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Physiological Changes and Transcriptomic Analysis of Caucasian
Clover under Low Temperature Stress

WU Qian', ZHAO Ya-ru*, CAO Ke-fan', MA Yi-ming', SUO Yuan', LI Shu-ning',
QI Hai-bo', WANG Ming-jiu"
(1. College of Grassland Science, Inner Mongolia Agricultural University/Key Laboratory of Grassland Resource of Ministry of Education, Hohhot,

Inner Mongolia 010011, China; 2. Inner Mongolia Zhengshi Ecological Agriculture (Group) Co., Ltd. , Hohhot, Inner Mongolia 010010, China)

Abstract: This study investigated the physiological and molecular mechanisms underlying the cold tolerance of
Caucasian clover (Trifolium ambiguum M. Bieb. ), a perennial forage known for its strong hardiness. Seed-
lings grown at 20°C served as the control (CK), and low-temperature stress (4°C) was applied for 2, 6, and 12 h.
Physiological indicators were measured at each time point, and transcriptome sequencing was conducted on the
control and 12 h-stressed plants. The results indicated that under 4°C, the plants enhanced their cold tolerance
by significantly increasing the activities of antioxidant enzymes (peroxidase, catalase, and superoxide dis-
mutase) and the levels of osmoregulatory substances (soluble protein, soluble sugar, and free proline). This
coordinated response effectively scavenged reactive oxygen species and mitigated membrane lipid peroxidation,
as evidenced by reduced malondialdehyde accumulation. Transcriptome analysis identified 15 428 differentially
expressed genes (DEGs) after 12 h of cold stress, with 8909 up-regulated and 6519 down-regulated. Key path-
ways were significantly activated, including the flavonoid biosynthesis pathway, where the up-regulation of
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pivotal upstream genes (CHS and CHD facilitated the synthesis of antioxidant compounds such as luteolin, api-

genin, and isoflavones. Concurrently, the MAPK signaling pathway was induced, highlighted by the increased

expression of genes like MEKK 1, suggesting that cold signals are transduced via a phosphorylation cascade.

These findings provide crucial insights into the molecular basis of cold adaptation in Caucasian clover.

Key words: Trifolium ambiguum ;1.ow temperature stress; Physiological parameters; DGEs
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Table 1 Primers for qRT-PCR validation of transcriptiome data
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Fig.1 Changes in physiological indicators of T. ambiguum under cold stress
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Note: A, Activity of catalase (CAT); B, Activity of peroxidase (POD); C, Activity of superoxide dismutase (SOD); D, Content of malondial-
dehyde (MDA) ; E, Content of free proline (Pro) ; F, Content of soluble protein (SP); G, Content of soluble sugar (SS). The same letters on

the top of the bars are not significantly different (P~>0. 05)
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Table 2 Sequencing results of six samples of T. ambiguum under low temperature stress

FEA Sample T340 Clean reads/Gb 3 % %L Clean bases/Gb  #iR% Error rate/ % Quo bl Qu/ % GC %5 GC content/ %
GA, 50 691 292 7 605 065 302 0.0120 96.06 41.78
GA, 42 102 044 6 322 583 679 0.0122 95.69 41.82
GA, 48 723 060 7 307 645 563 0.0121 95.75 41.85
GD, 41 665 384 6 249 856 090 0.0120 95.99 41.63
GD, 44 195 568 6623 572 442 0.0120 95.98 41.64
GD, 45615 960 6841163 227 0.0120 96.01 41.63
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Fig. 2 gRT-PCR validation of differentially expressed genes in T. ambiguum
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Fig.4 GO functional enrichment map of differentially expressed gene in T. ambiguum
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