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(57) Данное изобретение касается трансгенного
растения кукурузы или его части, содержащего в
качестве трансгена нуклеиновую кислоту, способ-
ную экспрессировать инвертазу клеточной стен-
ки или ее функциональную часть, предпочтитель-
но инвертазу клеточной стенки вида Chenopodium
rubrum или ее функциональную часть, и отличаю-
щегося тем, что в результате экспрессии инверта-
зы клеточной стенки или ее функциональной ча-
сти трансгенное растение кукурузы демонстрирует
улучшенную устойчивость к абиотическому стрес-
су и/или повышенную урожайность; способа по-
лучения такого трансгенного растения кукурузы;
способа повышения устойчивости растения куку-
рузы к абиотическому стрессу и/или повышения
потенциальной урожайности растения кукурузы;
нуклеиновой кислоты, способной экспрессировать
инвертазу клеточной стенки или ее функциональ-
ную часть, предпочтительно инвертазу клеточной
стенки вида Chenopodium rubrum или ее функ-
циональную часть; вектора, содержащего такую
нуклеиновую кислоту; использования нуклеино-
вой кислоты или вектора для улучшения устойчи-
вости растения кукурузы к абиотическому стрессу,
для повышения потенциальной урожайности рас-
тения кукурузы и/или для зашиты растения куку-
рузы от абиотического стресса; а также способа
производства этанола или метана из трансгенного
растения кукурузы или его части согласно изобре-
тению.

















































                         SEQUENCE LISTING 
 
<110>  KWS SAAT SE 
  
<120>  Transgenic maize plant exhibiting increased yield and drought  
       tolerance 
 
<130>  KWS0253PCT 
 
<150>  EP17153839.0 
<151>  2017-01-30 
 
<160>  4      
 
<170>  PatentIn version 3.5 
 
<210>  1 
<211>  1722 
<212>  DNA 
<213>  Chenopodium rubrum 
 
<400>  1 
atggcttcct ataagttacc aaaacaagtg attttgttac ttgtttctct cctcttcttc       60 
 
