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Abstract: To further study the downstream genes of E3 and E4 in the photoperiod regulatory pathway of soybean, and lay a
foundation for obtaining its mutant soybean,we focusd on PIF3, LAF1, and FHY1/FHL, which are important signaling factors
downstream of Arabidopsis far-red light receptor phyA. We used genome sequences of Arabidopsis PIF3, LAFI and FHY1/FHL
as references for searching soybean homologs in Phytozome 12 database, made sequence alignment and phylogenetic tree to
analyze the homologs in soybean, and performed real-time quantitative PCR to detect the expression patterns of these soybean
homologs in various tissues. We applied CRISPR/Cas 9 system to knockout these homologous genes, and verified the
effectiveness of each target through the soybean hair root system. The results showed that: AtPIF3, AtLAFI, and AtFHL has
six, four, and two homologs in soybean, respectively. And AtFHYI doesn’t have homolog in soybean. Four LAFI homologs
were mainly expressed in shoot apical meristem, six PIF3 homologs and two FHL homologs were mainly expressed in pods.
According to the CAISPR/Cas9 knockout results, a total of twelve effective targets were identified, which can successfully
knock out six PIF3, four LAFI, and two FHL homologs in soybean. This research provides a theoretical basis for obtaining
stable soybean knockout mutant, which pave a way for studying the functions of soybean phyA downstream genes.
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1.2.3  CRISPR/Cas 9 # 4k # %  F|}] CRISPR/
Cas9 7r 2k’ %l (http;//skl. scau. edu. en/) , R 45 X1
WG58 2= W U (http ://skl. scau. edu. en/) 1%
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%1 qRT-PCR 3|4
Table 1 Primers of qRT-PCR

Gl s SIFHI(5 -3 ") H 2L
Primer name Primer sequence (5 '-3 ") Target gene
PIF3-RT TIF AACGACGTGTCCAAGGTTGA PIF3a
PIF3-RT TIR TCTCGTGGCTCCAAATCCTC PIF3a
PIF3-RT T2F TTTCCTTCCCGCCTCAAACA PIF3b
PIF3-RT T2R GACGCATCCTGGTTTGCATT PIF3b
PIF3-RT T3F TCCTGGACAAGGCTATCCCA PIF3c
PIF3-RT T3R GACTTGTCGAGTCACAGCCA PIF3c
PIF3-RT T4F GTGGAGCTAGCTGTGGTCTC PIF3d
PIF3-RT T4R GTTCCTGTAACGCACGCATC PIF3d
PIF3-RT T5F GGGACTTGGTATGGGGTTCA PIF3e
PIF3-RT TSR GTGCTAGTTGCAAGAGGGGT PIF3e
PIF3-RT T6F GTGGAGCTAGCTGTGGTCTC PIF3f
PIF3-RT T6R GTTCCTGTAACGCACGCATC PIF3f
LAFI-RT TIF CAACATGCCGGCTCAAGTTC IAFla

LAFI-RT TIR TCCACTGATAGCCACTCAGAA [AFla
LAFI-RT T2F CTCACCCTTCACGACATGCT LAF1b
LAFI-RT T2R GATCTGTTGGCCTTGAGTTGC LAF1b
LAFI-RT T3F CAGCATGCTAGCTCAAGTTCA IAFIc
LAFI-RT T3R TCCACTGAAAGCCACTCAGA IAFIc
LAF1-RT T4F TCACCACATGCTAGGCAACA LAF1d
LAFI-RT T4R GTGGGCATTGAGTTGCAAGATT IAF1d
FHL-RT-TIF AGGAAGCATTTGTTGATAGCCA FHLa
FHL-RT-TIR CAGGGTCCTCATTGCTGTCTT FHLa
FHL-RT-T2F TGATGATGCCAATGCACAAGC FHLb
FHL-RT-T2R TTCGCCCCACTGGAGTAAAG FHLb
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Table 2 Primers of gene targets

