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Abstract: The TT1 gene (transparent testa 1) plays an important role in plant stress response. Juglans re-
gia is an important economic tree species,and its yield and quality are seriously affected by the environ-
ment. In order to further explore the stress resistance mechanism of J. regia,a walnut cultivar ‘Xiangling’
was used as experimental material and J»TT1 gene was identified from walnut transcriptome, then the gene
expression and bioinformatics analysis were carried out to predict the basic biological function. The results
showed that the open reading frames (OFR) of J+rTT1-1,JrTT1-2 and JrTT1-3 genes were 1 014,1 023
and 1 029 bp; the molecular weights of the proteins were 37 763. 51,38 492. 94 and 38 136. 36 u; the amino
acids were 337,340 and 342; the theoretical isoelectric point were 7. 88,7.19,8. 89, respectively. JrTT1-1,
JrTT1-2 and JrTT1-3 shared close evolutionary relationship with the homologous TT1 protein of other
species. The upstream 1 200 bp promoter of JrTT1-1,JrTT1-2 and JrTT1-3 contained a variety of cis-
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acting elements associated with drought stress response. Real-time quantitative PCR (qRT-PCR) showed
that JrTT1-1,JrTT1-2 and JrTT1-3 could be induced to different degrees under PEGg, stress,and the

expression trends in the leaves and roots were different. It indicated that J»TT1 gene could be induced in

response to drought stress and had tissue expression specificity, which was predicted to play a role in wal-

nut stress response.
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Table 1 The primers used in the current study

EIE/ER S E w519 ALY

18S rRNA 5'-GGTCAATCTTCTCGTTCCCTT-3' 5'-TCGCATTTCGCTACGTTCTT-3'
JrTT1-1-DL 5'-GATCCTCCATTCAAGAGT-3' 5'-AGAGATCAACATAGAGCC-3'
JrTT1-2-DL 5'-AGCTGGACAGATCAGAAG-3' 5'-GGATCCAGTACTGTCCCT-3'
JrTT1-3-DL 5 -CGTTGATCAGGAGATCAC-3' GCAAGCGACGTTGAAGCT-3'
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Fig. 1 The distribution of the conserved domain of JrTT1 proteins
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Jr: Mk (Juglans regia) s Dz: B3 (Durio zibethinus) ; Gm: K & (Glycine max) ; Pt: B A5 (Populus trichocarpa) ; Ce: K & (Cajanus cajan) ;

Mp: B & (Mucuna pruriens) ; Oe: Hithi (Olea europaea var. sylvestris) ; Tc: 0] 0] ( Theobroma cacao) s Hu: T # & (Herrania umbratica) ; Qs:

R (Quercus suber) ;Pa: 25 (Prunus avium) ; Pp: Bk (P. persica) ; Si: Wk (Sesamum indicum) s Zj: B (Zizi phus jujuba) ;Jc: R X (Jatropha cur-

cas) ; Vv #i % (Vitis vini fera) ; Me: K2 (Manihot esculenta) ; Re: B WK (Ricinus communis) ; Hb: 8 & ( Hevea brasiliensis) ; Mn; & B (Morus

notabilis)
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Fig. 2 Phylogenetic tree analysis of JrTT1 and other species-like proteins
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Table 2 The drought response related cis-elements in J»TT1-1,JrTT1-2,]JrTT1-3 promoter
- 471 /bp
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MYB2ZCONSENSUSAT  610(+)/739(+) 128(—)/534(—) 398(—) YAACKG
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S000407
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MYCCONSENSUSAT 565 (—) /565 (+)/ Y (—)/522(+)/755 CANNTG
(—)/745 (+)/773 -
610(—)/610 (+)/ (=573 (+yggr (/785 (/962
619(—)/619(+) (= /887(0> (—)/962(+)
221 (+)/223(—)/ 301 (—)/303(+)/ R
RYREPEATBNNAPA b25( 1 2970 305(—)/513(—) / CATGCA ABRE/ABA 3%
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MG e
RYREPEATGMGY?2 295( 1 /226(—) 2000 / CATGCAT
RYREPEATLEGUMIN- 221 (+)/222(—)/ 300(—)/303(+)/ A
BOX 225(+)/226(—) 304(—) / CATGEAY
221(—=>/221(+>/ AT AT
RYREPEATVFLEB4 225 (> /225¢ 1) 303(—)/303(+) / CATGCATG
28 (—)/555 (+)/ n WRKY 1 /PR 1
WBOXATNPR1 47 534(— TTGA
0 91801 / 8(+)/534(—) C -
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Fig. 3 Multiple sequence alignment of JrTT1-1,JrTT1-2,JrTT1-3

