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Abstract

The Guanine nucleotide exchange factor Vav2 (Vav2) is a member of the Vav family that serves as an important
regulators for the Rho family of Ras-related GTPases. In the current study, an ortholog (Lj-Vav2) of Vav2 was
identified in the lamprey (Lampetra japonica). To elucidate the phylogenetic relationship of Vav2, the metazoan
genome databases were analyzed to mine the ortholog of Vav. It was found that Vav2 genes were only existed in
vertebrates and Lj-Vav2 was the original one found in agnathans. The evolutionary dynamics of conserved motifs
of Vav2 were explored using combined amino acid sequence as markers, and it is revealed that the Calponin
homology (CH) domain, Dbl-homologous (DH) domain, Pleckstrin homology (PH) domain, Cysteine-rich (C1)
domains, Src homology 3 (SH3) domains and Src homology 2 (SH2) domain were conserved throughout the Vav2
gene family in vertebrates during gene evolution. Relative quantitative real-time PCR analysis showed that the Lj-
Vav2 was distributed in the heart, kidney, supraneural myeloid body, liver, gill and lymphocyte-like cells. The Lj-
Vav2 was found to be expressed in these tissues, and the level of which was upregulated in lymphocyte-like cells
after the animal was stimulated with LPS. These results indicated that the Lj-Vav2 might be involved in the
immune response of lymphocyte-like cells in lamprey. Meanwhile, our findings provided a foundation for further
investigation of the function of Lj-Vav2 in the primary vertebrate.
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1  Introduction
Guanine nucleotide exchange factor Vav2 (Vav2) is a mem-

ber of the Vav family that serves as a guanine nucleotide ex-
change factor for the Rho family of Ras-related GTPases (López-
Lago et al., 2000). Vav2 participates in the regulation of calcium
signals in BCR signaling (Foucault et al., 2005). The Vav2 con-
tains Calponin homology (CH) domain, DBL-homologous (DH)
domain, Pleckstrin homology (PH) domain, Cysteine-rich do-
main (C1), Src homology 3 (SH3) domain, Src homology 2 (SH2)
domain and a Src homology 3 (SH3) domain (Romero and Fisc-
her, 1996). The human Vav2 contains three important phos-
phorylation sites (Tyr142, 159 and 172), which involved in activa-
tion of signaling molecules during signal transduction processes
(López-Lago et al., 2000). Agnathans, represented by lamprey
and hagfish, are agreed to be the oldest vertebrates currently pos-
sessing the adaptive immune defenses (Cooper and Alder, 2006).
Though T cell receptor (TCR) and B cell receptor (BCR) system

do not exist in jawless vertebrates, it is revealed that lamprey pos-
sesses an alternative immune system that could specifically re-
cognize and respond to external pathogens (Cooper and Alder,
2006). This system undergoes germline genomic rearrangements
of insertion of diverse leucine-rich-repeat (LRR) modules to gen-
erate a large number of different variable lymphatic receptors
(VLRs) for resisting the invasion of pathogens. Three types of re-
ceptors, VLRA, VLRB and VLRC have been identified in lampreys
(Kasamatsu et al., 2010). Recent evidences indicate that VLRA
and VLRB are expressed in different cell types that resemble T
and B cells of jawed vertebrates, respectively (Guo et al., 2008). At
the same time, VLRC is expressed in T-lymphocyte like cells re-
sembles gamma/delta T-cells (Kasamatsu et al., 2010).

In contrast to the extensive studies of Vav2 in jawed verteb-
rates, little is known about the existence and phylogenetic rela-
tionship of Vav2 in jawless vertebrates. In the current study, the
molecular cloning and characterization of a Vav2 ortholog mo-  
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lecule (Lj-Vav2) from the Lampetra japonica were reported for
the first time. The Lj-Vav2 could well be the counterpart of jawed
vertebrates, which is known to play important roles in lympho-
cytes signal transduction.

2  Materials and methods

2.1  Animals and stimulation by LPS
The handling of lamprey (Lampetra japonica) and all experi-

mental procedures were approved by the Animal Welfare and
Research Ethics Committee of the Institute of Dalian Medical
University (Permit Number: SYXK2004—0029). Adult lampreys
were purchased from Tongjiang section of the Heilongjiang River
(Tongjiang City, Heilongjiang Province, China) in December.
Adult lampreys (200–220 g in weight) were divided into two
groups (20 lampreys per group); Each lamprey of one group was
respectively immunized with 0.1 mg of lipopolysaccharide (LPS)
(Sigma-Aldrich, St. Louis, MO) in 0.1 mL PBS and the control
lamprey was injected with 0.1 mL PBS only. The animals were
immunized at 8-day intervals by four intraperitoneal injections.

