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PIMAPG65-1 5| PIMAP65-9 ( 3 1), PtMAP65 [

e D Y R BE R K AR AR L Dy 570~ 730 aa,
A 7E2E BLASTP o, MBS hsszy 01 L2 64.6583.00 kDa, SHrizeft

14 MBEZEIY MAPG5s. SMART Fl NCBL-CDD 4phr T8N 5.17~8.45, Zi5 75 1 PIMAP6S 45 F1 5 Jik
ZEELE R . 14 48 R B stk ey SO 3 RO IR TN A S A0 M RE 6, fee 2 T
MAP65 ASE1 Z5K3R (PF03999); it Hexf a4  PMAP6S-1. PtMAP65-3 Fll PtIMAP65-9 v T 4 fil
Br, MBRSEmaBIE T, Ba 38 9 4> MAP6Ss.  #%, PIMAP6S-8{ Fri4R{Ak, HAAL AN F4MM .

21 PtMAPSERAFRERANEESEBHLMER

&1 PMAP65 ERFGREBUMER
Table 1 The information of the PtMAP65 gene family

R AR B[R XS DNAKJE CDSHKJE AR KL NTE SR AL T £ 31 4 i € oz
Gene name ID (Phytozome v12.1) DNA length/bp CDS length/bp amino acid length/aa Molecular weight/kDa ~ pl  Predicted subcellular localization

PtMAP65-1  Potri.001G055100 4089 1809 602 68.73 5.70 A%
PIMAP65-2  Potri.001G356500 5285 1746 581 65.05 5.17 gl
PtMAP65-3  Potri.003G173300 4551 1779 592 67.62 5.87 It
PtMAP65-4  Potri.003G192400 6668 1713 570 64.65 7.25 gailiol
PIMAP65-5  Potri.008G139700 7530 1803 600 68.12 7.14 gl
PtMAP65-6  Potri.011G092500 4939 1749 582 65.37 5.21 i A5
PtMAPG65-7  Potri.012G 129600 4717 1755 584 67.08 5.41 2 it J5i
PtMAP65-8  Potri.014G070100 4294 2163 720 81.53 8.45 IH-£% 4
PtMAPG65-9  Potri.015G131400 4795 2193 730 83.00 5.65 H A%
2.2 #E4% MAP65-Likes R4 LS H7 W55 FR R X, IF 5 ATMAP65-1/ATMAPG65-

JWFFEHEY) MAP6S-Likes ) RAE ML KR, 22X —XZFRFEFEILFR N —L; ET W4T,
KA B R . T, WE . K. B PtIMAP65-4/Eucgr.J00083.1 411 B & [R] Y5 3£ K %t I
¥ . W AZEY R MAP6S-Like T AMHE RS 5 ATMAP65-5 R A—2; ENEAH, PtMAP6S-
AR, R 250 (Bootstrap) 4351 9 1 000 YR FI - 1/PtMAP65-3 4 i 5% 2 [A) 3L KU X%, 35 Eucgr.
5000 REHE, SR ERMW/AN, B 1R RGEHEW  B03489.1 B — 3 EV W4 H, PMAP65-7/
() Bootstrap 4 1 000, ME 1 FTLAIEH . %P PtMAP65-9 41 pi55 R IEIL RN, 555 F ] JH I
WHEES T, T, M, VIVS WY, T X Eucgr.K00145.1/Eucgr.A02875.1 B H—2, H
VI MAPG65-Likes {534 F 1 WAV W, H 48, PtMAP65-8/ATMAP65-4 41 i, B % [A] I 3
MR A —%; B PN MAP65-Likes 72 54~ XF; ZEN WL, PtMAPG6S-5/Eucgr.G02071.1 41A%,
WA P HAE A, BBy MAP6Ss  HARRIJEIEF X, XKW MAP6S KiEHh B RS
BISIH A FA AL, XULEH S MR b s BERPSEG R REGL, XS R ARA N
AT TFEY Mg TR MG . RIS A2
WP ez m . 1. T, MANV4NEH 23 ERGIUET EENKTE MAP6S KRR
SIS A MAPGS-Likes % 11 BB R MRS LM 7
BHh—ik, EVIEAF, T ERY . U FAT MAP6S FR 5 53 i 3 L 25 R e i, )
IF M B 4 4> MAP65-Likes 3 0 — %%, Hifth 1 GSDS 241 T &R 4 . M Ir. M5 FKFE
8 I MAPG65-Likes 58T HAHYI/KFEY 3 > MAP65s — MAPG65 % i b 9L 45k 18, 8] 2A 0. 78
BR—HE, 76 1 WL, PtMAP65-2/PtMAPG65-6 4 LW, 94 MAP65s H 9 MMNET . 8 &
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W RG99 F A MAP65s(Potri.001G055100, Potri.001G356500, Potri.003G173300, Potri.003G192400. Potri.008G139700
Potri.011G092500., Potri.012G129600. Potri.014G070100. Potri.015G131400); 9/~ 4l B§ JF MAP65s(AT5G55230. AT4G26760. AT5G51600.

