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Abstract: [Objective] Q-type C2H2 zinc finger protein plays an important role in plant resistance to
abiotic stress. As an important species of economic forest, walnuts are often exposed to adverse condi-
tions. In order to further understand the characteristics of Q-type C2H2 zinc finger proteins in walnut
genome, the whole genome of Q-type C2H2 zinc finger proteins (JrZFPs) in walnut was identified and
analyzed, and their expression patterns in response to drought stress and salt stress were studied. We car-

ried out this research to provide a reference for the study of walnut resistance to stress. [Methods]4-
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week-old Liaohe No. 4 tissue cultured seedlings were used as materials. These plantlets were treated
with NaCl (100 mmol - L") and PEG (15.0%, p) for 0, 6, 12 and 24 h, then frozen in liquid nitrogen im-
mediately and stored at —80 ‘C for RNA extraction and gene expression analysis. Each treatment had 3
replicates, with nine plants per replicate. Additionally, through BLAST Arabidopsis thaliana Q-type
C2H2 protein sequences, 82 JrZFPs were screened from the walnut genome database. With the help of
ExPASy, MEGA X, TBtools, MEME and Plant CARE online website, bioinformatics analysis of the
gene families was performed, including the phylogenetic analysis, gene structure and protein sequence
analysis, chromosome location, series replication analysis, and inter species collinear analysis. Finally,
the expression patterns of 15 Q-type C2H2 genes were analyzed under drought and salt stress through
gRT-PCR. [Results]A total of eighty-two members of JrZFP were identified from the walnut genome
database (named as JrZFPI-JrZFPS82). They all contained invariant “QALGGH” motif in the zinc fin-
ger domains (CX; sCX;FX;QALGGHX; sH). In addition, the number of amino acids, relative molecu-
lar weight, isoelectric point and subcellular localization of JrZFP family genes were analyzed. The num-
ber of amino acids of the 82 JrZFP gene family members ranged from 59 (JrZFP26) aa to 636
(JrZFP63) aa, with a molecular weight ranging from 6.72 (JrZFP26) to 70.33 (JrZFP63), and an iso-
electric point from 5.33 (JrZFP80) to 10.23 (JrZFP47). Prediction of subcellular location showed that
JrZFPs were mainly located in the nucleus, with a small amount distributed in the cytoplasm, peroxi-
somes and chloroplasts. Chromosome location analysis showed that these JrZFPs were unevenly distrib-
uted in all the walnut except for chromosome 16. In the present study, 11 pairs of JrZFP genes (22/82,
26.83%) were identified as tandemly duplicated genes, of which chromosomes 1, 2, 3, 4, 6, 10 and 14
had one pair of tandem duplication genes. Chromosome 9 and 13 had two pairs of genes. Besides the
tandem duplication, 63 (63/82, 76.83%) segmental duplication genes were also identified using MCS-
canX methods. In order to study the evolutionary relationship between walnut and Arabidopsis Q-type
C2H2 genes, a phylogenetic tree analysis was performed on the amino acid sequences of 140 Q-type
C2H2 (including 58 Arabidopsis genes and 82 walnut genes). According to sequence similarity and to-
pological structure, the phylogenetic tree could be divided into 7 ZFP subfamilies, namely C1, C2- I, C2-
II, C2-III, C2-1V, C3- I and C3-1I. In order to understand the gene structure of JrZFPs, their introns,
exons and conservative motifs were analyzed. The results showed that 75 JrZFP genes (91.46%) had no
introns, and a total of 10 Motifs were identified in the conservative motif distribution. Motif 1 and Mo-
tif 2 both contained Q-type C2H2 core sequences, and Motif 5 was an EAR-motif. The JrZFPs in the
C1 and C2 subfamily contained two zinc finger domains, while the members of the C3 subfamily con-
tained only one zinc finger domain. Motif 1 and Motif 2 were Q-type zinc finger domains, which are
widely distributed in 82 JrZFPs. All 76 JrZFPs contained EAR-motif, and the remaining members did
not have EAR-motif. Ninety-eight percent of the members of this family had light-responsive elements,
93% of members contained abscisic acid-responsive elements and 50% of members had low-tempera-
ture response elements. Additionally, 44% of members had drought-responsive elements, indicating that
the JrZFPs family plays an important role in response to drought environment. At last, the 15 JrZFP
genes showed different response patterns under salt stress, all of which were significantly up-regulated.
Especially, the relative expression of JrZFP55 was the highest compared with SO, indicating that
JrZFP55 played a positive regulatory role in walnut NaCl stress. On the other hand, the 15 JrZFP genes
showed different response patterns under drought stress, which were either significantly up-regulated or
down-regulated. Among them, JrZFP12 was up-regulated the most, which was 13.97 times that of SO.
At the same time, JrZFP4, JrZFP55 and JrZFP57 were down- regulated most significantly under
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drought stress, suggesting that these three genes play a negative regulatory role in walnut drought

stress. [Conclusion] There are 82 JrZFP family members in the whole genome of walnut, all of which

contain the typical Q-type C2H2 domain. JrZFP genes may be involved in drought and salt stress based

on real-time fluorescence quantitative analysis.
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Table 1 qRT-PCR primer sequence
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Accession No. Gene name Primer sequence(5’-3")