V5 Qﬂl)

J
JrTT1-1 w2 JrTT1-2 JrTT1-3

(g8

4 JIrTTI-LJrTTI2 rTTI-3 EE ZH S TNER

Fig. 4 Three-dimensional structure prediction models of JrTT1-1,JrTT1-2,JrTT1-3 Protein

W3h O6h Oi2h E24h M72h EI120h

HE R 2% 3k 7K “F(log2)
HI X} 215 7K F-(log2)

JrTT1-1 JrTT1-2 JrTTI1-3 JrTT1-1 JITT1-2 JrTT1-3

W /INE SRS T 28 43 BT L AE S SR (P<C0. 05),
BS5 JrTT1IEEAETEHETHREKFE(BANRZERTABNTFASERMBAI T 0 h HRIEE)
Fig. 5 The transcription of JrTT1s exposed to drought,relative expression values are expressed relative to the

expression value of the internal reference gene and relative to 0 h

3.2 itig S KL SRE RE B Y R EEFN
b 2 b P oA 3 45 TTL 3, WIPRGERHNAGRIEMELE LR, atibsh+



92 P b b2 B 2 41

35 #

5 = A FH 6 A2 B A 2% 2 PR ) g M HE AT R 4 L
WU FIEXS JrTT1-1,J7TT1-2.JrTT1-3 J3 3l
FHAT T KB EATER T & A DRE.CBF 1 5 1
VLT A A 3 B AR R S At 305 85 e 7 A DG Y oA
ABRE i %] #§ RYREPEATBNNAPA. RYRE-
PEATGMGY2. RYREPEATLEGUMINBOX, RY-
REPEATVFLEB4, Dof if % ) DOFCOREZM Jt
. MYB iH 5] 5 MYBCORE., MYB2CONSENS-
USAT.MYBCOREATCYCB1, MYC 7 f§ MY-
CCONSENSUSAT, WRKY 1 5 f§ WBOXHVI-
SO1,WBOXNTERF3,WRKY710S( 2), f5#
B, ABRE.Dof MYB.MYC.WRKY %% 5t [ 7
HA W 5w g 0 e n]
JrTT1-1.JrTT1-2,JrTT1-3 0 & 18 1 3 35 7 4
i ) 7 T 5 A

et JrTT1-1.J7,TT1-2.JrTT1-3 £ T 52
JiR30 T B B AT AT 43 B, B 3 A S AR e Bk
T 5 A RO R R B A5 . HLAR BT AR RN I ) R A
2SR 5) . X5 H A 2 0 HT R i N 2
AL . A BE JTrWRKY?2. JrWRKY7 %5 3L B 78
T 538 5 B9 W] B[] R 2RO W) B 3 S R GR L TR
GRS o R I i 2 = W NI T P = N i S P T S W
WRKY2.,JrWRKY7 G203 T 58 T B9 48 bk 19 5t
WRE S, Bk JrGST Taul REW R T 2 Wit . 5%
FEH IR AT WT Hobr 2R 8 oo, Bk A T
- 1 ¥ JrDREB2A. JrMYC2,
JrtMYB44. JrDofl F1 JrWRKY7 ¥ 1%, # Bk
JrVHAGT FERAET 538 T 0 Rk WAk ot 1 i)
ALV S . k. aT LA JrTT1 B4
1 SRR 30 0 R A 9k A7 L T T RT LAAE Ry BBk it
HLHIE ST 300 B3 1 AL ] 53 A 0 3 e B B I

48

(1] T4 . v ¥, L6 4, 25, pFGC5941 (1 B i J 25 2 )@ 3% B b

K1 REE(TTD KR RNA TH kg @[T, &l A Y8 A%
#%.2010,18(6):1189-1196.
MA L J, FENG Y, JIANG L P, et al. Modification of pF-
GC5941 and construction of RNAI vector of Brassica transpar-
ent testa 1 gene (TT1) family[J]. Journal of Agricultural Bio-
technology,2010,18(6) :1189-1196. (In Chinese)

[2] MISYURA M,COLASANTI J,ROTHSTEIN S. J. Physiologi-
cal and genetic analysis of Arabidopsis thaliana anthocyanin
biosynthesis mutants under chronic adverse environmental con-
ditions[ J]. Journal of Experimental Botany,2013,64 (1) :229-
240.

