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Tab. 1 Annotations of ERF transcription factor target gene in cassava

L L Gene name £ /bp Gene length # % Annotation
Manes.01G064200 958 Osmotin-like protein OSM34
Manes.01G069100 3335 Subtilase 4.12
Manes.02G024800 6457 Transcription initiation factor TFIIE subunit beta
Manes.02G189600 2172 Putative WRKY transcription factor 33
Manes.03G039700 4584 12-oxophytodienoate reductase 3
Manes.01G073700 3652 Glycine cleavage T-protein family protein
Manes.06G002000 6512 Alpha/beta-hydrolase domain-containing protein
Manes.09G063700 2653 Phenylalanine ammonia-lyase 2
Manes.14G141600 9106 Uncharacterized protein

Manes.14G151300 386 Uncharacterized protein
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43R 1 Tab. 1 continued

FHEH 7 Gene name + & /bp Gene length B Annotation
Manes.15G181900 4511 Formate dehydrogenase
Manes.18G073800 5027 Histone-lysine N-methyltransferase ASHR1
Manes.01G079500 2597 Uncharacterized protein
Manes.01G091000 1473 Hypothetical protein MANES 01G091000
Manes.01G105500 2550 Alpha-1,4-galacturonosyltransferase
Manes.01G121800 3143 Uncharacterized protein
Manes.01G132600 3 866 Uncharacterized protein
Manes.01G133300 1251 Uncharacterized protein
Manes.01G155000 3623 Protein kinase domain-containing protein
Manes.01G156100 1895 Pentatricopeptide repeat-containing protein
Manes.01G164900 3 815 Laccase-4
Manes.01G171700 2788 Scarecrow-like protein 34
Manes.01G191200 1 685 Protein TWIN LOV 1
Manes.01G194000 1712 Myb-like transcription factor-like protein
Manes.01G239000 10 955 Protein late elongated hypocotyl
Manes.01G257700 623 RING/U-box domain-containing protein
Manes.02G017600 1568 Heavy-metal-associated domain-containing protein
Manes.02G018800 1163 Fiber Fb34
Manes.02G023700 101 Hypothetical protein MANES 02G023700
Manes.02G024900 11 644 Methyl- -binding domain-containing 13 isoform X1
Manes.02G036700 4 426 Adenine phosphoribosyl transferase 4
Manes.02G102800 1121 GDP-mannose 4,6 dehydratase 2
Manes.02G108400 2 642 S-phase kinase-associated protein 1
Manes.02G121400 359 Josephin
Manes.02G153300 3946 Uncharacterized protein
Manes.02G153900 2 548 Uncharacterized protein
Manes.02G154000 1220 Mitochondrial transcription termination factor family protein
Manes.02G184300 760 Uncharacterized protein
Manes.02G188500 635 Uncharacterized protein
Manes.02G198700 128 Hypothetical protein MANES 02G198700
Manes.02G205000 146 Hypothetical protein MANES 02G205000
Manes.02G226700 2598 U11/U12 small nuclear ribonucleoprotein
Manes.03G012100 754 Uncharacterized protein
Manes.03G032700 3580 Methyltransferase
Manes.03G036900 2926 Protein phosphatase 2C 16
Manes.03G050700 11341 AGC (cAMP-dependen.t, cGMP-.dependeTlt and protein kinase C)

kinase family protein
Manes.03G051800 1 655 Mitochondrial substrate carrier family protein
Manes.03G091000 1460 Gibberellin 2-beta-dioxygenase 2
Manes.03G164100 3813 Malate dehydrogenase
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43R 1 Tab. 1 continued