2.2  Amplification of the full length cDNA of Lj-Vav2 by RACE
Based on the analysis expressed sequence tags (EST) of the

cDNA library constructed with lamprey lymphocyte-like cells by
our laboratory previously, a Vav2 homolog was found using Ba-
sic Local Alignment Search Tool (BLAST) in the National Center
for Biotechnology Information (NCBI; http://www.ncbi.nlm.
nih.gov/). Total RNA was isolated from lamprey lymphocyte-like
cells (Wu et al., 2012) using RNAiso (TaKaRa Biotechnology,
Dalian, China) reagent following the manufacturer instructions,
and dissolved in DEPC-treated water and stored at –80°C. The
cDNA was synthesized from 5 μg of total RNA by Reverse Tran-
scriptase M-MLV at 30°C for 10 min, 42°C for 30 min, 70°C for 15
min, 95°C for 5 min, 4°C for 60 min with 3′-coding sequence
primer and 5′-coding sequence primer and Random 9 mers
primer following the manufacturer instructions (TaKaRa Bio-
technology, Dalian, China). The 3′ and 5′-end sequences of Lj-
Vav2 were obtained by PCR with outer primers, inner primers
(TaKaRa Biotechnology, Dalian, China) and specific primers (Ta-
ble A1). LA Taq DNA polymerase (TaKaRa Biotechnology, Dali-
an, China) was used for amplification with the following cycling
conditions: 94°C for 3 min, followed by 40 amplification cycles at
94°C for 30 s, 55°C for 30 s, 72°C for 3 min and a final extension
step at 72°C for 7 min. Products were analyzed by electrophores-
is in a 2% agarose gel stained with ethidium bromide. The target
band of polymerase chain reaction (PCR) product was isolated
and purified, subcloned into pMD19-T vector using DNA Liga-
tion kit (TaKaRa Biotechnology, Dalian, China) and then subjec-
ted to DNA sequencing (TaKaRa Biotechnology, Dalian, China).

2.3  Relative quantitative real-time PCR
Total RNAs were extracted from lamprey tissues including

lymphocyte-like cells, supraneural myeloid body, gill, heart, liver
and kidney using RNAiso reagent (TaKaRa Biotechnology). The
total RNAs were treated with DNase I (TaKaRa Biotechnology,
Dalian, China), and then subjected to reverse transcription using
PrimeScriptTM RT reagent Kit (Perfect Real Time) (TaKaRa Bio-
technology, Dalian, China). Relative quantitative real-time PCR
experiments were performed with TaKaRa TP800 Real Time PCR
System (TaKaRa Biotechnology) using 2 μL cDNA with 16.8 μL
SYBR green PCR mastermix (TaKaRa Biotechnology, Dalian,
China) and 0.6 μL of each specific primer (Table A1). The effi-
ciency of the primers was analyzed in serial 50-fold dilutions of
cDNA by calculating the slope of the regression line of the cycle

thresholds (Cts) versus the relative concentration of cDNA. The
GAPDH of lamprey was used as the internal control to normalize
the starting quantity of RNA. The cycling was performed as fol-
lows: 95°C for 30 s, followed by 40 amplification cycles at 95°C for
5 s, 58°C for 30 s, 72°C for 30 s, and a final extension step at 65°C
for 15 min. Results were expressed as the mean±standard devi-
ation of three independent experiments for each specimen. The
differences of gene expression between two groups were ana-
lyzed using Student’s t-test by SPSS statistical software package.
The differences were considered statistically significant at P<0.05.

2.4  Identification of Vav
A total of 44 Vav1/2/3 sequences from vertebrates were ob-

tained from the NCBI (http://www.ncbi.nlm.nih.gov/) and the
Ensemble genome browser (http://www.ensemble.org/). First, a
search for Guanine nucleotide exchange factor Vav was per-
formed using Vav and Guanine nucleotide exchange factor Vav
as keywords to maximize the number of hit sequences. Second, a
number of Vav genomic sequence segments were obtained from
the genomic databases by online programs of BLAST and the
BLAST-like Alignment Tool (BLAT) in the NCBI and Ensemble
genome browser databases. Partial sequences and potential
pseudogenes were excluded and some predicted sequences were
used to search coding exons at the Ensemble genome browser
according to previously verified sequences.

