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Identification of the ERF Gene Family in Pennisetum Purpureum and Analysis
its Response to Low-Temperature Stress

YANG Yu-jiao, HE Chao-xin, ZHOU Jie, LI Lin-ju, ZHANG Xin-quan', PENG Yan'
(College of Grassland Science and Technology, Sichuan Agricultural University, Chengdu, Sichuan Province 611300, China)

Abstract: Ethylene response factors (ERFs) are key regulatory proteins involved in plant responses to abiotic
stresses. In this study, based on the genome data of Pennisetum purpureum , 53 members of the PpERF gene family
were identified. The encoded proteins ranged from 191 to 1145 amino acids in length, with predicted isoelectric
points ranging from 4. 75 to 11. 79 and molecular weights ranging from 20 536. 11 to 124 866. 3 Da. Among these
genes, three were not mapped to the chromosomes, whereas the remaining genes were unevenly distributed across
eight chromosomes. Phylogenetic analysis classified the PPERF genes into three evolutionary clades. Most PpERF
proteins contained highly conserved Motifs 1, 2, and 4, and multiple stress-responsive cis-acting elements were
identified in their promoter regions. Expression analysis showed that 11 PpERF genes exhibited spatiotemporal
expression specificity under low-temperature stress, among which PpERF'17, PpERFZ21, and PpERF32 were sig-
nificantly upregulated after 24 h of cold treatment. Transient overexpression assays in tobacco further demonstrated
that these three genes significantly enhanced plant tolerance to low-temperature stress. This study provides a theo-
retical basis for elucidating the molecular mechanisms underlying low-temperature responses in Pennisetum purpu-
reum and offers potential candidate genes for the breeding of cold-tolerant forage grasses.
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Table 1 Primers used for quantitative real-time PCR (RT-qPCR)

JL K 4 X Gene name

U519 (5'— 3" Forward primer (5'—3")

TG4 (5'— 3" Reverse primer (5'—3')

PpERF17 CGTCGTGGTGACTGGTGAG AATGCCAAGTTCCCTTCGTC
PpERF18 GAGGAGGAGGTGGATTTTG TACTGGGTCTTTCGCTTCC
PpERF19 GGAGGAGGTGGATTTTGAG TACTGGGTCTTTCGCTTCC
PpERF21 GGGCTCCAACTCCAAGAAAG TCTTCCACCTCCTCGTCAAA
PpERF22 GGGACTGAAGACGAACGGA CAACGAAGCACATCGGAAAC
PpERF27 GAGTGCCAGTTTCCTCCCT GTCTCATCATCCCACCCAA
PpERF29 GGCTCTTCTGACTTTGGGT TTCCTCATTCTCTTTGATGCT
PpERF31 TCTCCACTCAAGGAAAATGGT CTGCCTCCTCTGCTGTCTC
PpERF32 AGCCAAAAGGAAGAGAAAGAA TACCAAGCCAGACACGAAC
PpERF51 GCCCTGATGCTAAGAAGAAAA GAGCCAGACACGAACACCT
PpERF52 GGAAAATGGTACAGCCAAAGA CTCCTCTGCCGTCTCAAAG
PpUBC-E2 ACCGCCTGACAATCCCTATG GGGATAGTCTGGCGGAAAATG
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Table 2 Primers used for vector construction

FE[H 4 % Gene name

519 (5'— 3" Forward primer (5'-3")

T #5149 (5'— 3" Reverse primer (5'-3")

PpERF17 ATGTGCATGTGTGAACGTCCATG TTATTGTACGCACGCGATGCC
PpERF21 ATGTGCGGAGGCGCCATCCT TGGCCGGCAGCGCGGCGGG
PpERF32 ATGTGCGGCGGTGCGATCC TCAATAGATATCGCCAGCCATGGG
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Fig. 1 Phylogenetic tree of AP2/ERF gene family in Pennis-

etum purpureum and Arabidopsis thaliana
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Table 3 Basic information of the ERF gene family members in Pennisetum purpureum