FHEH 7 Gene name + & /bp Gene length B Annotation
Manes.03G183700 581 Aspartyl protease-like protein
Manes.03G210000 2101 Uncharacterized protein
Manes.04G022300 197 Hypothetical protein MANES 04G022300
Manes.04G025100 5961 Hydrolase, alpha/beta fold family protein
Manes.04G035100 5201 Uncharacterized protein
Manes.05G033700 7936 Signal peptide peptidase-like 4
Manes.05G057700 4 849 Alpha-1,3-glucosyltransferase
Manes.05G062200 590 Plant invertase/pectin methylestera.se inhibitor Domain-containing

protein
Manes.05G071300 636 Hypothetical protein MANES 05G071300
Manes.05G097100 10 203 Alpha-amylase-like 3
Manes.05G103400 2351 Hypothetical protein MANES 05G103400, partial
Manes.05G111500 2499 Receptor-like protein kinase FERONIA
Manes.05G119700 47 987 Uncharacterized protein
Manes.05G159600 6 158 Uncharacterized protein
Manes.05G174000 1566 Sterol carrier protein 2
Manes.05G177200 2505 VIER F-box protein 1
Manes.06G012700 2821 Alternative oxidase 2
Manes.06G067300 3592 Regulator of Vps4 activity in the MVB pathway protein
Manes.06G078800 1 966 DNA-3-methyladenine glycosylase I
Manes.06G129700 3233 Glutamate dehydrogenase 2
Manes.06G140900 3349 Protein kinase family protein
Manes.06G164200 1528 Chaperonin-like RbcX protein
Manes.06G165700 839 Uncharacterized protein
Manes.06G175500 2430 Pentatricopeptide repeat-containing protein
Manes.07G028100 6262 Uncharacterized protein
Manes.07G056000 9058 Inositol-tetrakisphosphate 1-kinase 2
Manes.07G065200 1549 F-box/kelch-repeat protein
Manes.07G072000 7499 Hypothetical protein MANES 07G072000
Manes.07G075200 2214 Hypothetical protein MANES 07G075200
Manes.07G107500 1805 Hypothetical protein MANES 07G107500
Manes.07G109000 1895 Alpha/beta-hydrolase domain-containing protein
Manes.07G129000 3499 GDSL esterase/lipase CPRD49
Manes.07G129900 3630 Haloacid dehalogenase-like hydrolase domain-containing protein
Manes.07G131300 1928 Putative protein phosphatase 2C 30
Manes.08G030000 1 009 Xanthoxin dehydrogenase
Manes.08G039600 5526 Translation initiation factor eIF-3 subunit 8
Manes.08G108800 2 055 Pectin lyase-like protein
Manes.08G136100 662 Uncharacterized protein

Manes.08G137700 947 Ethylene-responsive transcription factor 1B
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43R 1 Tab. 1 continued

FHEH 7 Gene name + & /bp Gene length B Annotation
Manes.08G147800 1983 NAC domain containing protein 47
Manes.08G 148900 3450 Uncharacterized protein
Manes.08G162000 338 Hypothetical protein MANES 08G162000
Manes.09G008400 5230 Ankyrin repeat and BTB/POZ domain-containing protein
Manes.09G009700 622 Hypothetical protein MANES 09G009700
Manes.09G107500 1883 PHD finger-like domain-containing protein 5A
Manes.09G109400 7 454 Tetratricopeptide repeat (TPR)-containing protein
Manes.09G 146900 6 045 Heme oxygenase-like, multi-helical protein
Manes.09G149000 1173 Ethylene-responsive transcription factor 1B
Manes.09G165800 1122 Rossmann-fold NAD(P)-binding domain-containing protein
Manes.09G185400 4108 Pyruvate dehydrogenase E1 component subunit beta
Manes.10G002300 10 867 F-box domain-containing protein
Manes.10G004700 6 026 Potassium transporter 2
Manes.10G007300 5373 Biotin/lipoyl attachment domain-containing protein
Manes.10G041100 3379 Floral homeotic protein APETALA 2
Manes.10G072100 1751 60S ribosomal protein L8-3
Manes.10G094000 2043 TTF-type zinc finger protein with HAT dimerisation domain
Manes.10G097300 10 362 Dynamin-related protein 3A
Manes.10G111800 7592 Zinc finger CCCH domain-containing protein 5
Manes.10G119500 4 800 Ethylene-responsive transcription factor RAP2-7
Manes.10G123900 368 Uncharacterized protein
Manes.11G005600 1016 NADPH:quinone oxidoreductase
Manes.11G009200 1991 Xyloglucan fucosyltransferase
Manes.11G014100 1 440 GDSL esterase/lipase 1
Manes.11G019800 5 849 E3 ubiquitin ligase-like protein
Manes.11G022100 5549 Phospholipid:diacylglycerol acyltransferase 1
Manes.11G040800 1832 Protein kinase family protein
Manes.11G058500 5067 Prefoldin 6
Manes.11G067200 1153 Lamin-like protein
Manes.11G070400 2939 Wall-associated receptor kinase-like 22
Manes.11G071000 1085 T-complex protein 1 subunit epsilon
Manes.11G105000 3083 Elongation factor EF-2
Manes.11G141100 2 601 GTP binding protein
Manes.12G007000 416 Glutaredoxin-C8
Manes.12G009300 2317 Uncharacterized protein
Manes.12G024200 4084 Ribose-phosphate pyrophosphokinase 3
Manes.12G043700 3925 268 proteasome regulatory subunit 4-A
Manes.12G059000 1090 ILI1 binding bHLH 1 protein
Manes.12G066300 1289 Nuclear transcription factor Y subunit B-3
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43R 1 Tab. 1 continued

