(K]5), Cg-
SUSHICg-INVEERI AN B HE VIR 24K 8 KRR,
i B AR AR A & -4 BT o mt .

2.5 Cg-SUSFICg-INVZE AT sEL& M8 947
Cg-SUSHICg-INV & [ DI R 45 #3850 B R B,
Cg-SUSI~635)E A REWE & U 45 14935 (PF00862) #1
Wl B RS B 45 1) 38(PF00534) (116), 3t — P i 1%
6/NMEHJE T Ce-SUST AR IR 7t . El6nT LUE H,
Cg-INVI, CgINV2, Cg-INV5, Cg-INV6, Cg-INV8
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Fig.4 The evolutionary tree of /NV genes

) % 5 R S 54 s SI-CWINT (AJ2-72304), SI-CWIN2 (AF506005), SI-CWIN3 (AF506006), SI-CWIN4 (AF506007), SI-VINI
(NM_001247689), SI-VIN2 (NM_001247140), SI-CIN (Solyc01g100810), SI-CIN2 (Solyc01g111100), SI-CIN3 (Solyc04g081440), SI-CIN4
(Solyc06g065210), SI-CINS (Solyc11g007270), SI-CING (Solyc11g020610), SI-CIN7 (Solyc11g067050), At-CWINI (At3g13790), At-CWIN2
(A3g52600), At-CWIN4 (At2g36190), A--CWINS (At3g13784), At-VINI (At1g62660), At-VIN2 (Atlgl2240), A+-CINI (Atlg56560), At-CIN3
(At3g06500), Ar-CINS (At5g22510), A--CIN7 (At1g35580), At-CIN9 (At4g09510), Os-CWINI (AY578158), Os-CWIN2 (AY578159), Os-VINI
(AF276703), Os-VIN2 (AF276704), Os-CINI (AK103334), Os-CIN3 (AK121301), Os-CIN7 (AK065562), Os-CINS (AK102741).
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Fig.5 Analysis of introns and exons of Cg-SUS and Cg-INV genes
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Fig.6 Analysis of conserved protein domains of Cg-SUS and Cg-INV proteins

MICg-INVI2%E 13584 Glyco 32 (SM000640) ]
BEIL K i, 7Cg-INV3, Cg-INV4, Cg-INV7,
Cg-INV9, Cg-INVIOFICg-INV11# H %A Glyco
hydro_100 (PF12899)/ 3L /K fiftfify, X i T Cg-INV
B KRR 7 2P A R K i 25 2
2.6 TAFEMITIRA BIIEP Cg-SUSTICg-INVE
& o4

E i H R IA TS (E7) 40 i, Cg-SUS2~6F1Cg-
INV2~1 21 ToRF B MR & R h 256 I, T
Cg-SUSIFCg-INVITLZRIE, #EN Cg-SUSIFICg-
INVIF] RefE AN 2 B R e e Ris . 73R
B, TEREN oA E AT Mk B i FE , Cg-SUS2HI
Cg-SUS3H B is /K ¥ [log, (FPKM)>6], 1M Cg-
SUS4-6 2 BLEARF LK P [log, (FPKM)<2], &
Cg-SUS2F1Cg-SUS3 & SUS A 5t Jif b b i 1) 3= 22
Mg, EHAFERME, Cg-SUSHER BHI(120 d) A
RIS KT, T Cg-SUS3HE R B Ja (240 d)F
B mARIB K, Rk 2 73R B Cg-SUS2 M1 Cg-
SUS3TI e AR FIED S DhRe. [FIFE, TEINVEE
1, Bk 7 Cg-INV6 [log, (FPKM)>6], HARINVEE
TR MR & H R IBAERIE K [log, (FPKM)<2],

2.7 Cq-SUS2. Cq-SUS3FICq-INV6RIEERIAE
5&%EESENHEXMES T

R4 B 7 R IE 3, Cg-SUS2. Cg-SUS3HI
Cg-INVOH i ik th R 4T qQRT-PCRER1IE . 45 R K
i, Cg-SUS3MICg-INV6 2 iR 1A%, Cg-SUS?2
RiBEEZH TR, =&FREBHAERSHFRE
i —E(EI8). AHRME TR, Cg-SUS2KIEE
ERBE Bl A0HE 2 B 2 AR AR AR 35 TR AR G
Cg-SUS3MICg-INV6ZRIA T 5 HNE . A HEHE
B AR B3 IEAH ORI (3R 3), RIIAE T &
M IR B iR, Ce-SUS2WT B2 5B B Al
AWE WA R, Cg-SUS3 T GE S 15 1 Wl A AC i,
Cg-INV6 ] e 2 OO AR R B R A
3 Wi

REKREW R —RII P LM A,
F55 24 Pt B AU AN 40 R TR A A, DA R KUK R B 57
oA IR AR b (Gapperd:2013) . A ¥ 1 Bl
() B3 53 AT 2 BR, BT ar A R R W A8 T FT 2 At
Mok & RO B AR A, TR RE . A
MRS EE R LK E B E R E RHE




