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Abstract Ubiquitin binding enzymes (E2) play a central role in the ubiquitination and degradation system of plant
proteins and are widely involved in regulating the growth and development of plants and signaling pathways in
response to stress. Cassava is a staple food crop and the main income source in many tropical countries. With
cassava whole genome sequencing, functional gene research in cassava entered in fast lane. However, the study
about cassava E2 genes has not been reported yet. In this study, 62 MeE2s were obtained from the the publicly avai-
lable database Phytozome and performed bioinformatic analysis. The results showed that 62 MeE2s were widely
but unevenly distributed on 18 chromosomes and chr2 contains the largest number of MeE2s with a total of six gen-
es. The phylogenetic analysis revealed that MeE2s can be divided into 16 groups with two UEV subfamily. The
analysis of MeE2 gene structure indicated that Me E2 members in the same subfamilies shared a similar exon/intron
structure. Using semi RT-PCR technic, the expression pattern of some MeE2s in different cassava tissues or in
responsive to salt/drought stress was detected. The results showed that three E2 genes (Me UBC14, Me UBC33 and Me-
UBC56) had tissue specific expression pattern, while the other genes had constitutive expression pattern. Under salt
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and drought stress conditions, 10 and 11 MeE2 expression were upregulated, respectively, and 8 MeE2s were

induced by two stress conditions at the same time. However, the expression of Me UBCS8 was not altered under the

two stress conditions. The results indicated that MeE2 gene family is widely involved in cassava growth and abiotic

tolerance.
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1

Table 1 Basic information of Me UBC genes and their coding protein

(aa) (kD)
Gene name Gene locus Size (aa) MW (kD) pl Chr location
MeUBC1 Manes.01G006100 148 16.45 7.87 LG1: 1097253~1099380
MeUBC2 Manes.01G140800 137 15.41 8.30 LG1: 25388955~25389733
MeUBC3 Manes.01G189200 152 17.35 5.28 LG1:28604884~28607567
MeUBC4 Manes.01G255200 183 21.09 421 LG1:33010662~33012602
MeUBCS Manes.02G013100 148 16.53 7.87 LG2: 1107310~1109970
MeUBC6 Manes.02G021200 184 21.00 427 LG2: 1697259~1699951
MeUBC7 Manes.02G021300 141 15.91 4.18 LG2: 1701256~1703486
MeUBCS Manes.02G098800 161 18.37 7.83 LG2: 7355694~7359374
MeUBC9 Manes.02G191700 148 16.54 8.28 LG2: 15618811~15619976
MeUBCI10 Manes.02G219500 268 29.08 8.70 LG2: 28616956~28619201
MeUBCI1 Manes.03G102200 153 17.22 7.24 LG3: 17872277~17876500
MeUBCI2 Manes.03G110600 624 69.58 6.26 LG3:20160411~20162715
MeUBC13 Manes.03G203400 308 34.36 5.03 LG3:28390996~28391934
MeUBC14 Manes.04G071900 1076 118.49 4.39 LG4:20408918~20421693
MeUBCI15 Manes.04G151300 233 26.68 8.81 LG4: 27466807~27469077
MeUBCI16 Manes.04G154600 422 46.79 6.93 LG4: 27757223~27759510
MeUBC17 Manes.05G026300 148 16.52 7.98 LG5: 1927333~1931522
MeUBCI18 Manes.05G032700 183 21.10 4.28 LG5:2363271~2365171
MeUBC19 Manes.05G083600 342 38.76 5.25 LG5: 6383409~6384164
MeUBC20 Manes.05G154600 161 18.28 8.17 LGS5:21991590~21994307
MeUBC21 Manes.05G205200 148 16.46 7.87 LG5:28042128~28043771
MeUBC22 Manes.06G095500 152 17.33 5.20 LG6:20771018~20773395
MeUBC23 Manes.06G124300 194 21.32 4.57 LG6: 23215338~23216798
MeUBC24 Manes.06G156300 148 16.58 7.87 LG6: 25842294~25844788
MeUBC25 Manes.06G161300 245 27.22 6.40 LG6: 26442290~26443468
MeUBC26 Manes.07G104200 189 21.30 591 LG7:23307477~23309887
MeUBC27 Manes.07G113900 173 19.28 5.61 LG7: 24221700~24223483
MeUBC28 Manes.08G030800 146 13.84 7.15 LG8:2792994~2795897
MeUBC29 Manes.08G154200 152 17.33 5.28 LGS8: 31804639~31806749
MeUBC30 Manes.08G169900 148 16.49 7.87 LG8: 33006335~33008274
MeUBC31 Manes.08G169800 150 16.70 7.79 LG8:33007173~33008274
MeUBC32 Manes.09G049200 151 15.58 7.08 LGY: 6611113~6615135
MeUBC33 Manes.09G074400 269 19.17 7.85 LG9: 10854245~10857019
MeUBC34 Manes.09G122700 148 16.46 7.30 LG9: 24536819~24538752
MeUBC35 Manes.10G032100 167 18.70 5.13 LG10: 2743859~2747201
MeUBC36 Manes.10G044700 187 21.03 5.39 LG10: 4150036~4153188
MeUBC37 Manes.11G009300 418 46.60 6.47 LG11: 976409~976972
MeUBC38 Manes.11G012300 234 26.49 8.39 LG11: 1160244~1165703
MeUBC39 Manes.11G132200 166 18.72 5.00 LG11:24400444~24404985
MeUBC40 Manes.12G098200 310 35.07 9.17 LG12: 19321266~19324178
MeUBC41 Manes.12G106700 160 18.02 8.27 LG12: 24053343~24056585
MeUBC42 Manes.13G120200 160 18.00 8.27 LG13:24722412~24726593
MeUBC43 Manes.13G136300 183 20.88 8.14 LG13:26396625~26399201
MeUBC44 Manes.14G005600 180 19.94 5.14 LG14: 554977~556377
MeUBC45 Manes.14G019100 148 16.59 7.87 LG14: 1776947~1779038
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1
Continuing table 1

