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cDNA-AFLP Analysis and Cloning of Fruit Ripening-related Genes from
Papaya

SHEN Yan-hong, CHEN Xiao-jing’, LU Bing-guo, and HE Wei-yi

(College of Horticulture, Institute of Genetics & Breeding in Horticultural Plants, Fujian Agriculture and Forestry
University, Fuzhou 350002, China)

Abstract: In order to explore molecular mechanism of fruit ripening and the key softening-related
genes, cDNA-AFLP technique was used to identify differentially expressed genes during papaya fruit
ripening. Fifty transcript-derived fragments (TDFs) were obtained from the analysis of semi-yellow and
color-break stage of papaya fruit. Bioinformatics analysis showed that 28 TDFs were homologous to the
known functional genes, which could be divided into different functional groups including gene expression
regulation, DNA and protein synthesis and transport, protein degradation, energy metabolism, nutrient
metabolism and stress responding. Using specific primers designed from the sequences of TDFs, four
differential expression genes were cloned by rapid amplification of cDNA ends(RACE). Semi-quantitative
RT-PCR analysis showed that the expression of four genes changed accordingly during fruit ripening,
indicating the possible role of these genes in the ripening of papaya.
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AN (Carica papaya L) JEWFIERARRIRSE, RUWETE 18 °C LA R pcah . 485, ik,
HART 10 Coitipedd 5, BUTEIZ i 8 8ok GRS, 20010 b T P SR s (1 g
BARI R, BRI 2 RIS ) BE DR TR R A DG D ek, NI RG B s B fl e AR0M0, A
SIS S B ER AR A DG 3 R 43 39 R vt I (RIS 2D, SEAAN R AR R 43 15 T ACC 45 il 551K (Neupane
etal., 1998; Hidalgo etal., 2005). ACC % fLlFHEA (Linetal.,, 1997). B-Gal %X (Othman et al.,
1998). PME J:[Al (Baldé etal., 2005) 1 PG HEF (FJ007645) 5. AN S B ALAT DG HE A
HIAH 50 AN IR R ) v o AT 92 R H cDNA-AFLP $ K (Bachem et al., 1996; Money et al.,
1996) X AN [l il B Z A AR SEHEAT T 401, DIPIERTG . B AHDCHER, b 7P B AR ekl
HTFFE R LIRS

QY ViR SRS DARES

1.1 ETR

2008 4F 11 J1, EAR i T RNV BRI T R A AL ARG i fh < 5ok 10 57 2RsE, &
M Miller A1 Mcdonald (1999) Xil73 753, HRH6 R B (oAb Xl 73 e o« (] (Green stage):
RgEerts, RRAM, PO, il (Color-break stage): ziksg, RINFF4HH LM
SR80, RN AR R AL T UG A ) S T AR 21, Fh1A8 o B 3l (Semi-yellow
stage): MM RIIFLE, RBEPIRERE, 4 50%% 7 Ro, RRsat, Fscfiignd; 2wl

(Full yellow stage): K7y R AR, A LIS, RLCERR KX 4 IR

P53 O NI BTN, - 80 CIRfEA&H
12 R

ExTaq-dNTPs. T,DNA Z £/ .pMD18-T 2 /A 5 TaKaRa A wl, Tag® 1 Ase I J H New England
Biolabs A l; NMELNZ . X NMEEZ . TEMED. Bl b e [GRF & B b S RE R R
B2 7] ; RevertAid™ First Strand cDNA Synthesis Kit ) [ Fermentas 23 7 ; Super SMART ™ PCR ¢cDNA
Synthesis Kit )&/ | BD Biosciences Clontech 24 ;42 4 [E 7= /3 41 2l 51

1.3 cDNA-AFLP $'#f

FARNAR AL RNA SR H IR /N Bk CHIZDRIBRIE R, 2009), XU cDNA &2
Super SMART™ PCR ¢DNA Synthesis Kit i ] 153347 .

