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MR L2, AEELY, WHELL FREL? A2 K#AL2, HHFL2
MV K 2 E Y AL B R 4 [ EE s ae s, I 430070; e KSR SR F R 22 B, B 430070
SR K F R ¥, %EARFK 830052

WE R PHY)ENEY PR A E B I6(R)FNE A G(FR) 2R, fERTTEWIEI. Sl r=& b R Ey iy
P EA EZER S EMIEPHY ER, AR R O BE L, RIEAAERE R CEER, R AT
AR AR IE AN B FhR A5 AR . LASMUL R JF (Arabidopsis thaliana) 8t 2 5 EE A 7551, FIR A0S B2 07,
XA FEIRE R R IPHY LR T 2R H R E - REKE TR, HZERHEY H RIPHY K EFEPHYA, PHYB. PHYC
HPHYEWAN T K ik PHY 3 K7 B Huk (Gossypium hirsutum)AS R 18] i 914635 £ 20 b7 45 SR 1, PHY 2R 9L L 72
AL 43 RGN 5 I8 15 B R 24N B ShF ek B R BB 2R Al ORI R B R TE G . H IR SR A R, GhPHYALDtHI
GhPHYBIDtAE K. HHIBR NEREEREE, AKHIBAELI4NT G, #EE 5 GhPHYCIAMGHPHYELALH Fik B &
ERTIAEM. AN —SERBIEPHY ZF IR BTN H BEx 7 Hal, e 72 i Fiik & FA LTI
R A T BB MR

XA e, WML, JBEEER, FER KR
BiRE, REE, W, fKE, BH KRR, REE (2024). MR B RPHY I F SR A 5 F 4 % 8 51k

Forhr. MY FEHR 59, 34-53.

A8 & T 4% 2% £l (Malvaceae) # J& (Gossypium),
AL FEA5 A 4% K (2n=2x=26) F1 74 5 5 VY 1% 14 (2n=
Ax=52) A, 5 DU A5 A A2 B AR D 2 R 2 40 58
HE PR AE £ 1.5x L0OAE I 48 I3 R AR % 28 M G (A I % J&
£ (Wendel and Cronn, 2003; Wendel et al., 2009).
ANFIRRAP RIS R TR DL S 21 e R AR 55 22 5
L5 N ey S P S e VN o W PR E e
P IZEACE A5 AR A I ROy E AR A . H
R, S BTV B R Tl 22 D S U DY A A (i b R
AD:1 (G. hirsutum)flifE B AD2 (G. barbadense)),
et AR (AD 1) (107 5 R S A (AD2) 1 S He 3
FEPEEEE L F (Wendel and Cronn, 2003; Wendel et
al., 2009).
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PR R AR 1 T BOE Y A BEAES EYKR
ARk, A R R SRS BT AR A S AR B R 22 S (Pu-
rugganan and Fuller, 2009). 7EYI{LidfEd, FI60U
135 A S 55 4 A I 1L A (AD ) AT 5 4 (AD2) 1 £ 4
JRRAE T A . B A s B A i A (ADa) R
1 By AR (AD2) I AP e R I AR . AR 4K IR (<
1 cm) L R BB MG IR, 2l K IHYIL fE H2F 4
AN At, ARG 3 em) L E 5 LFKR(Ma
et al., 2018), RefE M A I 2 9721 Tl 75 K (Fang
etal., 2017b; Yang et al., 2020). K WHYItbikFEA
IER LR YRR A T R AR, [R] Bt A 4R 5 A 1l
ST RS R AU, ALY ¥ R IR AR A
2 h H A (Bao et al., 2019; Tian and Zhang,
2021), MM ATFEAER) {2 Flide -
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TR E R KB EENRERNERL —, B
AU EE RSt ae &, T H oA H AR AL B 5AE
S (Ballaré and Pierik, 2017). Y& —FiZi24/
If A s o, RISz B AR AL, JTREZ A
WA GEMIES), SRS S s s
LI FEAEK K TR (P54 %, 2005; &K,
2020). FEY)IE G2 ARIRADG I RRSLI (7] 5RFE
J7 A% 5 (Briggs and Olney, 2001). H R & 411156
AR RN R AR B F R ) 3R S (B R M,
2018). St R 2EM A KK B LR P R E DL
2tk —, HaEd s e E T@REETEYERK
H, EMTEHK. BROTHE. FHER RS K
& — R KB IR K 1% H Z4EH (Chen and Chory,
2011; Liet al., 2011; Rao et al., 2011). N [ fi#)e)H
SR TFAE I 43 1 FE Rl DL SO AR K B 52, A
W BN AR AE G O R B R AT A B A 73 A

