
 AhUGT111A 
 AhUGT111B 
 AhUGT173
 AhUGT183
 AhUGT112 
 AhUGT184
 AhUGT87A 
 AhUGT87B
 AhUGT75A 
 AhUGT75B
 AhUGT24A 
 AhUGT24B
 AhUGT25A 
 AhUGT25B
 AhUGT23A 
 AhUGT23B 
 AhUGT65A 
 AhUGT65B1
 AhUGT65B2
 AhUGT66A 
 AhUGT66B
 AhUGT76 
 AhUGT163 
 AhUGT77A 
 AhUGT77B
 AhUGT7 
 AhUGT14A 
 AhUGT14B
 AhUGT33A 
 AhUGT33B
 AhUGT182 
 AhUGT31A 
 AhUGT31B
 AhUGT70A 
 AhUGT70B 
 AhUGT110 
 AhUGT84A 
 AhUGT84B
 AhUGT85A 
 AhUGT85B
 AhUGT172
 AhUGT45 
 AhUGT47 
 AhUGT150
 AhUGT151
 AhUGT46 
 AhUGT44 
 AhUGT48 
 AhUGT43 
 AhUGT105A 
 AhUGT105B
 AhUGT106 
 AhUGT180
 AhUGT181 
 AhUGT11B1 
 AhUGT11B3 
 AhUGT11B2 
 AhUGT11A 
 AhUGT8 
 AhUGT127
 AhUGT129
 AhUGT10 
 AhUGT128 
 AhUGT9 
 AhUGT94 
 AhUGT174
 AhUGT95A 
 AhUGT95B 
 AhUGT96 
 AhUGT97 
 AhUGT178 
 AhUGT101A 
 AhUGT101B 
 AhUGT64A 
 AhUGT64B 
 AhUGT32 
 AhUGT162
 AhUGT131 
 AhUGT16B
 AhUGT16A 
 AhUGT17 
 AhUGT133
 AhUGT15 
 AhUGT132
 AhUGT130 
 AhUGT19A 
 AhUGT19B 
 AhUGT20A 
 AhUGT20B
 AhUGT18A 
 AhUGT18B 
 AhUGT98 
 AhUGT175
 AhUGT13A 
 AhUGT13B 
 AhUGT152 
 AhUGT153 
 AhUGT12A 
 AhUGT12B 
 AhUGT74 
 AhUGT22A 
 AhUGT22B 
 AhUGT135 
 AhUGT67B1 
 AhUGT67B2 
 AhUGT67A 
 AhUGT81A 
 AhUGT81B 
 AhUGT102 
 AhUGT177 
 AhUGT72 
 AhUGT160 
 AhUGT161 
 AhUGT176 
 AhUGT91 
 AhUGT99 
 AhUGT169 
 AhUGT100 
 AhUGT168 
 AhUGT90 
 AhUGT83A 
 AhUGT83B 
 AhUGT69 
 AhUGT103A 
 AhUGT103B 
 AhUGT6 
 AhUGT78 
 AhUGT164 
 AhUGT79 
 AhUGT165 
 AhUGT80 
 AhUGT166
 AhUGT92A 
 AhUGT92B
 AhUGT93 
 AhUGT171 
 AhUGT104A 
 AhUGT104B 
 AhUGT107 
 AhUGT179 
 AhUGT21 
 AhUGT147
 AhUGT159
 AhUGT134 
 AhUGT170 
 AhUGT35B 
 AhUGT35A 
 AhUGT108A 
 AhUGT108B 
 AhUGT109A 
 AhUGT109B
 AhUGT86 
 AhUGT167 
 AhUGT30 
 AhUGT142
 AhUGT62A 
 AhUGT62B 
 AhUGT63A 
 AhUGT63B 
 AhUGT122A 
 AhUGT122B 
 AhUGT119 
 AhUGT118 
 AhUGT191 
 AhUGT190 
 AhUGT121A 
 AhUGT121B 
 AhUGT192 
 AhUGT120 
 AhUGT124 
 AhUGT194 
 AhUGT193 
 AhUGT186 
 AhUGT196 
 AhUGT187 
 AhUGT188
 AhUGT116 
 AhUGT185
 AhUGT195 
 AhUGT115 
 AhUGT117A 
 AhUGT117B
 AhUGT189 
 AhUGT123A 
 AhUGT123B 
 AhUGT60A 
 AhUGT60B 
 AhUGT59 
 AhUGT58A 
 AhUGT58B 
 AhUGT57 
 AhUGT53A 
 AhUGT53B
 AhUGT55A 
 AhUGT55B
 AhUGT54A 
 AhUGT54B 
 AhUGT157 
 AhUGT56 
 AhUGT158
 AhUGT61 
 AhUGT50 
 AhUGT155 
 AhUGT51 
 AhUGT156
 AhUGT52A 
 AhUGT52B
 AhUGT49A 
 AhUGT49B 
 AhUGT154 
 AhUGT114A 
 AhUGT114B 
 AhUGT82A 
 AhUGT82B 
 AhUGT38A 
 AhUGT38B 
 AhUGT39 
 AhUGT40 
 AhUGT148
 AhUGT41A 
 AhUGT41B 
 AhUGT36A 
 AhUGT36B 
 AhUGT37A 
 AhUGT37B 
 AhUGT113A 
 AhUGT113B 
 AhUGT42 
 AhUGT149
 AhUGT73A 
 AhUGT73B 
 AhUGT125A 
 AhUGT125B 
 AhUGT34 
 AhUGT143 
 AhUGT68A 
 AhUGT68B
 AhUGT71A 
 AhUGT71B 
 AhUGT136 
 AhUGT137
 AhUGT140 
 AhUGT144
 AhUGT138 
 AhUGT146 
 AhUGT139 
 AhUGT145 
 AhUGT5A 
 AhUGT5B 
 AhUGT4 
 AhUGT26A 
 AhUGT26B 
 AhUGT27 
 AhUGT141
 AhUGT29 
 AhUGT28B
 AhUGT28A 
 AhUGT2A 
 AhUGT2B 
 AhUGT3 
 AhUGT126 
 AhUGT88A 
 AhUGT88B 
 AhUGT89A 
 AhUGT89B
 AhUGT1A 
 AhUGT1B 

