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Abstract: ‘GLL-1’ is an excellent late-maturing bud sport germplasm, which was selected from ‘Heli’. To reveal the
genetic basis of late-maturing, in this study, ‘Heli’ and ‘GLL-1’ were used as the materials. The LcUFGT which is a
structural gene of anthocyanin synthesis pathway was cloned and analyzed by bioinformatic methods. The corelation be-
tween LcUFGT and the character of late-maturing in ‘ GLL-1" and the expression of LeUFGT during the development of
litchi fruit were analyzed by qRT-PCR. The results were as follows: (1) ORF of LeUFGT gene was 1 359 bp, which en-
coded 453 amino acids with the molecular weight of 50.16 kD. (2) LcUFGT gene was conservative in * GLL-1" and other
litchi cultivars, and a PSPG box existed in the C-terminal. (3) With the development of litchi fruit, the color of peri-
carp began to turn from green to red; the expression of LeUFGT was increased and then decreased in both ‘ GLL-1" and
‘Heli’ ; the expression of LeUFGT was obviously increased at 56 d and 67 d after flowering of ‘Heli” and ‘ GLL-1’, re-
spectively ; the expression of LcUFGT had a delayed increase in * GLL-1" than that of ‘Heli’ , which was consistent with
the late-maturing of fruits. It is supposed that LeUFGT plays an important role in color changes of pericarp, and it is one

of the key genes to regulate coloration of pericarp. At the same time, the delay-expression of LcUFGT maybe the main

)

reason of late-maturing of ‘ GLL-1.

Key words: late maturity mutant, LcUFGT, fruit development, anthocyanin synthesis, expression analysis
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B 3 B ol 36 7 AR TR AE TS B A A
ol TS i PO R S R (5 () SN S 197 = SO
CRFE R VIEG ARG S, SRR I HE
7R RARR  GLL-1 AU T R itk
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Table 1  Primer sequences used in clone and qRT-PCR analysis
GIE/ B2 J¥51 (5'-3") P
Primer name Sequence (5'-3") Use

P1U CTACTTCAACCATGCACCA
P1L TACATGAACTTAAGACAG
LeUFGT-F CCCCAGGAGGACATTGAGTTA
LcUFGT-R GATAACCAACAAGGCACGAAA
LeActin-F GTGGTTCTACTATGTTCCCTG
LeActin-R CTCGTCGTACTCATCCTTTG

LcUFGT 3ElE5 19

Primer for gene cloning

qRT-PCR 514
Primer for qRT-PCR

WNZ N5 )

Primer for reference gene

M. Marker D12000; 1,3. ‘K%’ ; 2,4. ‘GLL-1",
M. Marker DL2000; 1,3. ‘Heli’; 2,4. ‘GLL-1".

Bl 1 RS RNA(L) M LeUFGT (A7) 373
RAEE g RN
Fig. 1 Total RNA (left) of pericarp and LeUFGT
gene (right) by agarose gel electrophoresis

P HI 58 L TG UFGT A BR HI E b X R,
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(5] P-4 2 F1R] R A 2 19 UFGT R — 25,
2.3 LcUFGT ERRRIES T

UFGT J2& 75 B R B A6 45 3 1 G i) S i 2
—, E RS B RER LK 5, CGLL-1” &4
KR R75 W, LeUFGT 67 M 90 & & M (@
HOmFEL B BTG TR, AR SR E R R A
HAEFFRAR K, RERFHAFK O RS E D
RN, e AT ROk i AR, )5 56 ~

67 d J&‘ AR75 " H AL A PR HFR R A B A
LeUFGT ik 5t BN ;  GLL-1" 588 1A R 5 35
IR | LeUFGT B 36kt HEIR 3] 67 d W21 fn,
K, LelUFGT Wik 5 KR35 | ¢ GLL-1" Ay R 52
FO PR — B HEI CGLL-1” R MRS
LeUFGT By FRIXIEIR A K,

3 W54 ®

IH AL LeUFGT #8555 453 D2 LR TR HE | J2
— PR T A0 R G A Ay W R R L, A 2R
Tl -3-O - 46 i BL 5% B Wl O <F )7 51 PSPG &, 1% 1R
SEIF R S AR I 25 A 3R, LeUFGT B9 PSPG &
55 22 A (A 2R, Ui B OB S R 32 2R UDP - 4
Wi, LeUFGT TE#Efb ¢ & 1 5 M A 2 5 8 A A%
Fod B & TG RGT , (H 2 & A B AR 1 T ag i
A Rt — 20 5E