2.5  Sequence alignments, phylogenetic and conserved motif
analyses
All Vav amino acid sequences were aligned with ClustalX

(http://www.ebi.ac.uk/Tools/clustalw/) using default settings ex-
cept for identity matrix set for protein weight matrix. Result of
multiple sequence alignments was converted into mega format
and directly imported to MEGA 4.0 software for constructing
phylogenetic tree (Kumar et al., 2008). A Neighbor-Joining (NJ)
tree was constructed based on pair-wise deletion of gaps/miss-
ing data and the distance matrix of amino acids model with 1 000
bootstrap replicates. Conserved motif analyses of Vav2 were per-
formed online using the MEME system version 4.9.0 (http://
meme.nbcr.net/meme/) (Bailey and Elkan, 1994). The default
settings of minimal and maximal motif widths and the number of
different motifs were defined as 6, 30, and 30, respectively.

3  Results and discussion

3.1  Identification of Lj-Vav2 in lamprey
A sequence fragment was found in a lymphocyte-like cDNA

library which has been constructed and performed EST sequen-
cing previously in our laboratory. Through PCR followed by 5′-
RACE and 3′-RACE, the full-length cDNA of Lj-Vav2 with 6 568
bp nucleotides was obtained (NCBI accession number:
KM052165), which contained a 2 511-bp open reading frame
(ORF), a 746-bp 5′-untranslated region (UTR) and a 3 311-bp 3′-
UTR, encoding a polypeptide of 837 amino acids with an estim-
ated molecular mass of 97.14 kDa. The signal sequence and the
transmembrane domain do not exist in Lj-Vav2, which indicate it
may be an intracellular protein. Multiple sequence alignments of
Lj-Vav2 with other Vav2 revealed that it had 75%–81% sequence
ortholog with Vav2 of other vertebrates. As a result of this high
conservation in amino acid sequence, the Lj-Vav2 also had six
domains that are characteristic of Vav2, namely the CH, DH, PH,
C1, SH3 and SH2 domain. In addition, three important phos-
phorylation Sites Y141 (corresponding to Y142 of human Vav2),
Y160 (corresponding to Y159 of human Vav2) and Y173 (corres-
ponding to Y172 of human Vav2) also exist (Fig. 1). Based on
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Chick - ME EWRQCGRWL I DCK V L P PNHR V VWPSAV V FD L AQ ALRDG V L LCQ L LHN L S PG S I D LKD I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Mouse  - MEQWRQCGRWL I DCK V L P PNHR V VWPSAV V FD L AQ ALRDG V L LCQ L LHN L S PG S I D LKD I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Chimpanzee - MEQWRQCGRWL I DCK V L P PNHR V VWPSAV V FD L AQ ALRDG V L LCQ L LHN L S PG S I D LKD I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Human - MEQWRQCGRWL I DCK V L P PNHR V VWPSAV V FD L AQ ALRDG V L LCQ L LHN L S PG S I D LKD I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Frog MT EGWRQCGRWL I DCK V L P VDHR V VWPSAV V FD L AQ ALRDG V L LCQ L LHN L S PG S I D LKD I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Medaka - ME EWRQCGRWL I DCK V L P PNHR V VWPSAAV FD L AQ ALRDG V L LCQMLHN L S PG S VD LK E I N FR PQMSQ F LC LKN I R T F LK VCHDK FG LR

Lamprey - ME EWRQCCRWL I DCK V L P V SHR V TR - SD E V FD L AQ ALRDG V L LCQ L LHN LN P E S I N LK E I N LR PQMSQ F LC LKN I R T F I NCCH EQ YG I R
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Chick N SD L FD P FD L FD VRD FGK V I S AV SR L S FH S I AQ TKG I R P F P S E E T T ENDDD V YR S L E E L AD EHD LG ED - - I YDC V PC ED EGDD I Y ED I I R

Mouse  N S E L FD P FD L FD VRD FGK V I S AV SR L S LH S I AQ SKG I R P F P S E E T AENDDD V YR S L E E L AD EHD LG ED - - I YDC V PC ED EGDD I Y ED I I K

Chimpanzee N S E L FD P FD L FD VRD FGK V I S AV SR L S LH S I AQNKG I R P F P S E E T T ENDDD V YR S L E E L AD EHD LG ED - - I YDC V PC EDGGDD I Y ED I I K

Human N S E L FD P FD L FD VRD FGK V I S AV SR L S LH S I AQNKG I R P F P S E E T T ENDDD V YR S L E E L AD EHD LG ED - - I YDC V PC EDGGDD I Y ED I I K

Frog NCD L FD P FD L FD VRD FGK V I AAL SK V S YHN I AQ TKG I R P F P S ED T AENDDD I YR S L E E L AD EHD LG EN - - D T YD V PC E E - - DD I Y ED I I K

Medaka N S E L FD P FD L FD VRD FGK V I S AL SR I SHH S I SQNKG I R P F P S ED T ALN EDD V YR S L E E L AD EHD LG EDD - I YDC V PC EDDGDD I Y ED I I K