10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 7 9 12
10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12 3

10 11 8 7 9 12 3
10 11 8 7 9 12 3

10 11 8 7 9 12 3
10 11 8 7 9 12 3

10 11 8 7 9
10 11 8 7 9

10 11 8 7 9 12
10 11 8 7 9 12 3 1
10 11 8 7 9 12 3

10 11 8 7 9 12 3
10 11 8 7 9 12 3

11 7 9 12 3
10 11 8 7 9 12 3
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12 3
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 3
10 11 8 7 9 3

10 11 8 7 9 4
10 11 8 7 9 4

10 11 8 7 9
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12 12
10 11 8 7 9 12 12

11 8 7 9
10 8 7 9 12
10 8 7 9 12
10 8 7 9 12

8 7 9 12
10 8 7 9 12
10 8 7 9 12
10 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
12 10 11 8 7 9 12

10 11 8 7 9 12
10 8 7 9 12 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 8 7 12
10 8 7 12

10 8 7 12
10 8 7 12

10 8 7 12
10 8 7 12
10 8 7 9 12
10 8 7 9 12
10 8 7 9 12

10 8 6 7 9
10 8 6 7 9

10 8 7 9 12
10 8 7 9 12

10 8 7 9 12
10 8 7 9 12
10 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

10 8 7 9 12
8 7 9 12

8 7 9
10 8 7 9 12
10 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 5 8 4 7 9 12
10 11 5 8 4 7 9 12

10 11 5 8 7 9 12
10 11 5 8 7 9 12

11 5 8 7 9 12
10 11 5 8 7 9 12

10 11 5 8 7 9 12
10 11 5 8 7 9 12

10 11 5 8 4 7 9 12
11 5 8 4 7 9 12

10 11 5 8 4 7 9 12
10 11 5 8 7 9 12 12
10 11 5 8 7 9 12 12

10 5 8 7 9 12
10 11 5 8 2 7 9 12
10 5 8 2 7 9 12

5 8 2 7 9 12
10 8 2 7 9 12
10 8 2 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 5 8 7 9 12
10 5 8 7 9 12