ST RETE (2009) J7i%, R EIIRIE RSN cDNA #HL 200 ng 73T Ase T F Tag™ 1
WYY, Sk, Ty RAEREEY GG, SRR I K

) 7 #2245 MR IR IBERG I B8, 783 50 pL TE &, 94 "C/K¥ 30 min,
B2 pL fE B EST PCR §7 18 . PCR P12 1%E Mt At s eELpk A il o K5 0 A BEB R B, 5
pMDI18-T #i & Hz, Ak DHSa KMAF R o B B o izt Jb g — izt 35 A= B AR BR 08T 28 w3 o
F DNAMAN A4 00 7 45 R 486805 197 41, 7 NCBI M35t FH] Blastn 5% Blastx 247 [F] U5 1
M1, FFK3REEH) TDFs (Transcript-derived fragments) 3% 3] GenBank (4%

1.4 RACE HiRmEZERERE cDNA £

4 Super SMART™ PCR ¢DNA Synthesis Kit £ /%X cDNA (145 5, #31 3' RACE #3k514)
TY-DOWN (5-AGTGGTATCAACGCAGAGTACTTT-3") fil 5' RACE 43k 5|4 TY-UP(5'-TATCAACG
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CAGAGTACGCGG-3"), Al 5182 5 i BUT A SEa L v I8 5 5 | A4l e - 3808 8 5 1y, o
42 LR ) 3R 575 R A
15 BEANREFERFRRBERLHRIESH

PRGBS A Y 4 AN R RE AR A TUR SR RNA, 435I 1 g ] RevertAid™
First Strand cDNA Synthesis Kit ¥ # 5% 4 #.5% cDNA. PATR AR actin FEK CHHHIZT 45, 20100 AW
2, ZEMUKS (2007) [f) PCR /& R EAT 1 2 RT-PCR §1.

2 HERE5HT

2.1 BERRAREHEE RFLH cDNA-AFLP 44

FIH Ase T Fl Tag™ 1 BEDIZLA 1 128 %55 [49) 53 T30 %o i €60 AR 2 25 0 ) 28 AT N 13E1 T cDNA-AFLP
IMT, B R B ) R NG G B F UK . P G RS 4y R oy — 3, &=
b, UL I I RIR I SE R A H], A — /N SR R IE ZE 5+ o

1 2122 32 21 22

B 1 #oEFiy ERAEsREKxE
AR, BRI D R U REEGE,

Fig. 1 Polyacrylamide gel electrophoresis result of part selective amplication

Odd numbers showed Color-break stage; Even numbers showed Semi-yellow stage; D: Down-regulated expression; U: Up-regulated expression.