Lamprey KND L FD AFD L FD VRD FGK V I S AL SR L SQH P TCQ SKN I R P F PN E E T TD YN ED I YR S L E EMAD ER E I EN E E E L YDC V PCDG EGD E I Y ED I MK
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Chick V E VQQ PMK - - - - - MGMT EDDKRNCC L L E I Q E T E AK Y YK T L ED I EKN YMN P LK L V L T PQDMEA I F I N L ED L I K VH FN F LR A I D V S - MMSGG

Mouse  V E VQQ PMK - - - - - MG L T EDDKR SCC L L E I Q E T E AK Y YR T L ED I EKN YMG P LRQ V L S P VDMAT I F I N L ED L I K VHH S F LR A I D V S - MMAGG

Chimpanzee V E VQQ PM I R YMQKMGMT EDDKRNCC L L E I Q E T E AK Y YR T L ED I EKN YMS P LR L V L S PADMAAV F I N L ED L I K VHH S F LR A I D V S - VMVGG

Human V E VQQ PM I R YMQKMGMT EDDKRNCC L L E I Q E T E AK Y YR T L ED I EKN YMS P LR L V L S PADMAAV F I N L ED L I K VHH S F LR A I D V S - VMVGG

Frog V ENQQ PMK - - - - - MGMT EDDKRNCC L L E I R E T EDR Y YR T L ED I K T Y YM I P LKQ I L S VQ E I S T I F I N L E E L I K VH FN F LR T I E L S - VMSGG

Medaka V E VRQ PM I R YMQKMGMT E EDKRHCC L V E I Q E T E AK Y YK T L ED I EKN YM I P LKQ V L SQ L EMEK I F VN L ED I I R VH FG L LR A I D L T - MV SGG

Lamprey V EAH P P SD - - - - KGGMT EDDKRNCC AK E I K E T E EK YAAT L E S I EKN YMG P LR L T L TQ L EME T I FMN I E E LHR VHR AF V AE I RQ S Y S L SGG

Clustal Consensus * * : * * : * * : * * * * * * * : * * * : * * * * . * : . * * * * : * : : : : * : * : * : : : * * : : * : : * *
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Chick S S L AK V F L E FK ER L L I YGK YC SHME YAQN T LNH L I ANRDD VRQK V E EC T LK VQDGK FK LQD L L V V PMQR V LKH Y L L LK E L L SH S SDR P EK

Mouse  S T L AK V F L E FK ER L L I YG E YC SHMEH AQ SALNQ L L ASRDD FRQK V E EC T LK VQ EGK FK LQD L L V V PMQR V LK YH L L LK E L L SH SADR P ER

Chimpanzee S T L AK V F LD FK ER L L I YG E YC SHMEH AQN T LNQ L L ASR ED FRQK V E EC T LK VQDGK FK LQD L L V V PMQR V LK YH L L LK E L L SH SAER P ER

Human S T L AK V F LD FK ER L L I YG E YC SHMEH AQN T LNQ L L ASR ED FRQK V E EC T LK VQDGK FK LQD L L V V PMQR V LK YH L L LK E L L SH SAER P ER

Frog S T I GQ V F LD YK EK L L I YG E YC SH I E Y SQK T LDQ L I ATR ED VR TK L E EC S LK VQ EGK FK LQD L L V I PMQR V LK YH L L LK E L L SH T AD S P ER

Medaka SG LGK I F I D FK ER L L I YGQ YC SHMEN AQK T LDD L T ATR ED I K I K V E EC T LK VQ EGK FK LQD L L V V PMQR V LK YH L L LK E L L SH S TDR P ER

Lamprey RK FH E L F L T FK PR L L I YGR YC SQ L EG AH TC I NR L LQ TR ED FKNK LD EC T SK ENGGK F S LRD L L V V PMQR V LK YH L L LK E LHKH T TDQ T EK

Clustal Consensus : : : * : : * : * * * * * . * * * : : * : : . : : * . * : * . : * : : * * : * : * * * . * : * * * * : * * * * * * * : : * * * * * * . * : : : . * :

370 380 390 400 410 420 430 440 450
. . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |

Chick QQ LK EAL E AMQD L AMY I N E VKRDK E T LKK I S E FQ S S I EN - LQ VK - L E E FGR PK I DG E LK VR S I VNH TKQDR Y L F L FDK V V I VCKRKG YN Y

Mouse  QQ LK EAL E AMQD L AMY I N E VKRDK E T LKK I S E FQC S I EN - LQ VK - L E E FGR PK I DG E LK VR S I VNH TKQDR Y L F L FDK V V I VCKRKG Y S Y