FeRI S B AL AN 4T (R)RINZE 41 % (FR) J7 T A A
HEAEA, HA RS G (B) L 4G (UV) (Chun
etal., 2001). PHYA/ SIELHAE 5 NI OLIEES
@, PHYBFIPHYCA SFALGME 5 N4l HIOG TS
HAR(EET, 2013; ZHETAF, 2014, 5, 2015;
B F%E, 2015; Peng et al., 2020). WFFREH, LXK
(Zea mays) ' PHYB % Al 5 PIF 45 &, i@ i 1
MIR156 (1) 3 1k ik & 1 ) B (Xie et al., 2017); 1
PHY CHE A 7 1 72 K e B e B2 (T 20UELSE, 2021).
FEVRETFAETT T, [F— ) Fh A AS R PHY 7 5 1% 2 ]
FEZER . £ IF (Arabidopsis thaliana) #1124 1%
(Dendranthema morifolium)Ht, i RIEPHYAS L
W32 HT(Johnson et al., 1994; H#E4E, 2011). AF L%
B, #EH R ST T PHYBHIHI JF{E(Reed et al., 1993),
Mk %I FEFAE MR (B w25, 2012). A
i o A E I 2R K HE D L D e o 2 5, RN
(Triticum aestivum)+, PHYB }PHYCH K@i A
W& %% S 1E(Pearce et al., 2016).

MiE 2 E HE W R TR 2 —, HEZE
2o 27 4TIk I E1 25Uk} (Abdellatif et al., 2012).
FE A b R AR A A 2, AR E
FRTE A bR i b B B sR 1) 55+ 71, s E @i
JR 2 B (R AL it R A 2411 3 ) & F H AR (Zhang
et al., 2011) . FFAE & W E F7AE K B AR TE AL K 1) G Bl i
Prat, WP EAEFTMN, A0 TMEE DG

Mz, b SR, R, AR T A R R 41K
FRGEE TIER R RO R PHY A, X
PHYJERII 45K DR EEe . Jetufhgfn, Rk,
RIS T UL KRB AT AT G B b #EE
BLfili b, 2555 Bk A (AD) H 0 PP B 0t H 94k ik %
BEAT A3, F) B AT (AD ) B A2 BRI i A4
KRN B e s A Bt o i RE AR A K, USRS
Pl ik B R BEPHY S A, A & PHY % [ 1) Zh fig
558 bS] BEE BB LA, RO MR R AL 2 R SR AR

1 MR5ERFE
11 HEkiE

e £E L f% M B 5B (Gossypium  herbaceum, Aj)
(Huang et al., 2020). Y47 (G. arboretum, Az)
(Huang et al., 2020). FF44 [KAH%(G. turneri, Di)
(Grover et al., 2019). FHARM(G. armourianum, D2-1)
(Grover et al., 2019). #|4:i#7(G. davidsonii, Dad)
(Yang et al., 2021). %55 &AM (G. klotzschianum,
Ds«) (Grover et al., 2019). 75 ¢ 1% [KA%(G. raimondii,
Ds) (Wang et al., 2021). =Z4#(G. trilobum, Ds)
(Grover et al.,, 2019). #F4N K7 (G. turneri, Dio)
(Udall et al., 2019a). & Zf(G. longicalyx, Fi)
(Grover et al., 2020) FIIE M5 (G. australe, Gz) (Cai
et al., 2020), PUf5AAHEFFiHAR(G. hirsutum, ADz1)
(Saski et al., 2017). & H(G. barbadense, AD2)
(Wang et al., 2019). E#i(G. tomentosum, ADs)
(Chen et al., 2020b)f1# ##7(G. mustelinum, ADa)
(Chen et al., 2020b), #i%FH1) XA (Gossypioides
kirkii) (Udall et al., 2019b). [ R F3% Rk (Corchorus
capsularis). KM THER(C. olitorius) (Zhang et al.,
2021). HF& EE R %% (Herrania umbratica) (http:/
magen.whu.edu.cn). ] A](Theobroma cacao) (Ar-
gout et al., 2017)FIA#E(Hibiscus syriacus) (Kim et
al., 2017)% iR AE A7, HERAEA
Jo3 7 1) 55 5 DR 2HL 33 R SO A Rl MR e b g Pk 2