B 22 5 i BRI S b AT 2 Ry . Iy, 1921 TDFs J¥ 4185 v % 4 CpFR (Carica papaya fruit
ripening transcriptived), $E4F| GenBank 20, & RX'5 A GO477519 ~ GO477568. [A] Y5 /3 #7145
R 1, 750 TDFs 41, 28 4 (56%) L GenBank ¥4 e h i Th AL IE I FYE, 54 (10%) 5
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%1 BRRTERBERE cDNA-AFLP £5 K BFFIRIRIES
Table1 Homologies of cDNA-AFLP fragment expressed at different ripening stages of papaya fruit
v o . JrY
ERAB G Kighp WL pie L
TDFs Accession No.  Length Homology Score/E-value D
pattern
CpFR1 GO477519 575 MYBR6 from Malus x domestica (AAZ20445) 90.1/1e-16 U
CpFR2 GO477520 259 Proteasome subunit alpha type-6 from tobacco (Q9XG77) 153/7e-36 U
CpFR3 GO477521 371 SRF3 from Arabidopsis thaliana (NP_192248 ) 192/1e-47 D
CpFR4 GO477522 317 Peroxidase 21 from 4. thaliana (NP_001118461) 169/2¢-40 D
CpFRS GO477523 452 RNA binding protein from Zea mays (NP_001150360 ) 172/1e-41 D
CpFR6 GO477524 282 Heavy metal ATPase from Populus trichocarpa 153/7e-36 D
(XP_002299685)
CpFR7 GO477525 284 L-allo-threonine aldolase from Ricinus communis 114/6e-24 D
(XP_002521974)
CpFR8 GO477526 296 Ribosomal protein small subunit 28 from Helianthus annuus 70.1/9¢-11 D
(AAM78552)
CpFR9 GO477527 222 Ribonucleotide reductase small subunit from Glycine max 124/4e-27 U
(AAD32302)
CpFR10 GO477528 169 Nucleobase ascorbate transporter from P. trichocarpa 112/2e-23 U
(XP_002315809)
CpFR11 GO477529 407 NADH-ubiquinone oxidoreductase chain 2 from Oenothera 129/2e-28 D
berteroana (P93401)
CpFR12 GO477530 413 Hypothetical protein from R. communis (XP_002513944) 240/ 4e-62 U
CpFR13 GO477531 216 Mitochondrial import inner membrane translocase subunit 94.4/5e-18 U
from A. thaliana (NP_567754)
CpFR14 GO477532 412 WD-40 repeat family protein from A. thaliana (NP_568993) 2438/1e-64 U
CpFR15 GO477533 172 Eukaryotic release factor 1 homolog from A. thaliana 114/6e-24 U
(AAA91169)
CpFR16 GO477534 293 Phosphoesterase family protein from 4. thaliana 129/1e-28 D
CpFR17 GO477535 224 Protein binding from 4. lyrata (XP_002872053) 119/ 2e-25 U
CpFR18 GO477536 258 TMS membrane family protein from 4. thaliana 86.7/1e-15 U
CpFR19 GO477537 306 Fad NAD binding oxidoreductases from R. communis 113/3e-25 D
(XP_002515651)
CpFR20 GO477538 387 Predicted protein from P. trichocarpa (XP_002325841) 77.8/4e-13 D
CpFR21 GO477539 297 Outward rectifying potassium channel from P. tremula x 59.7/1e-07 D
P. tremuloides (CAC05488)
CpFR22 GO477540 545 Zinc finger family protein from A. thaliana (NP_188629) 211/2e-53 U
CpFR23 GO477541 491 C2 domain-containing protein from A. thaliana (NP_200364)  135/1e-39 U
CpFR24 GO477542 343 40S ribosomal protein S6 from R. communis(XP_002513953)  117/5e-25 U
CpFR25 GO477543 813 Transcription factor jumonji(jmjC)domain-containing protein ~ 155/4e-36 U
from A. thaliana (NP_197485)
CpFR26 GO477544 331 Peroxidase 21 precursor, putative from R. communis 190/5e-47 D
(XP_002519557)
CpFR27 GOA477545 318 GDP-mannose pyrophosphorylase from Malpighia glabra 191/3e-47 U
(ABB53473)
CpFR28 GO477546 538 Unknown protein from A. thaliana (NP_671841) 102/3e-20 D
CpFR29 GOA477547 359 Protein phosphatase 2¢, putative from R. communis 139/2¢-31 U
(XP_002528831)
CpFR30 GO477548 260 Chitinase from Hevea brasiliensis (CAA09110) 76.3/1e-12 U
CpFR31* GO477549 180 14-3-3 protein from P. x canescens (AF121194) 105/7¢-20 8]
CpFR32 GO477550 365 Predicted protein from P. trichocarpa (XP_002325025) 158/2e-37 U
CpFR33 GO477551 350 Hypothetical protein from Vitis vinifera (CAN69266) 49.7/1e-04 D
CpFR GO477552 ~ - No homology - -
34 ~50 GO477568

e DAVE TNHEL; UMRE LIHEIL; CpFR31*N Blastn R4 R .

