
Figure S1. Flow chart of the genetic analyses.  

 

 

  



Figure S2. The linkage disequilibrium (LD) maps of the VRK2 SNPs in European and Han Chinese 
individuals from 1000 Genomes Project [1]. The figure was generated using the Haploview software [2], 
and the LD of the tested SNPs was calculated using r2 algorithm implemented in the Haploview program.  

 

 

  



Figure S3. Functional prediction of the 47 SNPs using HaploReg v.4.2 [3]. 

 



Figure S4. Functional prediction of the 47 SNPs using GWAVA [4]. 

 

 

Abbreviation:  

SNP, single nucleotide polymorphism; CHR, chromosome; TSS, transcriptional start site. 

 

  



Figure S5. Expression quantitative trait loci (eQTL) analyses of rs2678907 with FANCL mRNA in the 
DLPFC tissues from CommonMind Consortium dataset [5]. 

 
 

 

  



Figure S6. A. Knockdown efficiency of Vrk2 in the wild-type C57BL/6J male mice injected with Vrk2-

shRNA AAV in the ventral hippocampus. B. Knockout efficiency of Vrk2 in Vrk2-/- mice. C. Overexpression 

efficiency of Vrk2 in the ventral hippocampus of Vrk2-/- mice injected with Vrk2 overexpressing AAV. 

 

  



Figure S7. Knockdown efficiency of Vrk2 mediated by shRNAs. A. VRK2 mRNA knockdown efficiencies 

were measured in NIH3T3 cells infected with AAV that contained VRK2-shRNA. Vrk2-sh1 (P = 0.0043) and 

Vrk2-sh5 (P = 0.0035) had the best knockdown efficiencies among the group. n = 2 per group. B. The AAV 

containing VRK2-shRNA was injected into the ventral hippocampus of wild-type C57BL/6J male mice, 

and the knockdown efficiencies of Vrk2 were detected by extracting the protein after stable expression 

of the virus. The results indicated that Vrk2-sh1 (P = 0.0468) had a higher protein level knockdown 

efficiency. n = 3 per group. One-way ANOVA for A-B. Error bars represent mean ± standard deviation (SD). 

 

 

  



Figure S8. Behavioral analyses of Vrk2+/+ and Vrk2-/- mice after chronic restraint stress (CRS). A Open 

field test. No difference was seen in the total distance (P = 0.566) and central exploration time (P = 0.218) 

between Vrk2+/+ and Vrk2-/- mice. Vrk2+/+, n = 6; Vrk2-/-, n = 9. B Rotarod test. Vrk2+/+, n = 6; Vrk2-/-, n = 9. P = 

0.648. C Sucrose preference test. Vrk2+/+, n = 6; Vrk2-/-, n = 8. P= 0.832. D Tail suspension test. There was 

significant reduction in curling time (P = 0.0082) in Vrk2-/- mice compared with Vrk2+/+ mice, but no 

difference in immobility time (P = 0.221). Vrk2+/+, n = 5; Vrk2-/-, n = 8. * P < 0.05, ** P < 0.01, *** P < 0.001 

(two-tailed t-test). Error bars represent mean ± standard deviation (SD). 

  

 
 

Note: Chronic restraint stress (CRS) in Vrk2-/- and Vrk2+/+ mice was performed as previously reported [6]. 

In brief, the mice were placed in conical tubes (50 mL) for six hours per day (10:00 a.m. to 16:00 p.m.) for 

a total of 14 days. To allow the mice to breathe normally, the conical tubes included holes in the side walls 

and bottom. The mice were unable to move their bodies freely during the duration of restraint stress and 

were denied access to food and drink. 

 

 

  



Figure S9. Behavioral analyses of Vrk2+/+, Vrk2+/- and Vrk2-/- mice. A Open field test. No significant 

difference was seen in the total distance (Vrk2+/+ vs. Vrk2+/-, P = 0.133; Vrk2+/+ vs. Vrk2-/-, P = 0.173) and 

central exploration time between different groups (Vrk2+/+ vs. Vrk2+/-, P = 0.981; Vrk2+/+ vs. Vrk2-/-, P = 0.218). 

Vrk2+/+, n = 6; Vrk2+/-, n = 10; Vrk2-/-, n = 9. B Elevated plus maze. No significant difference was found in 

distance ratio (Vrk2+/+ vs. Vrk2+/-, P = 0.771; Vrk2+/+ vs. Vrk2-/-, P = 0.666) and time ratio (Vrk2+/+ vs. Vrk2+/-, P 

= 0.644; Vrk2+/+ vs. Vrk2-/-, P = 0.987) into the open arms between different groups. Vrk2+/+, n = 6; Vrk2+/-, n 

= 10; Vrk2-/-, n = 9. C Sucrose preference test. Vrk2+/+ vs. Vrk2+/-, P = 0.445; Vrk2+/+ vs. Vrk2-/-, P = 0.279. Vrk2+/+, 

n = 6; Vrk2+/-, n = 6; Vrk2-/-, n = 9. D Tail suspension test. Immobility time: Vrk2+/+ vs. Vrk2+/-, P = 0.854; Vrk2+/+ 

vs. Vrk2-/-, P = 0.994. Curling time: Vrk2+/+ vs. Vrk2+/-, P = 0.9771; Vrk2+/+ vs. Vrk2-/-, P = 0.0927. Vrk2+/+, n = 6; 

Vrk2+/-, n = 10; Vrk2-/-, n = 9. #P < 0.1, One-way ANOVA for A-D. Error bars represent mean ± standard 

deviation (SD). 
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