F 1A AN (7] 2H 2R 1 1 ik 2H B0 SRR T-NCBIL (B35
PRJINA490626) (Zhang et al.,, 2015; Hu et al.,
2019), Fifi AR B AR AL RN AR BT WP AE K . 4 H BR AL ER
TR A BER FINCBI (B 55 PRINA529417),
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befi b Af 55 ¥ & A B0 A R FINCBI (B 3K 5
PRJNA414461) (Yuan et al., 2021).

1.2 PHYEHE%ZE

FIHAL G T8 (B 3R 2R R KR PHYA  (AT1G09-
570.1). PHYB (AT2G18790.1). PHYC (AT5G35840.1).
PHYD (AT4G16250.1)#IPHYE (AT4G18130.1)[1) &
BT FIE B 7 41, % IR Wb ) 4= 55 DR 20 2
BT A Tblastp R . S E: e-valuesle-20,
gcovs>50, pident>50, bitscore>50. MPFAM (http:/
pfam.xfam.org/) M 35 N #PHY.hmm (3% PFO-
0360). FIHHMMER 2.0 4% % 4 42 3 [K] 20 2 1
7 A Thmmsearchi¥ %, % Ee-valuesle-5. 4
& blastp 5 hmmsearch 45 1, it — D@k /£ 48 T A
Search Pfam (http://pfam.xfam.org/search) i3t 17 4
ik, ZBRORSF A IBA BB 741, 15 BIPHY 5% i
A . fi FPerlfil A stat_protein_fa.pl (Fft 1)1+ H31E
PHY Ji PR 5% 1 5 1R 43 2 R 5 FL R

1.3 PHYEREi#HSEHEWS T

FIFHMAFFT#/f(Katoh and Standley, 2013)#%# %k
WS HOHRAEPHY 2 5418 7 5113047 2 7 51| LE X - A
IQ-TREE (Nguyen et al., 2015) &t 3L T & KAk sk
MR, FH-mZ 8 E ) EE S e,
Bootstrap {f 1% 41 000 . F| A 7£ £k 1. A EvolView
(https://www.evolgenius.info/) LA /2 Adobe illustrator
X HEAL R IEAT 18 1 A 364K (Zhang et al., 2012). i
Jalview#f4:(Procter et al., 2021)%t % £ 51) Hb X 45 5
HEAT AT AR AL . I MEME L E. (http://meme.ebi.edu.
au/meme/cgi-bin/meme.cgi) Tl & [H i £ 57 3 7 .
SRR HE: RRKEFHE=15 RNETHE=S, &
KHEF 55 =50, ¥ B e-value<le—30. Mk K ZH1ER:
AR R ER RSN - NS T EME R, A
TBtools v1.0 (Chen et al., 2020a)%: il 3 [X 45 44 il {2
SR PR E B

1.4 HeFEEMSRNERTHSH
F|FTBtools v1.0%{4(Chen et al., 2020a) %2l —{%
A T 5% 48 T (Ds) « M WA (A\2) FHELAR (A) LA R DU 35 44
ki b A (AD 1) Rl 5 7 (AD2) [ PHY 3 [R 52 e A 2 G
ke A .

IS DR 2H e 5 B BT IR (A2)« HERR(AL) TR
S AR (Ds) Fifi oA (AD2) AR 55 4 (AD2) PHY 2 [X]
E#2 000 bp P AIAE R BT . FHAE & A
PlantCARE (Lescot et al., 2002) %47 5 5 T IR A
et . FIFAELZATGSDS 2.0 (http://gsds.gao-lab.
org/) &l EAE H 7o 7 A6

1.5 PHYEREZRERHLEMSIEFEE DT

M FIMCScanX#ff(Wang et al., 2012)i%t#%2RikS
B Hr AE R MO (AD1) ¥ B HE (AD2) E AR (A2) F
5 18 A (Ds) HPHY 2 [R5 i 2 i S e PE ok &R o
i FiTBtools v1.0%f4(Chen et al., 2020a) (TBtools
JRAE TR IR B BN S B v H PHY EE A FE A X
B R /7] SO 2 (KalKs) o

