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Abstract: Objective To study the expression patterns and levels of transcription factors (TFs) in three generations of excised roots of
Agquilaria sinensis under salt stress, and analyze the variation of TFs family genes in each generation in response to salt stress. Methods The
excised roots of 4. sinensis were used as experimental material, using highthroughput sequencing technology (Illumina Hiseq4000), all the
unigene sequences were compared with the plant transcription factor database (PlantTFDB), and the three generation differential expressed
TFs between the treated and the control group were analyzed. Results A total of 48 286 Unigenes were obtained by de novo splicing from
three generation of excised roots of A. sinensis, containing 1 156 potential TFs distributed in 54 TF families. Among them, bHLH, ERF, and
NAC were the three most enriched families. Totally, 290, 277, and 349 differentially expressed TFs were respectively screened in three
successive generations, which were mainly down-regulated. The expression induced by salt stress were different in each TF family, the
numbers of up-regulated DEGs increased in NAC, MYB, and WRKY families, and decreased in GRAS family with the increase of stressed
generations. There were 70 common TFs differentially expressed in three generations, and the down-regulated expression multiples of eight
genes increased with the increase of salt stress generations. Conclusion The effect of salt stress on the expression of TFs was mainly
down-regulatied. The number of differential expressed TFs in the treated and control group increased with the increase of salt stress

generations. The expression of different TF family genes was different under salt stress, and some genes might be involved in the transmission
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of stressful memory. This study is helpful to understand the expression characteristics of TFs at the whole level and provide a reference for

further study on the stressful memories and the molecular mechanism of the salt stress response.
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Table 1 Statistics of differentially expressed genes of three

generations of excised roots of A. sinensis under salt stress
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Fig. 2 Family distribution of TFs in A. sinensis transcriptome
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Table 2 Differentially expressed TFs overlapped in three generations of excised roots of A. sinensis

M RERE (NCK)