FHEH 7 Gene name + & /bp Gene length B Annotation
Manes.12G095300 953 Dof zinc finger protein DOF3.4
Manes.12G096300 1524 Dof zinc finger protein DOF1.1
Manes.12G110100 2614 Acyl-CoA N-acyltransferases-like protein
Manes.12G111300 3013 Phototropic-responsive NPH3-like protein
Manes.12G114300 1921 Cytochrome P450, family 81, subfamily D, polypeptide 5
Manes.12G138000 215 Hypothetical protein MANES 12G138000
Manes.13G007200 416 Glutaredoxin-C7
Manes.13G007300 1265 Pollen Ole e 1 allergen and extensin family protein
Manes.13G029700 4707 Protein kinase family protein
Manes.13G117100 2242 Cytochrome P450, family 81, subfamily D, polypeptide 8
Manes.13G150000 7593 STRUBBELIG-receptor family 3
Manes.14G001200 3318 Hypothetical protein MANES 14G001200
Manes.14G006900 4 475 Mitochondrial transcription termination factor family protein
Manes.14G024500 5322 SKP1-like protein 21
Manes.14G036100 4095 LUC7 N_terminus domain-containing protein
Manes.14G071200 621 Hypothetical protein MANES 14G071200
Manes.14G112300 3289 Uncharacterized protein
Manes.14G125900 877 Transcription factor bHLHS52
Manes.14G134200 1024 Protein LURP-one-related 12
Manes.15G018300 2 852 Hypothetical protein MANES 15G018300
Manes.15G023900 1418 Aspartyl protease-like protein
Manes.15G050500 1913 9-cis-epoxycarotenoid dioxygenase NCED6
Manes. 15G053800 5533 High mobility group-box ar.ld. ARID df)rnain-binding domain-

containing protein

Manes.15G070500 479 myb domain protein 101
Manes.15G090000 997 Homeobox-leucine zipper protein ATHB-52
Manes.15G103900 1499 Peroxidase 59
Manes.15G109900 269 Hypothetical protein MANES 15G109900
Manes.15G134200 5566 UDP-3-0-[3-hydroxymyristoyl] N-acetylglucosamine deacetylase
Manes.15G150600 884 Uncharacterized protein
Manes.15G152100 5554 SGF29 tudor-like domain-containing protein
Manes.15G166600 3570 Putative cysteine-rich receptor-like protein kinase 43
Manes.15G179800 7127 Alpha-mannosidase I1
Manes.16G007600 650 Uncharacterized protein
Manes.16G020700 1432 F-box protein
Manes.16G054300 4718 Galacturonosyltransferase 6
Manes.16G056200 1763 TTF-type zinc finger protein with HAT dimerization domain
Manes.16G058300 2179 TTF-type zinc finger protein with HAT dimerization domain
Manes.16G066800 558 Uncharacterized protein

