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Identification of ZmZIM family genes and their response to nitrogen in
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Abstract: In order to clarify the structure, location, encoded protein properties and response characteristics of maize
ZmZIM family genes to nitrogen, this study used TBtools, MEGA X and other softwares to analyze the structure, chromo-
some location, cis-acting elements and phylogenetic relationships of maize ZmZIM family genes and the physical and chemi-
cal properties, conserved domain and motifs of their encoded proteins. The expression patterns and differences of maize Zm-
ZIM family genes were analyzed by combining the transcriptome data of different organs at different development stages of

maize and the transcriptome data of maize shoots at four-leaf and one-heart stage under sufficient nitrogen and low nitrogen

levels. The results showed that a total of 32 ZmZIM genes
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were identified from the whole genome of maize, which
were mainly distributed on chromosomes 1, 2, 5 and 7,

and no ZmZIM genes were found on chromosomes 8 and
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proteins and located in the nucleus. The cis-acting elements in the promoter region of 32 ZmZIM genes were mainly divided

into six categories: regulatory elements, light signal response elements, hormone signal response elements, stress response

elements, growth and development elements and protein binding sites. At different developmental stages, ZmZIM gene was

differentially expressed in different organs of maize. Under sufficient nitrogen and low nitrogen treatments, with the increase

of treatment time, the 12 ZmZIM genes in the aboveground part of maize plants had no expression or low relative expres-

sion, the relative expression of six ZmZIM genes was high and stable, and the relative expression of the remaining 14 Zm-
ZIM genes varied greatly. The relative expression levels of ZmZIM5, ZmZIM16, and ZmZIM31 were generally higher than
other genes. Under sufficient nitrogen conditions, the relative expression levels of ZmZIMS, ZmZIM15, ZmZIM20, Zm-

ZIM24 , ZmZIM29 and ZmZIM31 were generally higher than those under low nitrogen conditions. The results of this study

lay a foundation for the screening and utilization of nitrogen efficient absorption and utilization genes in maize.
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Fig.1 Chromosomal localization of ZmZIM family genes in maize
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Table 1 Protein characteristics of ZmZIM family members in maize
IEIN SR T 2 11 R
. JTTE BAER  MXGT 4 NSV g5 KT
TR K 44 Bk & 5 " 5 P - % )
A EREH i gtk M (aa)  GRE O HH RE PHRM
Zm00001eb005980 ZmZIMI NP_001151145 1 164 17 215.76 9.15 72.85 75.85 -0.212
Zm00001eb005990 ZmZIM2 NP_001357488 1 202 21 237.02 7.89 48.94 72.28 -0.351
Zm00001eb006000 ZmZIM3 NP_001149525 1 181 18 740.36 9.16 63.45 74.31 -0.206
7Zm00001eb009620 ZmZIM4 NP_001142774 1 197 21 336.31 5.32 45.92 81.27 —-0.348
7Zm00001eb019470 ZmZIMS NP_001143811 1 228 23 975.22 7.73 47.86 69.17 -0.419
7Zm00001eb048740 ZmZIM6 XP_008664988 1 216 23 106.23  10.05 44.57 64.77 -0.459
7Zm00001eb048770 ZmZIM7 NP_001151346 1 162 16 691.16  10.18 48.67 83.27 -0.106
Zm00001eb048780 ZmZIM8 NP_001151261 1 182 18 636.39 9.69 59.21 85.60 -0.076
7Zm00001eb053170 ZmZIM9 NP_001149566 1 299 31 934.40 4.60 54.92 64.41 -0.705
Zm00001eb061650 ZmZIM10 XP_035820190 1 184 21 080.22 6.12 60.43 73.80 -0.392
Zm00001eb068050 ZmZIM11 NP_001170674 2 216 22 797.77 6.64 71.80 74.21 -0.414
Zm00001eb084980 ZmZIM12 NP_001142202 2 180 18 911.38 9.90 57.73 65.28 -0.336
Zm00001eb087540 ZmZIM13 XP_020404895 2 134 14 532.84 7.93 63.71 94.63 -0.128
Zm00001eb099240 ZmZIM14 NP_001288506 2 391 40 921.21 9.61 70.58 66.09 -0.283
Zm00001eb100130 ZmZIM15 NP_001130163 2 227 23 964.99 5.67 54.82 70.22 -0.437
Zm00001eb109190 ZmZIM16 NP_001148852 2 237 25 233.82 9.52 49.13 75.91 -0.433
Zm00001eb132920 ZmZIM17 XP_023157856 3 170 18 067.78 6.60 66.90 81.76 -0.120
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Zm00001eb164160 ZmZIM18 XP_020406798 3 173 17 937.58 9.72 59.50 76.88 -0.014
Zm00001eh179390 ZmZIM19 NP_001151873 4 426 44 546.60 9.68 66.45 60.61 -0.412
Zm00001eh215440 ZmZIM20 NP_001148287 5 278 29 828.90 8.59 53.98 67.52 -0.474
Zm00001eh220310 ZmZIM21 XP_008644697 5 155 16 188.55 9.84 56.78 77.03 -0.092
Zm00001eh223580 ZmZIM22 XP_008644871 5 218 23 100.96 9.60 46.27 62.84 -0.533
Zm00001eh223590 ZmZIM23 XP_008644872 5 198 21 265.96 8.89 67.91 67.73 -0.480
Zm00001eh223620 ZmZIM24 NP_001152572 5 160 16 930.36 9.91 55.07 82.69 -0.328
Zm00001eh226740 ZmZIM25 NP_001144648 5 357 38 001.97 5.17 51.73 60.03 -0.667
Zm00001eh273020 ZmZIM26 NP_001399000 6 357 37 998.28 5.09 45.38 68.74 -0.560
Zm00001eb307210 ZmZIM27 XP_020397125 7 467 52 501.39 5.33 44.94 75.40 -0.528
Zm00001eb312170 ZmZIM28 NP_001141029 7 404 42 525.90 9.72 68.27 63.51 -0.308
Zm00001eb314010 ZmZIM29 NP_001182812 7 218 22 535.39 8.69 38.50 71.38 -0.389
7Zm00001eh325530 ZmZIM30 XP_020396682 7 137 14 161.23 10.08 59.53 77.88 -0.045
Zm00001eb327450 ZmZIM31 NP_001308779 7 233 24 965.46 9.27 43.53 76.35 -0.434
Zm00001eh384630 ZmZIM32 XP_020399645 9 137 14 161.23 10.08 59.53 77.88 -0.045
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Fig.3 Gene structure of ZmZIM family in maize
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Fig.4 Conserved motifs of proteins encoded by ZmZIM genes in maize
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Fig.5 Cis-acting elements in the promoter region of ZmZIM gene in maize
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Fig.7 Expression pattern of ZmZIM genes in maize
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Fig.8 ZmZIM gene expression in maize under sufficient nitrogen treatment
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Fig.9 ZmZIM gene expression in maize under low nitrogen treatment
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