tgctatggcg ttgttgagct tcaagccgcg caatctccac cttcgaatca accttatcga      120 
 
acggcctacc attttcaacc acgcaaaaac tggatcaacg atcctaatgg accaatgcta      180 
 
ttcaaaggca tataccacct attttatcaa tacaacccta atggtgtaaa attacggggt      240 
 
ccgccggtgt ggggtcactc aacctcaaag gatctagtaa actggatgcc acaaccatta      300 
 
acaatggagc cagaaatggc agccaacatt aatggaagtt ggtcgggttc agccactata      360 
 
ctcccaggaa ataaaccggc aattctcttt actggacttg acccaaatta tgaacaagtc      420 
 
caagttttag cctaccctaa agatttaaat gacccttatc ttaaagaatg gtttttggca      480 
 
ccaaaaaatc cagtcatgtt ccctacccca cagaatcaaa tcaatgccac ctcgtaccgg      540 
 
gacccaacga cagcgtggat gctgccagat ggcaattgga gagtgctcat tggaaagtcc      600 
 
aaaaggagac agcgtggatt gtccttatta tatagaagca gagattttgt tcattgggtt      660 
 
aaagctaaac accctttata ttcttatgaa cgtagtggca tgtgggaatg tcccgatttt      720 
 
ttccctgttt ataaaaacgg taacacaatg ggtatagata cgtctgtaat tggtcctaat      780 
 
attaagcatg tactcaaagt tagcttagat gtaagtaagc atgatgttta tacaattgga      840 
 
ggatatgata ctaagaagga tgcgtatact cctgatgtgg gtttcatgaa cgactcgagt      900 
 
ttaaggtatg attatggtaa atattacgcc tccaagacat tttacgacgg tgctaagaaa      960 
 
gagaggattt tgcttggttg ggctaatgag tcttcgagtg aggaagatga cgctaaaaag     1020 
 
ggatggtctg ggattcacac tattccaaga acgatttggc ttgacaaatc agggaaccag     1080 
 
ttgattcaat ggccaatttc aaatattgaa aaattgagac aaaaatcccc agtgttcaaa     1140 
 
ttatacggca aattaatcaa aggaggttca ctaaatgaag tgtctggcat tactgcagca     1200 
 
caggcagatg tagaaatatc attcaaaatc aaggacttgg agaatgtgga gaagtttgat     1260 
 



gcaagttgga ctaacccaca gctgctttgt agccaaaagg gtggctcagt caaaggtggg     1320 
 
ctcggaccgt ttgggttgat gacttttcag gcttccaagg gtttagaaga gtatacagct     1380 
 
gtctttttca gaattttcaa agcctatgac aataaatatg tggtccttat gtgcagtgac     1440 
 
caaagcaggt cttctctgaa tccgacaaat gacaaaacaa cttatggatc ttttgtggat     1500 
 
gttaatcctg ttcgtgaaga tctgtccttg agagttttga ttgatcattc agtggtggag     1560 
 
agctttggag caaaaaggaa agaatgtgta acagcaagag tttatcccac attggcaatt     1620 
 
aatgaaaagg cttgcaattt atatgtcttc aacaacggga aatcagatgt tgagatcact     1680 
 
ggattaacag cttggagcat gaagaaagct tctattgctt aa                        1722 
 
 
<210>  2 
<211>  573 
<212>  PRT 
<213>  Chenopodium rubrum 
 
<400>  2 
 
Met Ala Ser Tyr Lys Leu Pro Lys Gln Val Ile Leu Leu Leu Val Ser  
1               5                   10                  15       
 
 
Leu Leu Phe Phe Cys Tyr Gly Val Val Glu Leu Gln Ala Ala Gln Ser  
            20                  25                  30           
 
 
Pro Pro Ser Asn Gln Pro Tyr Arg Thr Ala Tyr His Phe Gln Pro Arg  
        35                  40                  45               
 
 
Lys Asn Trp Ile Asn Asp Pro Asn Gly Pro Met Leu Phe Lys Gly Ile  
    50                  55                  60                   
 
 
Tyr His Leu Phe Tyr Gln Tyr Asn Pro Asn Gly Val Lys Leu Arg Gly  
65                  70                  75                  80   
 
 
Pro Pro Val Trp Gly His Ser Thr Ser Lys Asp Leu Val Asn Trp Met  
                85                  90                  95       
 
 
Pro Gln Pro Leu Thr Met Glu Pro Glu Met Ala Ala Asn Ile Asn Gly  
            100                 105                 110          
 
 
Ser Trp Ser Gly Ser Ala Thr Ile Leu Pro Gly Asn Lys Pro Ala Ile  
        115                 120                 125              
 
 
Leu Phe Thr Gly Leu Asp Pro Asn Tyr Glu Gln Val Gln Val Leu Ala  
    130                 135                 140                  
 
 
Tyr Pro Lys Asp Leu Asn Asp Pro Tyr Leu Lys Glu Trp Phe Leu Ala  
145                 150                 155                 160  
 
 



Pro Lys Asn Pro Val Met Phe Pro Thr Pro Gln Asn Gln Ile Asn Ala  
                165                 170                 175      
 
 
Thr Ser Tyr Arg Asp Pro Thr Thr Ala Trp Met Leu Pro Asp Gly Asn  
            180                 185                 190          
 
 
Trp Arg Val Leu Ile Gly Lys Ser Lys Arg Arg Gln Arg Gly Leu Ser  
        195                 200                 205              
 
 
Leu Leu Tyr Arg Ser Arg Asp Phe Val His Trp Val Lys Ala Lys His  
    210                 215                 220                  
 
 
Pro Leu Tyr Ser Tyr Glu Arg Ser Gly Met Trp Glu Cys Pro Asp Phe  
225                 230                 235                 240  
 
 
Phe Pro Val Tyr Lys Asn Gly Asn Thr Met Gly Ile Asp Thr Ser Val  
                245                 250                 255      
 
 
Ile Gly Pro Asn Ile Lys His Val Leu Lys Val Ser Leu Asp Val Ser  
            260                 265                 270          
 
 
Lys His Asp Val Tyr Thr Ile Gly Gly Tyr Asp Thr Lys Lys Asp Ala  
        275                 280                 285              
 