AT3G60840, AT2G38720. AT2G01910, ATIG14690, AT1G27920, AT5G62250); 117K f§ MAP65s(LOC 0s02g03400.1, LOCOs03g13460.2
LOC 0s09g27700.1, LOC 0s05g47970.1, LOC 0s02g48830.1, LOC Os05g33890.1, LOC Os06g40840.1, LOC 0s03g50970.1, LOC Os01g49200.1 .
LOC 0s08g41890.1, LOC 0s06g20370.1); 13 />4 # MAP65-Likes(NtMAP65-1a, NtMAP65-1b, NtMAP65-1c, XP 016463112.1, XP 016460644.1
XP 016442189.1, XP 016489001.1, XP 016514581.1, XP 016489000.1, XP 016442190.1, XP 016514580.1, XP 016440600.1, XP 016433481.1); 74
£ 2k MAP65-Likes(Zm00008a003362 TO1, ZmMAP65-1a-ACG44267.1, GRMZM2G141208 T02, Zm00008a028216 TO1, GRMZM2G121649 T03 .
Zm00008a025787 T01, GRMZM2G114841 T01); 5 /> k& MAP65-Likes(Eucgr.J00083.1, Eucgr.B03489.1, Eucgr.A02875.1. Eucgr.K00145.1, Eucgr.
G02071.1); 6 TR =42 MAP65-Likes(MA 8717020010, MA 5045020010, MA 104262770020, MA 6141g0010, MA 104287000010, MA 56412g
0010); 2 PMt3E =42 MAP-Likes(ADE77097.1, ADE77190.1); 1 3R 4K # MAP65-Likes(Crel4.g614050.t1.1); &l 1 (5S4 (bootstrap) 47 1 000,
Notes:The phylogenetic tree includes 9 Populus MAP65s(Potri.001G055100, Potri.001G356500, Potri.003G 173300, Potri.003G192400, Potri.008G139700, Potri.
011G092500, Potri.012G129600, Potri.014G070100, Potri.015G131400); 9 Arabidopsis MAP65s(AT5G55230, AT4G26760, AT5G51600, AT3G60840,
AT2G38720, AT2G01910, AT1G14690, AT1G27920, AT5G62250);11 rice MAP65s(LOC 0S02G03400.1, LOCOS03G13460.2, LOC 0S09G27700.1, LOC
0805G47970.1, LOC 0S02G48830.1, LOC 0S05G33890.1, LOC 0S06G40840.1, LOC 0S03g50970.1, LOC 0S01G49200.1, LOC 0S08G41890.1, LOC
0806G20370.1);13 tobacco MAP65-likes (NTMAP65-1A, NTMAP65-1B, NTMAP65-1c, XP 016463112.1, XP 016460644.1, XP 016442189.1, XP
016489001.1, XP 016514581.1, XP 016489000.1, XP 016442190.1, XP 016514580.1, XP 016440600.1, XP 016440600.1, XP 016440600.1, XP016433481.1);7
maize MAP65-likes (Zm00008a003362 T01, ZMMAP65-1A-ACG44267.1, GRMZM2G141208 T02, Zm00008a028216 T01, GRMZM2G121649 T03,
Zm000082025787 TO1, GRMZM2G114841 TO01);5 Eucalyptus grandis MAP65-likes (Eucgr.J00083.1, EUCgr. B03489.1, EUCgr. A02875.1, EUCgr.
K00145.1, eucgr. G02071.1);6 Picea abies MAP65-likes (MA 87170G0010, MA 50450G0010, MA 10426277G0020, MA 6141G0010, MA 104287000010,
MA 56412G0010); 2 Picea sitchensis MAP65-likes (ADE77097.1, ADE77190.1);1 Chlamydomonas reinhardtii MAP65-likes (CRE14. g614050.t1.1);The
bootstrap is 1000.
1 4% MAP65-Likes 241X 247

