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Abstract: To elucidate the potential roles of the quinoa PHD-finger gene family in development and stress adap-
tation, this study was conducted based on the reference genome of quinoa (Chenopodium quinoa Willd. ) and
transcriptomic datasets from multiple sources. Genome-wide identification, chromosomal localization, phyloge-
netic analysis, gene structure characterization, conserved motif analysis, cis-acting element prediction, duplica-
tion event analysis, and expression profiling were performed, followed by validation using qRT-PCR. A total
of 69 CqPHD-finger members were identified and found to be unevenly distributed across 18 chromosomes.
The expansion of this gene family was mainly driven by segmental duplication. Phylogenetic analysis classified
these members into 13 subgroups, and their promoters were enriched in cis-acting elements associated with
light signaling, hormone responses, and stress responses. Members of group 9 clustered closely with proteins
related to abiotic stress responses, whereas members of group 10 showed a close phylogenetic relationship with
proteins involved in tapetum and pollen development. Expression analysis revealed that this gene family exhib-
ited tissue-specific expression patterns in meristems, floral organs, and mature seeds, and showed pronounced
responses to high temperature, drought, and long-day conditions. qRT-PCR analysis demonstrated that
CqPHD-finger29, CqPHD-finger66, CqPHD-finger30, and CqPHD-finger23 exhibited significant photope-
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riod responsiveness, suggesting that they might participate in the regulation of photoperiod-dependent flowering
in quinoa. This study provides a theoretical basis for further elucidating the functions of the PHD-finger gene

family in quinoa reproductive development, stress responses, and photoperiodic regulation.
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wberosum) % Z FAE Y P 1F B R G U EAR
oK, B3 (Secale cereale) M i 5. (Pisum sativum) %5
Y& ¥ B PHD-finger 28 1% 1 58 B 1 4> 3% 4 41 fi#
Briooh, SR PHD 25 4 3058 5t 24 60 4> 0 L iR 41
B, BAT Cys,-His-Cys, R 5F 57 , 5 RING(Cys;-
His-Cys,) fil LIM (Cys,-His-Cyss) 45 ¥4 38 76 2 i &
A L E AR, RAE PHD 45 #) da 78 ¢ 4 e {37 5%
B EBONORSY B A IR 5 2 AW T ) B AR S
FE# R BOR R PHD 28 U 7E 25 8] 4574 FL A= )2 2
e b2 B 2R A DG LR A R G
& 7 PHD-finger 5 FH A 2 5 #f 4% S 12 I 1, 74
WA K kB R N A T R E AR —
JEL,PHDEH) 22 5EMMAHZKE R
RE EASIFAER PR S R fan,
It PHD 25 11 MST 58 78 23 5 80 H 2 A/ i 5 4b
BEL B SR NE (Triticum aestivum) 1 # VIL
N ST VINS & 25 F A BRI #21, R
FOMS4 P A S n ALK MR F Y FE B
(Capsicum annuwm) ™ Ca VIL 1 W 38 i2F 98 ¥ I+ £ 7
g1 F CaF T FIM I B F CaAPETALA2 % 5T {10
58 E L EWE" . 5 —JriE, PHD & FI 2
T UL 1% JR 45 IR -, AT 3E i PHD 25 44 388185
5 2H A B A, IR G TR ST T B DR A
W i, BRI AL CAlfinl -like) 2 [ AE 5 457 5
P H3K4me2/3"™ , GmPHDS5 /£ o H3K4 H 3%k
LAY A I 4 H3K 14 Z B AL , 11 52 e R P 38 e L

N GmRD22 Fl GmGST ity %35 . W4t , PHD-
Singer FE P TE Z2 Fh AR A= Wy Wik 38 107 2 vh S 4% B4R
Mo KA OsTTA Al {2 #t 5 Fe, Zn Al Mn iz fii # 56
FEH R FRIED KRS GmPHD 22 H % T 5 KR
F ABA %55, GmPHD2 1 32 335 7] £ w5 B A 41
A T % R B30 (T 22 Y KR OsPHDT 38 %35 7]
S IR I 7 SO A NI S I 1T N TG £ 7 B Rl
MPHDG6 32 3235 7 42 5 0 I i 2205 ACA LS i
ACAL7 WIAE V& 2400 R 57 % 3 T 52 R0 B Tt 52 4
7 TH 2R B OE U A 2 L X S i g 2k [
B, PHD-finger 25 [ 7F 1% 4% 4 o BB i . & & I8 4%
55 3045 NV 25 A 22 T B SRR AL AR