XKl H K45 7 Y|
TR S A a0 CKI-VS-NI_CK2-VSN2 CK3-VS-N3 *
AP2 Unigene0045515  PLT2 -1.95500 -1.286470 -1.256170 AP2 domain-containing transcription factor
(Theobroma cacao)
Unigene0046767  WRI1 -1.143200 -1.001 660 —1.565790 PREDICTED: ethylene-responsive transcription
factor WRI1 (Eucalyptus grandis)
Unigene0011437  WRI1 —2.600 230 4319 741 1.159202 Integrase-type =~ DNA-binding  superfamily
protein (Theobroma cacao)
B3 Unigene0016524  — -1.895250 —2.405720 —1.063920 PREDICTED: AP2/ERF and B3
domain-containing  transcription  repressor
RAV2-like (Populus euphratica)
Unigene0016607  ARF14 4.365 982 1.328 342 5911886 PREDICTED: AP2/ERF and B3
domain-containing  transcription  repressor
RAV2-like (Populus euphratica)
Unigene0022661  ARF14 -1.411770 -2.274750 —1.716980 PREDICTED: B3 domain-containing transcription
factor NGA2-like [Gossypium raimondii]
Unigene0022928  ARF11 -1.083 300 3.051719  —-1.945060 PREDICTED: B3 domain-containing transcription
factor NGA4-like (Populus euphratica)
Unigene0007497  0s02g0764100 —1.346 140 —4.057410 —1.891410 PREDICTED: B3 domain-containing protein
0s02g0764100-like (Jatropha curcas)
Unigene0046668  0s02g0764100  —5.633 540 1.725556  —2.488 480 PREDICTED: B3 domain-containing
transcription  factor NGA4-like  (Populus
euphratica)
bHLH Unigene0031373  BHLH62 -1.400440 -1.059660 —1.510870 PREDICTED: transcription factor bHLH78-like
isoform X2 (Citrus sinensis)
Unigene0041724 ~ BHLH120 —-1.885300 -2.099760 -2.005460 PREDICTED: transcription factor
bHLH126-like (Gossypium raimondii)
Unigene0020933  UNEI12 9.465 702 7.844 026 8.718 818 PREDICTED: transcription factor UNE12-like,
partial (Brassica rapa)
Unigene0004080 BHLH74 —2.333 160 1.228941  -1.634670 PREDICTED: transcription factor bHLH74
(Fragaria vesca subsp. vesca)
Unigene0005947  BHLHS87 2.051357 -1.443370 2.575897 PREDICTED: transcription factor bHLH87
(Populus euphratica)
Unigene0015701  HEC1 1.960 700  —1.507 860 1.010 180 PREDICTED: transcription factor HEC1 (Vitis
vinifera)
Unigene0029143 ~ BHLH95 1.726 765  —2.308350  —1.186 850 Transcription factor bHLH95-like protein
(Gossypium arboretum)
Unigene0031377  BHLH62 -3.284320 —-1.502680 —2.421540 PREDICTED: transcription factor bHLH62-like
(Tarenaya hassleriana)
bZIP Unigene0016718  HYH -1.469250 —-1.687370  -3.636 950 PREDICTED: transcription factor HYS5-like
isoform X3 (Fragaria vesca subsp. Vesca)
Unigene0005413  DPBF4 —-3.238 010 1.149249  -1.096 520 PREDICTED: ABSCISIC ACID-INSENSITIVE
5-like protein 3 (Nelumbo nucifera)
Unigene0021449  OBF1 -1.672 400 1.312226  —1.996 800 basic leucine-zipper 44 (Theobroma cacao)
Unigene0040737  BZIP43 1.048 062 —1.107930 —1.586 760 basic leucine-zipper 42 (Theobroma cacao)
C2H2 Unigene0015987  SGRS 7472217 8.667 230 8.685 450  zinc finger family protein (Populus trichocarpa)
Unigene0044600  KNU —2.291050 —2.635550 -10.837300 PREDICTED: zinc finger protein
KNUCKLES-like (Gossypium raimondii)
Unigene0008960 ~ STOP1 1.342 400 1.221 144 1.263 974 PREDICTED: protein  SENSITIVE TO
PROTON RHIZOTOXICITY 1-like
(Gossypium raimondii)
DBB Unigene0028105  COL2 —2.433 420 2.511 143 1.592984 CONSTANS-like 1 protein  (Gossypium
arboretum)
Dof Unigene0008124  DOF3.6 1.824 656 1.740 671 2.855590 PREDICTED: dof zinc finger protein DOF3.6-like
isoform X2 (Gossypium raimondii)
EIL Unigene0002712  EILS -1.942580 —2.443790 —6.858450 PREDICTED: ETHYLENE INSENSITIVE
3-like 5 protein (Prunus mume)
ERF Unigene0025975  ERF091 —1.724 580 1.009314 —1.412070 PREDICTED: ethylene-responsive transcription
factor ERF091-like (Malus domestica)
Unigene0039383  RAP2-11 1.636 056 1.793 130 8.332260 PREDICTED: ethylene-responsive transcription
factor ESR2-like (Jatropha curcas)
Unigene0005341  ERF098 —1.708 400 1.655 615 2428 042 PREDICTED: ethylene-responsive transcription
factor ERF098-like (Populus euphratica)
Unigene0004126 ~ ERF12 -1.012410 -1.064480 —2.465400 ERF domain protein 12 (Theobroma cacao)
Unigene0014653  RAP2-11 -1.872780 —1.705800 —2.412770 PREDICTED: ethylene-responsive transcription