1.6 PHYEEZREHFRIEDH

1 F Prefetch tool (https://github.com/ncbi/sra-tools/
tree/master/tools/prefetch) T # il b (AD) R . 2%
ML FEFES s MESS . HEEATEE I e s H B,
fastg-dump (https://github.com/ncbi/sra-tools/tree/
ma-ster/tools/fastg-dump) # sra # #& ¥ ¥ N fastq #%
i, HEFEFANS T RS . HHisat2 v2.2.1
BAF(Kim et al., 2019)¥5 J5147% Jim 1) e 5% 4 Hc 4l ol 3]
ZAEFLNHTM-1 (Saski et al., 2017) k., 251
StringTie v2.1.4% 1 (Pertea et al., 2015) 11 5 3 K &
L (FPKME), Hik#ERiAZ%. FIHTBtools v1.0
At (Chen et al., 2020a)%: 1| R R iA A

1.7 Pt REERSHFEFRE LR ST
FEYuan4§(2021) 73 Hr i) H 90 e 8oy FE Ak b, $RH731
Uy B AR (230 BT A A . 19343 - BFAE AU M550y kb
il A 128 S #4k, fd ] VCFtools (Danecek et al.,
2011)f1Pixy (Korunes and Samuk, 2021)# {41t
Fifi 1A (AD 1) B A2 28 | = B A RURIER B i PO AR SR 2
HPHY 5 A R A% R 22 FF M (P1) A AR 18] (1) 18t 4% 434k
ZH(Fst).

1.8 PBiithiR P ER AT

I 731477 i A 200 £ 4 (Yuan et al., 2021), fi#
FHVCFtools#: 1t (Danecek et al., 2011)#2HPHY %
[RIFTTE X B A2 545 ., FIH R pheatmap % 2%,
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S3aM L5, fd Hggplot2. plyrflggthemesR
02 | H B AR

1.9 PhtbREERAB T

{i Ffastg-dump (https://github.com/ncbi/sra-tools/tree/
master/tools/fastq-dump):F i ti A (AD1) - v E AN [F]
RO FE R %% S5 40 508 Mosra®t e Nfastqig 28, FEF]
Trimmomatic (Bolger et al., 2014) 2[4 L AME R &
74, REGFFF 4. i HHisat2 v2.2.1 (Kim et
al., 2019) 15 /7 41 Lb o} 312 % F A TM-1 (Saski
etal., 2017) L. {# Ffeaturecounts (Liao et al., 2014)
Gtk Lo BB AN TR T 7 B8, SRR R A
o F FH SPSSE AT i (1 U BEAR TR B 30 K K2 H
FECR A [ Adh #EL I 7] 2 8] RN ACFI DY 3[R 4 22 8], PA &
AHE AR BRI () R KL A H B TRDRIRES b B A
B 22 S Rk A

2 HZRE5VHS

2.1 HEPHYERREREMALEREEBUMR

25 BLASTPAIhmmerf& /5 0 i 45 %, I A5 iAo
PR (A2) « B (Ax) FITE 5248 FAR (Ds) H 43 ) 45 5 2
S5APHY#R[K, HHPHYA 2/, PHYB. PHYCHI
PHYE %14, M\ DU % 44 il ol i 3t 45 (AD 1) A1 55 i
(AD2) 15 % 52 BI10MNPHY JE (K], %30 5 1) 3k (R #
BN TR AR KR AR B 245 AE 5 b b 28 2R A 3
PHYDJE [ o J& i BALPE T 404, KIARETEPHY 8 4
884-1 199 LRk AL, K EAK A TEA
99 430.1-133 314.7 Da, HLip% 5 ~5.17-6.51.

i T GhePHYA1At (Ghel11G33390). GhePH-
YA2At (Ghe13G23940). GaPHYB1At (Gar10G22470).
GaPHYALAt (Gar11G33210)#1GaPHYA2At (Gar-
13G23780) 3k K 45 4 5 PHY 3 [ H e il b 2= R IR K,
28 F LR A A 52 B DR 45 M TN A 1%, WO LR AT
BRI IR, R 5 1 = A T )5 90 iy (Bt

K1),

2.2 PHYZEBRZLBOH

XA DY AR KR Al ((AD)1+ (AD)2+ (AD)sHI(AD)a). 11
AN TAEARFE RN (AL A2 Div D2a. Dsgs Dsks Ds.