A (Chenopodium quinoa Willd. ) JH T 75 3
UM 22 55 3o ik, SR 2L e B SR (B S R P M, R
SR AT B2 G R R 2 R
) Y BT 2 — % S 4 ) 7 Y 35 A% AL
fEAT A B T E T M R, AR R TR
SR A e T M AR B A A HLE A oY
B9 7 EE I . Maldonado-Taipe 25 X} 5t J& #]
R R AN B R 2 o J5T 1 P R R 2R 2 43 A A 2Lk
17 1 5% S A A0 A, S50 1 DU 2w 7 s S B RN R AR
Tk 22 3Rk N I L FT,SOCT, COL fMAP1
SETT AL RS AL N AR B L A e 8 vh R I E AR .
(] S0 AIF 52 30 3t A 0 T S o M 0 T B2 2 19 818
AT PR PRRT 15 A4 W) ) AR S M OT A B s T
AW B ARy B SR TR 6 HOR R B AR A 1Y e 1
fES FEAE R B I, B A 5T 3 T 5L R A RN #%
3 2H BCHE O 1k B FE A8 M B A ik BRI CgAMS-
Like, IF 38 3 95 7 175 T 1Y 5 P UK (Viras induced
gene silencing, VIGS) F 53+ 2¢Ot H #h (Bimolecu-
lar fluorescence complementation, BIFC) X} H it 17 T
DIfg g e . AE AR AR W aa S, 2 AN SR R
(4 NHX,AP2/ERF,DHNs, HAK %) B fE # 4 4
LD A ) T o R e Y PR RS E U AL
SERIE A AT HAE B 5 BUH 2 R B A TR AR AL
il S 425 0 O B 35 PR 05 oF ) B B 2 A A R I b
MU RAEAHEEE L, RS PHD ENEHECAEZL
FAE ) rh 43 B R GEWE T (A AR 22 rh T ke = 4 T fit
Bro M, AHF 58 B R T3 2 A 5, &



558 4 ik A . RE S CqPHD-finger 3 52 16 0l b % 52 M 335 70 2795

U %38 I 53 Bt PHD -~ finger 15 1L 5% B 454 s 684Kk
AT RBRE SRR RS ET KR 8T RO,
45 B e s AUBE i M JEAE AR R AL R & B Be %
AR LW 30 T B 2R IR AR, DL 7R H A A A R
5 B NP R S RE N B T i R A

1 ##5FE
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evolution. org/coge/) T & ] T I 2 ¥ 43 #r 09 L w4
Ir KRS R T E K A I ZEEE (Chenopodium pal-
lidicaule) | % L3 (Chenopodium suecicum) B %
H AR S

1.8 %% CqPHD-finger £ E ThEE T
Ry TN FE A v 4 Y CgPHD-finger 55 R 1)

Urtg . N 9B IR ABESE B9 W) A (R REIT K AR K
HoOE K VB, B 2E (Brassica rapa) | 5 & (Sor-
ghum bicolor) \ K& (Hordeum wvulgare) %% 5 15
(Medicago truncatula)) ™, BT 3542 fig B #ff 1)
[ R F R (R D M H 5 #E CqPHD-finger 214
U= 175 RIS b O e N e S & i S 1o L
MEME Suite #£47 Motif 7387 , [d i} i it NCBI CDD
Qe o = T S I B G I SR N S v A |
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3 # CqPHD-finger 3 H 5 € %1 Ty g 3t A 1% Motif
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Table 1 35 PHD-finger genes and functions

PHD 6 & 1 LR 4T i Wi SEYH
PHD-finger protein Gene ID Species Function Reference

MS1 AT5G22260 BB A. thaliana {ER%F Pollen development FERGUSON A C, PEARCES, BAND LR, etal.2016™