JreChr01G12107 JrZFP4 F: AGAGACAGAGCCAGGTTGAGACAG R: AATGACGAGGAGGATGAGGGTGAG
JreChr02G11510 JrZFP12 F: AGCAGTTCTTGTTGTCGTCGGATG R:CGGAGCACTCGTGAACCTTAGAC
JreChr03G13269 JrZFP21 F:GGTGGAACAGGAGAGGAGTGGAG R:AAACGAATGAGCCCTCTTGTGACC
JreChr04G11953 JrZFP27 F: TGGCAAAGCGGGCTATGAGAATG R:GGACCTCACTGATGGCACAAACC
JreChr05G10388 JrZFP29 F: ACAGGGTTTGGAATGGCAAGGATG R:TGGTTCTGACGGTGGCTCTGAC
JreChr05G12759 JrZFP34 F:GAGAGGAGGCGGCTGAGGAG R:GCGAAGCACCCTTTCACATTCTTG
JreChr06G10479 JrZFP35 F:GGTATGCTGTACCTGCTGCTCAC R:TCTGCTGGGAAGAGGGTAAAGGAG
JreChr07G11727 JrZFP44 F:CACCATCTGCCACAAGTCCTTCC R:GTGGTGACGACGCTGCTTCC
JreChr09G 11432 JrZFP55 F:TTCTCAAATGCTCAGGCTCTTGGG R:ATGTCCATAGGCGGCGAGTTTTC
JreChr10G10800 JrZFP57 F: TCGGCATAGAATTTGGCGGTGAC R:GTTGTGCTCCTTGGCGTCCTC
JreChr10G11227 JrZFP59 F:GCGGCATAGAGCGAACGAAGG R:AAGGGCGTCAAGTTCAAGTCCAAG
JreChr11G12142 JrZFP63 F:GAAGCTGGAAGCCGACGTGAAG R:CGGTGGAGCAGTTTCTAGCATAGC
JreChr12G10255 JrZFP65 F:TGGGTCGTGGTTCTGAGGCTAG R:CACGGCGGTTGCTCTCTTCTTC
JreChr13G10892 JrZFP71 F:GTGGTCACAAGGCAAGAGGGAAG R:GCCCGGACAAAGACATCACAGAC
JreChr14G10249 JrZFP77 F: TGAGGAAATCGGTGCTGCATCTTC R:CTGCTGCTTGTCTCGGTTCAGG
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Table 2 Physical and chemical properties analysis
xR BRI A K HIEIRH PN MRS HA EAAENL
Accession No. Gene name Number of amino acids Molecular weight/ku pl Subcellular localization
JreChr01G10056 JrZFP1 208 23.58 6.13 nucl:14
JreChr01G10385 JrZFP2 166 18.05 8.43 nucl:13, pero:1
JreChr01G12106 JrZFP3 185 21.14 6.75 nucl:14
JreChr01G12107 JrZFP4 233 26.13 8.92 nucl:12,cyto:1,pero:1
JreChr01G12880 JrZFP5 264 28.90 9.36 nucl:14
JreChr01G13047 JrZFP6 343 37.64 6.32 nucl:14
JreChr01G13243 JrZFP7 181 19.62 9.12 nucl:14
JreChr02G10459 JrZFP§ 185 20.25 6.92 nucl:13, pero:1
JreChr02G10911 JrZFP9 166 18.37 6.59 nucl:14
JreChr02G10912 JrZFP10 231 25.44 9.51 nucl:13, pero:1
JreChr02G 11409 JrZFP11 290 32.08 6.15 nucl:14
JreChr02G11510 JrZFP12 347 38.06 6.64 nucl:14
JreChr02G11636 JrZFPI13 177 19.59 9.17 nucl:14
JreChr02G11690 JrZFP14 292 32.54 6.79 nucl:14
JreChr03G10653 JrZFP15 317 35.06 8.92 nucl:14
JreChr03G12539 JrZFP16 151 16.83 9.06 nucl:13,pero:1
JreChr03G12575 JrZFP17 204 22.89 8.71 nucl:12,cyto:1,pero:1
JreChr03G12576 JrZFP18 182 21.10 5.74 nucl:14
JreChr03G12945 JrZFP19 223 23.69 7.82 nucl:14
JreChr03G13093 JrZFP20 256 27.83 6.13 nucl:14
JreChr03G13269 JrZFP21 573 64.23 7.04 nucl:14
JreChr04G10054 JrZFP22 309 34.65 8.92 nucl:14
JreChr04G10151 JrZFP23 191 21.14 8.85 nucl:13, pero:1
JreChr04G11643 JrZFP24 477 52.22 9.63 nucl:14
JreChr04G11737 JrZFP25 201 22.61 9.47 nucl:13,pero:1
JreChr04G11738 JrZFP26 59 6.72 5.49 nucl:14
JreChr04G11953 JrZFP27 256 27.98 5.56 nucl:13, pero:1
JreChr05G10137 JrZFP28 547 60.85 9.04 nucl:14
JreChr05G10388 JrZFP29 191 21.40 9.30 nucl:14
JreChr05G10431 JrZFP30 260 28.99 8.71 nucl:13.5,cyto_nucl:7.5
JreChr05G10552 JrZFP31 253 27.74 8.19 nucl:14
JreChr05G11243 JrZFP32 245 26.54 5.80 nucl:14
JreChr05G11939 JrZFP33 237 24.63 8.37 nucl:14
JreChr05G12759 JrZFP34 312 34.06 7.22 nucl:14
JreChr06G10479 JrZFP35 273 30.30 9.02 nucl:14
JreChr06G10678 JrZFP36 502 55.66 8.85 nucl:14
JreChr06G11002 JrZFP37 277 30.16 8.03 nucl:14
JreChr06G 11553 JrZFP38 251 27.24 7.62 nucl:14
JreChr06G11609 JrZFP39 261 28.25 7.62 nucl:14
JreChr06G11628 JrZFP40 192 21.51 6.52 nucl:14
JreChr06G11629 JrZFP41 556 61.58 8.84 nucl:12, extr:2
JreChr06G11732 JrZFP42 249 26.28 8.69 nucl:14
JreChr07G11002 JrZFP43 372 40.92 9.88 nucl:14
JreChr07G11727 JrZFP44 284 30.39 9.24 nucl:12.5,cyto_nucl:7,extr:1
JreChr07G11892 JrZFP45 172 18.70 7.85 nucl:13.5,cyto_nucl:7.5
JreChr07G12339 JrZFP46 276 30.27 6.89 nucl:13, pero:1
JreChr08G10074 JrZFP47 189 21.02 10.32 nucl:14
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%% Continued Table