Note: D showed down-regulated expression; U showed up-regulated expression; CpFR31* is the research result of Blastn.
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ARFNTDREMIFERI AR, 17 4> (34%) RILBFEIEFEDN, XLEFP 1] et — LR AT RERIHTHE R ) BLo
£ 50 > TDFs 1, 23 MER IR IAE L 3w CRIRRILD, 27 M ERs R T e (Rl
HKiE)o K 50 /> TDFs $£Zhfgsr A 8 2 FENFRIE S . DNA S A G M Gs . 3 H i FEE
REFRACH . TR AR R Ra SN ORFIBIREAN G R (3R 2D,

R2 BAMREABHEXEEMIIRES

Table 2 Functional classification of genes expressed during papaya fruit ripening

itig CpFR JF%5 A TI9r %1%
Function The number of CpFR Total number Percentage
B SEN R 1, 3, 5, 14, 16, 22, 21, 23, 25, 11 22

Gene expression regulation 29, 31

DNA 55 i & S as b 8, 9, 13, 15, 18, 24 6 12

DNA and protein synthesis and transport

&R 2,7, 17 3 6
Protein degradation

e A 11, 19 2 4
Energy metabolism

EIR A 10, 27 2 4
Nutrient metabolism

T S 4, 6, 26, 30 4 8

Stress responding

RENItE 12, 20, 28, 32, 33 5 10
Predicted protein

JE I 34~50 17 34

No homology

22 RIBEFRFTIEEME cDNA £K

PLEAT& I E) RACE SIS 2 57 7 BURe 19 WS cDNA, Wy 3T CpFRI1.
CpFR2. CpFR26 I CpFR27 % FIL K i B 14K cDNA 741 (% 3). £ Hr vl 41 CpFR1 4if MYB
T, Y AR ) — Rl sk R, S RN IR S (BRE RS2, 2002), FHdr4
i CpMYB; CpFR2 %ifith 208 25 IR IR o WAL 6, J&72 F— [ ARI@ 12 B A R A% 03 47
¥ HAr % N CpPA41 (Coux etal., 1996); CpFR26 4ufidil S LWl, wIHRusRRGTESA . A h%E,
BEEAR IR IR I AU A FH R AR B, AN S 2 SR SIS 2 ik R Rk 55, 20000, ¥4 Hoiw 44 4 CpPOD:;
CpFR27 4wfih GDP - D - H @ AR AL, 2 4E 4 3 C A i@ e (1) 5k i (Wheeler et al., 1998),
B4 H CpGMP.

%3 BARRIABERREEEMFE

Table 3 Cloning of differential expression genes of fruit ripening from papaya

ERRB RN it H Fas K8 /bp i
TDFs Gene Protein Accession No. Length Function
CpFR1 CpMYB  MYB %H FI887038 1510 kR
MYB protein Transcription factor
CpFR2 CpPAAl 208 FEABHE o Wi 6 FJ755458 1025 Z 5 TR
208 proteasome subunit alpha type-6 Protein degradation
CpFR26 CpPOD 5 F1696417 1124 T BRI PR
Peroxidase Scavenging reactive oxygen species
CpFR27 CpGMP  GDP - D - H #2Hi AL R (L Iy FJ489652 1544 Y C RN

GDP-mannose pyrophosphorylase Key enzyme of vitamin C synthesis
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&

23 ERERERFMPERLPRIRIE

MK 2 TTEAE 4 S22 B B AR NI e 8, Rk AN A . CpGMP. CpPAAI
5 CpMYB JERFRILFAHILARIR, (ESR IR AWIREERR, FiRiRsEmm, 2EiE
PRI CpPOD JEDR RH (SN TA fde K, e B AN s I AT T T B

g 7 RT-PCR 70 #7452 5 cDNA-AFLP 7045 R AHFT &, Rl CpGMP. CpPAAl 5 CpMYB %
DR A LU Al (AR TR B TE s, 10 CpPOD SRR -3 AR A 7 N FE