VINS ATSG57380 WHF A thaliana BHETFE Regulate flowering SUNG S, AMASINO R M.2004™

ALL AT5G05610 B A. thaliana %4 Histone binding SONG Y, GAO T, YANGF, et al.2013%

AL? AT3G11200 BHHF A, thaliana K44 Histone binding SONG Y, GAO T, YANG F, etal 20137

AL3 AT3G42790 MR A, thaliana %44 Histone binding SONG Y, GAOJ, YANG F, et al.2013%

AL AT5626210 B A. thaliana %4 Histone binding SONG Y, GAO T, YANGF, et al.2013%

AL> AT5G20510 W A thaliana P4 MR Abiotic stress WEIW, ZHANG Y-Q, TAO J-J, etal.2015%
AtNG1 AT2G02470 MBI A. thaliana 44 Histone binding SONG Y, GAOJ, YANG F, et al.2013%

AUNG2 ATIGI10 LA A. thaliana 41 1454 Histone binding SONG Y, GAOJ, YANG F, etal 20137

VILI AT3G24440 BB A, thaliana T F4% Regulate flowering SUNG S, SCHMITZ R J, AMASINO R M.2006"”
ASIZ1 AT5G60410 W A, thaliana P THE Regulate flowering JINJB, JINYH, LEEJ, etal.2007"

SHL AT4G39100 HHTF A. thaliana T FFAE Regulate flowering MUSSIG €, KAUSCHMANN A, CLOUSE $ D, et al.2000*”

BS AT4G22140 WHF A thaliana BT Regulate flowering LOPEZ-GONZALEZ L, MOURIZ A, NARRO-DIEGO L, et al.2014™

MS4 Glyma.02G243200 K 6. max JEREE Pollen development THU S W, RAIK M, SANDHU D, et al.2019"
GmPHD2 Glyma. 176051600 K G. max e A Abiotic stress WEIW, HUANG J, HAO Y J, etal 2009
GmPHD3 Glyma. 136337532 K G.mar M Abiotic stress Tl 2020
GmPHDG Glyma.09G068500 K& G. mar 3443 Abiotic stress SR KR, % 017

MS3 Glyma.02G107600 KE G max TE & Pollen development HOU J, FAN W, MAR, et al.2022%
mvIL2 Im00001d053875 K 7 mays T4 HBE Abiotic stress ZHANG D, MA'S, LIU Z, etal.2024™
7mMS7 Zn00001d020680 £k 7 mays JEBRE Pollen development ANX, MA B, DUAN M, etal 2020*"

PTCI Loc_0s09g27650 K 0. sativa TER K Pollen development LIH, YUANZ, VIZCAY-BARRENA G, ¢t al. 2011
OsTTA Loc_0s03¢13590 K 0. sativa BLIEH Ton transport TANAKAN, URAGUCHI'S, KAJIKAWA M, et al 2018”"
OsPHD1 Loc_0s11g06130 K 0. sativa A Abiotic stress SUNM, JIAB, YANG J, et al. 2017
0sTrxl Loc_0s09g04890 K O. sativa TR{EIFIE Regulate flowering CHOISC, LEE'S, KIM SR, et al.2014""

EHD3 Loc_Os08g01420 K 0. sativa BHTHE Regulate flowering MATSUBARA K, YAMANOUCHIU, NONOUE Y, etal 2011°

TIP3 Loc_0x03g50780 Ik 0. sativa 18R Pollen development YANG Z, SUNL, ZHANG P, etal 2019
CaPHD1 KAF3651619 HIRLC. annaum TR Response to pathogen 218 WA % 2009

CaVIL LOCI07870734 i C. annum JEHTF 1% Regulate flowering MOHAN V, BOROVSKY Y, KAMARA I, et al.2018""
CaMSI CA05g06780 B C. annum TEW A Pollen development JEONG K, CHOID, LEE J.2018"

BrPHDS LOCI03852312 H% B. rapa JER R Pollen development 2% Fyit 2023
BrPHD25 LOC103835144 H3% B. rapa JERE T Pollen development RE% B 20087
BrPHD30 LOC103843560 H3 B. rapa {ER%E Pollen development B2 B 20087