HSEFHESE: TORF AN RENE £ BUBE(SUS) RIS R e AL B (INV) 2 X R AE W45 B 22 R 1583

e Je I R)/d
60 120 180 240

INV2
INV3
INV4
INVS
INV6
INV7
INV8
INV9
INVI10
INVI11
INVI2
SUS2
SUS3
SUS4
SUS5
SUS6

Log, (FPKM)

K7 Tk it Cg-SUSHI Cg-INVAE R $ v 331 4y Hr
Fig.7 The digital expression analysis of Cg-SUS and Cg-INV genes in C. grandis ‘Seedless’
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Fig.8 The gene expressions of Cg-SUS2, Cg-SUS3 and Cg-INV6 in C. grandis ‘Seedless’ during development
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Table 3 Relative correlation between the gene expressions of Cg-SUS2, Cg-SUS3, Cg-INV6 and soluble sugar contents

in C. grandis ‘Seedless’ during development

BEH AWEE & Bz A b £ ESian R RS
Cg-SUS?2 0.877" 0.942" —0.534 —-0.312 -0.291
Cg-SUS3 -0.852" -0.811" 0.933" 0.830 0.824
Cg-INV6 -0.718 -0.616 0914 0.810 0.876"

FPORFE L B 2 KT (P<0.05), **RIR 22 A B 2 /KP(P<0.01).

1) EMEDH, TR PEFIACHE & 2 e M BE 2200 T SRWE . R ) 0 R RE W 2 JOF S hh 32 1 Pt Ak
(MR ARH sy, AR AR & &Y. BT A, AR A KK E P i e A
W SRR R AR 2 e (WusE2011) . Btk B 2RI R E SRR, 1 R R R R A MG S
AL, BTRAARERUORBE AT B A Bh T W CAF M 4> 7 (Ruan 2014). fEESEDF, BERERLAE
T I L 1) = A % 4 B 1) T B (Cosgrove 1997),  FH YR 2874, fie % i ik ) B 3832 4 B A P 1 3
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AL, FERE I 23 A SN FH SUSERINVAEAL o
INV ] 53 0 24 ff BE % AL G (CWIN) 00 3 10 il
(VIN)FIZH 0 57 74 4L B (CIN) . 5INVAHEL, SUSH:
YR Z RN — R UDP-FE L L R Bl Mk
REREACUT I DG ERG, e 5 b (A0 RE 0 (0 B A, JF
FERRF R SE 1) K B ORI (Xus§2012), [FES
B FE 5 [ A I B A BRUD P-4 22 4 RS, 22 5t
AR £F4ER. ek BERE AR L AE DA R
(Coleman#§2009). ASfff 5% 1 T 40l g 7+ e 4 e v
SUSHIINV & H 7 41 5 Ak 1) 3k PR 28 25408 [F)05 )5
FILEX, G 73 A 3RAF 6 F1 124> B AT 5 ORFI
Cg-SUSHICg-INV . ¥ 2 HiJiang%(2013) ) 4Lt
Rl 4415, 49l 4 N Cg-SUSI~6F1Cg-INVI~12,

Je T E B (Zhang 552011 5) 5 M M) I A 72 v,
I RGUK E A L, SUSH A FKIRTE
HEAY AT By =25(SUSI. SUSIIMISUSII), fE4
Wi, Cg-SUSHE R 5 HARAE W) [FIVR 52 5 1) R
RE IR TIX—7K(E3). R, A5
FUUESE T INVEE R St ] 58 v =28, 2 5l 2 4il e
JR AR R SRR ROV R e . Al
BEFAL B R (1814) (Ruan 2014), X LEHF T 45
AR, SUS. INVE IR IEA FIFE Y )4k
B B b BT S ORI . ST R, Cg-SUS
FEPR R HAT 24 G5 K ek 6), BIVIE b5 Bl 45 1)
S5l TR 7 R8T 45 A A, 3K PR A 5 A 340 )R
R 545 0 R N < R 45 45 R I R Cil GT-B &5
k. MEl6H e E tH, Cg-INV3. Cg-INV4,
Cg-INV7. Cg-INV9. Cg-INVIOFICg-INVII%:PH#R
5 Glyco_hydro_100 (PF12899)I I /K fift g, 45 &
A S HTRERS & H(B4), Cg-INV3. Cg-INV4,
Cg-INV7. Cg-INV9. Cg-INVIOFICg-INVI1IF) & T
O 5 A TR ) R, BB A T R TR R,
8 56 H A 5 AIE 2 Glyco_hydro_ 10045 #4155
B AL B AH 5 (Gao452016)

Cg-SUSHI Cg-1VNIE R B 7 F 1B 0 i1 KIS
AN Cg-SUSHEERI A Fib (KI7), 1B 145 Cg-SUS2HI
Cg-SUSITE MoK & ik #2200 5 BRI e 5% o
XU ZE KB Cg-SUS2HI Cg-SUS3 W % To kT %
Fe PRI = B PR AR . A RISUSEE R 1R 1A
A RESZ EIRE I R2 N, 1E 5 B I B8 2 (Solanum tu-
berosum)M 1, FENEE S 1 St-SUSYEE R R IX,