factor RAP2-11 (Vitis vinifera)
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gk2
%i ) X RIERE (N/CK) .
TFs %k F Y K it
IR “ CKI-VSNI_CK2.VSN2 CK3-VS-N3 A
Unigene0040676 ~ ERF062 2.399 123 2231255 8.954 487 PREDICTED: ethylene-responsive transcription
factor ERF062-like (Gossypium arboretum)
Unigene0004154  ERF022 -4.453270 -1.749060 —4.032 660 PREDICTED: ethylene-responsive transcription
factor ERF022-like (Gossypium raimondii)
Unigene0040660  ERF024 -3.864 910 2.665566  —1.583 190 PREDICTED: ethylene-responsive transcription
factor ERF024-like (Gossypium raimondii)
Unigene0038094  ERF024 -3.152 100 1.859 810 1.558 127 PREDICTED: ethylene-responsive transcription
factor ERF024 (Jatropha curcas)
G2-like Unigene0008809  PHL1 -1.620 550  —1.016 220 1.004 665 Homeodomain-like superfamily protein isoform
2, partial (Theobroma cacao)
Unigene0034969  ARR2 —1.384 430 1.594949 1553720 PREDICTED: two-component response
regulator ARR2 isoform X2 (Cucumis sativus)
Unigene0018337  APL 1.277 289 1.243 964 1.639 889 Homeodomain-like superfamily protein isoform
2 (Theobroma cacao)
GATA Unigene0013008  GATA4 -1.876 830 -1.770680 —1.891 800 PREDICTED: GATA transcription factor 4
(Jatropha curcas)
GRAS Unigene0011904  SHR 1.353 589 1.061 257 1.814566 GRAS )family transcription factor (Theobroma
cacao
Unigene0030558  RGL1 2321430 -2.025830 —5.570850 PREDICTED: DELLA protein GAIl-like
(Citrus sinensis)
HD-ZIP  Unigene0014294  HOX3 -1.361030 —1.111150 —1.720320 Homeobox-leucine =zipper protein HOX3
(Theobroma cacao)
Unigene0005162  ATHB-16 -1.076290 -2.790 030  —2.233 340 Homeobox-leucine zipper ATHB-6-like protein
(Gossypium arboretum)
Unigene0008834  ATHB-21 -2.298230 -1.642560 —2.172700 PREDICTED: homeobox-leucine zipper protein
ATHB-40-like (Gossypium raimondii)
LBD Unigene0036541  LBD16 -2.645060 -3.561930 -3.163800 Lateral organ  boundaries-domain 16
(Theobroma cacao)
Unigene0037813  LBD16 -2.206780 -2.322290 -2.093350 Lateral organ  boundaries-domain 16
(Theobroma cacao)
Unigene0010809  LBDI 1.154 615 —4.366800 —3.103100 PREDICTED: LOB domain-containing protein
1-like (Gossypium raimondii)
Unigene0018743  LBD38 1.537371 -1.446660 —1.014550 PREDICTED: LOB domain-containing protein
39-like (Populus euphratica)
MIKC Unigene0012309  SOC1 —4.863 570 1.056 961  —2.352 630 AGAM)OUS-like 20 isoform 2 (Theobroma
cacao
Unigene0006154  SVP -1.519090 -1.080050 -1.416 160 PREDICTED: MADS-box protein JOINTLESS
(Populus euphratica)
MYB Unigene0000928 MYB4 -1.777720  -1.032910 -2.914430 PREDICTED: myb-related protein Myb4
isoform X1 (Glycine max)
Unigene0010888  MYB39 -1.327580 -2.167420 -3.377550 PREDICTED: transcription factor RAX2 (Pyrus X
bretschneideri)
Unigene0043768 P -1.451750 —1.844570 —1.986 830 MYB-like DNA-binding domain protein
(Theobroma cacao)
Unigene0044620  MYB46 1.927 175 1.262 103 1.157295 Myb domain protein 83 (Theobroma cacao)
Unigene0000162  MYB108 -3.086580 —1.880950 —1.758 550 PREDICTED: transcription factor MYBI108
(Vitis vinifera)
Unigene0035183  MYB306 2.144479  —1.596 920 4352963 transcription factor MYBJ2 (Glycine max)
MYB Unigene0016551  DIVARICATA 1.365299  —1.491440 -1.102 130 Duplicated homeodomain-like  superfamily
protein (Theobroma cacao)
NAC Unigene0016964  NAC100 -1.970900 —2.310650 —3.080360 NAC d;)main containing protein 80 (Theobroma
cacao
Unigene0009255  FEZ -2.230040 —2.068400 —1.276 150 NAC d;)main containing protein 36 (Theobroma
cacao
Unigene0009256  FEZ -1.766290 —-1.800290 —1.561230 NAC domain containing protein 36 (Theobroma
cacao)
Unigene0003829  ONACO010 -2.292 920 1.712599  —-1.254250 PREDICTED: NAC transcription factor 25-like
(Gossypium raimondii)
NF-YA Unigene0019323  NFYAS -1.056 060 —3.196 070  —4.848 420 PREDICTED: nuclear transcription factor Y
subunit A-3-like (Populus euphratica)
Unigene0000518  NFYA1 -1.467660 -2.478030 —1.971730 PREDICTED: nuclear transcription factor Y
subunit A-1-like (Gossypium raimondii)
WOX Unigene0031459  WOX1 4.180 546 1.430 876 3.224 170 PREDICTED: WUSCHEL-related homeobox 6
(Gossypium raimondii)
Unigene0031455  WOX1 2.156 263 2.046 480 2.233908 PREDICTED: WUSCHEL-related homeobox 6
(Gossypium raimondii)
WRKY Unigene0020064 ~ WRKY75 —-1.118 390 2.507 171 1.086 862 PREDICTED: probable WRKY transcription
factor 75 (Pyrus X bretschneideri)
Unigene0010193 ~ WRKY22 -1.821 540 1473285 —1.086 310 V\}ILRKY t)ranscription factor 57 (Gossypium
irsutum
Unigene0020062 ~ WRKY75 —-2.328 330 2.196 917 1.985872 PREDICTED: probable WRKY transcription
factor 75 (Setaria italic)
ZF-HD Unigene0036765  MIF1 -1.539260 -2.134090 -2.625410 PREDICTED: mini zinc finger protein 3