- SORBL30016425900 R S. bicolor A Abiotic stress T BT (A, 4 20207

HyMS1 AK373836 K% H. wulgare JEB R Pollen development FERNANDEZ GOMEZ J, WILSON 7 A.2014°
MtPHDS ABI99763 FAREHE M. uncatula LA Abiotic stress QUANW, LIUX, WANG L, et al.2019%
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AR B (w: B2 W &) PIAOR [FDE BT
(D:FH LK HE ST ML BV E
Ik B B F AR D 0 i RUAE A AL (L s it P
A6 1 B S 2 B0 A o o SR RO R Y BRI 0 AR R
I3, 5 —3 0 % H PRINA306026 5 H , %f 30 K #2 7k
ST 2 R Nl )1 RN (1 7S N R S TE
ZEFARAE S L 124, W 3N A W 2 A CHh 3 1y
HARFE S R 2 A A Y2 E D 5 W B 2 A B
U1, PRINA306026 101 H £ i £ % 22 42 16 Z f ok
I e AN R4 B A B AN o S o I D& £ R
A 6 S FE S PRINASL6061 3 H B4 fu & 3 2
WSS HESS OFFRL NG B AR 2R AR R 3 AR
Yi2e s i . A B S BT A Linux RE8H 58 1 .

T el HISAT 2 ¥ 4 FE A clean reads Lk X}
TR S S, ARAT ) b bk 25 S 5 Bl S 2
Samtools ¥ SAM #& 3 3C 14 1% ¥y 4 3 HE P Y
BAM X145 Fl ] featureCounts T. B uE A7 2 K /K 3 1Y
BEROTHE, K B REAR TS SR A — A5
P 38 1A 3T featureCounts 2R 75 19 3 X 31

BN S BE A BRI K B AR L TR A5 R R e 45
FEAS B & [ 7 5 S AL (Transcripts Per Million,
TPMOE , SE LR IA i (AR Efl . i, 25 T AR fb
J& 2 38 BOPE A RStudio #X 4 (2025. 09. 2+
418) 4y Wl 4 T B s CqPHD-finger 3 R 78 A 7] 41
2 [a) S ATl 8 250 R SRR R ng AR DL B A
% HE R R 11 2 SR R AIE

1.10 ERREEZEPCRIM

il A P 21 4 RNA $2 8GR & DP432( TIAN-
GENDHRIRZE 7 i H ) K H AL R MR 25 it Ak
JP 2 20 8 RNA, B 5 fff 1] FastKing cDNA % —
S 4 ik F) & KR116 (TIANGEN) & % 45 — 5%
¢cDNA. Ll Cq_actin-13H (GenBank: LOC110715
281) N N Z LAY, R NCBI M 34 7 28 Chttps: //
www. ncbi. nlm. nih. gov/tools/primer-blast/) % it
qRT-PCR 53 ¥ (5% 2) . 4l TIANGEN 2% ) /& i
R & FP205 Ua 45, Bl & 20 pl 9 qRT-PCR & i
R, RN ARF N 95 CHIAEPE 15 min, 95°CAE#: 10
s 60°CiR k 32 s 9 40 MR R PCR Y44 . 3 2o 4H
X E A A3 A O, SR 2-00CT T A IR DR A A G
i, REIWEYYEL BN AV EERERES
MEAREL

%2 #%E CqPHD-finger £E K qRT-PCR 3|4
Table 2 gqRT-PCR primers of the quinoa C¢qPHD-finger gene

FEHZFR Gene ID

IE1 5149 (5'=3") Forward primer (5'—3")

Jz 1514 (3" =5") Reverse Primer (3" =5")

CqPHD-finger35
CgPHD-finger29
CqPHD-finger65
CqPHD-finger66
CqPHD-finger30
CqPHD-finger23
CqPHD-finger41
CqPHD-finger48