Ds. Diov F1flIG2)FIHEZERI6 M FR (AR P BR .
FRPEERR . ML AR TS IR AHER SR B AT
RGRE M, KILVUREAANE P AR HE S 54 101
PHYZ X, HHPHYAH 44, PHYB. PHYCHIPHYE
B2 AR R A SRR S A S NPHY SR,
FPHYAH 24>, PHYB. PHYCAHIPHYE®14:; 7%
BHE A TRR . BHE LR 2L ] i1 & H 440 PHY
#K, PHYA. PHYB. PHYCHIPHYE®14, 1 KR
Pl 3 BRAN A 3APHY 2 A, B AT 3N Rk 2k T
PHY BV 5 1 2 [ (it 2. 2)

X 1.2 HF 5 U rE TR PHY 25 A 7 41 A K 126 %%
BERIPHY & O 7 5T KRG K E 5, HiEPHY
HHFERFN R R GRER, FTAPHYEOS N
ANF W, 433 NPHYA. PHYB. PHYC5PHYE,
TN KRS 3 S5 —BU(EIL)

2.3 mEPHYREESEMSETFEFSH
I FAR (ALY TR (A2)« B 58 KA (Ds). it
3 (AD1) & ¥ 55 4 (AD2) I PHY & I R J7 41 338 AT F 57
PESHT, 45K, 35PHYZ LR F A4 5151 =
FEARSF L7 (EI2A, B). iT4s R EIR, PHYE A
EA AN, U R SO I 45 R R R s (B
2C).

14 ] Jalview# {4 (Procter et al., 2021)%}5%4
FIFPHY R LR 75 LA & L IR 35545 @ PHY & 2L 1R
73 Hx s AT T RAK, R I SR N ) 2 7 41
bl 4l A — 30, B R — 5K A 1) 90 s
5o b4, Fifi Uk (AD1) R B 4 (AD2) A [R] PHY IE
I P AUFI DU 20 8] fr) 56 7 S AR — 3, B TE [ — A
Ft AN TR A I PHY U S R 17 91 o P AR < (P 1R 2)

24 WBEPHYEEMREEHSHSHEMS R

PHY S Jk [R] 1) e 4k 58 17 (P EI3) 45 SRR W, PHY
FIRF R I 5] S A AE 35k BU6 Sk Yotk b, 54 H
Tl AR (A2) ~ BEAF (Ax) I ER 52 48 (AR (Ds) RIPHY % [A]
S AIESE10, 11135 Ytk . 105 (PHYB1
AIPHYEL) 1115 (PHYALFIPHYC1) etk 4y 5 &
H2APHY R, 1X 44 I (K45 43 A5 76 5 3 s ARk
i AL B, 135 Ptk BN EHLIANAPHY R
(PHYA2), 1% 4 A0 75 G2 (AR 1 — v (M EI3) o U8
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Figure 1 Phylogenetic analysis of PHY family members of Gossypium and other plants

At: Arabidopsis thaliana; Cc: Corchorus capsularis; Co: C. olitorius; Ga: G. arboreum; Garm: G. armourianum; Gau: G. australe;
Gb: G. barbadense; Gdav: G. davidsonii; Gh: G. hirsutum; Ghe: G. herbaceum; Gk: G. klotzschianum; GI: G. longicalyx; Gm: G.
mustelinum; Gr: G. raimondii; Gth: G. thurberi; Gto: G. tomentosum; Gtr: G. trilobum; Gtu: G. turneri; Gkir: Gossypioides Kirkii;
Hs: Hibiscus syriacus; Hu: Herrania umbratica; Tc: Theobroma cacao

VU 35 A A Fof s b A (AD 1) R & 3 (AD2) I PHY 2 [A]
ol o AR TEAURIDUIEZH 19 5510 11RI135 ek |-,
HAAL10. All. DIOFDILS YL th ik s il & 24
PHY 2R, H 70 A 75 e (o p 5505 9 oy (1 67 &, AL3F
D135 Ytk 5 IANPHY R, X 24N JE K 43 A5 78
HEIE — vl 1A L (B I 3)

