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1.3 RNA gPCR RS105 AXocl355 AXoc2542  AdT6SS PSA (1%
1% 1% ) 20h 1 50 PSA 0D, =0.8
RNA . RNA QIANGEN RNAprep pure Cell/Bacteria Kit . ¢cDNA
Thermo Maxima H Minus First Strand ¢DNA Synthesis Kit o Maxima® SYBR
Green/ROX qPCR Master Mix (2X) rpoD 2 -hact .
PCR 1.
1 gPCR
Tab.1 Primers for qPCR
5 -3 5 -3
Primer Sequence 5° —3* Primer Sequence 5° —3°
Xocl1362qF CTACCGTTCTTTCCGCATTGG Xo0c0022qF CAGGGCATGTTGCTGACCAC
Xoc2545qF CCACAGTACTTTCCGCCCTCA Xoc0022qR CATAGTCCCCCAGCCCCTTG
Xoc1362/2545qR GAAACGGAAGCCGCCGCCATC Xocl578/1714/1560gF  CAGCTACCGCTTGCCGATAC
Xocl315qF GCAGCAGGCGTATCCGTTGCC Xocl578qR GCAGTACGCAACTTCGGGT
Xocl315qR CAGGCGATCCAGTCGTTCATG Xocl714qR CAGTACGCAACTTCGGGGA
Xoc1540gF TTGCGATCATTTACCGACACA Xocl560qR ATGGCAGTACGCAACTTCGC
Xoc1540qR CACGTCCACCGGCAAGTTGTT Xocl1584qF CGCACCTGCCGCATCTTCCAA
Xocl1535¢qF GTAGGCAGCCAGTTCCTGCCA Xocl584qR TGGCAGTACGCAACTTCGGGG
Xocl535qR GGAACGCCGGCTTCGCCCTTG Xoc4395qF GCACCTGCCGCATCTTCCAGC
Xocl1526qF GGCACCGCAGCAGGGCCAGGCG Xoc4395qR TGTCCGGCACGCTCTCCTGCT
Xocl526qR GTGCTGCGTGCGGCCACCGCG Xo0c4402/4533/2021qF  CGCCTGCCATGGGACGCAGTG
Xoc1348qF GCGGCCTGGACGCGCGCGCCG Xoc4402/4533/2021qR GACAGGTCGTTGGCGTGTTTG
Xoc1348qR TGTGCTGGACCAGGTAGCCCA Xoc2478qF CAGTGCGTTGCGATCAGTCAG
Xoc1327qF CCGACGGCGGCCGCGACGGTG Xoc4382qF GGACTTGATGCAGTGCGTTGA
Xocl327qR CGGCGATGAGTTTGATCGGTC Xo0c2478 /4382qR CGCTCGCCGTCGTGGTGCCGG
Xocl1337qF TATGCCGGGCAGGCCCTGCAA Xoc0718qF GCGATCACCACCCAGTACC
Xocl337qR GCGGCGATGAGTTTGATCGGC Xoc0718qR GTCGAAGACCACCAGCGTAT
Xocl1323qF TGCACAGCGGCCAGGCAATCG Xocl342qF CGTTCTTGGGTGGGGAGATG
Xocl323qR GCGTTGGCGCTGATCAGCTTC Xocl342qR GCCACCTCGGCGCGTCCCTG
Xoc1370gF GCCGCAGCCTGCGCCTGGCC Xoc2533qF GTGGGGCAGAGGACTACAAC
Xoc1370qR TGCTGCGCGCGGCGCTGGCCG Xoc2533qR GTTTGATCTCGGCGGTTTCG
Xoc3538qF ACGAAATGGGGCGCATCCTGG Xoc3452qF CATCGAACTGCTTTCCGCAC
Xoe3538qR CGCGGGATGAACTGATGCCCA Xoe3452qR TTACCGACCTGGGCAAACTC
Xo0c2042/3290qF AGCGGTCCCCCCGCCACCCGA Xoc4252qF CACTTGCGGATACAGCCCAC
Xo0c2042/3290qR GCCGGCCTTGCCGACCACCGC Xoc4252qR GGATTGCTGGCGCGATGTT
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Tab.2 Number of hep and vgrG genes in the bacterial strains used in this study