 
Tyr Thr Pro Asp Val Gly Phe Met Asn Asp Ser Ser Leu Arg Tyr Asp  
    290                 295                 300                  
 
 
Tyr Gly Lys Tyr Tyr Ala Ser Lys Thr Phe Tyr Asp Gly Ala Lys Lys  
305                 310                 315                 320  
 
 
Glu Arg Ile Leu Leu Gly Trp Ala Asn Glu Ser Ser Ser Glu Glu Asp  
                325                 330                 335      
 
 
Asp Ala Lys Lys Gly Trp Ser Gly Ile His Thr Ile Pro Arg Thr Ile  
            340                 345                 350          
 
 
Trp Leu Asp Lys Ser Gly Asn Gln Leu Ile Gln Trp Pro Ile Ser Asn  
        355                 360                 365              
 
 
Ile Glu Lys Leu Arg Gln Lys Ser Pro Val Phe Lys Leu Tyr Gly Lys  
    370                 375                 380                  
 
 
Leu Ile Lys Gly Gly Ser Leu Asn Glu Val Ser Gly Ile Thr Ala Ala  
385                 390                 395                 400  
 
 
Gln Ala Asp Val Glu Ile Ser Phe Lys Ile Lys Asp Leu Glu Asn Val  
                405                 410                 415      
 
 



Glu Lys Phe Asp Ala Ser Trp Thr Asn Pro Gln Leu Leu Cys Ser Gln  
            420                 425                 430          
 
 
Lys Gly Gly Ser Val Lys Gly Gly Leu Gly Pro Phe Gly Leu Met Thr  
        435                 440                 445              
 
 
Phe Gln Ala Ser Lys Gly Leu Glu Glu Tyr Thr Ala Val Phe Phe Arg  
    450                 455                 460                  
 
 
Ile Phe Lys Ala Tyr Asp Asn Lys Tyr Val Val Leu Met Cys Ser Asp  
465                 470                 475                 480  
 
 
Gln Ser Arg Ser Ser Leu Asn Pro Thr Asn Asp Lys Thr Thr Tyr Gly  
                485                 490                 495      
 
 
Ser Phe Val Asp Val Asn Pro Val Arg Glu Asp Leu Ser Leu Arg Val  
            500                 505                 510          
 
 
Leu Ile Asp His Ser Val Val Glu Ser Phe Gly Ala Lys Arg Lys Glu  
        515                 520                 525              
 
 
Cys Val Thr Ala Arg Val Tyr Pro Thr Leu Ala Ile Asn Glu Lys Ala  
    530                 535                 540                  
 
 
Cys Asn Leu Tyr Val Phe Asn Asn Gly Lys Ser Asp Val Glu Ile Thr  
545                 550                 555                 560  
 
 
Gly Leu Thr Ala Trp Ser Met Lys Lys Ala Ser Ile Ala  
                565                 570              
 
 
<210>  3 
<211>  1722 
<212>  DNA 
<213>  Artificial Sequence 
 
<220> 
<223>  codon optimized  sequence for expression of CrCIN in maize 
 
<400>  3 
atggcttcct ataagttacc aaaacaagtg attttgttac ttgtttctct cctcttcttc       60 
 