M St-SUS3 I FAEXANZ 50 (FubliPark 1995). TEFLFS
TR T I6 N A-SUSFK G KR, 7355 KT At-LEC2
RENS i Ar-SUS2 RN At-SUS3 S B w8 %1k 7K F- (An-
geles-Nufiezfll Tiessen 2012). BieniawskaZ%(2007)
HRIEFRAL-SUS I FIAt-SUSHHI ALK 55 22 5 1 411,
BT R RS S B KT, Zm-SUSIZ Y
TR IER G R, Zm-SUS22 5 T IRFL 4
BEM S8, 111 Zm-SUS35 5 1 3R 2 IR FL 5 40
L (KT B (Chourey%51998) . M 71 & B Cg-SUS2
M Cg-SUS3 2 Al 56 M [ R I B, XA T
Cg-SUSTETCFF % AT i i & i 72 v e 5 A [\ R R
e MER3TRIL, Ce-SUS2EANE. FIHifastz
V) A7 76 A 5 35 TEAH DG, 3R BH 7E JO A 2 M vt i
B FEH, Cg-SUS2W] REM K il hr A BRI AR 1) A=
Y& . UDP-HE L7 Mg (e AU 0 BL i B N, =2
LA HR A5 DRy S i PR AU e 82, AT R TS 52 4k 43 1
FEAH B A BLAA N 5 P (Coleman$2009) . 454
Cg-SUSIF I G M A E . BbE. RS E 2
(PLE R 3 IEAH GME, SR Cg-SUS3TTRETE AR
W R RO B 1 S5 A2 0 B Jsd B2 B R VS PR MR A7
T R 5 B EAE

[FIS, FEAHEFCH, 114 Ce-INVEEF R IE, Cg-
INVOTETCFF # AT f R B I A2 R R T 3 BRI
WK, AEREA I (4) T R I Cg-INV6 & -
IR R KR . W R BT 5 il R AR R )
PR OB 43 (U8 T A 0%, VR e AT 3 T T B
W I, B KT S OO AT S, BT R AE
FIEAZE S AR A7 A R 4% 1) B 38 1) — 3 43 (Gayler
Glasziou 2010). 7£ 2 FiKlannZ(1996)%} % A 5%
W, SI-VINFE R FTTER e 08 S SO R G AR K b
TR . AR T, TATTHE Cg-INVELELH
Wk B Ja AR IE KT, AN DR 4 B R B
Cg-INV6RIEKFE RN, b, HAMET R
R 776 2 5 IE A DG . X 2 45 BB Cg-INV 6]
RE A VRIS K BRI i i, 98 K BRGNS S 1
BIEAE R 20 e 5K
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Bioinformatics and expression analysis of the sucrose synthase (SUS)
and invertase (INV) gene families in Citrus grandis ‘Seedless’

DENG Shu-Ya, MAI Yi-Ting, CHEN Hui-Ping, NIU Jun"
Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China

Abstract: Sucrose is the end product of photosynthesis. Upon translocation through the phloem to sinks, su-
crose is degraded by either sucrose synthase (SUS) or invertase (INV). To study the functions of SUS and INV
genes in Citrus grandis ‘Seedless’, we used HPLC analysis, and the results indicate that the contents of arabi-
nose and xylose were higher in early development of C. grandis ‘Seedless’ juice sacs, while the contents of
fructose, glucose and sucrose significantly increased during the ripening process. Based on Arabidopsis SUS
and INV proteins, we used BLASTP to search the homologous protein in pomelo genome. A total of 6 Cg-SUS
and 12 Cg-INV with complete open reading frame (ORF) were identified. Based on their positions on C. gran-
dis chromosomes, genes were named as Cg-SUSI—6 and Cg-INVI-12, respectively. Additionally, the analysis
on their physicochemical properties, intron and exon, phylogenetic tree, and amino acid functional domain were
performed. The digital expression analysis indicated that Cg-SUS2, Cg-SUS3 and Cg-INV6 showed an active
transcript in juice sacs during fruit development of C. grandis ‘Seedless’, and also their expression profiles
were detected by qRT-PCR. Combined with the correlation analysis between the soluble sugar contents and the
gene expressions, the results showed that the expression of Cg-SUS2 had established a close positive correlation
between the contents of xylose and arabinose. So Cg-SUS2 might be involved in biosyntheses of arabinose and
xylose. The expressions of Cg-SUS3 and Cg-INV6 had a close positive correlation between the contents of glu-
cose, fructose and sucrose, suggesting that Cg-SUS3 may be involved in the degradation of sucrose, which is con-
verted into UDP-glucose and fructose. And Cg-INV6 may be a key enzyme in vacuolar hexose accumulation.

Key words: Citrus grandis ‘Seedless’; juice sacs development; sucrose synthase; invertase
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