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Abstract: Phytochrome-interacting factors (PIFs) are key transcription factors that regulate plant photomorphogenesis
and play important roles in plant growth, development, and responses to environmental stresses. To date, PIF gene fam-
ily have been identified in many plant species; however, systematic identification and analysis of the PIF gene family in
Saccharum spontaneum L., a wild relative of sugarcane, have not yet been reported. In this study, the PIF gene family in
S. spontaneum (SsPIF) was identified, and comprehensive analyses were conducted on the physicochemical properties
of the encoded proteins,chromosomal localization, intra- and interspecific synteny relationships, and cis-acting elements
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in promoter regions. In addition, quantitative real-time PCR (qRT-PCR) was used to analyze the expression patterns of
SSPIF genes in different tissues of sugarcane and under three plant hormone treatments. The results showed that 12
SsPIF gene were identified from the S. spontaneum genome. These genes encode proteins ranging from 435 to 765
amino acids in length, with molecular weights between 48.14-83.91 kDa. The predicted isoelectric points (pI) ranged
from 5.59 to 6.97; most SsPIF proteins had pl values close to neutral, while a few tended to be acidic or basic. Subcel-
lular localization analysis indicated that all SsPIF proteins are localized in the nucleus. Chromosomal mapping revealed
that the SSPIF genes are unevenly distributed across 10 chromosomes. Multiple sequence alignment demonstrated that
all SsPIF family members contain conserved basic helix—loop—helix (bHLH) and APB domains, while members of the
SsPIF3 subgroup possess a unique APA domain. Comparative synteny analysis showed that fourteen orthologous gene
pairs exist between S. spontaneum and rice. Promoter analysis revealed that SsPIF genes are enriched in cis-acting ele-
ments related to light responsiveness, hormone signaling, and stress responses. The expression profiles of SSPIF genes
exhibited clear tissue specificity, indicating their involvement in the growth and development of S. spontaneum. Fur-
thermore, qRT-PCR analysis revealed distinct expression patterns of the twelve SSPIF genes in response to methyl jas-
monate, gibberellin, and auxin treatments. Overall, these findings provide a solid foundation for further functional
characterization of the SsPIF gene family and for elucidating their roles in regulating growth, development, and signal

transduction pathways in S. spontaneum.
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Tab. 1

Primers for qRT-PCR

FL K 4 FK Gene name

#5149 (5'-3") Forward primer (5'-3")

TUEBIY (5'-3') Reverse primer (5'-3")

SsPIF3.1 CGGGCTCCTCTCGCTCATCC CCTGGGGCTGCTTCCTCCTC
SsPIF3.2 TGGATCCACTACCCCATCGT CTTCTGTTGTTGCCGGTGTG
SsPIF3.3 CTCCTCTCGCTCATCCACCAAG GCCTGCCCGTTCTCCCATAG
SsPIF3.4 ACTGCTTGCTCACCTCCATC AACTCGTTGCTGTCGGACAT
SsPIF3.5 ATGCTGCTGCCACCAACCATG ACCGCTGCTGTGCTGTTCATATC
SsPIF4.1 AGCGTCCATGTCCACAAGAG TGAACTTCAGCTGCACGAGT
SsPIF4.2 AGGGGAGGTGTAGAGACGAC AGTGTGGGATCAGCTCTTGC
SsPIF4.3 CACAGCGTCCATGTCCACAAG CTCCTCGGTTGCCTCCTCAC
SsPIF5.1 TCCTCGTTCTCTGTTGCTCCTG TGTCCAAGTCGGCGTCCTG
SsPIF5.2 AGGACGCCGACTTGGACACC GCTCGCATCTTCTCGTTGATCCG
SsPIF5.3 CGGCGGGTCCACTTCCAG TCGGCGTCCTCGTTGAACTC
SsPIF5.4 CGCCGACTTGGACACCGTAG CTTCTCCTCCGCTCCGACATG
GADPH CACGGCCACTGGAAGCA TCCTCAGGGTTCCTGATGCC

2 GEREH KPEER, HAEABREEKE, HARE R

21 SSPIF XM REERIEREBN R
ARt iE AW B F 2, UBIEIF PIF
FE R E AP HE RS, 76 H RERE R 4 5
P 4T Blastp, HESEREH 12 4~ SsPIF K% il
1. SsPIF M2 MR B TE 435~765 Z[H;
ST ju [F N 48.14~83.91 kDa, Y51t
4 61.78 kDa, “5HL SN 5.59~8.97, KEZHEH
SR R, DB e TR O o I AR i A7
T 25 B R, BT SsPIF 8 1134958 o T 4 % .
FRE B A T SR TR, X RN R o 2%