tgctatggcg ttgttgagct tcaagccgcg caatctccac cttcgaatca accttatcga      120 
 
acggcctacc attttcaacc acgcaaaaac tggatcaacg atcctaatgg accaatgcta      180 
 
ttcaaaggca tataccacct attttatcaa tacaacccta atggtgtaaa attacggggt      240 
 
ccgccggtgt ggggtcactc aacctcaaag gatctagtaa actggatgcc acaaccatta      300 
 
acaatggagc cagaaatggc agccaacatt aatggaagtt ggtcgggttc agccactata      360 
 
ctcccaggaa ataaaccggc aattctcttt actggacttg acccaaatta tgaacaagtc      420 
 
caagttttag cctaccctaa agatttaaat gacccttatc ttaaagaatg gtttttggca      480 



 
ccaaaaaatc cagtcatgtt ccctacccca cagaatcaaa tcaatgccac ctcgtaccgg      540 
 
gacccaacga cagcgtggat gctgccagat ggcaattgga gagtgctcat tggaaagtcc      600 
 
aaaaggagac agcgtggatt gtccttatta tatagaagca gagattttgt tcattgggtt      660 
 
aaagctaaac accctttata ttcttatgaa cgtagtggca tgtgggaatg tcccgatttt      720 
 
ttccctgttt ataaaaacgg taacacaatg ggtatagata cgtctgtaat tggtcctaat      780 
 
attaagcatg tactcaaagt tagcttagat gtaagtaagc atgatgttta tacaattgga      840 
 
ggatatgata ctaagaagga tgcgtatact cctgatgtgg gtttcatgaa cgactcaagt      900 
 
ttaaggtatg attatggtaa atattacgcc tccaagacat tttacgacgg tgctaagaaa      960 
 
gagaggattt tgcttggttg ggctaatgag tcttcgagtg aggaagatga cgctaaaaag     1020 
 
ggatggtctg ggattcacac tattccaaga acgatttggc ttgacaaatc agggaaccag     1080 
 
ttgattcaat ggccaatttc aaatattgaa aaattgagac aaaaatcccc agtgttcaaa     1140 
 
ttatacggca aattaatcaa aggaggttca ctaaatgaag tgtctggcat tactgcagca     1200 
 
caggcagatg tagaaatatc attcaaaatc aaggacttgg agaatgtgga gaagtttgat     1260 
 
gcaagttgga ctaacccaca gctgctttgt agccaaaagg gtggctcagt caaaggtggg     1320 
 
ctcggaccgt ttgggttgat gacttttcag gcttccaagg gtttagaaga gtatacagct     1380 
 
gtctttttca gaattttcaa agcctatgac aataaatatg tggtccttat gtgcagtgac     1440 
 
caaagcaggt cttctctgaa tccgacaaat gacaaaacaa cttatggatc ttttgtggat     1500 
 
gttaatcctg ttcgtgaaga tctgtccttg agagttttga ttgatcattc agtggtggag     1560 
 
agctttggag caaaaaggaa agaatgtgta acagcaagag tttatcccac attggcaatt     1620 
 
aatgaaaagg cttgcaattt atatgtcttc aacaacggga aatcagatgt tgagatcact     1680 
 
ggattaacag cttggagcat gaagaaagcg tctattgctt aa                        1722 
 
 
<210>  4 
<211>  573 
<212>  PRT 
<213>  Artificial Sequence 
 
<220> 
<223>  protein encoded by codon optimized DNA sequence of SEQ ID NO: 3 
 
<400>  4 
 
Met Ala Ser Tyr Lys Leu Pro Lys Gln Val Ile Leu Leu Leu Val Ser  
1               5                   10                  15       
 
 
Leu Leu Phe Phe Cys Tyr Gly Val Val Glu Leu Gln Ala Ala Gln Ser  
            20                  25                  30           
 
 
Pro Pro Ser Asn Gln Pro Tyr Arg Thr Ala Tyr His Phe Gln Pro Arg  
        35                  40                  45               



 
 
Lys Asn Trp Ile Asn Asp Pro Asn Gly Pro Met Leu Phe Lys Gly Ile  
    50                  55                  60                   
 
 
Tyr His Leu Phe Tyr Gln Tyr Asn Pro Asn Gly Val Lys Leu Arg Gly  
65                  70                  75                  80   
 
 
Pro Pro Val Trp Gly His Ser Thr Ser Lys Asp Leu Val Asn Trp Met  
                85                  90                  95       
 
 
Pro Gln Pro Leu Thr Met Glu Pro Glu Met Ala Ala Asn Ile Asn Gly  
            100                 105                 110          
 
 
Ser Trp Ser Gly Ser Ala Thr Ile Leu Pro Gly Asn Lys Pro Ala Ile  
        115                 120                 125              
 
 
Leu Phe Thr Gly Leu Asp Pro Asn Tyr Glu Gln Val Gln Val Leu Ala  
    130                 135                 140                  
 
 
Tyr Pro Lys Asp Leu Asn Asp Pro Tyr Leu Lys Glu Trp Phe Leu Ala  
145                 150                 155                 160  
 