LRI FIMFEI(S -3 7) EHEE-9eS
Target primer Primer sequence (5'-3") Target gene
PIF3-T1F gtcalTAGAAGGCTAGTCCCATC PIF3a
PIF3-TIR aaacGATGGGACTAGCCTTCTAA PIF3a
PIF3-T2F gtcaCATCTCACAGTCCCAAGGCT PIF3b
PIF3-T2R aaacAGCCTTGGGACTGTGAGATG PIF3b
PIF3-T3F gtcaTGCCTTTGTATGAGTTATAC PIF3d
PIF3-T3R aaacGTATAACTCATACAAAGGCA PIF3d
PIF3-T4F gtcaCAAGCTTCCCTTTAGCCACA PIF3c
PIF3-T4R aaacTGTGGCTAAAGGGAAGCTTG PIF3c
PIF3-TSF gtcaCAAGCTTCCCTTTAGCCACA PIF3f
PIF3-T5SR aaacTGTGGCTAAAGGGAAGCTTG PIF3f
PIF3-T6F gtcalGCCTGATTCCACCAAACC PIF3e
PIF3-T6R aaacGGTTTGGTGGAATCAGGCA PIF3e
PIF3-T1F gtcaTTAGAAGGCTAGTCCCATC PIF3a
PIF3-TIR aaacGATGGGACTAGCCTTCTAA PIF3a
PIF3-T2F gtcaCATCTCACAGTCCCAAGGCT PIF3b
PIF3-T2R aaacAGCCTTGGGACTGTGAGATG PIF3b
LAF1-TIF gtcaTAGCACAGCATTTGCCAGGA LAFla LAFIc
LAF1-T1R aaacTCCTGGCAAATGCTGTGCTA LAFla IAFlc
LAF1-T2F gtcaGAAACCACATCCTTAAACA LAF1b LAF1d
LAF1-T2R aaacTGTTTAAGGATGTGGTTTC LAF1b LAF1d
FHL-T1F gtcaGATCCAGATGGAGGAAAGC FHLa
FHL-TIR aaacGCTTTCCTCCATCTGGATC FHLa
FHL-T2F gtcaCAACCCTTCTCAAGTTGAC FHLa
FHL-T2R aaacGTCAACTTGAGAAGGGTTG FHLa
FHL-T3F attgCCAAACACGAGACAGATTG FHLb
FHL-T3R aaacCAATCTGTCTCGTGTTTGG FHLb
FHL-T4F attgCTTTTCAGATTCCAGGATGA FHLb
FHL-T4R aaacTCATCCTGGAATCTGAAAAG FHLb

2 WR i oK 21O 0 A AT K e Cas 9 #kfA, FIFH PCR K gRNA 54055191 4,
CRISPR-Cas 9 K J7 ¥ ( https://www. ncbi. nlm. FEASFERI BT 2 A8 05, IF 3% He e [ — A~ 38R 1
nih. gov/pme/articles/ PMC3969860/) ¥4 & CRISPR/ B Cas 9 24K 5 1% 2 4030 50 ) gRNA % 3355 115 2
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Table 3 The germination medium and root medium formulation

g 2n 12l i
Medium type Reagent Dosage
W R B IR B5 % BS salt mixture 1 x
Germination medium BEWE Sucrose/(g-L~1) 20
g Agar/(g-L7") 8
KRR SR MS & L MS salt mixture 1 x
Rooting medium JEWE Sucrose/(g-L~") 30
2 - (4 - k) Z, 0% RR MES/(g-L™") 0.6
Bl Agar/(g-L7") 8
L HFE Cephalosporin/ (mg-L~") 250
BRI ZE Carbenicillin/ (mg L") 250

1.2.5 AR s Baazorbn  ffi ] DNA $2HL
A G CEMERE AR R A R A | $2 IR
HiE DNA, F| | CRISPR/Cas 9 #4438 514 SP1
FISP3 (£ 4) KM KR GARE R AFEEFRE, H
(1) B A B2 24 R B 5B x 500 bp Ay, B2k
I 20 A5k R AR GEi T s B S i o AR
AN SE 1 DNA 331, 23 5 it B 56 R 5
PCR K¢ 5514 (K 4) B PCR =ik 2 )7 MR
— WA YR A B W AT IR 4 AT I 0
PRI 25 SR S HR 3000 D 3R 7R S A AR, i T IR 2k
RIS FOEA RO AEI 5: PCR S R 1R & AR
S5 R G 5L 56 =X 56 7 ik MR & (hip://skl.
scau. edu. cn/) .
1.3 #HIFESH

fifi ] Bioedit X FiE4T DNA Jy 31 F1 & ()7 51 Lt
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Table 4 Detection of target primer

BB AN 5 1 )

Primer for target detection

FIFSI(5 -3 )

Primer sequence (5'-3 ")