11 5 8 7 9 12
10 11 8 7 9 12

7 9 12 10 11 8 7 9 12
8 7 9 12 10 11 8 7 9 12

10 8 12 10 11 8 7 9 12
10 8 7 9 12

10 11 8 7 9 12
10 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 8 7 9 12 1

10 11 8 7 9
10 11 8 7 9

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

11 8 7 9
8 7

8 7
8 7 9

8 7 9
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 10 11 8 7 9
10 11 8 7 9 10 11 8 7 9
10 11 8 7 9
10 11 8 7 9

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12 8 7 9 12
10 11 8 7 9 12

12 8 7 9 12
11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

8 7 9 12
8 7 9 12

8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

2 8 7 9 12
10 11 2 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12 10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 12

8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9
10 11 8 7 9

8 7 9 12 10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 10 11 8 7 9 12
10 11 8 7 9 12

11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9

10 11 8 7 9 12
10 6 11 8 7 9 12

10 6 11 8 7 9 12
10 6 11 8 7 9 12

10 6 11 8 7 9 12
10 6 11 8 7 9 12
10 6 11 8 7 9 12

10 6 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 8 7 9 12
8 7 9 12

8 7 9 12
8 7 9 12

10 11 8 7 9 12
10 11 5 8 7 9 12
10 11 5 8 7 9 12

10 11 8 7 9 12 3
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12
10 11 8 7 9 12

10 11 5 8 7 9 12 4
10 11 5 8 7 9 12 4

0 100 200 300 400 500 600 700 800 900 1000
5' 3'

0 2000 4000 6000 8000 10000 12000 14000（bp)
5' 3'

Motif 10
Motif 11

Motif 8
Motif 7

Motif 9

Motif 12

Motif 4

Motif 6
Motif 5

Motif 2
CDS
UTR

D

B

M

A

O

E

F

G

H

P

I

N

L

K

J

（aa)

Motif 3

Motif 1

A B CA B C

Fig. S1 Gene structure and conserved protein motifs of AhUGT family members. A The phylogenetic tree of AhUGTs. B 
Exon-intron structure of AhUGT genes. Red boxes represent coding sequences, blue boxes are untranslated regions, and black 
lines indicate introns. C Conserved protein motifs in AhUGTs 
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Fig. S2 Syntenic relationship analysis of UGTs between A. hypogaea and other plant species. MCScanX program was 
used to analyze the orthologous genes between A. hypogaea and A. thaliana, G. max and G. hirsutum. Gray lines represent all 
orthologous gene pairs, and color lines highlight UGT orthologous gene pairs
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Fig. S5 Transcriptional expression profiles of AhUGTs in various peanut tissues and different developmental stages. The 
AhUGTs were classified into 15 different groups with different color based on phylogenetic tree. FPKM values were obtained 
from the RNA-seq data, and the expression levels of AhUGTs were normalized by log2 (FPKM+1), with red to green indicating 
high to low gene expression level in the heatmap
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Fig. S6	 Analysis of transcriptional patterns of nine selected AhUGTs in response to cold stress. The expression levels 
of AhUGTs were analyzed by qRT-PCR (shown by green bars) and transcriptome data (indicated by red lines). No treatment 
control (0 h) was normalized as “1”. Error bars indicate the standard error of three biological replicates. The expression profiles 
of most AhUGTs (except AhUGT152) correlated well between qRT-PCR results and transcriptome data
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Fig. S7 Phylogenetic analysis of AhUGTs from group D. The phylogenetic tree was constructed using the maximum 
likelihood method by aligning the amino acid sequences of 31 AhUGTs from group D with those of functionally characterized 
UGT73 subfamily members from other plant species



Fig. S8	 SDS-PAGE analysis of purified recombinant AhUGT75A. This is the original uncropped image of 
protein gel electrophoresis. The red rectangle region in this image corresponds to Figure 6A
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Fig. S9 qRT-PCR analysis of relative transcript level of AhUGT75A in three overexpressing lines and wild type 
Arabidopsis plants. Tubulin was used as an internal reference gene. Data were derived from three biological replicates and are 
presented as means ± SEM