HRS iR R TR MR AL AT AL
Accession No. Gene name Number of amino acids Molecular weight/ku pl Subcellular localization
JreChr08G 11864 JrZFP48 252 26.73 8.51 nucl:14
JreChr08G12211 JrZFP49 286 31.87 6.04 nucl:13, pero:1
JreChr09G10134 JrZFP50 312 33.69 6.45 nucl:14
JreChr09G10780 JrZFP51 547 61.23 9.14 nucl: 14
JreChr09G10970 JrZFP52 246 27.24 6.56 nucl:14
JreChr09G10994 JrZFP53 228 24.95 9.79 nucl:13,chlo:1
JreChr09G11302 JrZFP54 260 29.30 8.95 nucl:14
JreChr09G 11432 JrZFP55 184 20.72 5.98 nucl:14
JreChr09G 11433 JrZFP56 302 33.99 8.98 nucl:14
JreChr10G10800 JrZFP57 245 27.22 6.70 nucl:14
JreChr10G10922 JrZFP58 279 30.77 8.76 nucl:14
JreChr10G 11227 JrZFP59 183 20.46 9.55 nucl:14
JreChr10G11228 JrZFP60 185 20.53 9.46 nucl:14
JreChr11G10412 JrZFP61 323 35.65 6.43 nucl:14
JreChr11G10751 JrZFP62 236 25.97 7.72 nucl:13,chlo:1
JreChr11G12142 JrZFP63 636 70.33 8.66 nucl:14
JreChr11G12534 JrZFP64 534 59.21 8.10 nucl:14
JreChr12G10255 JrZFP65 531 59.34 8.36 nucl:14
JreChr12G10530 JrZFP66 323 35.86 6.00 nucl:14
JreChr12G10641 JrZFP67 234 25.46 5.69 nucl:13, pero:1
JreChr12G11541 JrZFP68 578 64.33 8.72 nucl:14
JreChr13G10345 JrZFP69 359 38.95 8.30 nucl:14
JreChr13G10399 JrZFP70 304 33.03 8.12 nucl:14
JreChr13G10892 JrZFP71 450 49.59 9.15 nucl:14
JreChr13G10893 JrZFP72 476 53.51 7.61 nucl:14
JreChr13G11350 JrZFP73 496 54.66 5.94 nucl:14
JreChr13G11352 JrZFP74 368 41.21 5.58 nucl:14
JreChr13G12013 JrZFP75 204 22.79 5.69 nucl:14
JreChr13G12170 JrZFP76 157 17.30 9.57 nucl:14
JreChr14G10249 JrZFP77 369 40.27 6.00 nucl:14
JreChr14G11071 JrZFP78 520 57.70 6.58 nucl:14
JreChr14G11072 JrZFP79 373 41.77 5.76 nucl:14
JreChr14G11597 JrZFP80 248 28.11 5.33 nucl:14
JreChr14G11691 JrZFP81 163 18.03 10.11 nucl:14
JreChr15G10369 JrZFP82 304 32.97 8.44 nucl:12, extr:2

VE snucl. 4% ;s cyto. ZHARIR ;s extr. NS ;s pero. I A AL YIEG A s cysk. 4IH 4L s chlo. M24%44 ;s cyto_nucl. ZHARG_ AN .

Note: nucl. Nucleus; cyto. Cytoplasm; extr. Extracellular; pero. Peroxisome; cysk. Cytoskeleton; chlo. Chloroplast; cyto_nucl. Cytoplasm_nucleus.
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