GGTGCACTTGAGTATAGGGTCG
GGTGCACTTGAGTATAGGGTCG
ATTTCAGAACATAAACCCAGAAAA
GTTAACCAATGTCTCCAACAGACG
CTTTGCATGGAGTGTTCCAC
GGACTGTTGCTCTGGAAGAT
TGTCAGTTTGGTGTCTCCTC
ACAATCTTGTGGAGGGTCTTT

GGCAGAGGGATTCTCAGGTG
TGATTGCTGAGGGGTTCTCG
TAGTGATGACTCCATCCAGAAC
AGTGATGACTCCATCCACAAC
CAAGCTCACTTTCCTTGCAC
ATTATCTCGTTTCACCGCCT
GCACTCTGAGATCTCTCTCG
AGCCAATGACAAAGATTCGAC

Cq_actin-1 GACAGCCAAGACTAGCTCTT TTCCGTATAGATCCTTCCTG
2 ERE545H Singer JEPIECH S 694> i o 8 11 & LR 91 HLAL

2.1 #EZE CqPHD-finger EE KGR REEME
B ERS

W B A CqPHD-finger 45 ¥ 38 18 2 19 25 1 A
BLASTp [a] Y He X 1) 45 5 e sg 5 345 22 42 1) PHD-
finger ZWE M 51, 2 814 CqPHD-finger 3£, i 1+ 1
SF 45 R B T 2o 8 45 6 S S & PHD -superfamily £3
SPLE A JE X, X R Ay 75 4N 3R KA PHD-SF {351
S HEAT Z 7 AN L, R B A 6 S FE RN B
Cys4-His-Cys3 B 45 ¥, fi J5 i 2 2 % i) PHD-

PETR /T, & B 69 4> PHD-finger % 512 -9 % H
10234, @ AR ELH A T 177~2327 Z 8] ; P %5 Hy
HAT4.1~8.93 2 0, Hrp 45 MR H pI<V,J& T
TR s HoAy 24486 1 pI=> 7, AW BPE 5 BF AT 26 1Y
B K F8 B0 /N T 0, R 3K B o 0 400 i o7
ZE R, 6941 PHD-finger i 51 9 UM 52 07 5 2 4%
PE 504 B (AR AR AAZ , 8 a2 o TR IAR I, 3422 7
TN, 34~ 52 0 T LR A, 345 v FE I, 24 5
(A A PR 1 I LT RE 14 2 (0 R 43 B B
FE A REFE AN A P AT T AE (£ D).
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Table 3 Candidate member information of the CqPHD-finger gene family in quinoa
e =l S oz gk M A