Fig. 1 Phylogenetic analysis of plant MAP65-Likes protein sequences
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Chromosomal locations and duplicated gene pairs of P¢tMAP65 gene family



98 Mo BEosE BE 5 $34 %
*2 EHEENH Ks.Ka 37
Table 2 Ks and Ka analysis of duplicated gene pairs
SRR e I B EL b A SR 0/ 3R D

Pair of duplication gene Ks Ka Ka/Ks Duplication time/(Million years ago)

PtMAP65-1 PtMAP65-3 0.2423 0.047 6 0.196 5 13.31

PtMAPG5-2 PtMAP65-6 0.276 7 0.044 3 0.160 1 15.20
PtMAPG65-4 Potri.001G032566 0.234 1 0.144 5 0.6173 12.86

PtMAPG65-7 PtMAP65-8 1.933 8 0.307 3 0.158 9 106.25

PtMAPG65-7 PtMAP65-9 0.2422 0.056 7 0.234 1 13.31

PtMAP65-8 PtMAP65-9 1.7612 0.300 0 0.170 3 96.77
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Fig. 4 Cis-elements analysis of PtMAP65 gene family promoter
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Expansion and Expression Analysis of PPIMAP65 Gene Family in
Populus trichocarpa
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Abstract: [Objective] To study the expansion and expression of the MAP65 gene family members by using Popu-
lus trichocarpa, a model forest plant, as research material. [Method] Using BLASTP to identify the members of Pt-
MAPG65 gene family based on Phytozome database, and using tools such as Prot-Param, Plant-mPLoc, LocTree3,
Wolfsort, MAGA7.0, GSDS, MEME, MCScanX, TBtools, BioEdit Sequence Alignment Editor, DnaSP5 and plant-
CARE to analyze the physical and chemical properties, predict subcellular locations, construct a phylogenetic tree,
draw a gene structure diagram, analyze conserved domains, gene duplication events and promoter elements; and ana-
lyze the expression of PtMAPG65 gene family members in different tissues based on gene chip data. [Result] Nine
MAPG65 genes were identified by BLASTP comparison. Phylogenetic analysis showed that the plant MAP65 gene
family can be divided into 5 groups, and each group had a similar gene structure and conserved domain. The results
of collinearity analysis and Ka and Ks analysis of the P. trichocarpa genome indicated that there were six pairs of
segmental duplication genes in the PtMAP6S5 gene family, and the duplication genes were subject to strong purifica-
tion selection in the evolutionary process. Analysis of the expression data showed that PIMAP65 gene family mem-
bers had different expression patterns in different tissues, suggesting their functional divergence. Cis-acting element
analysis of the promoter showed that PtMAP65s promoter had more light response and hormone response elements
than stress response, growth and development elements. [Conclusion] Segmental duplication is a main force driving
the evolution and expansion of PIMAPG6S5 gene family, and it is speculated that there has been functional divergence
among the PtMAP65 gene family members.

Keywords: Populus trichocarpa; PtMAP65; phylogenetic analysis; gene structure
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