 
Pro Lys Asn Pro Val Met Phe Pro Thr Pro Gln Asn Gln Ile Asn Ala  
                165                 170                 175      
 
 
Thr Ser Tyr Arg Asp Pro Thr Thr Ala Trp Met Leu Pro Asp Gly Asn  
            180                 185                 190          
 
 
Trp Arg Val Leu Ile Gly Lys Ser Lys Arg Arg Gln Arg Gly Leu Ser  
        195                 200                 205              
 
 
Leu Leu Tyr Arg Ser Arg Asp Phe Val His Trp Val Lys Ala Lys His  
    210                 215                 220                  
 
 
Pro Leu Tyr Ser Tyr Glu Arg Ser Gly Met Trp Glu Cys Pro Asp Phe  
225                 230                 235                 240  
 
 
Phe Pro Val Tyr Lys Asn Gly Asn Thr Met Gly Ile Asp Thr Ser Val  
                245                 250                 255      
 
 
Ile Gly Pro Asn Ile Lys His Val Leu Lys Val Ser Leu Asp Val Ser  
            260                 265                 270          
 
 
Lys His Asp Val Tyr Thr Ile Gly Gly Tyr Asp Thr Lys Lys Asp Ala  
        275                 280                 285              
 
 
Tyr Thr Pro Asp Val Gly Phe Met Asn Asp Ser Ser Leu Arg Tyr Asp  
    290                 295                 300                  



 
 
Tyr Gly Lys Tyr Tyr Ala Ser Lys Thr Phe Tyr Asp Gly Ala Lys Lys  
305                 310                 315                 320  
 
 
Glu Arg Ile Leu Leu Gly Trp Ala Asn Glu Ser Ser Ser Glu Glu Asp  
                325                 330                 335      
 
 
Asp Ala Lys Lys Gly Trp Ser Gly Ile His Thr Ile Pro Arg Thr Ile  
            340                 345                 350          
 
 
Trp Leu Asp Lys Ser Gly Asn Gln Leu Ile Gln Trp Pro Ile Ser Asn  
        355                 360                 365              
 
 
Ile Glu Lys Leu Arg Gln Lys Ser Pro Val Phe Lys Leu Tyr Gly Lys  
    370                 375                 380                  
 
 
Leu Ile Lys Gly Gly Ser Leu Asn Glu Val Ser Gly Ile Thr Ala Ala  
385                 390                 395                 400  
 
 
Gln Ala Asp Val Glu Ile Ser Phe Lys Ile Lys Asp Leu Glu Asn Val  
                405                 410                 415      
 
 
Glu Lys Phe Asp Ala Ser Trp Thr Asn Pro Gln Leu Leu Cys Ser Gln  
            420                 425                 430          
 
 
Lys Gly Gly Ser Val Lys Gly Gly Leu Gly Pro Phe Gly Leu Met Thr  
        435                 440                 445              
 
 
Phe Gln Ala Ser Lys Gly Leu Glu Glu Tyr Thr Ala Val Phe Phe Arg  
    450                 455                 460                  
 
 
Ile Phe Lys Ala Tyr Asp Asn Lys Tyr Val Val Leu Met Cys Ser Asp  
465                 470                 475                 480  
 
 
Gln Ser Arg Ser Ser Leu Asn Pro Thr Asn Asp Lys Thr Thr Tyr Gly  
                485                 490                 495      
 
 
Ser Phe Val Asp Val Asn Pro Val Arg Glu Asp Leu Ser Leu Arg Val  
            500                 505                 510          
 
 
Leu Ile Asp His Ser Val Val Glu Ser Phe Gly Ala Lys Arg Lys Glu  
        515                 520                 525              
 
 
Cys Val Thr Ala Arg Val Tyr Pro Thr Leu Ala Ile Asn Glu Lys Ala  
    530                 535                 540                  
 
 
Cys Asn Leu Tyr Val Phe Asn Asn Gly Lys Ser Asp Val Glu Ile Thr  
545                 550                 555                 560  



 
 
Gly Leu Thr Ala Trp Ser Met Lys Lys Ala Ser Ile Ala  
                565                 570              
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