WEBREE TR Fial ATREREC IRERS RAKMEVEE AEEL

= [ﬂ fald % B 7 Number of  Molecular Isoelectric  Instability Aliphatic ~ Grand average of ~ Subcellular
Accession number Gene name . . . . . . .. . .
amino acids ~ weight/Da point index index hydropathicity localization
PenpuB10014875.g PpERF01 408 45152.62 5.12 63.14 59.63 —0.78 20 %
PenpuA70032218.g PpERF02 509 53 709.20 9.66 70.25 66.50 —0.41 -2 A
PenpuA50061973.g PpERF03 516 54 947.25 9.99 54.46 54.11 —0.61 0 g %
PenpuB50031092.g PpERF04 945 102 881.55 9.14 55.21 69.03 —0.51 AN
PenpuB30074165.g PpERF05 436 47 132.34 6.14 49.99 64.63 —0.57 0 i %
PenpuB50027437.g PpERF06 464 49 994.98 5.81 48.79 54.18 —0.57 g ok
PenpuA60065320.g PpERF07 698 73 062.65 6.43 38.66 64.77 —0.35 240 %
PenpuA40021999.g PpERF08 321 34 696.09 8.80 47.93 72.15 —0.48 4 sk
PenpuB60002678.g PpERF09 483 52901.81  10.61 63.65 64.72 —0.69 Wit
PenpuBB50027291.g PpERF 10 536 57 874.97 8.18 57.32 64.25 —0.43 T
PenpuA30053765.g PpERF11 287 32 314.98 7.64 63.21 60.24 —0.87 0 %
PenpuB310010202.g PpERF12 334 36 036.97 5.17 58.69 53.26 —0.68 240 %
PenpuA10020363.g PpERF13 310 33473.19 5.10 60.24 53.90 —0.70 LRSI
PenpuA50060874.g PpERF 14 310 34 811.01 8.84 61.48 66.16 —0.61 0 %
PenpuB10010115.g PpERF15 206 21190.61  11.08 73.06 49.17 —0.63 240 %
PenpuA30057192.g PpERF16 260 27°995.51  10.30 52.92 58.00 —0.57 0 g %
PenpuB70040918.g PpERF17 509 53715.21  10.89 67.40 69.14 —0.25 E R ES
PenpuA70035453.g PpERF 18 325 36 273.93 4.92 52.01 51.42 —0.79 240 %
PenpuB70042101.g PpERF19 325 36 305.83 4.75 48.82 53.78 —0.76 0 g %
PenpuB70038699.g PpERF20 492 52 317.51 9.58 77.41 61.46 —0.51 EZEN
PenpuB50031394.g PpERF21 225 24 564.59 9.99 43.69 53.20 —0.73 0 i %
PenpuB50031392.g PpERF22 377 40 756.74 8.80 55.81 64.14 —0.60 R TEN
PenpuA10016649.g PpERF23 492 53 894.22 8.15 28.80 83.43 —0.17 -2 A
PenpuB20052711.¢g PpERFE24 656 71 800.90 9.55 64.86 75.44 —0.34 TR
PenpuA50059253.g PpERF25 245 27 168.42 9.36 69.59 64.29 —0.62 A URES
PenpuA20043475.g PpERF26 557 60 812.95 8.51 68.80 64.6 —0.52 240 %
PenpuA70033844.g PpERF27 474 50 537.47 5.67 45.86 62.81 —0.54 LTI
PenpuA40021848.g PpERF28 249 27813.14  10.29 73.74 48.35 —1.03 240 %
PenpuB70040420.g PpERF29 498 54 067.97 5.52 42.35 64.24 —0.42 LRSI
PenpuA20047506.g PpERF30 235 25618.84 9.83 75.36 68.21 —0.55 0 %
PenpuB40070590.g PpERF31 246 26 802.13 9.95 71.06 65.16 —0.55 -2 A
PenpuB40073560.g PpERF32 371 70088.39  4.78 55.97 60.57 —0.73 0 g %
PenpuScaffoldUN0063927.¢  PpERF33 372 3349513 4.82 56.95 60.40 —0.74 A URES
PenpuA20045807.g PpERF34 472 57 805.67  8.84 54.13 80.44 —0.37 -2 A
PenpuB10008247.g PpERF35 644 31181.91  7.08 61.24 64.81 —0.58 0 g %
PenpuA70033806.g PpERF36 293 124 866.30  10.14 45.21 67.99 —0.69 RIS
PenpuA20045808.g PpERF37 523 42848.78  7.51 57.56 73.37 —0.49 LRSI
PenpuScaffoldUN0064411.g  PpERF38 285 4082592 5.34 57.27 65.09 —0.53 0 %
PenpuA50059725.g PpERF39 1145 39688.12  8.59 55.71 66.88 —0.43 240 %
PenpuB60007106.g PpERF40 404 49879.09  9.88 36.72 61.98 —0.49 0 g %
PenpuA30056573.g PpERF41 373 47.926.03  8.79 50.31 52.14 —0.81 El R ES
PenpuA30054583.g PpERF42 368 22938.73  5.41 56.24 67.26 —0.40 240 %
PenpuB10014781.g PpERF43 448 79338.14  8.77 42.99 83.39 —0.16 LTI
PenpuA70033363.g PpERF44 432 31611.78  5.27 53.80 83.33 —0.34 EYEN
PenpuB50030509.g PpERF45 207 42221.22  8.67 57.81 75.02 —0.53 LRSI
PenpuA10015938.g PpERF46 728 35949.12 875 62.27 67.80 —0.53 0 %
PenpuA10016738.g PpERF47 287 118 144.67  9.84 67.69 66.03 —0.64 -2 A
PenpuB70040371.g PpERF48 386 39437.70  11.79 79.23 54.53 —1.09 -2k
PenpuA30053793.g PpERF49 320 20536.11  5.33 58.66 67.09 —0.61 241
PenpuA20043074.g PpERFS50 1114 51265.07  9.72 64.22 67.08 —0.42 240 %
PenpuBB20049262.g PpERF51 365 70088.39  5.83 57.92 57.04 —0.71 0 g %
PenpuA20047588.g PpERF52 191 33495.13  9.66 67.96 73.19 —0.49 240 %

PenpuScaffoldUN0063423.g  PpERF53 475 57 805.67  9.95 65.17 56.53 —0.61 i AL A
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Fig.2 Chromosomal localization and distribution of the ERF gene family in Pennisetum purpureum
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