S 4 B st 4 R B T 40 s

. . . Number of  Isoelectric  Grand average of . Do

Gene name Locus name Chromosome Subgroup . . . o Subcellular localization

amino acid point hydropathicity

CgPHD-fingerl ~ CQO048815.mRNA1 CqlA group6 1623 5.30 —0.712 4 i 4% Nucleus
CqPHD-finger2  CQO048405.mRNA1 CqlA groupl3 608 6.37 —0.487 Y% Nucleus
CqPHD-fingers ~ CQO047118. mRNAT1 CqlA group3 1061 8.25 —0.505 I #% Nucleus
CqPHD-finger4  CQO046932.mRNA1 CqlA groupl3 1526 6.29 —0.561 Y% Nucleus
CqgPHD-finger5 — CQ025407.mRNA1 CqlB group6 1569 5.85 —0.494 4 Chloroplast
CqPHD-finger6  CQ024340.mRNA1 CqlB groupl3 610 6.24 —0.483 Y% Nucleus
CgPHD-finger7  CQ023855.mRNA1 CqlB groupll 1555 5.31 —0.725 AL 4% Nucleus
CqPHD-~finger8 — CQO055714.mRNA1 Cq2A group6 1420 5.83 —0.638 Y4 Nucleus
CgPHD-finger9 — CQ054960.mRNA1 Cq2A group5 848 8.90 —0.754 4 #% Nucleus
CqPHD-~finger10 CQO054056.mRNA1 Cq2A groupl3 1245 6.78 —0.351 £ {& Chloroplast
CgPHD-fingerll CQO053955.mRNA1 Cq2A groupl3 2287 5.51 —0.442 Y% Nucleus
CgPHD-finger12 CQO053653.mRNA1 Cq2A groupl3 1771 5.88 —0.179 Jii B Plasma membrane
CgPHD-fingerl3 CQO016419.mRNA1 Cq2B groupl3 1483 6.33 —0.582 Y #% Nucleus
CgPHD-finger14 CQO015337.mRNA1 Cq2B groups 865 8.93 —0.762 4% Nucleus
CqPHD-fingerl5 CQO014271.mRNA1 Cq2B groupl3 2302 5.43 —0.419 Y% Nucleus
CgPHD-finger16 CQ014085.mRNA1 Cq2B groupl3 1768 5.82 —0.179 Jif Plasma membrane
CqPHD-finger17 CQ046008. mRNA1 Cq3A group? 177 5.12 —0.811 &% f& Chloroplast
CgPHD-finger1S CQ044650.mRNAT1 Cg3A group2 1356 5.54 —0.756 4 i #% Nucleus
CqPHD-finger19 CQ044430.mRNA1 Cq3A groupl 353 7.89 —0.55 Y% Nucleus
CgPHD-finger20 CQ044371.mRNA1 Cq3A group3 1151 8.01 —0.708 A A% Nucleus
CqPHD-~finger2] CQ043825.mRNA1 Cq3A groupl3 675 8.92 —0.836 Y% Nucleus
CqgPHD-finger22 CQO017938.mRNA1 Cq3B group? 261 5.01 —0.796 45 Cytoplasm
CqPHD-~finger23 CQO017336.mRNA1 Cq3B group2 1419 5.78 —0.699 4% Nucleus
CqPHD-finger24 CQO017097.mRNA1 Cq3B groupl 353 8.35 —0.586 Y i #% Nucleus
CqPHD-finger25 CQO017031.mRNA1 Cq3B group3 750 8.48 —0.89 4% Nucleus
CgPHD-finger26 CQO037566.mRNA1 Cq4A group4 870 7.58 —0.571 Y i #% Nucleus
CgPHD-finger27 CQO037244.mRNA1 Cq4A groupll 1919 4.94 —0.428 4% Nucleus
CqPHD-finger28 CQO035787. mRNA1 Cq4A groupl3 779 6.02 —0.914 Y% Nucleus
CqPHD-finger29 CQ035674.mRNA1 Cq4A groupl0 706 8.31 —0.224 2k ki A& Mitochondrion
CqPHD-finger30 CQO035653. mRNA1 Cq4A groupl0 674 7.87 —0.234 Y #% Nucleus
CgPHD-finger31 CQ035144. mRNA1 CagdA groupl3 2028 6.43 —0.455 4 i #% Nucleus
CgPHD-finger32 (CQ022597.mRNA1 Cq4B group4 1446 6.13 —0.254 Jii i Plasma membrane
CgPHD-finger33 (CQ021899.mRNA1 Cq4B groupll 1894 4.91 —0.427 AL A% Nucleus
CqPHD-~finger34 CQ020528.mRNA1 Cq4B groupl3 781 5.93 —0.876 Y% Nucleus
CgPHD-finger35 C€Q020390.mRNA1 Cq4B group10 708 8.46 —0.189 2k ki {A& Mitochondrion
CqPHD-~finger36 CQ020370.mRNA1 Cq4B groupl0 674 7.89 —0.25 YA #% Nucleus
CqPHD-finger37 CQO019873.mRNA1 Cq4B groupl3 2032 6.55 —0.428 4 it Ji Cytoplasm
CqPHD-finger38 CQO032137.mRNA1 CqgbA groupl2 1548 6.63 —0.623 4% Nucleus