Manes.16G077300 2074 Uncharacterized protein
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453 1 Tab. 1 continued
FHEH 7 Gene name + & /bp Gene length B Annotation
Manes.16G083800 1764 Mitochondrial substrate carrier family protein
Manes.16G084600 2 554 Thermospermine synthase ACAULISS
Manes.16G087300 782 Ethylene-responsive transcription factor ERF016
Manes.16G109800 4580 2-oxoglutarate (20G) and Fe(II)-dependent oxygenase-like protein
Manes.16G116900 554 Hypothetical protein MANES 16G116900
Manes.17G000400 23 515 Nuclear RNA polymerase C1
Manes.17G024800 248 Hypothetical protein MANES 17G024800
Manes.17G024900 398 Hypothetical protein MANES 17G024900, partial
Manes.17G030400 2314 Phototropic-responsive NPH3 family protein
Manes.17G048000 518 Hypothetical protein MANES 17G048000
Manes.17G048400 746 Ethylene-responsive transcription factor 11
Manes.17G048500 6168 MAC/Perforin domain-containing protein
Manes.17G056700 5022 Uncharacterized protein
Manes.17G073100 4620 Endoplasmic oxidoreductin-2
Manes.17G112300 996 Uncharacterized protein
Manes.17G112400 20 885 Hypothetical protein MANES 17G112400
Manes.18G001100 6 966 Pyrophosphate--fructose-6-phosphate 1-phosphotransferase
Manes. 18G011500 2613 Adenine nucleotide alpha hyleolases-domain containing protein
kinase

Manes.18G011600 321 Hypothetical protein MANES 18G011600
Manes.18G011700 11 468 Vacuolar sorting protein 35
Manes.18G047000 2741 Transcription factor lim1
Manes.18G052700 2457 Dnal/Hsp40 cysteine-rich domain-containing protein
Manes.18G058800 10 440 Kinesin family member 4/7/21/27
Manes.18G098700 2548 Putative WRKY transcription factor 33

Manes.S014400 2771 Disease resistance-like protein/LRR domain-containing protein

Manes.S014600 2975 Disease resistance-like protein/LRR domain-containing protein

Manes.S014800 14 231 Disease resistance-like protein/LRR domain-containing protein

Manes.S020700 1380 Myb domain protein 93

Manes.S027500 1737 F-box/kelch-repeat protein

Manes.S030800 4132 RAB GTPase homolog ASA

Manes.S054400 1 964 Glycoside hydrolase family 28 Protein / Polygalacturonase

(pectinase) family protein

Manes.S054500 4127 Polygalacturonase-like protein

Manes.S054600 1461 Polygalacturonase-like protein

Manes.S054700 1461 Polygalacturonase-like protein

Manes.S055000 1461 Polygalacturonase-like protein

Manes.S055100 1461 polygalacturonase-like protein

Manes.S096700 3378 Uncharacterized protein

Manes.S109400 929 Polygalacturonase-like protein
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Fig. 1 Chromosome location of ERF transcription factor target gene in cassava
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Fig. 4 Expression pattern of ERF transcription factor target genes in cassava under ACC treatment
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Characterization and Expression Analysis of the Target

Genes Regulated by ERF in Cassava

SONG Na'?, ZHANG Liuningying', Cao Min', GUO Wenya', HONG Yuhui',
WU Jinshan!, CHEN Yinhua', YU Xiaohui'

(1. College of Tropical Ccrops, Hainan University, Haikou, Hainan 570228; 2. School of Life and Pharmaceutical Sciences,
Hainan University, Haikou, Hainan 570228, China)

Abstract: The defense response of plants to stress is largely regulated by the level of gene transcription, and the
recognition and combination of the transcription factor and cis-acting elements on the target gene promoter
plays a key regulatory role. ERF is a type of transcription factor that plays an important role in the growth and
development of plants. There is a conserved GCC-box in the promoter region of downstream target genes
regulated by it. In order to analyze the regulatory pathway of ERF in the growth and development of cassava,
204 genes containing GCC-box cis-acting elements in the promoter region were screened. Chromosomal
position distribution, analysis of expression patterns under pathogen infection, and promoter structure
prediction of these genes were analyzed using bioinformatics methods. The qRT-PCR results showed that
Manes.02G189600, Manes.03G039700, Manes.06G002000, Manes.09G063700, Manes.14G141600,
Manes.15G181900 might be involved in regulating plant disease resistance pathways, and play an important
way in ethylene-mediated signal transduction pathways.

Keywords: cassava; GCC-box; ERF transcription factor; biological stress
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