Chimpanzee QQ LK EAL E AMQD L AMY I N E VKRDK E T LRK I S E FQ S S I EN - LQ VK - L E E FGR PK I DG E LK VR S I V XH TKQDR Y L F L FDK V V I VCKRKG Y S Y

Human QQ LK EAL E AMQD L AMY I N E VKRDK E T LRK I S E FQ S S I EN - LQ VK - L E E FGR PK I DG E LK VR S I VNH TKQDR Y L F L FDK V V I VCKRKG Y S Y

Frog Q T LK EALD AMQD L AMY I N E VKRDK E T LKK I S E FQN S I EN - LQ VN - L E E FGR PK I DG E LK VR SMVNQ AKQDR Y L F L FDK V V I VCKRRG YN Y

Medaka QQ LK EAL E AMQD L AMY I N E VKRDN E T LKK I S E FQ S S I EN - LQ VK - L E E YGR PK I DG E LK V S S I I NR TKQDR Y I F L FDK V V I VCKRKG YN Y

Lamprey AQ VKR ALD AMED L AMY LN E VKRDN E T LKQ I V E I QR S FD S S LK VD T L LD YGK PKMDGD LK V LQ VG - R AKQ ER Y V F L FDK AALMCKRKGDN F
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Chick E LK E I I E L L FHKMTDD PMNNKD I KK - - - - -WS YG F Y L I H LQGKQG FQ F FCK T E EMKRKWMEQ F EMAMSN I K P EK AN ANHH S FQMY T F EK T

Mouse  E LK E V I E L L FHKMTDD PMHNKD I KK - - - - -WS YG F Y L I H LQGKQG FQ F FCK T EDMKRKWMEQ F EMAMSN I K PDK AN ANHH S FQMY T FDK T

Chimpanzee E LK E I I E L L FHKMTDD PMNNKD VKK - - - - -WS YG F Y L I H LQGKQG FQ F FCK T EDMKRKWMEQ F EMAMSN I K PDK AN ANHH S FQMY T FDK T

Human E LK E I I E L L FHKMTDD PMNNKD VKK SHGKMWSYG F Y L I H LQGKQG FQ F FCK T EDMKRKWMEQ F EMAMSN I K PDK AN ANHH S FQMY T FDK T

Frog E LK E I I E L LCHKMSDD PMNNKD VKK - - - - -WS YG F F L I H LQGKQG FQ F FCK T E EMKRKWMEQ F EMAMSN I K PDK AN ANHHN FQMF T FDK T

Medaka E LK E I I E LQ S YKMSDD LMNNRDMKK S SGKMWSYG F Y L I H LQGKQG FQ F FCK AED TKR I WMEQ F EMAMSN I K P ER AT ANQHN FQMH T FDKN

Lamprey E LKH S L E L AR YK I TND P T SNKD SRK - - - - -WSH S F Y L T P LMAG EG YQ F FCK T E E LKRKWTKN F EMAL SN LR P - - - GG YQH E FQMQ T F ER A
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Chick TNCK ACKMF LRG T F YQG Y LC PKCG AGAHK EC L E I I P PCKMG - S S ADQD L L S AG PG PKMVAVQN YHGN PAP PGK - - P V L T FQ I GD V I E L LR