A F 52.71~65.93 ZJa], ¥j#d 40, £ SsPIF
EHBEERNREERZE (£2), BEH =R
W25 B, SsPIF 8K M) =g ahy £ o
W IEEE | o-BRE K B-Pr A (B 1),
2.2 SsPIF RE&RGH LS
PLAPLEE I FH RE SRR SP80-3280 ¥ PIF & H
FILFRFH) NS IR, I MEGA 11 544, 4 4
W ERG R TR . BIE 2 AT, PIF Al %43
J 4 AFE G, H 4R IT Y AtPIF4 . AtPIFS %
KRWWFEE T ; 124 SsPIF BEHHAth 3 MK

®2 SsPIFEEEUMER
Tab. 2 Physicochemical properties of SsPIF proteins

S 4 I 1D RIEMBEE  ATRE gy WAEG FOREES ) 2
Gene name Gene ID Numbelj of amino Mf)lecular pl Subc-ellu.lar AR Instability index
acid/aa weight/kDa localization GRAVY

SsPIF3.1 Npp.03C014250.1.t1 657 70.51 6.80 2 M A% —0.476 59.43
SsPIF3.2 Npp.03B010730.1.t1 675 72.29 6.93 2 M A% —0.422 60.31
SsPIF3.3 Npp.03D011650.1.t1 760 82.18 8.97 2 M A% -0.559 58.68
SsPIF3.4  Npp.03A012170.1.t1 606 64.88 6.93 2 A% ~0.439 63.21
SsPIF3.5  Npp.03A012170.1.t2 638 68.23 6.45 2 A% —0.492 62.10
SsPIF4.1 Npp.01C006430.1.t1 505 53.28 6.41 2 M A% —0.420 59.46
SsPIF4.2 Npp.01A007110.1.t1 444 48.14 5.93 2 M A% —0.648 65.93
SsPIF4.3  Npp.01A007020.1.t1 444 48.14 5.93 2 H A% —0.648 65.93
SsPIF5.1  Npp.02D000630.1.t1 472 50.57 6.23 2 M A% -0.308 52.71
SsPIF5.2  Npp.02A003350.1.t1 765 83.91 5.59 2 A% —0.435 53.26
SSPIF5.3 Npp.02C003980.1.t1 435 45.99 5.83 2 fl A% -0.377 55.93
SsPIF5.4 Npp.02D003850.1.t1 501 53.23 6.01 2 H A% -0.338 53.98
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Fig. 3 Multiple sequence alignment of PIF amino acids in A. thaliana, Sugarcane (SP80-3280) and S. spontaneum
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Fig. 4 SsPIF gene structure (A) and protein conserved motif (B)
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Fig. 5 Chromosomal localization of SsPIF family members
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Fig. 6 Collinearity analysis of SsPIF family
genes within species
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Fig. 7 Collinearity analysis of PIF genes between O. sativa and S. spontaneum L.
SsPIF5.4 -~——™-Aa_0 & oo ma o & MeJA responsiveness " Endosperm expression
SsPIF5.2 ®—0—®-8—0-86—0 850000 —8- Light responsive element Meristem expression
SsPIF5.] ——™"— -850-0—0—0—0—0-0— T Abscisic acldregpons]veness Gibberellin-responsive
SsPIF5.3 -—@-50—08-0-0——080—60—04900 mm, Auxi i
SsPIF4.2 ——800—880—85-5—00800-8 WSS e Circadian control ™ Auxin responsiveness
SsPIF4.1 —— 8- —8— — Anaerobic induction _Pallsade mesophyll cells
SSPIF4.3 ——88—8-80———8-05-0-000—8—0—8-85- Drought-i ponsive element A ive element
SsPIF3.4 » 0e—8—-0—0—00—0-00—5-0— Salicylic acid responsiveness " Anoxic specific inducibility
SsPIF3.2 — 8- TS0 e Gibberellin-responsive element " Gibberellin-responsiveness
SSPIF3.3 ——59-060—0 0086 —0 60 0606—06— Regulatory element "7 Defense and stress responsiveness
SsPIF3.] ——"—™—™——n8— 4 " Responsive element W Zein metabolism regulation
SsPIF3.5 &—800—8——0—0-—00—0-00—0-0— W Seed-specific regulation
5" 1 1 1 1 1 1 1 1 1 137

0 200 400 600 800 1000 1200 1400 1600 1800 2000

= 8

BEFIRKXAIERTHS

Fig. 8 Analysis of cis-acting elements in promoter region
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Fig. 10  Expression patterns of SSPIF genes under different hormone treatments
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