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WE: [ B& ] RABA AP2/ERF L B Kk £ X KA Betula luminifera % K & F B IR 55 W38 vfy pL P 0 2 4 F T 8k,
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FTSAERA%, £F ERF BRZRK, B4 3MARRN, KAHM AP2/ERF & ER %M AR EMALERKEZ7, £F
AP2 ZR#EM A BEA 6~9 ANA4A-F, 7 DREB K&K F N LA A4-F; 12 AP2/ERF & % M a) R E s R LA 48
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Identification and expression analysis of AP2/ERF gene
family in Betula luminifera

HUANG Yizi, QIAN Wang, QIU Shan, WANG Wenxin, HUANG Huahong, LIN Erpei
(State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to explore biological roles of AP2/ERF gene family in growth and
development of Betula luminifera, and its responses to environmental stress. [Method] Based on the genome
data of B. luminifera, AP2/ERF gene family were identified through bioinformatics method, and their gene
features, phylogeny, gene structure, conserved motifs, cis-acting elements, protein interactions and expression
pattern were analyzed. [Result] A total of 77 AP2/ERF genes were identified in the genome of B. luminifera.
The physical and chemical properties of the encoded proteins were different, and the isoelectric points of most
proteins (60) were less than 7.0. Phylogenetic analysis showed that these 77 AP2/ERF transcription factors
belonged to 5 subfamilies, among which ERF subfamily was the largest, including 34 members. The gene
structures of AP2/ERF subfamilies were quite different. The members of AP2 subfamily had 6—9 introns, while

DREB subfamily gene had no introns. However, similar conserved motif types and distributions were observed
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in different members of AP2/ERF subfamilies. At the same time, there were a large number of cis acting
elements related to hormone, regulation, stress responses, and growth and development in promoter of AP2/ERF
genes. Protein interaction network analysis predicted that there were extensive interactions among different
AP2/ERF subfamily proteins. Further expressions analysis showed that the expression of most AP2/ERF genes
(71) had strong tissue specificity, and the expressions of most ERF or DREB genes changed significantly under
heat stress, indicating that FRF’ and DREB genes might play an important role in the response to heat stress.
[Conclusion] Through bioinformatics analysis, 77 AP2/ERF genes are identified in B. luminifera, which
belong to 5 subfamilies. Different subfamily genes have similar gene structure and conserved motifs. The
promoter region of the gene contains hormone, stress response and other related elements. Gene expression has
strong tissue specificity, and most ERF and DREB genes have obvious response to heat stress. [Ch, 6 fig. 1 tab.
39 ref.]

Key words: Betula luminifera; AP2/ERF family; expression pattern; heat stress
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XX 77 AFER AT I M, SR BN SR ME AP2/ERF R () ORF K8 444~2121 bp, H:ZwiL )
HILR N 147~706 4~ Hr. 47 f/NYE A BIDREB2, { 16.65 kDa; 431 i K H 2
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2.2 JtR¥E AP2/ERF EERE R G #H LT
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A WRGEF IR S), Hd AP2 WHGAL S 13 AN, 3K EEY 16.89%; DREB W%
A5 27 A, 5B S 35.06%; ERF RG34 AN, O e AP2/ERF JE R 505 5
) 44.15%; RAV WHEEMEF 2 A3, Soloist WRKGAA 1 MEEF & 1, K 1), S8 IvE M
5% DREB WA —44 0 6 MW, B Al. A2, A3. A4, AS il A6; ERF W F%#E—44)
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Bt 7. 2, 9. 5. 3. 8B (FE 1, K1),
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Table 1 Gene features of AP2 /ERF gene family from B. luminifera