Mouse  TNCK ACKMF LRG T F YQG Y LC TRCG VG AHK EC L E V I P PCKMS - S P AD AD APG AG LG PKMVAVQN YHGN PAP PGK - - P V L T FQ TGD V I E L LR
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Fig. 1.   Sequence alignment of Lj-Vav2 with other typical Vav2 using Clustal X. The GenBank accession numbers are as follows: Homo
sapiens: NP_001127870; Pan troglodytes: XP_003312439; Rattus norvegicus: NP_001100033; Gallus gallus: NP_989473; Xenopus laevis:
NP_001079955; Danio rerio: XP_002666022; and Lampetra japonica: KM052165. The rhombus marks the three conserved tyrosine
residues. Identical (asterisk) and similar (colon) residues are indicated.
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Fig. 2.   Phylogenetic tree reconstructed with 27 Vav2 ortholog based on the NJ method. Bootstrap values are indicated as percentages
at the nodes. Mammals, reptiles, birds, amphibians, teleosts, agnathans and nematodes clades are delineated by vertical brackets at
the right. The bar indicates genetic distance. The GenBank accession numbers are as follows: Pseudopodoces humilis: XP_005529272;
Taeniopygia guttata: XP_002199325; Gallus gallus: NP_989473; Pelodiscus sinensis: XP_006123810; Rattus norvegicus: NP_001100033;
Heterocephalus  glaber:  XP_004849050;  Maylandia  zebra:  XP_004538472;  Chelonia  mydas:  XP_007061074;  Pan  troglodytes:
XP_003312439; Gorilla gorilla gorilla:  XP_004048874; Sus scrofa:  XP_001927176; Homo sapiens:  NP_001127870; Macaca mulatta:
NP_001252562;  Oryzias  latipes:  XP_004075103;  Equus  caballus:  XP_001917927.  Xenopus  (Silurana)  tropicalis:  NP_001039156;
Sarcophilus harrisii: XP_003757521; Xenopus laevis: NP_001079955; Ailuropoda melanoleuca: XP_002920752; Canis lupus familiaris:
XP_005625211; Danio rerio: XP_002666022; Felis catus: XP_006939691; Bos mutus: XP_005897504; Alligator sinensis: XP_006038960;
Ornithorhynchus  anatinus:  XP_001505586;  Lampetra  japonica:  KM052165;  Brugia  malayi:  XP_001894233;  Homo  sapiens:
NP_001073343; Pan paniscus: XP_003822283; Macaca mulatta: XP_001083337; Bos Taurus: XP_002686208; Canis lupus familiaris:
XP_537047; Felis catus: XP_006935050; Equus caballus: XP_005610610; Mus musculus: NP_065251; Anolis carolinensis: XP_003220125;
Gallus gallus: NP_996745; Xenopus (Silurana) tropicalis: XP_002932225; Pan troglodytes: XP_512321; Homo sapiens: NP_001245135;
Felis catus: XP_003981777; Canis lupus familiaris: XP_005633021; Equus caballus: XP_005611552; Bos mutus: XP_005890772; Mus
musculus: NP_001157287; Macaca mulatta: XP_002801087; and Xenopus laevis: NP_001086991.
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these protein sequence characteristics, we concluded that Vav2
existed in Agnathans which occupied the most ancient taxonom-
ic position in vertebrates.

3.2  Phylogenetic analyses of Vav2 proteins in vertebrates
In order to explore the evolutionary history of vertebrates

Vav2, the metazoan genome databases were analyzed to mine
the ortholog of Vav with online programs of BLAST and BLAT.
The phylogenetic tree was constructed by NJ method with 44 or-
tholog identified from agnathans to mammalian, and the Variant
SH3 domain containing protein of nematodes (Brugia malayi)
which contains the CH, DH, PH C1, SH2 and SH3 domains (34%
identity with human Vav2) was used as the out group. At the
same time, two Vav EST sequences were also found in the gen-
ome of sea lamprey (Petromyzon marinus). The topology of the
resulted NJ tree (Fig. 2) showed that, Vav of jawed vertebrates
were unequivocally grouped into several clusters relatively in ac-
cordance with their evolutionary position. The first one (named
Cluster I) included Vav2 from mammals to agnathans, the
second one (named Cluster II) included Vav3, and the third one
(named Cluster III) included Vav1 and the fourth (named Cluster
IV) includes the Variant SH3 domain containing protein only.
Cluster I could be further classified into three subgroups, the first
one included Vav2 from mammals, reptiles, birds and amphibi-
ans. The second one included teleosts. The third one included Lj-
Vav2 and two Vav EST sequences were also found in the genome
of sea lamprey. Phylogenetic analysis indicated that the Lj-Vav2
was clustered as the out group of Vav2 from jawed vertebrates
and its origin was far earlier than the one from the common an-
cestor of jawed vertebrates. Considering that Agnathans, repres-
ented by lamprey and hagfish, are agreed to be the oldest verteb-
rates possessing the primary lymphocyte-like cells which take the
function of adaptive immune defenses (Guo et al., 2008), the ori-
gination of Vav2 seems highly related with the emergence of
lymphocytes. Though the evolution pattern of the Vav2 family is
in accordance with the classical interpretations of the origin of
species, there is a short genetic distance (above 0.2) between

Vav2 from jawless and jawed vertebrates. From Fig. 2, the com-
mon ancestor gene of vertebrate Vav2 possessed far genetic dis-
tance with the Variant SH3 domain containing protein from
nematodes, which illustrated that the origin of the Vav2 gene can
be traced back to invertebrates.