(Jatropha curcas)
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REAE BER AR, JoREd SRR
AW E AR ORI TR . BERG BOR B R AR DL R . (1
fil 2 A= W) & RCAE O 56 TR R o B O 2R R
qRT-PCR SEZI&IGIENT, B 1 1255 s 4 30 10 T 58
Mo X E e 3 AEARE BN TFs 1R IEHE ik
1T938T, #9348 286 %k Unigene /751, & 54 4>
TR AR TFs 3L 1156 ANFER, 45 3
i) TFs JERBHH&Z 1 10 DK 58 bHLH.
ERF. NAC. MYB. C2H2. WRKY. MYB_related.
bZIP. GRAS #1 B3 K.

NAC 2 T YRR I 5 OR 1 i s i 43 1 K
Wz —, EHYENEAZEHEMAE, ZH5TEM
e S AR AR i a e B, REAE R E R SR
ik, FESHARME AR R M RIE, HidRE
Ae B AR mAE bR P BE 7). FEPLRE I K FE
I IR N & ) NAC (SNAC) FE[R [ 4% 3
DR R X 360 2% B0 LY B A i R P e Bk
T8 REMIE T, ELIEE T MsNACT KKk
BRI EFE TR, mARMRT, Ak
# NAC ZKE2 21 TFs $H & % Wi =
MREZ—, 3 RZHWEFES ZEFRIEIERE
N 20, 22, 31, Ho BIFRIER TFs HEF R
B (7. 9. 16), BH] NAC X AR 1 #
S ENNRY eSS (S iR = SER A i g1
I, R 2 1 NAC 5% K12 5 21 35 Wy aa 1
RS, ZHESPIRAEL Protparam F2 5 Fiil
NAC & A WA, 45 3 B on R i 5 i ia
IR NAC EH FETA AR H 2 R R
X3 FRAEM PR R . T R S A A A B e
TREX—FAENZBEDR, #IAS5HED R
WME R IEAE DG, PR AR R R R T
i UK AR AR e AU TS R, [
A B RAE A 2 R 2 & B A Sh ol 2 A S i
N, JEi@ERT qRT-PCR KGE 1 il &L & i i b
()G EEHE R PSCSB nlfE Ny ihia N A ARE R ia
IR AR SN, HEN NAC K& TFs %t
AT il 2B AR 3R A R 1 B A TR H