B SRS A e 2 e, 4 BEDR R A AR AL, BEIX 4 NIRRT RES S T AL SE
U

CpGMP
— CpPAAl
CpMYB

— CpPOD

— CpActin

2 AKX GMP, PAAL, MYB #1 POD EEF R BB E R RIAE T
Log@miyls 2.0 el 3. 3l 40 .
Fig. 2 Expression analysis of GMP, PAA1, MYB and POD gene at different ripening stages of papaya fruit
1. Green stage; 2. Color-break stage; 3. Semi-yellow stage; 4. Full yellow stage.

3 e

R E — RNV BB IR, FER R R IA 2 S BUX SR AR AR . R4
AT 2257 Fr BRI RE 0 R EE Rl DA, A AR TR S s i R w] B I R R I M % . DNA
HEARG RO RO RER A B IR RIS aa S N A T T IR
HRE A RSB T Y FIEREAN ) 1 508 R 9 S RGENR S LA K RIRRAF Ry
SEFERIMIL, TFRARSCA IR AR, Feok A7 1 5 15 20 i PURS B T P AH SGJE A (R ik B 26 1), 4%
(HIE SONE'E Su Rt il RS tack: S P TIIIE PR SOWE'E SUR L Y ) RST K7/ BUET I BEN VA PSE H PN
MIZIEAA, LT oS5 (K 3RIE B w A A ORGP R SEA AR 5
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AWEG LT cDNA-AFLP 5 RACE BiARAME: &, PRIy 325 e B K BRI R . e e
BT CpGMP. CpPAAl. CpMYB Y CpPOD 4 %7 5t dEN At FTs B 4 4% 2 5 ik DA B o R SI2 al
Mogl, RIBEAMN R, XATRETURE MRS TiX—Ed . kel e —
P AL FE, CoGMP 2 54 1544 2% C LU CpPOD 4t (3t S8 A0 A 415 42 7 22 (R B el A ) (2
Bk A5, 20005 AR AE, 2004), 3PN RITE A AU (4 AN - 3 K 3R 0A, A IR R s 3
ZHIER . CpPAAl @5%5&%%, CpMYB Z: SRR iy, e ez 2 i R
LIIRE.

RO LR UK B, (HEA BAGR [FIR O BEVE, 2r B IERE AN, 45311
15 i o AEF K cDNA-AFLP AR F B s 28 5 B HE R 43 25, 3RA3 T 50 A5 L 32 sl 5%
[¥] TDFs, J&Ijsike T 4 47 bt cDNA JP41, o 7 IR R s i i Rk 7 e, A&
AR S AN LR 32 7y 1 B A e 4t 5% .
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(R REFSEH)

ARAS ST H T FE SRS TR B A R T T B SER S . R ON T, LERTE A S T R
BREGIE . S RE FRACE T, Ca¥ e R IS E S O, B STES ML TR R AIER R 4
HRKEZMERER, 1555 R AL MG TR TN, A MR G — 3¢ SR S i e A R 4
AP, B RRGE, BHAmRAE200557 A AR, AT KL BeRANRHIT AL IR 2% L R B  he
WETRFHFRRT WA RNSHR. Efr: 5250 G .

CR dh i T 50D
CRAD S ITIE) oG 7 o, AR 3 R 27 R T T A SR it it I ST 1 2 32 S AL AT 4R 9 5
o 3T, BN RGN R THIRES XRS5 R A T O TR R S
DY as TR Y S AUNIES P I S NI NI & SR e SREY i ford L I SR SV Y S AP R MU D
BURIHNS [ igte, N T E AR BRI S DU AT T SRS AR B 5 1 R BB A iR e, S
T A2 T RS TR B DA T R ISR BRI E B e 3000 GBS o

T3 EE A B RV B AR P RN KT 125 EAR BB HRIAET AT (EE%¥R) MEE, #F% 100081,