3.3  Conservation of Vav2
In order to explore the evolutionary dynamics of conserved

motifs of the Vav2 family, amino acid sequences of Vav2 from
jawless and jawed vertebrates were analyzed by the MEME Suite.
There are total 35 conserved motifs identified from vertebrate
Vav2s (Table A2). According to the arrangement of the motifs
along the protein sequences of the Vav2s, Motifs 13, 16, 22, 23
and 32 represent CH domain, Motifs 6, 8, 14, 20, 27, 30 and 35 in-
dicate the DH domain, Motifs 1, 9, 18, 19 and 24 comprise the PH
domain, cysteine-rich domain is made up of Motifs 2 and 17, Mo-
tifs 3, 5, 12 and 15 represent SH3 domain and the SH2 domain is
made up of Motifs 4, 7, 10 and 34 (Table 1). Above 80% (22 of the
27 motifs) of the motifs that represent six domains of Vav2 exist
ubiquitously in all vertebrate sequences, especially those motifs
that represent PH, C1, SH2 and SH3 domains are nearly 100%
identical in all vertebrate sequences. The other four motifs (Mo-
tif 32 in CH domain, Motifs 27 and 35 in DH domain and Motif 34
in SH2 domain) exist only in Vav2s of jawed vertebrates. These
results revealed that domains PH, C1, SH2, SH3, CH and DH of
Vav2 are conserved throughout the Vav2 gene family in jawless
and jawed vertebrates during gene evolution and the short inser-
tion seems to be the mechanism of gene molecular evolution.
The same mechanism was also found among those motifs that
belong to none of the five domains. For example, Motifs 25 and
28 appear in Vav2s from reptiles and mammals, Motif 31 exist in
Vav2s from reptiles, birds and mammals, and Motif 29 exist in
Vav2s from fishes, reptiles, birds and mammals.

3.4  Expression pattern of Lj-Vav2 in adult tissues
LPS is a major component of the outer membrane of Gram-

negative bacteria and has been used in mammals, amphioxus,

Table 1.     Type and distribution of conserved motifs discovered among typical Vav2 homologues from mammals, reptiles, bird,
amphibians, teleosts and agnathans using the MEME system

Species Motifs

H. sapiens 16* 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

P. troglodytes 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

F. catus 33 12 13 22 26 21 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 5 3

S. harrisii 16 32 23 13 22 26 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

E. caballus 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

S. scrofa 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

R .norvegicus 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

O. anatinus 16 32 23 13 22 2 30 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 12 15 7 4 34 10 33 25 5 3

G. gallus 16 32 23 13 22 26 21 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 5 3

T. guttata 16 32 23 13 22 26 21 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 5 3

C. mydas 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 25 5 3

P. sinensis 16 32 23 13 22 26 21 28 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 31 12 15 29 7 4 34 10 33 5 3

X. laevis 16 32 23 13 22 26 21 6 30 20 27 14 8 11 24 9 18 1 19 2 17 12 15 7 4 34 10 33 5 3

X. tropicalis 16 32 23 13 22 26 21 6 30 20 27 14 8 11 24 9 18 1 19 2 17 12 15 7 4 34 10 33 5 3

M. zebra 16 32 23 13 22 26 21 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 12 15 29 7 4 34 10 33 5 3

O. latipes 16 32 23 13 22 26 21 6 30 20 27 14 35 8 11 24 9 18 1 19 2 17 12 15 29 7 4 34 10 33 5 3

L. japonica 16 23 13 22 26 21 6 30 20 14 8 11 24 9 18 1 19 2 17 12 15 7 4 10 33 5 3

Protein domains1) ├──CH──┤ – – – – ├────DH───┤ ├──PH─┤ ├C1┤ – ├SH3┤ – ├─SH2┤ – – ├SH3┤

      Note: Each number represents a specific motif. 1)  The protein domains are indicated with segments marked with their initial abbreviations:
CH represents Calponin homology domain, DH DBL-homologous domain, PH Pleckstrin homology domain, C1 Cysteine-rich domain, SH3
Src homology 3 domain, and SH2 Src homology 2 domain. The dash means that the corresponding motif belongs to none of the five domains.
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fish and lamprey for immunological studies (Tsutsui et al., 2007;
Huang et al., 2011). The expression pattern of Lj-Vav2 was ex-
amined using relative quantitative real-time PCR with total RNA
extracted from different tissues of LPS treated lampreys (Fig. 3).
The expression level of Lj-Vav2 was higher in liver than in other
tissues in the control (treated with PBS). For the LPS-stimulated
group, the expression level of Lj-Vav2 transcript reached the
highest in the lymphocyte-like cells, which was about seven folds
increase compared with the control (P<0.05). The significant up-
regulation in lymphocyte-like cells when treated with LPS indic-

ated that Lj-Vav2 is involved in the lamprey immune response
after LPS stimulation.