Sp3 GTCGTGCTCCACATGTTGACCGG

SP1 GAAGTTATTGCATCTATGTCGGG
PIF3a-F TGGCAGACCCAACAATGATT
PIF3a-R TGGATCTAACGGATGCAA
PIF3b-F ATGATGTGCAGGCCAGAGAATG
PIF3b-R ATCAGAACCATACTCTTGTTGC
PIF3c-F GTTTGACCCTGATGCTCTTTG
PIF3c-R ACTTCACCTGAAGGGACAAG
PIF3d-F TGTTGCTGTGATGCAATGTTA
PIF3d-R ACCTTGGGACAGTGAGATGG
PIF3e-F TTGTCCACTTCCATCCCCTCT
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Primer for target detection

SIMIFSI(5 -3 7)

Primer sequence (5 '-3 ")

PIF3e-R CCCGGTGATCCTTTAGGTGAG
PIF3{-F GTTTCCGTGTTTGGGCTGTC
PIF3f-R ACGCTGGATCTAACAGGTGC
LAFla-F ATGAACATATACTGCACAAT
LAFla-R TGAAGCATGCACACATTTCA
LAF1b-F AGTTTGCTCTGTGTATTCTGTTG
LAF1b-R GATGACCAATTAGATGTCTCCA
LAFlc-F ATCACAACTATCTATTGCAT
LAFlc-R TGATTCAGCCAAATAATGT
LAF1d-F ATAAGTCTGTTTGTGCACTGTTT
LAF1d-R TCAAATAAATAGTAGGCGTACT
FHLa-F AGAACAAATGAGCAACTATG
FHLa-R GTTGATACATCCAAAGGGCAGT
FHLb-F ATGCACGCGCCATGGGTATAT
FHLb-R AACGGTAGCATCCAATCCAT
2 HREHGH

2.1 XERBEERETNS#HMALSH
IHEE R BN, RGHPAH 6 4> APIF3 [6] 5%
UL, 53 545 4 GmPIF3a ( Glyma. 03G225000. 1) |
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AtPIF3 il GmPIF3 H#far 4 1 AME5F 9 bHLH 454
B A5 AL PIFs 25 1 57 )8 T bHLH %% 5[]
TR AR (L 1A) o 8RR B4 )
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KA 4 A4 ALAFT [R)EFE DL, 53 54w 44 0
GmlAFla (Glyma. 09G139000. 1) .6GmlAF1b ( Glyma.
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DNA-bing-6 Z5F 38 (& 1A) , HIZ X 3 58 98 F1 AH 1
DNA B #2454, WNTsEm e 3L R i 223k . Pt
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GmFHLb 5 [ )7 51 i AR AP 5 18 80% , i T° K 5L
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F AtFHL 8 13/ B BCA FRik 9 8 A 451 oo,
JIT LA 64T 2 LA 180 B

A GmPIF3c - @ HLH B 100  GmPIF3d
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A: GmPIF3/a/b/c/d/e/f Tl GmLAF1a/b/c/d (NGRS B: RIZAIREFF FHY1/FHL PIF3 LAF1 2 5 75 JE AL
AMHT;C. GmPIF3/a/b/c/d/e/f F1 AtPIF3 LM JF 51 L% ; D : GmLAF1a/b/c/d #l ALLAF1 ZJLW2 %9 L. %] ; E; GmFHLa/b

I AtFHL & JE/2 )75 Lt

A:The domain analysis of GmPIF3/a/b/c/d/e/f and GmILAF1a/b/c/d in soybean; B: Evolutionary tree of FHY1/FHL, PIF3
and LAF1 protein of soybean and Arabidopsis; C:The protein sequence alignment of GmPIF3/a/b/c/d/e/f and AtPIF3; D: The
protein sequence alignment of GmLAFla/b/c/d and AtLAF1; E; The protein sequence alignment of GmFHLa/b and AtFHL

I GmLAFI1.GmPIF3 1 GmFHL I [ &5 #4915 . 5 5 Fa gt 4L 1 53 4f
Fig.1 Analysis of protein domain, sequence alignment and evolutionary tree

of GmLAF1,GmPIF3 and GmFHL

2.2 HALABRUERIESW

W 2A FER, GmPIF3 #E45 KRG AL A 3
Ko GmPIF3c/d FEJEHh Fe ik B AR &, vl e S AR 19
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2.4 BIEZHERD
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PIF3 A A~ LAFI F12 A~ FHL 3% .
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