Organism code Strains hep vgrC
stm Salmonella enterica ssp. enterica serovar Typhimurium LT2 4 3
sek Salmonella enterica ssp. enterica serovar Paratyphi A AKU12601 4 1
cfar Citrobacter farmert 1 3
sty Salmonella enterica ssp. enterica serovar Typhi CT18 3 1
yen Yersinia enterocolitica ssp. enterocolitica 8081 1 1
ypa Yersinia pestis Antiqua 2 10
bxe Paraburkholderia xenovorans 1.B400 4 4
btz Burkholderia thailandensis HO587 4 13
pae Pseudomonas aeruginosa PAO1 2 10
pbe Pseudomonas brassicacearum DF41 2 6
xen Xanthomonas citri ssp. citri NT17 1 1
Xev Xanthomonas campestris pv. vesicatoria 2 2
xac Xanthomonas citri pv. citri 306 1 1
xor Xanthomonas oryzae pv. oryzicola BLS256 2 30
xop Xanthomonas oryzae pv. oryzae PXO99A 2 17
azo Azoarcus sp. BH72 3 3
azc Azorhizobium caulinodans 3 1
xne Xenorhabdus nematophila ATCC 19061 1 5
sp Rhodobacter sphaeroides 2. 4. 1 1 2
TS0 Ralstonia solanacearum GMI1000 1 13
abz Acinetobacter baumannii MDR - 7J06 1 3
bam Burkholderia ambifaria AMMD 2 8
bpk Burkholderia pseudomallei NCTC 13179 5 14
axy Achromobacter xylosoxidans A8 2 4
ecp Escherichia coli 06:K15:H31 536 5 4
ron Raoultella ornithinolytica S12 8 2
kpr Klebsiella pneumoniae subsp. rhinoscleromatis SB3432 2 2
vsp Vibrio tasmaniensis 2 3
atf Agrobacterium fabrum 1 2
tol Thalassolituus oleivorans MIL- 1 1
sde Saccharophagus degradans 1 2
psm Pseudoalteromonas sp. SM9913 1 1
psyr Pseudomonas syringae CC1557 7 7
psyg Psychrobacter sp. P11G5 1 3
vpa Vibrio parahaemolyticus RIMD 2210633 1 2
sed Salmonella enterica ssp. enterica serovar Dublin 3 2
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2 Continued tab.2

he, vgrG
Organism code Strains r g
kox Klebsiella michiganensis KCTC 1686 2 5
bav Bordetella avium 1 1
ppt Pseudomonas putida S16 3 4
pst Pseudomonas syringae pv. tomato DC3000 1 6
pspw Paraburkholderia sprentiae 4 9
cvi Chromobacterium violaceum 1 6
eae Klebsiella aerogenes KCTC 2190 2 5
bmv Burkholderia mallei SAVPI1 3 8
dac Delftia acidovorans 1 5
aaa Acidovorax avenae 1 8
pst Pseudovibrio sp. FO-BEG1 1 4
atu Agrobacterium tumefaciens AchS 1 1
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Fig.4 The phylogenic tree of VerG proteins
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Tab.3 The Hep-VgrG pair in the bacteria
Strains Hep Strains ¢ Strains ¢
VarG Hep VarG Hep VarG

