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Abstract: Coffee, one of the most important economic crops worldwide, is widely cultivated in tropical and subtropical
regions and serves as a major source of income for many countries and regions. Caffeine (1,3,7-trimethylxanthine) is the
main metabolite in coffee beans and related products, which not only imparts the characteristic bitter taste and stimu-
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lates effect of coffee but also exerts multiple biological functions. The N-methyltransferase (NMT) gene family plays a
key role in the caffeine biosynthetic pathway. Therefore, systematic identification of coffee NMT family members and
analysis of the expression patterns at different developmental stages are of great importance for investigating caffeine
metabolism, improving coffee quality, and breeding stress-resistant varieties. In this study, a total of 27 NMT genes
were identified in allotetraploid Coffea arabica, including 14 genes from the C subgenome and 13 from the E subge-
nome, distributed across 10 chromosomes. Gene structure analysis revealed that family members shared similar motif
compositions but differed in intron arrangement and number. Cis-acting element analysis showed that the promoters of
C. arabica NMT genes were enriched with various regulatory elements related to light response, stress response and
hormone signaling, and contained transcription factor binding sites such as MYB, MYC and W-box. Transcriptome
analysis further demonstrated that NMT genes exhibited dynamic expression during fruit development, with the ripening
stage showing the highest number of differentially expressed genes (14 703), while the expansion stage showed the
lowest (4419). Moreover, C. arabica NMT genes displayed clear temporal and tissue-specific expression patterns.
Weighted gene co-expression network analysis (WGCNA) identified 12 co-expression modules, among which the ivory,
corall and darkolivegreen modules were enriched in pathways related to environmental stress and protein folding, en-
ergy metabolism and nucleic acid metabolism, respectively. Core gene network analysis revealed the critical roles of
NMT genes in caffeine metabolism, stress response, and developmental regulation. Taken together, this study system-
atically identified the NMT gene family in allotetraploid C. arabica, characterized the expression patterns during dif-
ferent stages of fruit development, and elucidated the potential functional differentiation, thereby providing a theoretical

basis for coffee breeding.
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Tab. 1 Physical and chemical properties of CaNMT proteins
S A B 3£ 1D HEMREH i %‘?Fﬂ,ﬁ ﬂé"%?ﬁ’i& H‘Sﬂﬁﬁ%ﬁ%ﬂz B R K sl
Gene name Gene ID Nvumber. of Mqlecular Theoretical Ins'tablhty A1'1phatlc Grand average of Location
amino acid/aa  weight/Da pl index index hydropathicity

CaNMTIc Chr1c006347 252 28 575.75 8.11 53.86 75.44 -0.297 2 it 5
CaNMT2c Chr1c006370 384 43 276.26 5.38 54.07 87.60 ~0.246 4l ifL 5
CaNMT3c Chr1c006565 107 11 957.56 5.51 37.61 88.60 -0.277 4l fifL 5
CaNMT4c Chr1c006566 192 21514.33 5.62 54.53 89.38 ~0.152 E-VN
CaNMT5¢ Chr1c006585 130 14 554.80 8.60 30.79 87.85 -0.188 Eiliofin
CaNMTé6c Chr2c011551 297 33 539.09 5.44 46.44 89.33 -0.115 2 I
CaNMT7c Chr5c026745 207 23 498.15 8.22 51.26 95.17 0.004 2 o
CaNMTS8¢ Chr9c039876 385 43270.65 5.69 44.13 90.42 ~0.168 2 i 5
CaNMT9¢ Chr9c039878 392 44 341.90 527 39.32 96.96 -0.101 2 i 5
CaNMTI0c Chr9¢039881 378 42 747.12 5.40 42.85 93.65 -0.170 il i 5
CaNMTIIc Chr9¢039884 343 38 601.50 5.53 42.34 98.05 -0.133 4l fifL 5
CaNMTI2¢ Chr9c039886 394 44 735.03 5.41 48.20 86.40 -0.201 2 S5
CaNMTI 3¢ Chr11c004549 360 39 684.31 5.76 43.37 86.42 -0.114 2 5
CaNMTI4c Chr11¢004550 145 15946.17 5.89 47.23 96.90 0.027 2 o
CaNMTI15e Chr1e048197 384 43 163.23 5.48 52.17 89.64 -0.249 2 o
CaNMTI6e Chr1e048199 416 46 992.74 5.34 53.06 91.39 -0.161 2 i 5
CaNMTI7e Chr1e048201 389 44 039.35 5.40 50.37 90.98 -0.211 41l fifL 5
CaNMTI8e Chr1e048416 152 17 205.88 9.03 32.39 91.78 ~0.189 4l i 5
CaNMTI9e Chr1e048556 227 25 413.36 5.95 41.39 95.33 ~0.002 IE-VN
CaNMT20e Chr2e053130 207 23 134.31 5.23 42.97 94.64 -0.196 2 I
CaNMT2le Chr4e065015 367 41987.88 6.25 49.22 78.58 -0.344 2 S
CaNMT22e Chr5¢067541 197 22 161.58 8.24 53.75 95.08 0.030 2 i 5
CaNMT23e Chr9¢081520 385 43 270.56 5.41 43.42 93.71 -0.161 il ifL 5
CaNMT24e Chr9¢081521 318 36 062.20 5.02 43.27 94.37 -0.190 il L 5
CaNMT25e Chr9e081529 384 43 405.72 5.58 40.77 92.45 -0.180 2 S5
CaNMT26e Chr9¢081533 385 43 530.06 5.70 39.64 97.48 -0.119 2 o
CaNMT27e Chr9¢081536 241 27255.03 5.31 39.39 92.28 -0.305 2 I
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Fig. 1 Locations of CaNMT genes on chromosomes
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