MYB # 3 [F T ABA 15 58442 5 h#it
B, 5T HAMIE S RIETAAEA R
FE 52 XY, FER AR 3 A A R vh — R TE %
YEF, fEm NAEY) S IanT, MYB JERFHRIE =
ME, Hprgae Rt EAM R, ARE
MYB FKG 2 sh e i 5 2 7 KA R A E

LRz —, B EARIENZERRIE TFs $2pE
REUE NI (6. 7. 10), XL FiHFRIEN MYB
SRR AR 3 ARBUERAE J1 IR i — e Y
SEAEFH o WRKY %% 5% PR 12 75 5 31 7 4 7 25 JE R 1)
VA i R — NS, WRKY E[H i %
L FIREREIG SR I PU RE ), R R T Pl Rk
WRKY25 #l WRKY33 J&, Hiff A ABA HUK
PEs RO, fEARBE R, AARERGEMGE X
K WRKY % 5% DR 1Bl e AR 0 n 2 35 48 2 (2.
6. 15), HEMEFREEE 21 LKA TFs FK
N T AR B 3 B B B8 7 R 4 S E A
AL T Ko

78 3 AR FEIRI TFs 2 5 235 TR ELBe o #r
d, 5 70 A 3 AR 1 E RIS N, HAHNE
RIERFEFLL N ERIENE, 3 RAPFrE: LiARIE
FIFERML 12 4, Hirp WOX FEF L 3 ARy
ROUN EHRIE . WOX SR K E YR I T2 1
T4 f e e M AN 2R B TR S R B OSBRI
HEMER, DR A 7y R B BH 1E A B A B 32w
SR WOX JE DR ) 28 i [RRE 7] 32 AR A it
Wi, AKREAET-S M 12h . JLTHTE WOX 3
Rl R IA7K-F- 34 B R 3R T, OsWOX3 #l OsWOXS5
FEDRE SR G N A SR IEPY . 78 3 ARER M
FIARIAN 2 N EEFERS WOX1, HERIAFALIE
M 2E 285 SRR, HEMIL S 58 w0 R B DT
FIARFAR ISR . 255 148 L IFRIE log,FC B i
ET 6 DNIERIZE 3 MR Eif£iL. ERF
F I Unigene0040676 i1k log,FC MEAESS 1.
2 RHMIE, BIEE 3 ARME NG 1. 24000 4 %, B
W ES: 3 R IE R T %A E m R iL. ERF
F A A ) TE DI 45 75 T AT B5ZEAE FH I TFs X
Wz —, T2 5T B S T S S EAE KR
Yot . W Camellia sinensis L. F, &R A
ffi Cs047-ERF-B3 K KL BFETHE). AR
T ARG 2 P L TRINAS £ 90 A~ ERF SRR, A&
B TFs #4458 2 Kk

15 3 ARFFE NARIEMER T, 7 8 MNER
[Unigene0044600 (C2H2), Unigene0016964 (NAC),
Unigene0002712 (EIL), Unigenc0036765 (ZF-HD),
Unigene0016718 (bZIP), Unigene0010888 (MYB),
Unigene0019323 ( NF-YA ) 1 Unigene0004126
(ERF) ] I N ARIA RSB ARG i1, W
T 2 AR 38 K 3 3 TR 20 1 TR 4% VR F A B A
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[Unigene0038094 (ERF). Unigene0011437 (AP2).
Unigene0028105(DBB ). Unigene0020062( WRKY )+
Unigene0005341 (ERF) . Unigene0020064 (WRKY) ]
IAES 1 TS, 28 2. 3 M EHERE, HY]
2 AR AE O 40 B DR PR v 2 /R AN [F) - B A e
FAE A B i i B 5 SR A AR 22 ), IR BRI
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B AES, HoAl TFs KR G WAEES S5
WA IR IR, DL R P il i A A {5
SREAEREMK, A B,

¥ 7R 73 5 P e e e AZ B
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