N AR 7R fi AL PHY 5 R 7E AS [ B ol 0] 19 32 48 56
Z, 0f il Hi A (AD1) . H 5 48 I (Ds) FH I 91 A (A2)
IPHY 2 R HEAT L o b, 45 R EoR, SANEEFETE
RGBT A B — 3 R YR I R — — X
2 W IX AR Aol 18] ) PHY 35 (R B AT B4 1 46 2 4 ¢
(M E4).
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Figure 2 Analysis of the PHY gene structure and protein conserved motifs of Gossypium
(A) Phylogenetic tree; (B) Protein conserved motif; (C) Gene structure
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Figure 3 Distribution of light response cis-acting elements in the Gossypium PHY genes
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Figure 4 Clustering analysis of the expression of Gossypium
hirsutum PHY genes in different organs and tissues

The rectangles with different colors represent the expression
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Figure 5 Analysis of nucleotide diversity of Gossypium hirsutum PHY genes among different populations
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and intron in different materials of upland cotton.



42 HYIEAR 59(1) 2024

PHY 2 ] 1R A% 17 B 2 156 14 75 A () B Ak 8] 179 U 4B
SrATR Y, B A R -2 B AR B4 A GhPHYA2Dt AN
GhPHYB1At [ LU Af iy T He e R A, 1 B ax 2> Jik [
EYIME IS FE 2 3] 7 R ZU B, B AR Ph- s
4l 4 GhPHYALDt. GhPHYB1Dt. GhPHYB1At
MGhPHYCI1DtH LU AE & 2 & T H e 65 /7 %1, Gh-
PHYALAtHIGhPHYELAt K A8 1 & T H 42425 7 41
(GhPHYA2At. GhPHYA2Dt. GhPHYC1AtHIGhP-
HYELDt), & HH7EEHE i R 2 ot i B A DG Jk R =2
7 OE (R

PHY J& A 7 B A= Fofr b5 2 B AR i 2 2 B A o b5 o 1
i Ph [ R IBAL 0 T B, AEBRFAEFh 5 B AR b
6], GhPHYBLAtHIHEAR 1544 40 i K(0.706 8),
HIFEGhPHYA2DLt (0.604 9). GhPHYA1AL (0.584 3).
GhPHYC1Dt (0.547 0)AIGhPHYB1Dt (0.515 8), Gh-
PHYALDt {8t 1% 731k & 20 A% /15 (0.056 9); 1 -7 A=
il 5% A 2 (5], GhPHY C 1Dt 44k i) 38 4% 2 1k
A K (0.709 2), H X /2 GhPHYB1Dt 1 GhPH-
YB1At, Pi# kT 0.5; GhPHYB1At. GhPHYB1Dt
MGhPHYC1Dt = /N : K /5 BF A= Fh 5 2 By AR b, B
A 5 RS i A 2 8] (R84 R K T0.5, 1)
IR AT TE DI AL o RIS AR P & 0 12U AN L
%, MGhPHYA2DtFIGhPHYALAZE Y1k i i 52
FIRRIIE PR (K 2) .

CREHRZ P S e i a5 ], FRATK
IGhPHYBILAE BT A Fh b5 2 B A . B AR B 5 %
B 5 b 2 18] (R Pi LA AT EstHG B 3 & T e PHY R
HAESAN BN X s (A% B IR 2 A BT AR b, 2 Y
AR B RS P ST PR A A, U B R E A
S A ol 4 S A0 A 2 B A A DL R DA BT AR o 3 R
B Rl AR 2 B Y IR P e s Y o 7T A -
AR A, GhPHYA2Dt ) Pi kL 8 FlFst b AE 2
R T GhPHYBLAt, (H AL B A Fh- ks A&
HEUE AR, U0IZ T FIFE BT A b 31 B A Fh ) 9l
i RS2 B T AR E LR, (RAE S SR AR I R it
P rh 3z BRI FEM AN K o A8 - B A M- R s W Bl 2 5
GhPHYB1Dt /2 GhPHYC1Dt[{]Pi bt A8 FlFstHf )¢
i, O TR AR - *E%E%EPEPXTI”B’J%ME Bt
WA B BT A b 31 B AR A g A B, X2 R A
FE M\ B A P B3R 35 ot b 1) 20 A% o5 RO A 2 B 8L