In conclusion, a novel member of Vav2 was identified in
lamprey. Phylogenetic analysis of the Vav2 indicated that the Lj-
Vav2 could be regarded as a primary type of Vav2 in vertebrates
and an ortholog of Vav2 in jawed vertebrate. The Vav2 gene came
into existence after multiple gene duplications that took place in
the emergence of jawless vertebrates. The Lj-Vav2 is involved in
the immune response of lymphocyte-like cells in lamprey. Since
the accurate function of Lj-Vav2 remains unknown till now, more
thorough studies are needed to elucidate this speculation.
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Fig. 3.   Lj-Vav2 mRNA expression was significantly upregulated
in the lymphocyte-like cells  after  treatment with LPS.  The Lj-
Vav2 mRNA levels were determined using relative quantitative
real-time PCR in various tissues. Total RNA was extracted from
the lymphocyte-like cells, supraneural myeloid body, gill, heart,
liver and kidney of lampreys after stimulation with LPS. Lamprey
GAPDH served as an internal control to calibrate the cDNA tem-
plate for all of the samples, and PBS served as a negative treat-
ment  control.  The significant  differences  (p<0.05)  in  Lj-Vav2
mRNA expression between the challenged group and the control
group are indicated with asterisks.
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Appendix:

Table A1.   Primers used to amplify the full cDNA of Lj-Vav2
Name Sequences

Cloning of the full-length cDNA

5′-RACE of Lj-Vav2 5′-GAACGAGGGAGGCTGGCAGGGGGGG-3′
3′-RACE of Lj-Vav2 5′-GGATTGTTGCTGCGCTGGTGAAATCT-3′
Analysis of real-time PCR

Lj-Vav2 (Forward) 5′-TTGAAGGTGGATACTCTGTTGGAT-3′
Lj-Vav2 (Reverse) 5′-TTTGTTGCTGGTCGGGTCGTTGGT-3′
GAPDH (Forward) 5′-ACCAACTGCCTGGCTCCT-3′
GAPDH (Reverse) 5′-TCTTCTGCGTTGCCGTGT-3′

Table A2.   Conserved motifs discovered among Vav2 amino acid sequences from agnathans, fishes, amphibians, birds and mammals
using the MEME system

Motif1) Width Best possible match
1 33 WSYGFYLIHLQGKQGFQFFCKTE[DE]MKRKWM

2 42 HH[NS]FQM[YH]TF[DE]KTTNCKAC[KR]MFLRGTFYQGY

3 39 V[KR]IYSRIGGDQGWWKGE[TA]NGR[IV]GWFPSTYV

4 36 RFAISIKFN[DE]EVKHIKVVEKD[NS]WIHITEAK

5 30 VFTPRVIGTAVARYNFAARDMRELSLREGD

6 33 DDKRNCCLLEIQETEAKYY[RK]TLEDIEKNYM

7 33 YPWFAGNMERQQ[TA]DNLLKSHASGTYLIRER

8 33 ECTLKVQ[DE]GKFKLQDLLVVPMQRVLKYHLL

9 36 VNHTKQDRYLFLFDKVVIVCKR[KR]GY[NS]YELK

10 33 ELVEYYQ[CS]HSLKESFKQLDTTLKYPYKSRE

11 37 HS[TAS]DRPE[RK]QQLKEALEAMQDLAMYINEVKR

12 30 GPKMVAVQNYHGNPAPPGKPVLTFQTGDVI

13 33 CLKNIRTFLKVCHDKFGLRNS[ED]LFDPFDLF

14 42 KERLLIYGEYCSHME[HY]AQNTLN[QH]L[LI]A[ST]RED

15 43 RGDP[ED]S[QP]WWEGRL[VIL]QT[RK]KSGYFPSSSVKPC

16 33 ME[EQ]WRQCGRWLIDCKVLPPNHRVVWPSAVV

17 30 CTKCG[VA]GAHKECLE[VI][IT]PPCKI

18 27 [IV]IELLFHKMTDDPMNNKD[VI]KK

19 18 EQFEMAMSNIKP[DE]KA

20 21 M[AE]A[IV]FINLEDLIKVH

21 15 IYDCVPCEDEGDDIY

22 39 DVRDFGKVISA[VL]SRLS[LH]HSIAQ[NT]KGIRPFP

23 30 GVLLCQLLHNLSPGSIDLKDINFRPQMSQF

24 33 ETLKKISEFQSSIENLQVKLEE[FY]GRPKIDG

25 42 PASCASYNFSFLSPQGL[SN]F[AS]SQG[SP]S[AT]PFWS

26 24 ET[TA]ENDDDVYRSLEELADEHD

27 30 RAIDVSMM[AS]GGS[TS]LAKVFL[DE]F

28 21 DIIKVEVQQPMIRYMQKMGMT

29 18 RPP[IN]SRPPSREIDYT

30 23 NPL[RK]LVL[ST]P[AQ][DE]

31 23 S[PS]AD[LQ]DA[SL][GN]AG

32 8 FDLAQALR

33 20 [AT]SR[AT][SF][ST]RS

34 6 KFESLL

35 9 [FV]RQKVE

      Note: 1) Numbers correspond to the motifs described in Table 1.
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