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which is involved in anthocyanin biosynthesis, in different colors of Ribes L. fruitification. Rapid
amplification of ¢cDNA ends (RACE) was used to clone the MYBI(0 genes from Ribes nigrum L.
(RnMYB10), Ribes rubrum L. (RrMYBI10), and Ribes album L. (RaMYB10), respectively. Phylogenetic
analysis showed that RuMYBI10 and RrMYB10 were evolutionarily homologous. Real-time quantitative
PCR (RT-gPCR) showed that the expression of MYBI0 in the fruits of Ribes nigrum L. was higher than
that of Ribes rubrum L. and much higher than that of Ribes album L. The expression of RuMYBI0 and
RrMYBI0 increased at first and then decreased as the fruit diameter increased and the fruit color deepened
(the maximum expression level was reached at 75% of the fruit color change), while the expression level
of RaMYB10 was very low. Overexpression of RuMYBI10 and RrMYB10 in Arabidopsis thaliana resulted
in purple petioles and leaves, whereas overexpression of RaMYBI0 resulted in no significant color

changes. This indicates that MYB10 gene plays an important role in the coloration of Ribes L. fruit.

Keywords: Ribes L.; MYB10; gene cloning; expression level; functional verification
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Figure 1 The fruits of three varieties of Ribes L.
at different growth stages.
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2 HAEER R RGEE, W Hiyaca. [l
Wealifk i 5 i A Be 5 pEASY-T5 Cloning Kit %,
AT A, PR s R TR AR A 2% 22 ot
R AR A R A A TIF
PRI Y fir % 335y 511511 5 RACE 5|

YT 4 PCR, 5' Outer PCR LI dA R
cDNA H#%#z, Anchor F1 MYB-5' RACE-GSP1
J51491; H Adaptor fl MYB-5' RACE-GSP2 i
1T 5’ Inner PCR, 3@f% MYB 5' RACE J¥41, FF
o LI BR 5 U7k 3" RACE (% 1),

F1 FEBEE MYB ERETME. Rz RMEBIRGESY

Table 1  Primers used for cloning, expression analysis and vector construction of Ribes L. MYB genes

Primer names Primer sequences (5'—3’) Size (bp)
P19E GACTCGAGTGCACATCG (T)5 34
P18E GACTCGAGTGCACATCG 17
MYB-3'RACE CATCTTCACCGTTGTTGTTGTC 22
Anchor GGCCACGCGTCGACTAGTAC (T)y7 37
Adaptor GGCCACGCGTCGACTAGTAC 20
MYB-5'"RACE-GSP1 GACGATGAATCACGAGGC 18
MYB-5'RACE-GSP2 TCGTTTCCTCTTCCTCCA 18
RnMYB-RT-F CCTGGAAGAACAGCAAATG 19
RnMYB-RT-R CCGAGGAAGAGGTCTAATGA 20
RrMYB-RT-F CCTGGAAGAACAGCAAATG 19
RrMYB-RT-R CCGAGGAAGAGGTCTAATGA 20
RaMYB-RT-F TGAGGACACCAAATTCTCATTC 22
RaMYB-RT-R TCAAGAGGCTTCGACAACAA 20
Actin-F CCGTCTCCAGAGTCCAGAACAATAC 25
Actin-R CTCACTGAAGCTCCTCTCAACCCAAAG 27
MYB10-F TGCCCCTTTTCTTCGTAA 18
MYB10-R AAATCAGGCCACCATTTCTT 20
attB-MYB10-F AAAAAGCAGGCTTGCCCCTTTTCTTCGTAA 30
attB-MYB10-R AGAAGCTGGGTAAATCAGGCCACCATTTCTT 31
attB-adaptor-F GGGACAAGTTTGTACAAAAAAGCAGGCT 28
attB-adaptor-R GGGGACCACTTTGTACAAGAAAGCTGGGT 29
AtCHS-RT-F CTCACCTTCCATCTCCTTAAAGAC 24
AtCHS-RT-R ATATAAACAACACACATGCACTCG 24
AtCHI-RT-F GCTTCTCCAAGGATTCTTCTATA 23
AtCHI-RT-R GTCAAGTTGCTTCAACAAGTCTG 23
AtF3H-RT-F TTTCTGAAATGAATCGTCTTGCT 23
AtF3H-RT-R TTCTCACTGTACACCTCTGTGGT 23
AtDFR-RT-F CCCCGAGAACGAAGTTATCAAGC 23
AtDFR-RT-R GACACAAAATACATCCAGGCAGT 23
AtANS-RT-F TATTTCTTCCACCTTGTCTATCCT 24
AtANS-RT-R TCTTCTAGTCCTCCAACTTCTTTC 24
AtUFGT-RT-F GCTGAAGCTCTAGAATCAAGTGGA 24
AtUFGT-RT-R TCTCCAAAGAAGGGTCTGCAGATC 24
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Figure 2 Alignment of the predicted amino acid sequences of RnMYB10, RtMTB10 and RaMYB10 in
Ribes L. and those of several other plants. The black frame represent R2ZR3 domain, the green frame represent
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ID domain. MYB related genes in other species include: NtMYB114 (NP _001306786.1, Nicotiana
tomentosiformis L.), PeAN2 (ABO21072.1, Petunia integrifolia L.), VVMYBAG6 (ACL97979.1, Vitis vinifera
L.), CsAN2 (AOY10781.1, Camellia sinensis L.), PhAMYB (ADW94951.1, Petunia X hybrida L.), StMYB114
(ALA13583.1, Solanum tuberosum L.), MdAMYBI10 (ACQ45201.1, Malus domestica L.), FtMYBI10
(ALT31509.1, Fagopyrum tataricum L.), GhMYB10 (ABR01222.1, Gossypium hirsutum L.), ESMYB10
(AFH03062.1, Epimedium sagittatum L.), PpPMYB (AKI23599.1, Prunus persica L.), FAMYB (ABX79947.1,
Fragaria x ananassa L.), PYMYB10 (ADN26574.1, Pyrus pyrifolia var. culta L.), CSAN1 (AOM63231.1,
Camellia sinensis L.), CtMYB (ANI87841.1, Citrus trifoliata L.), MtMYB1 (ADG21957.1, Morella rubra
L.), NaMYB113 (OIS96677.1, Nicotiana attenuata L.), CmMYB (ANI87835.1, Citrus maxima L.).
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99 NaMYBI113 Nicotiana attenuata L. (OIS96677.1)
99 _:hMYB Petunia x hybrida L. (ADW94951.1)
100 StIMYB113 Solanum tuberosum L.. (ALA13583.1)
37 _|:NIMYB 114 Nicotiana tomentosiformis L. (NP_001306786.1)
99 PeAN2 Petunia integrifolia L. (ABO21072.1)
— CtMYB Citrus trifoliata L. (ANI87841.1)