FR1 AR AS [FIREAAR [RIPHY 5 R % PR 2 AP (P EAE
Table 1 Nucleotide diversity (Pi) ratio of PHY genes in
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Genename  GenelD g Pl
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Table 2 Analysis of genetic differentiation coefficients (Fst) of
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Figure 6 Haplotype analysis of PHY genes in wild, landrace and cultivar
The left figure represents the clustering of different materials, and the right figure represents the proportion of different haplo-

types in wild, landrace and cultivar.
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Figure 7 Expression of GhPHYE1 genes in different subgenomes of Gossypium hirsutum

LD: Long-day; SD: Short-day; *P<0.05; **P<0.01
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Figure 9 Expression of PHY genes in cultivated and wild Gossypium hirsutum
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Abstract Phytochrome is an important receptor for red and far-red light sensing in plants, and it plays a vital role in
regulating the plant flowering period, improving crop yield potential and regulating plant stress resistance. Identification of
PHY family genes in Gossypium, exploration of the patterns of inheritance and regulatory network of domestication and
improvement, and identification of the key phytochrome genes in Gossypium, provides insights into the de novo domes-
tication and breeding of early maturing Gossypium species. To identify the phytochrome genes of Gossypium, we used
bioinformatics methods to analyze 5 phytochrome genes in Arabidopsis thaliana. Phylogenetic analysis showed that the
PHY genes in Malvaceae species consisted of 4 subfamilies (PHYA, PHYB, PHYC and PHYE). Moreover, the domesti-
cation selection analysis of PHY genes among different populations of G. hirsutum showed that the domestication process
of PHY genes could be divided into two stages: domestication and improvement. Furthermore, the gene expression of the
PHY gene family was analyzed using leaf RNA-sequencing data obtained from wild and cultivar genotypes of G. hirsutum
under short-day (SD) and long-day (LD) conditions. The results showed that the expression of GhPHYA1Dt and
GhPHYB1Dt were significantly different between SD and LD conditions. After 14 hours of long-day treatment, the ex-
pression of GhPHYC1At and GHPHYEZ1At in the cultivar was significantly lower than that in wild species. These results
lay a foundation for further study on domestication selection and functional mechanisms of Gossypium PHY genes and
provide a theoretical basis for breeding new early maturing Gossypium varieties and de novo domestication.
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Appendix table 1 Data sources
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Appendix table 2 The members of PHY gene family and their physical and chemical properties
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Appendix table 3 Selection pressure analysis of PHY duplicate genes in Gossypium hirsutum
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Appendix table 4 Nucleotide diversity (Pix10%) of Gossypium hirsutum PHY genes among different populations
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Appendix table 5 Statistics of Gossypium hirsutum leaf transcriptome sequencing data



PR 5 AR R PHY SER SR A B A % 5 S 9Iik #:0 i 53

MiE1 PerlfiA
Appendix 1 Perl script
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Appendix figure 1  Comparison diagram of GhePHYA1lAt (GhellG33390), GhePHYA2At (Ghel3G23940),
GaPHYB1At (Garl0G22470), GaPHYA1At (Garl1G33210), and GaPHYA2At (Gar13G23780) before and after correc-
tion
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Appendix figure 2 Multiple sequence alignment of protein encoded by the PHY genes in Gossypium herbaceum (A1),
G. arboreum (Az), G. raimondii (Ds), G. hirsutum (AD1) and G. barbadense (AD2)
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Appendix figure 3 Chromosome mapping of PHY genes in diploid and allotetraploid cotton
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Appendix figure 4 Collinearity between PHY family genes in Gossypium arboreum A genome, G. hirsutum AD subge-
nome, and G. raimondii D genome
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Appendix figure 5 Cis-acting element of cotton PHY gene promoters
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Appendix figure 6 Haplotype analysis of PHY genes in wild, landrace and cultivar
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Appendix figure 7 Expression of PHY genes in different subgenomes of Gossypium hirsutum
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Appendix figure 8 Expression of PHY genes in Gossypium hirsutum under different light treatment conditions
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Appendix figure 9 Expression of PHY genes in cultivated and wild Gossypium hirsutum
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