ypa YPA_3594 YPA_3589 ron TE10_17285 TE10_17840 eae EAE_19400 EAE_19330
ypa YPA_2128 YPA_2120 ron TE10_08075 TE10_23925 eae EAE_03230 EAE_21890
yen YE2689 YE2684 ron TE10_05425 TE10_23925 dac Daci_3837 Daci_3868
xor X0C_2542 X0C_2533 ron TE10_05025 TE10_17840 cvi CV_3977 CV_3975
xor XO0C_1355 X0C_1362 ron TE10_04745 TE10_17840  cfar CI104_05610 CI104_05675
X0p PX0_02047  PX0_02054 psyr  NO18_25080 NO18_25190 bxe Bxe_B1237 Bxe_B2595
X0p PX0_00264  PX0_00256 psyr  NO18_24180 NO18_22710 bxe Bxe_B0665 Bxe_B2595
xne XNC1_2527 XNC1_2515 psyr  NO18_23015 NO18_22710 bxe Bxe_A2091 Bxe_B1281
xev XCV4241 XCv4217 psyr  NO18_08980 NO18_25190 bxe Bxe_A1633 Bxe_B1281
Xev XCV2122 XCV2133 psyr  NO18_04175 NO18_25190 btz BTL_704 BTL_817
xen J169_04320  J169_04300 psyr  NO18_02520 NO18_25190 btz BTL_5379 BTL_5384
xac XAC4145 XAC4124 psyr  NO18_00845 NO18_25190 btz BTL_5233 BTL_5239
vsp VS_IT1005 VS_IT1004 psyg  AK825_09010 AK825_08980 btz BTL_3658 BTL_3720
vsp VS_1756 VS_I11004 pst PSPTO_4345 PSPT0_4385  bpk BBK_5723 BBK_5729
vpa VPA1027 VPA1026 pspw  BJG93_31830 BJG93_31855  bpk BBK_5363 BBK_5211
tol TOL_0388 TOL_0387 pspw  BJG93_25785 BJG93_25810  bpk BBK_5235 BBK_5241
sty STY4865 - pspw  BJG93_18440 BJG93_31855  bpk BBK_4863 BBK_4858
sty STY3300 - pspw  BJG93_13610 BJG93_08830  bpk BBK_1802 -
sty STY0302 STY0319 psm  PSM_B0220 PSM_B0221 bmv  BMASAVP1_1602 BMASAVP1_1607
stm STM4509 - psf PSE_2860 PSE_2851 bmv  BMASAVP1_0924 BMASAVP1_0912
stm STM3131 - ppt PPS_4730 - bmv  BMASAVP1_0747 BMASAVP1_0741
stm STM0279 STM0289 ppt PPS_4506 - bav BAV0267 BAV0272
stm STM0276 STM0289 ppt PPS_2848 PPS_2828 bam Bamb_3476 Bamb_3479
sek SSPA4020 - pbe  CD58_29075 CD58_29110  bam Bamb_0383 Bamb_0367
sek SSPA2797 - pbc  CD58_12530 CD58_14835 azo az03898 Az03470
sek SSPA2324 SSPA2307 pae PA2367 PA2685 azo az03897 azo3876
sek SSPA2320 SSPA2307 pae PA008S5 PA0091 azo azo1305 azo1307
sed SeD_A4911 - kpr KPR_2383 KPR_2385 azce AZC_2591 AZC_2591
sed SeD_A3476 - kpr KPR_1437 KPR_4182 azc AZC_2589 AZC_2591
sed SeD_A0300  SeD_A0310 kox KOX_20870  KOX_12045 azc AZC_0275 AZC_2591
sde Sde_1537 Sde_1538 kox KOX_09215  KOX_09220 axy AXYL_06395 AXYL_06399
rsp RSP_3479 RSP_2749 ecp ECP_4026 - axy AXYL_05691 AXYL_05686
150 RSp0745 RSp0750 ecp ECP_3537 - atu Atud345 Atud3438
ron TE10_24500 TE10_23925 ecp ECP_2805 ECP_2807 atf Ach5_45120 Ach5_45150
ron TE10_23475 TE10_23925 ecp ECP_0239 ECP_0240 abz ABZJ_01456 ABZJ_01418
ron TE10_17850 TE10_17840 ecp ECP_0224 - aaa Acav_1504 Acav_3724
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Fig.5 The relative expression levels of vgrG genes in Hep mutants (Axoc2542  Axoc1355 AdT6SS) in Xoc RS105
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Co-evolution of Hcp and VgrG Proteins of Type VI Secretion System

NIU Miaojing XIE Qingbiao LI Ting LI Chunxia CHEN Yinhua TAO Jun
(Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources; Institute of Tropical

Agriculture and Forestry Hainan University Haikou Hainan 570228 China)

Abstract: The Type VI secretion system (T6SS) is widely distributed amongst diverse Gram-negative bacterial
species. The extracellular components of the T6SS Hcp and VgrG  form a needleike injection device that re—
sembles the phage tail. Hep forms hexameric rings (sheath) and VgrG at the distal tip of the sheath forms a tail
spikeike cell-puncturing device. The relationship between Hep and VgrG was analyzed at evolutional and ex—
pressional levels. Results showed that Hep co-evolved with other T6SS genes while VerG evolved randomly. One
bacterial species may encode more than one T6SS. The number of Hep is often equal to that of T6SS but VerG
is not at all the case. A bacterium encoding T6SS may have up to 30 vgrG genes which are not related to the
number of T6SS. Based on the evolution and homology analysis Hcp can be classified into 14 types while VgrG
into 3 classes. The orthologs of Hep and VgrG have higher conservation than the paralogs. The VgrG is believed
to act as a carrier of effectors. Thus the diversity of VgrG might be the reason that a bacterium encodes different
effectors to kill different bacterial species. Co-evolution analysis showed that Hep and VgrG were closely related
during evolution with predictable high affinity partner between Hep and vgrG genes. Expression analysis showed
that expression of almost all VgrG genes was positively correlated with the Hep genes in Xanthomonas oryzae pv.

oryzicola RS105 which encodes 30 VgrGs indicating the expression of both VgrG and Hep can not be used for
their relation analysis but for functional relation analysis in RS105. The results support that Hep and VgrG are
functional and evolutional partners in Gram-negative bacteria.
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