100 caMYB Citrus maxima L. (ANI87835.1)
VVMYBAG Fitis vinifera L. (ACL97979.1)

b2 MrMYB1 Morella rubra L. (ADG21957.1)
*RnMYB10

100 *RrMYB10
76 *RaMYBI10

CsAN2 Camellia sinensis L. (AOY10781.1)
W{ CsANI1 Camellia sinensis L. (AOMG63231.1)
FaMYB Fragaria *x ananassa L. (ABX79947.1)
100 —— PpMYB Prunus persica L. (AKI23599.1)
100 MdMYB10 Malus domestica L. (ACQ45201.1)
100 [ PyMYB10 Pyrus pyrifolia var. culta L. (ADN26574.1)
EsMYBI10 Epimedium sagittatum L. (AFH03062.1)
GhMYBI10 Gossypium hirsutum L. (ABR01222.1)
FtMYB10 Fagopyrum tataricum L. (ALT31509.1)
MYB14 Saccharum hybrid L. (AET98472.1)

65 99 BAMYB Brachypodium distachyon L. (KQJ86217.1)
100 OsIMYB Oryza sativa Japonica L. (EAZ20907.1)

46

100

SOCSbMYB Sorghum bicolor L. (XP_002451304.1)
ZmMYB Zea mays L. (AFW60114.1)

SiMYB Setaria italica L. (KQK95934.1)
OsIMYB Oryza sativa Indica L. (EAY81870.1)

91 TuMYBASI Triticum urartu L. (EMS48355.1)
1

T‘ 00 L AtMYBASI1 Aegilops tauschii L. (EMT29777.1)

B3 FEEESE MYB10 S5EMEH# MYB RFHLH

Figure 3 Phylogenetic tree of MYB10 in Ribes L. and MYB transcription factors from other plants.
The phylogenetic tree was constructed with MEGA 7.0 using the neighbor-joining (NJ) method and
1 000 bootstrap replicates.

R2 "HREBERRIEEEIE (UgFW)

Table 2 Anthocyanin content of three varieties of Ribes L.

Fruit diameter (mm)  <5.0 (0%) 5.1-7.0 (25%) 7.1-9.0 (50%) 9.1-11.0 (75%) =11.1 (100%)

R. nigrum L. 0.044 0+0.002 1*  0.262 0+0.081 0*  1.593 0+0.304 4° 11.068 0+£1.3120°  31.190 0+2.247 8°
R. rubrum L. 0.034 0+£0.009 1*  0.151 0+0.0850°  0.903 0+0.156 0° 5.156 0+0.577 5° 12.760 0+1.102 6°
R. album L 0.014 0+0.001 7°  0.007 3+0.0012°  0.004 120.001 0° 0.006 00.001 3° 0.002 9+0.000 7¢

Note: lowercase letters indicate significant difference between varieties of Ribes L. at 0.05 level.
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Figure 4 Relative expression levels of RuMYBI0,
RrMYBI10 and RnMYBI10 in Ribes L..

bp FI F2
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100

B 5 d3is MYBIO ${E% PCR A

Figure 5 PCR analysis of transgenic Arabidopsis. F1:

overexpressing of RuMYB10 Arabidopsis strain (OE
RnMYBI10-1), F2: OE RnMYBI10-2, S1: OE
RrMYB10-1, S2: OE RrMYBI0-2, NI1: OE
RaMYBI10-1,N2: OE RaMYB10-2, +: positive control,
—: negative control.
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B 6 id%i%& MYBI0 57 RT-PCR &

Figure 6 RT-PCR analysis of transgenic

Arabidopsis.
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B 7 id3&i& MYBIO BT
Figure 7 Transgenic Arabidopsis overexpressing RuMYB10 (A), RrMYB10 (B), and RaMYBI10 (C). (D) The leaves
of transgenic Arabidopsis. (E) Wild type Arabidopsis. Bar=1 mm, red arrows indicate purple leaves and petioles.
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Figure 8 The expression level of structural genes related to anthocyanin synthesis in transgenic Arabidopsis.
RnMYBI10-1 and RanMYB10-2: Arabidopsis strains overexpressing RnMYBI10. RtMYB10-1 and RrtMYB10-2:
Arabidopsis strains overexpressing RrMYB10. Control: wild type Arabidopsis.
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