‘GLL-1" AR R SR FIRGE BB AL 58 A
PIAEIR 15 d A AT, T 75 A SR 50 B2 i) 38 B AR A5
Z—RIA R AL R, UFGT RAEG R
G B Ja — A O, AR E AR R AR
BURRAE AETE 1, S 2R AL RO R 49 S5 L )
UFGT 7% M 576 (4 2 & 1l i & IEAH ¢ ( Kobayashi et
al., 2001; Griesser et al., 2008; Onik et al.,
2018) , M Z5 ke e Ke UFGT Bl 3% 4 1f LA ol 46 75
A, CF BT g F R0, B vk 7 R
LeUFGT W335 1 5 LR 3G T, 78 SR WS HsF i A% 48 1K
(BRKHESE 2014) ;00 T25 LeUFGT Kk B %
SRR B IR e 3k T B W N ( Wei et al., 2011) ;
FEKKE LeUFGT 3 PR 7E 21 €6 5L je Rt v ek
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atgcaccagectgataatgccagtgaccocteatgtegocagtecoctegectttocattotocacacatgctgoctectetectotocattate
M HQ P DN ALASDPHUVYALAVYL A FPFSTHLALAPILTULGSTITI
agccgeoctagectectotgotocaaacactecatttctecattecttcagecactgeagaateccaacaactecctettgtectacacacaaacac
S RL 4§ S &P NTHYPFSFFSTWSALEZ SHNDNTZSILLSTHEH
tacttcctteccaatgtgaaagcttataatgtttcoccaatggggttecggatcactategtettocttgggaagececcaggaggacatteag
Y FL PNV KALYNY SNGYVYPDHTYVYFULGIEKPGQQETDTIE
ttattcatgaaggcagctoctgagaacttgaggaaggoagtgecgaaggotgcagteggagacaaagagaaaggtgagttgtttegttact
L FNXEKEALPEU NLTERIEH SLZYVLELAYVYETIETZ RIEKETYVYSTCLUVT
gatagtttcctttggttcgoagcagaaatggocagaggagatgcaggtgocctttogtgecttgtteggttatecaggetectagectocacteoteg
p S FLWPF &LALENAEEMNQYPFVPCWIL S GS 5 S L S
actcatttttatactgatgttatcagggaaaagataggacttgaaggaattgaaggzaagagaagatgagrcagecttaaattecattcaagga
THF Y TD VI REIEKTIGLETGTIETGRET DEZ QQLETFTIZQG
atgtcaaaagtgtecattagagacttgocctgaaggagtectectttggaaacttgoaatecagtattttecocgatatgectacategaatggec
®m s KvVvCZCIRDLPEGYVYLVFGUNLGQSVYVFSDNLHERDNGEG
ctgaaactaccacgaggggacgcagttgtecataaacagetttgaagaattagaccctacaataaacaatgatectecaaateccaaattcaaa
LKL PRGD ALY Y I®NTZSV FEZETVLTIDZPTTIUMNUNIDIVLIESEKTFIK
cagtttctcaacgttggtececttcaatctaatctetoccccaccagcagttcctgataccageggoctecctgotetggctocgacaggcag
Q FLNYVGPPFNLTIZ SPPPAYVYVPDTSOGCULTLWLUDRAQ
aagccagcatccgtggecatatcttgggttoggttotgtetecaaggctegtotoctaatgagattgtagecagtagocagaggcattegaageg
KP A SV LYLGFOGSYVY SRKLSPUNETIUVLYVY LE LLE A
agcaaactgccatttatatggtcactgaagaagaatctacaggcacatttgoccaaatacaaagttgzaacggaatteteetegaategoct
S KL PFIWSULEKIEKUNLQALHTLUPUNTIEKTLDNGTIUVYVYVYE WA
cctcagttggatgttttagcacacaatgoagtaggagtttttataaatcatggtggctggagttcattgatggagagtatgzegcatztege
P QL DVL & HNAYVYGYVY FIUNIHGTGWS SL XNEZSNATCTG
gtgcctatgattataaggeccatttttecggagaccaaaggcttaatgcaagaatggtacaagatgagtegaagattggtgttagtetegaa
¥y PN I IRPPFFGD QRKLUNAZRMNMYQDEUWEKTIGT'VS VE
ggtgggattatcaccaaaaggggattcctecagaagectggattteattttetegraagaaaategaaagaaaatgaggeaaaatgttaga
¢ ¢ I I TKURGVFVLZERZ SLUDVLTITULUW¥WQQEU NG GIEKIEKEMWXEREUNT VR
aaattcaaacaactagcagaaacagecocgttggacceccaaggaagetoccatgaaaaatttcaaagrcattgegtagatatagtgztecaaggcca
KEFEKaqgULALETAVYGPQGS S NWNENFEWALVDIWVSRP

aagegatecctaa
K D 4 *

Bl 2 LeUFGT BN MR IR S E AL TR ¥ 5
Fig. 2 Nucleotide sequence and deduced amino acid sequences of the LeUFGT

