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Abstract: Chicory (Cichorium intybus 1..) is a perennial forage extensively utilized in livestock production.
The magnesium-dechelatase involved in chlorophyll degradation plays a pivotal rolein regulating chlorophyll
breakdown and is a key factor in the control of stay-green traits of plants. Enhancing the stay-green phenotype
is critical for improving chicory’s resilience to environmental stresses. In this study, two putative SGR (Stay-
Green) genes were preliminarily identified in the chicory genome, and designated as CiSGR and CiSGRL based
on their respective phylogenetic affiliations to the SGR and SGRL subfamilies. The proteins encoded by these
genes were composed of 274 and 232 amino acids, respectively. Structural domain analysis revealed that both
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CiSGR and CiSGRL possessed chloroplast transit peptide domains, highly conserved SGR domains, and vari-
able regions at the C-terminus. Cis-regulatory element analysis indicated that the promoters of CiSGR and
CiSGRL contained light-responsive, hormone-related, and stress-inducible transcriptional elements. Subcellu-

lar localization assays demonstrated that CiSGR predominantly localized to chloroplasts and nuclei, whereas

CiSGRL primarily resided in nuclei and cytoplasm. Tissue-specific expression profiling showed the highest tran-
script levels of both genes in stems and significant induction under six different abiotic stress conditions. This
systematic identification and analysis of chicory SGR and SGRL genes provides a theoretical foundation for strat-

egies aimed at improving chicory forage yield and quality.
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Table 1 Primer sequences construction of CiSGR and CiSGRL GFP tag expression vectors
K Gene L3514 Forward primer 5'—3' T #5149 Reverse primer 3'—5'
CiSGR GAGCTCAAGCTTCGAATTCATGGCTTCTCTGATCCTTCCAG GCCCGCGGTACCGTCGACEAGCTTTTTGTTGCAACCCTTGT
CiSGRL GAGCTCAAGCTTCGAATTCATGTTCGGTTGCAGTCTAAACC GCCCGCGGTACCGTCGACEgCAAAAGAAACGTTACAAGTAGTTGAAA
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Table 2 CiSGR and CiSGRL RT-qPCR primer sequence
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CiSGR TGAAGTTGTAGCAGAATGGAGG CAGAGGGAGTTCTTTGGTGAAG
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Fig. 1 Phylogenetic tree analysis( A) and multiple sequence
alignment(B) of CiSGR and CiSGRL proteins
BB CISGR AN CISGRL AR Z ¥ 51 Xt o S i Jik (i
) fRAF SGRESHIR (L) Fa] A8 C i X (45t 4) ] = AR IRER#ROR

Note: Figure B presents a multiple sequence alignment of CiSGR and

CiSGRL proteins. Blue line, chloroplast transit peptide domain; red

line, conserved SGR domain; green line, variable C-terminal region
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10, C ¥ 4 Motif 9, #fE ] Motif 8, Motif 6 Al Motif 10,
Motif 9 AT 5843 Bl 23X P AN W S0 I 5 A 4544 o

Jet Bl - A o R A — e R AT DA
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T XS 2 SGR BE H K5 AT 0] 2 D RE 43 At
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SRIG X 24> 4 15 SGR 5E R 58 1 B b 1 38 4k 4 o gk
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274 1 232 4> 2 FE R 5% 41 B, X 43 iR 30. 85
1 26. 44 kDa; 3 ¥ R i K & 1 55 W A0 518
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®3 CiSGRHMCISGRLEBM - REMHMER
Table 3 The prediction results of secondary structure of CiSGR and CiISGRL protein in Cichorium intybus

1 2458 Protein secondary structure

HH Protei N
rorem a-I2JiE o-helix JE K 4 Extended strand

B-#fA B-turn

JCHE I #: # Random coil = E B 3D structure

CiSGR 25.55 12.77
CiSGRL 41.81 16.81

0 61.68
0 41.38

TySy.1.A
7mk2.1.A
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Fig.2 Plant SGR proteins Domain, gene structure and
Motif analysis( A) and cis-regulatory elements of the
Cichorium intybus SGR family promoters(B)

T : B A CiISGR Al CiSGRL Domain il Motif 43 #r , &t (5 5 & b
SGRAEAF G I, AT BLE P AU AR 27 . B By CiSGR AN

CiSGRL WA 3 F (ATG Liif 2 kb) s s e 443 i

Note: Figure A illustrates the Domain and Motif analysis of CiISGR
and CiSGRL. The green rectangle denotes the conserved SGR
domain, while rectangles of varying colors represent distinct motifs
identified in the protein sequences. Figure B illustrates the analysis of

cis-regulatory elements within the promoter regions (2 kb upstream of
ATG) of CiSGR and CiSGRL

2.6 CiSGR 1 CiSGRL iy iF 4 1 7 it
F T 52 CiSGR F1 CiSGRL 7E 41 g b 14 T e
fr &, AT M T 35S: : CiSGR-GFP #l 35S: :

A ~ B

3 CiSGR(A)#1 CiSGRL(B)E A =R L& TAN
Fig. 3 Tertiary structure prediction of CiSGR(A )and
CiSGRL(B)proteins

Uniformity —{#£-100.00%
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2000 bp—| 8

1000 bp—|
750 bp
500 bp
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El4 CiSGR™ CiSGRLHKJTEE
Fig.4 Molecular cloning of CiSGR and CiSGRL
TE: VK8 M4 DNA Marker
Note: Lane M is DNA Marker

CiSGRL-GFP It i 22 3K 244, I % Ak 40 ma I it A= ot
ﬁi it FH O 2 2R AR B O 4R O R Ak I O (A

o LEHB R AEXT BEE S (35S GFP) B9 ¥ Ak 4
H@qwm F| GFP %65 5 )1z 43 1 7 40 M v,
CiSGR-GFP & % & i T 0t &% & F1 40 i &%
CiSGRL-GFP 3= %25 3 T 20 JfL A% Fi 40 e i (& 5D
45— W8 T CiSGR Ml CiSGRL W] fig 16 - 4
A 0 i A s 20 R RS - R T e

2.7 CiSGRHM CiSGRLEFEABALAFHRIX
)

T WF5E CiSGR Fl CiSGRL 78 % B A A 21 41
W R BL S, FRATRH RT-qPCR $ R 78 35 B 1
HZE M ST CiSGR FI CiSGRL () #2535
WA TR, 45 R, CiSGR Fl CiSGRL By %
KR AL, CiSGR Fl CISGRL 15 25 v 36 35 i %
B, HREMN,CISGRIER T EEES TAT, M
CiSGRLAEM R IK 5K T LT (K 6) .

%4 CiSGR# CiSGRL B LR 5 #7
Table 4  Analysis of physicochemical properties of CiISGR and CiISGRL

H A A4 FR Gene name FH ID Gene 1D

F AR E Amino acid number 4> F 3 Molecular weight/kDa

4 H 45, Tsoelectric point pl

CiSGR
CiSGRL

Cint.ptg0000441.g622 274
Cint.ptg0001011.g945 232

30.85 8.43
26.44 8.54
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