CgPHD-finger39 CQO031838. mRNA1 Cq5A groupl3 864 4.76 —0.863 4l i #% Nucleus
CgPHD-finger40 CQO030030.mRNA1 CgoA group9 241 5.42 —0.601 4% Nucleus
CqPHD-finger41 CQO029726.mRNA1 Cq5A groupl3 1847 5.90 —0.333 Y% Nucleus
CqPHD-finger42 CQ029125.mRNA1 Cq5A group2 1062 6.49 —0.581 I #% Nucleus
CgPHD-finger43 CQO006814. mRNA1 Cqg5B groupl2 1642 8.40 —0.662 Y% Nucleus
CqgPHD-finger44 CQ006498.mRNA1 Cq5B groupl3 893 4.67 —0.832 4 i #% Nucleus
CqPHD-finger45 CQO004677. mRNA1 Cqg5B group9 241 5.42 —0.601 Y% Nucleus
CqgPHD-finger46  CQ004353.mRNA1 Cq5B groupl3 1818 5.82 —0.351 AL A% Nucleus
CqPHD-~fingerd7 CQO003895.mRNA1 Cq5B group9 215 4.10 —0.533 24K Chloroplast
CgPHD-finger48 CQ003755.mRNA1 Cq5B group?2 813 5.61 —0.625 AL 4% Nucleus
CqPHD-~finger49 CQ028255.mRNA1 Cq6A groupl 377 8.91 —0.553 2k ki {A& Mitochondrion
CgPHD-finger50 CQ026656.mRNA1 Cqb6A group9 254 5.40 —0.706 it &L YR Peroxisome
CqPHD-finger51 CQ002846.mRNA1 Cq6B groupl 377 8.62 —0.545 4% Nucleus
CgPHD-finger52 CQ001296.mRNA1 Cq6B group9 254 5.51 —0.718 it E L PWIEEE Peroxisome
CgPHD-finger55 CQO043164.mRNA1 Cq7A groupll 1174 8.77 —0.323 4% Nucleus
CqPHD-finger54 CQO042802.mRNA1 Cq7A group6 2327 8.23 —0.576 4% Nucleus
CgPHD-finger55 CQO042781.mRNA1 Cq7A groupl1l 854 6.50 —0.29 4 ffi#% Nucleus
CqPHD-finger56 CQO041523. mRNA1 Cq7A group9 253 5.08 —0.729 4 f& Chloroplast
CqgPHD-finger57 CQO041373.mRNA1 Cq7A groupll 1260 8.37 —0.613 4 i #% Nucleus
CqPHD-finger58 CQ009475.mRNA1 Cq7B groupll 921 8.75 —0.441 Y% Nucleus
CgPHD-finger59 CQ008984.mRNA1 Cq7B groupll 842 6.36 —0.317 AL A% Nucleus
CqPHD-~finger60 CQ039872.mRNA1 Cq8A group9 251 5.22 —0.809 Y4 Nucleus
CgPHD-finger61 CQ039695.mRNA1 Cq8A groupl3 514 5.76 —0.391 A i 4% Nucleus
CgPHD-finger62 CQO012125.mRNA1 Cq8B group9 255 5.30 —0.767 4 i % Nucleus
CqPHD-~finger63 CQ011946.mRNA1 Cq8B groupl3 557 5.81 —0.285 4 it Ji Cytoplasm
CgPHD-finger64 CQO051049.mRNA1 Cq9A groupll 740 8.11 —0.355 4 AL #% Nucleus
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CqPHD-finger65 CQO050696.mRNA1 Cq9A groupl0 710 7.53 —0.301 4% {& Chloroplast
CgPHD-finger66 CQ034108.mRNA1 Cq9B groupl0 710 7.9 —0.28 4 & Chloroplast
CqPHD-finger67 CQO033650.mRNAT1 Cq9B group8 1787 5.64 —0.464 I #% Nucleus
CgPHD-finger68 CQ032967.mRNA1 Cq9B group9 254 5.09 —0.725 4 & Chloroplast
CqPHD-finger69 CQ032437.mRNA1 Cq9B groupll 1224 8.09 —0.6 AL A% Nucleus
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Fig.1 Phylogenetic tree analysis of the C¢PHD-finger gene family
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Note: A. Physical locations of C¢PHD-finger genes on the 18 chromosomes of quinoa, with the number after the chromosome information indicat-
ing the number of genes on that chromosome; B. Syntenic relationships among members of the C¢PHD-finger gene family within the quinoa
genome; C. Cross-species synteny analysis between quinoa and Chenopodium pallidicaule as well as Chenopodium suecicum; D. Cross-species
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