(aa) (kD)
Gene name Gene locus Size (aa) MW (kD) pl Chr location
MeUBC46 Manes.14G047100 194 21.12 4.48 LG14: 3758261~3761373
MeUBC47 Manes.14G068300 184 21.01 4.38 LG14: 5559589~5562377
MeUBC48 Manes.14G075900 152 17.33 5.28 LG14: 6162466~6167854
MeUBC49 Manes.15G000600 365 41.28 9.75 LG15: 74411~75887
MeUBC50 Manes.15G093100 153 17.22 7.24 LG15: 6890492~6895214
MeUBC51 Manes.15G106700 181 19.43 7.34 LG15:8012137~8018967
MeUBC5?2 Manes.15G133400 159 17.86 4.90 LG15:10190861~10194600
MeUBCS53 Manes.15G181200 187 21.29 4.12 LG15:19357401~19359993
MeUBC54 Manes.16G071900 157 17.73 8.46 LG16: 22541096~22541555
MeUBCS55 Manes.16G027500 929 103.42 4.79 LG16: 2705260~2709031
MeUBC56 Manes.16G116300 565 61.69 7.22 LG16: 27088917~27091952
MeUBC57 Manes.17G045600 901 100.83 4.84 LG17: 18264011~18267479
MeUBC58 Manes.17G123600 187 21.25 4.19 LG17: 27207887~27208312
MeUBC59 Manes.18G100700 148 16.38 7.86 LG18: 8790755~8791468
MeUBC60 Manes.18G125800 167 18.70 8.46 LG18: 13899998~13903124
MeUBC61 Manes.S090300 101 11.26 8.48 Scaffold01434: 17110~17715
MeUBC62 Manes.S000800 500 56.25 4.54 Scaffold00256: 383495~389793
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1
Figure 1 The chromosomal location of Me UBCs
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2
Figure 2 The gene structure of Me UBCs
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3 MeUBCs
Figure 3 The phylogenetic analysis of Me UBCs gene family
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2 RT-PCR
Table 2 RT-PCR primers

(5'-3" (5'-3"
Gene name Forward primer (5'-3") Reverse primer (5'-3")
MeUBCS CCCGTACAAATCTCCTTCCA ATGCCGCATCACCATTTAGT
MeUBCI11 AACCCTTAGTGGTGCCTCCT CGGCGAGTCAATTTTTCTTC
MeUBC14 AATTGTTGGGGCATATGGAA CCTCTGCCAGTCCACGTATT
MeUBC22 GGTTGCAGAATGATCCACCT TCGAGAAACAAATCGCACAG
MeUBC29 ACGCAAGGCTTTAAGCAAGA AAATCACCTGTGGTGCTTCC
MeUBC33 CCAATCTGAGTGTGGTGTTCA CTAATCAGCCGTCCAACTCTG
MeUBC35 GTGGCACCCAAATGTTTACC CAACATTGGCAGGAGACTCA
MeUBC41 ACGAAGGGGGATTCTTCAGT TGCAAGCTCATAGCCATTTG
MeUBC43 CTAAATACACCGCGGGAAAA ACGCAAGGCTTTAAGCAAGA
MeUBC54 GCCTGGACACTGGTCTGTTT TTGCCACGGATTGATAACCT
MeUBCS5S5 ACCAGGTGGAGGAAACTGTG CTTTTGCAGTCCTTGCCTTC
MeUBC56 CTGCACCAAAGGTTCGATTT ATTCGTTTTCCAATGCTTCG
MeUBCS57 GGCTTTCTGCTGTTTCCAAG GTTGAGGAGCAGGCAAACTC
MeUBC59 AACGATTATGGGTCCTGCTG CTGGGCTCCATTGTTCCTTA
MeUBC60 TTGGCAAGCTACCATCATTG CCATTGCTGTTGATGTTTGG
MeUBC61 TTTGAAAGCAAGGGAAAGGA GCCCATACGGCTGTAGTGAT
B-ACTIN CAAGGGCAACATATGCAAGC CCTTCGTCTGGACCTTGCTG
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