[3] DEBEAUJON I, LEON-KLOOSTERZIEL K M, KOORNNEEF M,
Influence of the testa on seed dormancy,germination,and longevity in

Arabidopsis[ J]. Plant Physiology,2000,122(2) :403-414.

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

POURCEL L,ROUTABOUL J M,CHEYNIER V,ez al. Fla-
vonoid oxidation in plants: from biochemical properties to
physiological functions[J]. Trends in Plant Science, 2007, 12
(1):29-36.
WINKEL-SHIRLEY B,FLAVONOID BIOSYNTHESIS. A color-
ful model for genetics, biochemistry, cell biology,and biotechnology
[J7. Plant Physiology,2001,126(2) :485-93.
APPELHAGEN 1,L.U G H, HUEP G,et al. Transparent testal
interacts with R2ZR3-MYB factors and affects early and late steps of
flavonoid biosynthesis in the endothelium of Arabidopsis thaliana
seeds[ J]. The Plant Journal:for Cell and Molecular Biology,2011,
67(3):406-19.
SAGASSER M,LU G H,HAHLBROCK K,et al. A. thaliana
TRANSPARENT TESTA 1 is involved in seed coat develop-
ment and defines the WIP subfamily of plant zinc finger pro-
teins[J]. Genes & Development,2002,16(1):138-49.
LIAN J,LU X,YIN N,et al. Silencing of BnTT1 family genes
affects seed flavonoid biosynthesis and alters seed fatty acid
composition in Brassica napus[]J]. Plant Science.2017,254:32-
47.
YOSHIDA K,IWASAKA R,KANEKO T,et al. Functional differ-
entiation of Lotus japonicus TT2s, R2ZR3-MYB transcription fac-
tors comprising a multigene family[ J7]. Plant &. Cell Physiology,
2008,49(2) :157-69.
PETRIDIS A,DOLL S,NICHELMANN L,et al. Arabidopsis
thaliana G2-LIKE FLAVONOID REGULATOR and BRAS-
SINOSTEROID ENHANCED EXPRESSIONI are low-tem-
perature regulators of flavonoid accumulation[ J]. The New
Phytologist,2016,211(3) :912-25.
LT Q, YIN M, LI Y, et al. Expression of Brassica napus
TTG2,a regulator of trichome development, increases plant
sensitivity to salt stress by suppressing the expression of aux-
in biosynthesis genes[ J]. Journal of Experimental Botany,
2015,66(19):5821-5836.
YANG G,CHEN S, LI D,et al. Multiple transcriptional regu-
lation of walnut JrGSTTaul gene in response to osmotic
stress[ ] ]. Physiologia Plantarum,2018.
YANG G,XU Z,PENG S,et al. In planta characterization of
a tau class glutathione S-transferase gene from Juglans regia
(JrGSTTaul) involved in chilling tolerance[ ] ]. Plant Cell
Reports,2016. 35(3) :681-692.
YANG G.ZHANG W,LIU Z,et al. Both J;rWRKY2 and Jr-
WRKY7 of Juglans regia mediate responses to abiotic stres-
ses and abscisic acid through formation of homodimers and in-
teraction[ ] ]. Plant Biology (Stuttgart, Germany), 2017, 19
(2):268-278.
LIVAK K J,SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2°48CT Method[J]. Methods,2001,25(4) :402-408.
YIN X,CUI Y, WANG M, et al. Overexpression of a novel
MYB-related transcription factor, OsMYBRI1, confers im-
proved drought tolerance and decreased ABA sensitivity in
rice[ ] ]. Biochemical and Biophysical Research Communica-
tions,2017,490(4) :1355-1361.
HUANG C,ZHOU J,JIE Y.et al. A ramie bZIP transcription



Bl +

& MG TT1 5% 3 P (9 5 18 S+ 520 B 73 A

93

[18]

[19]

factor BnbZIP2 is involved in drought, salt, and heavy metal
stress response[ J ]. DNA and Cell Biology.2016,35(12) :776-
786.