e HH b ORF %%@2 St/ Iﬁi@f‘? e HH ) ORF ’ﬁ%@'& S/ Iﬁi/ef"“r
V3 KHEbp 5CH/A kDa ML V2 KJiEbp ¥CH/A kDa ML
BIAP2-1 ON092428 1527 508 5595 620 BIERF1 ON092417 1131 376 4140  6.56
BIAP2-2  ON092430 1494 497 5501 6.58 BIERFA ON092422 783 260 27.62 9.85
BIAP2-3  ON092431 1644 547 6045 6.17 BIERF9 ON092433 633 210 2291 685
BIAP2-4  ON092437 1203 400 44.64 837 ||[ERF(B-1) BIERF15S ON092447 510 169  18.52 10.06
BIAP2-5 ON092446 1458 485 5291 7.83 BIERF18 ON092458 468 155 1680  9.81
BIAP2-6  ON092453 2121 706  77.37 6.39 BIERF33 ON092489 636 211 2285 9.74
AP2 BIAP2-7 ON092456 975 324 3720 5.44 BIERF34 ON092491 900 299  32.64 5.10
BIAP2-8 ON092457 1428 475 51.86 6.43
BIAP2-9  ON092466 1929 642 7138  6.50 BIERF2 ON092418 942 313 34890 565
BAP2-10 ON092474 1956 651 7192 653 | o P mpgpis ON092443 1137 378 4228 502
BIAP2-11 ON092483 1614 537 5888 5.95
BIAP2-12 ON092485 1068 355 39.52 7.16 BIERF3 ON092419 729 242  27.18  6.03
BIAP2-13 ON092493 1539 512 56.17 6.4l BIERF10 ON092438 837 278 2998  6.46
BIERF11 ON092439 828 275 2976  8.72
BIDREB6 ON092434 741 246  27.06 4.77 BIERF21 ON092468 996 331 3646  6.03
BIDREBT ON092435 714 237 26.13 489 |[ERF(B-3) BIERF22 ON092469 996 331 3636  7.68
BIDREBS ON092436 900 299 3324 4.94 BIERF23 ON092470 996 331 3652  6.67
BIDREB15 ON092454 678 225 2522 8.58 BIERF24 ON092471 996 331 3649 857
DREB (A-1) BIDREB17 ON092461 564 187  20.58 6.12 BIERF25 ON092472 1011 336  37.03 647
BIDREB23 ON092484 657 218  23.93  8.90 BIERF28 ON092477 699 232 2568  6.21
BIDREB24 ON092487 612 203 2227 547
BIDREB25 ON092488 609 202  22.14 548 BIERF6 ON092426 1092 363 3930  6.51
BIDREB26 ON092490 621 206  22.93 548 BIERF26 ON092475 612 203 2247 486
ERF(B-4) BIERF27 ON092476 657 218 2447 6.3
DREB (A-3) BIDREB19 ON092463 972 323 3495 6.8 BIERF31 ON092481 1383 460  49.08 5.72

BIERF32 ON092482 612 203 2248 4.87
BIDREBS ON092429 717 238 2585 492

BIDREB9 ON092440 642 213 2346  4.99 BIERF7 ON092427 924 307 3510 5.14
BIDREB10 ON092441 558 185 2022 4.73 ||ERF(B-5) BIERF17 ON092455 969 322 3612  5.50
BIDREB12 ON092448 546 181 2042 5.18 BIERF20 ON092464 1053 350  39.54  4.88
DREB (A-4) BIDREB14 ON092452 531 176  18.89 5.0
BIDREB16 ON092459 540 179  19.95 6.90 BIERF5S ON092423 549 182 2042 671
BIDREB1S ON092462 603 200 21.85 4.95 BIERFS ON092432 609 202 2249 683
BIDREB21 ON092473 606 201  20.88 4.80 BIERF12 ON092442 624 207 2323 698
BIDREB22 ON092480 684 227 2439 481 ERF(B-6) BIERF14 ON092444 756 251  28.52 4.94
BIERF16 ON092450 996 331 3652  5.00
BIDREB1 ON092420 615 204 2257 5.1 BIERF19 ON092460 777 258 2897  5.39
BIDREB2 ON092421 444 147 1665 7.83 BIERF29 ON092478 573 190 2152  8.85
BIDREB3 ON092424 699 232 2496 5.16 BIERF30 ON092479 570 189 2129  7.80
PREBUAS)  pipREBII ONO92445 525 174 1943  6.64
BIDREBI3 ON092449 486 161 17.59 477 || BIRAVI ON092451 948 315 3516  9.00
BIDREB20 ON092467 624 207 2278 4.6 BIRAV2 ON092465 1203 400 44.15  8.08
DREB (A6 BIDREB4 ON092425 1134 377 4115 554 ||Soloist  BiSoloist ON092486 957 318 3627 6.0l