BT HADG A AL I H LeUFGT 323k R 5 &k
BIZWHIN, LeUFGT 5 75 B W 3 o E 8 i 3 1F
A (EHIEAE 2004 ; Wei et al., 2011; Lai et al.,
2014) . AW ST AMFIREE R —2, R K H
ZRARK C GLL-1" W3R e LeUFGT R #a 53
Bz A (6 E R OE A OC, B R SR H AR @,
LeUFGT 23583800, 7 H  GLL-1° R4 {K LeUFGT
Fik B R, R SR AL B AR — 5,
BRI, FRATTHEN , LeUFGT J2& ¢ GLL-1" S8 AR PR L5
HHER Y SR 22—

VVUFGT &) %5 46 (5 & 100 SC B g, 1 (o il
LIEORAPR I & T AR R A I AE €t A A 56
S ik Kk B VWUFGT A1 21 €8 5 v 36 3k

(Boss et al., 1996) , #E— 2L A5 & BL A (O M 2L (03
ISP UFGT FER T 5 AT 22 5, X FT i H VWUFGT
FR IR RE P AR 545 56 (Kobayashi et al., 2001, 2002)
AN R T S H AR K GLL-1” v o B
LeUFGT 2K, W35 5 51 — 1k 100% , 1A 48 5
A6 003 I B2 31 245 g 5 DR RN )8 42 2 DR %) i ] %
P BB LeUFGT W b 4a 5 A 46 5]
LeUFGT B RR FFHHIER 1) A, A BF5E ¢ GLL-
17 SRS BT AE IR ) 35t 1 At 25 0 JL At

S E K :

BOSS PK, DAVIES C, ROBINSON SP, 1996. Analysis of the
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GLL-1 AEILSII SS NSLESTHRHYFLE. D 79
Fragaria ananasa AELLNIV 22 SSILAGNTSVLRY D 80
Pyrus bretschneideri SEMLCIVEIIAR SSLESNNSNNNME D 280
R T SETLALI ¥ NSLESN . TNTNLE ED 79
Dt S GLLEGLV K3 HSSESN. .SSSIA ED 78
Vs vinisra AELLAVVSEMERAR ASIEHD . SMHTMC ED 79
Vit's davidii AELLAVV 22 ASIEHC . SMHTMC ED 79
Citrus paradisi SSULSII:EI®EVS KALESTGCCRHLE ED 280
Gl chamenbn SSVLSIIHIRS KALESTGCCRHLE ED 80
Consensus fpf tha rla
GLL-1 EZNLRRAVARAAVEIKRRY Les FYIBVIR=KIGLEZCI  1s8
Fragar/’a ananasa EC NF‘RLL_ASVL..SGR"" TAeE VH LIBSITSCCCH 1€0
Pyrus bretschneideri 'NLBRSL“AS’VADIGRHF Lfer W VH LII"TIG'I"GI 159
Prunus avium EHNETTSLE AL_VLH'IGRQL Leer UHIWLERHTIGTCSI 158
Daucus carots ACEEERCLEKAVUESERCT THeACHE TR IVIMIIRCTYEFDET 157
Vitis vinifera EZSERCGMUMAVAZEERTY THeE UYTREIRE REIGUSEI 18
Vitis davidii ESSERCGMUMAY "IGRE” THEE UYTBEISZRIGUSGI 153
Citrus paradis/ ‘ANF!KA""AAVA-IGEPL cep LYZs TIRCKIETC.S 159
Citrus clementina CANERKAVERAUASTIGREL exfer LYIWIIRCKIGTC.S 159
Consensus w g slsh a4

GLL-1 EGREDECLIK. . . . srvcI=sie CAUY 233
Fragaria ananasa C. ERNTET....YV SKURE (o LE ) 533
Pyrus bretschneider/ ~ TERENELIVIENVNECELSNVRIHSIC ATAY 238
Prunus avium AGLENELIT.KNANMHEMSKVRIKBMD AT 236
Daucus carots EGRMDEKIN. . . . YSNLRLGME RACVEY 232
Vitis vinifera CEREDEILIN. . .. SEVRF s C ATH 233
Vitis davidii CEGREDELIN. . .. MYZURF I AR 233
Citrus paradisi CNCECERIH. . . . MNEIRV A £E AL 235
Citrus clementina CNCECELIH. . .. NEIRVASIE 235
Consensus dl n
Gl-1 PSEsENEIsEEravE........... ETSECT SRLSEN 300
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