XA R B, 52 /0 IR A FURE T IC U e I X A Ak 7 Ak R
Bis bR B2 [T ], PEAE AR B A4 . 2018, 33(6) : 113-117.
LIU D L.ZHANG B Y,PENG S B.et al. Effects of nitrogen.
phosphorus and potassium formula fertilizers on the yield and
quality of walnut fruit[J]. Journal of Northwest Forestry
Univsercity,2018,33(6):113-117. (in Chinese)

LI C,YUE J,WU X,et al. An ABA-responsive DRE-binding

protein gene from Setaria italica s SiARDP , the target gene of

[20]

[21]

SiAREB, plays a critical role under drought stress[ J]. Journal
of Experimental Botany,2014,65(18) :5415-27.

ZANG D, WANG L. ZHANG Y, et al. ThDofl. 4 and
ThZFP1 constitute a transcriptional regulatory cascade in-
volved in salt or osmotic stress in Tamarix hispidal[ ]]. Plant
Molecular Biology,2017,94(4-5) :495-507.

XU Z,ZHAO Y.GE Y.et al. Characterization of a vacuolar H
( + )-ATPase G subunit gene from Juglans regia
(JrVHAG1) involved in mannitol-induced osmotic stress tol-

erancel J]. Plant Cell Reports,2017,36(3):407-418.

(E#E% 85 T)

[21]

[22]

(23]

[24]

[2

o]

]

SNAJDR J. VALASKOVA V., MERHAUTOVA V. et al.
Spatial variability of enzyme activities and microbial biomass
in the upper layers of Quercus petraea forest soil J]. Soil Bi-
ology and Biochemistry,2008,40(9) :2068-2075.

A SO 2T Bl i, 45 UV G AN TR AR A 2R - A e T
FO5 A 5 S i 06 R LT WG K PR $ L 2010, 22
(2):13-16.

ZHANG S Y,YUAN H H,LU M,et al. The soil enzyme ac-
tivities of different land use types and the relationships be-
tween the soil enzyme activities and physical-chemical proper-
ties or microorganism in mountainous area of northwest Yun-
nan Province[ ]J]. Subtropical Soil and Water Conservation,
2010,22(2) :13-16. (in Chinese)

B O B B A B L A 2R m AR AR LRI S Y 2
FEVER G R T, Mol B2, 2001,37(4) 1 124-128.

YANG W Q,ZHONG Z Z, TANG J P,et al. Study on rela-
tionships between soil enzymic activities and plant species di-
versity in forest ecosystem of MT. Jinyun[]J]. Scientia Silvae
Sinicae,2001,37(4):124-128. (in Chinese)

SALAZAR S,SANCHEZ L E,ALVAREZ J,et al. Correla-
tion among soil enzyme activities under different forest sys-
tem management practices[ ] ]. Ecological Engineering, 2011,
37(8):1123-1131.

FANSLER S J,SMITH J L,BOLTON H,et al. Distribution

[26]

[27]

(28]

[29]

[30]

of two C cycle enzymes in soil aggregates of a prairie chrono-
sequence[ J]. Biology &. Fertility of Soils,2005,42(1) :17-23.
XIAO Y, HUANG Z, LU X. Changes of soil labile organic
carbon fractions and their relation to soil microbial character-
istics in four typical wetlands of Sanjiang Plain, northeast Chi-
nal J]. Ecological Engineering,2015,82:381-389.

T3 Mg R VL RN R R T M = sl S
(1], S H,2010,19(5) : 1215-1220.

WAN Z M,SONG C C. Seasonal dynamics of soil enzyme ac-
tivities under Calamagrostis angustz foliamarsh in the San-
jiang Plain[J]. Ecology and Environmental Sciences,2010,19
(5):1215-1220. (in Chinese)

WALDROP M P, FIRESTONE M K. Response of microbial
community composition and function to soil climate change
[J]. Microbial Ecology,2006,52(4):716-724.,

TIMOTHY M, BOWLES, VERONICA ACOSTA-MARTINEZ,
et al. Soil enzyme activities, microbial communities,and carbon and
nitrogen availability in organic agroecosystems across an intensive-
ly-managed agricultural landscape[ J]. Soil Biology and Biochemis-
try,2014,68.:252-262.

ALBIACH R,CANET R,POMARES F,et al. Microbial bio-
mass content and enzymatic activities after the application of
organic amendments to a horticultural soil [ ] ]. Bioresource

Technology,2000,75(1) :43-48.