BIDREB27 ON092492 1008 335 3697 6.18

FFHEN 69 15 BRT BIDREB10 BAT 1 NN &F4F, HA DREB WK% 52 %A N & (K 2A).
AN, 94~ ERF 1 14 RAV WE R B HA 1AW &7, HAbRS G WA N & F; 1 BlSoloist WA
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Figure I Phylogenetic tree of AP2/ERF transcription factors from B. luminifera and A. thaliana
SAWNEF, 5 AP2 ARG FLESHIL (& 2A).
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FZME AP2/ERF JE K 5015 i 80 F XS A TR 7 400, R 210 1072 ANRER T, KRBT 43a
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B BEAH DG I PRGN I ELA R AR R . MivETIR . RaE & . BRI N ok 't f At
AP2/ERF R4 5100 61, 63, 20, 181>, ULHIGEME AP2/ERF SEH KM ) 122 5 T AR
MEME S ®A ., A, {0 BIDREB10 #1 BIERF12 B.A5 ) 443 Wi )3 764, X BIDREB13. BIERFA Fl
BIERF28 AT A R IR e, 305 HA Reik oo R i 56 8 mT e A TR R i D g
2.5 SR AP2/ERF EAEEMEK S

R T BTt e AP2/ERF # 5% I FAE B P g DR RIVE . A STRING % 12 DT BC 2111 49 4>




1188 LA 3 Nl N =+ 2022412 A 20 H

BIDREBG6 [— J g e :

A BIDREBS eammea—— B R RS X B_i.'_"_-, mm Motif 4
BIDREBT — .
BIDREB26 — - Motif 2
BIDREB2S — ..

BIDREB23 — . :
BIDREB2A —t - B Motif' 1
BIDREB17 — - .
BIDREB2S — - B Motif 5
BIDREB14 T -

BIDREB22 mm .
BIDREB21 - Motif 10
BIDREB -l )
BIDREBS ——-—— B Motif 6
BIDREB10 -—

BIDREBIS - — .
BIDREB12 i I Motif 8
BIDREB16 — .
BIDREB2 - I Motif 3
BIDREB11 -y

BIDREB20 - .
BIDREB3 _— Motif 7
BIDREBI3 — .
BIDREB1 ——— B Motif 9
BIDREB19 o~

BIDREBA —

BIDREB27 o

BIDRF19 ——

BIERFS -_——

BIERF12 - —

BIERFS5 +—

BIERF29 - —

BIERF30 - —

BIERF26

BIERF32
BIERF27
BIERF6

BIERF31
BIERF2

BIERF13
BIERF14
BIERF16
BIERFT

BIERF17
BIERF20
BIERF9

BIERF33
BIERF15
BIERF18
BIERF1

BIERF34
BIERF10
BIERF11
BIERF3

BIERF28
BIERF25
BIERF22
BIERF21
BIERF23
BIERF24

L L4
Tﬂ%m

o

—
B et S
o
— -
-
— -

BIERF4 — g

~ BIRAVL ————
L Birav2 .
BlAP2-2 — - -
BIAP2-13 R L
1 BIAP2-4 — e ——

BIAP2-8 — .

BIAP2-7 JES————

BIAP2-12  emm ot

BLSoloist —a

BIAP2-9 T S —

BIAP2-10 - e

BIAP2-11 —_— EEm .

BIAP2-1 —_— .

BIAP2-3 ot

BIAP2-5 —— e

BIAP2-6 , | o e— ,

5 35 3

(=]

1000 2000 3000 4000 5000 0 100200300400500600 700800
B JE %4 /bp HEER

B2 M AP2 /ERF FakABH R i 44 (A) ZRF R (B)

Figure 2 Gene structure (A) and conserved motif (B) of AP2/ERF family members in B. luminifera
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Hy IR AR (8] 5)
2.7 BB TR # AP2/ERF ERE KK RILE S
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Figure 5 Expression profiles of AP2/ERF family genes in different tissues and organs of B. luminifera
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