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Abstract; To explore the effect of drought stress on chlorophyll synthesis of Allium sativum Linn.,
members of chlorophyll synthesis gene families of A. sativum in response to drought stress were screened
based on the transcriptome sequencing data of A. sativum, and their sequence properties were identified
with bioinformatics method after validation of expression levels by using real-time fluorescence
quantification PCR ( qRT-PCR). The results show that six chlorophyll synthesis gene families of A.
satioum namely AsHEMA, AsHEMB, AsGSA, AsCHLD, AsCHLI, and AsCAO, which are actively
responsive to drought stress, are selected from 17 chlorophyll synthesis gene families searched from the
transcriptome data of A. sativum. The qRT-PCR and RNA-Seq results show that after 6 d of drought
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stress, the expression levels of members of AsSHEMA, AsHEMB , AsGSA, AsCHLD , AsCHLI, and AsCAQO
gene families significantly increase in general. The bioinformatics analysis result shows that the numbers of
amino acid residues of sequences encoded by 32 unigenes in above-mentioned six gene families of A.
sativum are 104-773, their theoretical relative molecular mass are 11 978 -84 411, their theoretical
isoelectric points are from pl 4.78 to pl 9.86, their instability indexes are 24.66-60.13, and their
aliphatic indexes are 80.04 — 104.59. Except for AsGSA family, grand average of hydropathicity of
members of the other five families are negative, indicating that members of AsGSA family are of
hydrophilic protein, while members of the other five families are of hydrophobic proteins. The conserved
motif analysis result shows that the amino acid sequences encoded by members of these six chlorophyll
synthesis gene families of A. sativum have high conservation and similarity, in which, AsHEMA, AsGSA,
and AsCHLD families are highly conserved; AsSHEMB, AsCHLI, and AsCAO families are also relatively
well conserved, and there are differences only in a few family members. The result of phylogenetic tree
shows that members of the same chlorophyll synthesis gene family are clustered together, which have high
conservation and similarity in evolution; AsHEMA, AsHEMB, AsCHLD, AsCHLI, and AsCAO gene
families have high homology with related genes in monocotyledons Triticum aestivum Linn., Asparagus
officinalis Linn., and Hosta plantaginea ( Lam.) Aschers. It is suggested that AsHEMA, AsHEMB,
AsGSA, AsCHLD, AsCHLI, and AsCAO gene families are highly conserved and similar, which play

important roles in response to drought stress in A. sativum.
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Table 1 The primer sequences of some unigenes in chlorophyll synthesis gene families of Allium sativum Linn. and their annealing temperatures

FEH P EmBIHFH(5—3") KI5 HIEs(5'—3") B JGRE/C
Gene D Forward primer sequence (5'—3')  Reverse primer sequence (5'—3') Annealing temperature
AsHEMA Cluster—22080.172499 TCGGTTCCAAGAAATGTA TCTCAAGTGAATCCCTCC 49

AsHEMB Cluster—22080.214927 GCTATGCCTGGATGCTTT TGCCTCGTCTCCTGTTTG 54

AsGSA Cluster—22080.179393 ACCGCAGACACCCTCACT CAACAGGCTCAAGGATAACA 57

AsCHLD Cluster—22080.172914 AAACCGCCTGTCCACTTA GGATTCCATTGTCGCACT 53

AsCHLI Cluster—22080.197723 GAAGCAGCCAGCCAACAG TAATCGGAAATGGAGACG 53

AsCAO Cluster—22080.157276 TTCGGGTTTACAAGGATA TTGAAGAAGGAAGGCATA 47

AsCYP AAGGACGAGAACTTCATC TCAATATCTCTCACCACTTC 48
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Table 2 Screening information of chlorophyll synthesis genes in Allium sativum Linn.

Tit it = BEHZEGE KO #EEmS ND
Enzyme Enzyme ID Gene family KO pathway ID
L-A & BE-tRNA BRI IX 1A ii& 42 Synthesis pathway of L-glutamyl-tRNA to protoporphyrin IX
AHEBE-tRNA B Glutamyl-tRNA reductase EC:1.2.1.70 AsHEMA K02492 5
BEIREG— 1 -2 2,1 &L il Glutamate-1-semialdehyde 2, 1-aminomutase EC.5.4.3.8 AsGSA K01845 2
S-S LT B B /K i 5-aminolevulinate dehydratase EC.4.2.1.24 AsHEMB K01698
HE {7 2% 5 B 4 i Porphobilinogen deaminase EC:2.5.1.61 AsHEMC K01749 14
FRUME S 4 A Uroporphyrinogen Il synthase EC:4.2.1.75 AsHEMD KO01719 8
FRONo S B E2 Uroporphyrinogen I decarboxylase EC:4.1.1.37 AsHEME K01599 8
&Nk I 4 LA Coproporphyrinogen Il oxidase EC:4.1.1.37 AsHEMF K01599 8
JE B 4 AL i Protoporphyrinogen oxidase EC:1.3.34 AsHEMG K00231 43
JE AR IX B 2R 2R (A & 1R Synthesis pathway of protoporphyrin IX to chlorophyll
BEEEAA TG H O A Magnesium chelatase H subunit EC:6.6.1.1 AsCHLH K03403 7
BEES AT 1 W Magnesium chelatase 1 subunit EC:6.6.1.1 AsCHLI K03405 6
BEESG T D W Magnesium chelatase D subunit EC:6.6.1.1 AsCHLD K03404 5
BTN IX F L 44 B Bff Magnesium protoporphyrin IX methyltransferase EC:2.1.1.11 AsCHLM K03428 2
EE TRk IX 5 F LR AL Magnesium protoporphyrin IX monomethylester cyclase EC:1.14.13.81 AsCRD K04035 16
3, 8-k LA IR SR R TRE a 8- LI HEAJRG 3, 8-divinyl protochlorophyllide a EC:1.3.1.75 AsDVR K19073 2
8-vinyl reductase
JUH-2 2 BR TR E AR J5UE Protochlorophyllide oxidreductase EC:1.3.1.33 AsPOR K00218 18
42 41 Chlorophyll synthase EC:2.5.1.62 AsCHLG K04040 2
M4 E R a NS Chlorophyllide a oxygenase EC:1.14.13.122  AsCAO K13600

DN Unigenes # Number of unigenes.
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Fig. 1 Heat map of expression of unigenes ( FPKM value greater
than 0.3) in chlorophyll synthesis gene families of Allium sativum
Linn. under drought stress
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Table 3 Physicochemical properties of amino acid sequences encoded by unigenes in chlorophyll synthesis gene families of Allium sativum

Fig. 2 Validation of some unigenes in chlorophyll synthesis gene families of Allium sativum Linn. by using qRT-PCR

Linn.!
Unigene 45 1D N MW pl 11 Al GRAVY
AsHEMAOI Cluster—22080.172501 556 61 873 8.58 37.10 97.12 -0.18
AsHEMAO2 Cluster—22080.194858 425 47 258 6.77 38.78 100.42 -0.17
AsHEMAO3 Cluster—22080.165023 412 45 909 6.28 40.28 100.51 -0.17
AsHEMAO4 Cluster—22080.165024 409 45 583 7.16 37.14 100.29 -0.12
AsHEMAOS Cluster—22080.172499 491 54 770 6.89 38.43 100.04 -0.14
AsHEMBOI Cluster—22080.139842 241 26 338 8.84 36.21 87.39 -0.27
AsHEMBO02 Cluster—22080.172224 432 47 273 7.16 36.26 89.65 -0.19
AsHEMBO3 Cluster—22080.158954 434 47 339 5.97 35.13 89.26 -0.17
AsHEMBO04 Cluster—22080.175640 432 47 259 6.69 35.91 89.65 -0.19
AsHEMBOS Cluster—22080.175641 432 47 259 6.69 35.91 89.65 -0.19
AsHEMBOG6 Cluster—22080.93628 241 26 338 8.84 36.21 87.39 -0.27
AsHEMBO7 Cluster—22080.104063 421 46 062 6.33 36.29 89.43 -0.23
AsHEMBOS Cluster—22080.214927 299 32 695 4.78 24.66 93.34 -0.10
AsGSAO01 Cluster—22080.179393 355 37 421 5.87 31.09 86.08 0.10
AsGSA02 Cluster—22080.39896 342 36 000 5.57 30.15 83.07 0.09
AsCHLDO1 Cluster-22080.172914 359 38 905 5.45 35.94 96.99 -0.09
AsCHLDO2 Cluster—22080.72345 409 44 600 5.67 32.25 98.51 -0.12
AsCHLDO3 Cluster—22080.173293 576 63 735 5.32 42.95 87.41 -0.46
AsCHLDO4 Cluster—22080.173292 773 84 411 5.75 40.83 89.65 -0.35
AsCHLDOS Cluster—22080.307334 428 46 760 5.87 33.79 100.51 -0.05
AsCHLIOI Cluster—22080.197723 433 47 401 5.42 39.41 99.45 -0.17
AsCHLIO2 Cluster—22080.193449 427 46 663 5.35 39.24 99.25 -0.18
AsCHLIO3 Cluster—22080.193462 257 28 139 4.80 35.00 97.78 -0.23
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££3R3 Table 3 ( Continued)

Unigene %5 D N MW pl il Al GRAVY
AsCHLIO4 Cluster—22080.198111 217 23 592 5.75 41.26 95.58 -0.01
AsCHLIOS Cluster—22080.191575 239 26 737 5.31 34.37 104.39 -0.24
AsCHLIO6 Cluster—22080.197722 259 29 025 5.44 32.78 104.59 -0.26
AsCAO0I Cluster—22080.157276 435 49 134 7.33 37.27 82.92 -0.24
AsCAO02 Cluster—22080.157280 156 18 116 9.54 49.81 84.29 -0.36
AsCA003 Cluster—22080.157288 104 11978 9.47 48.34 85.29 -0.03
AsCAO04 Cluster—22080.157291 119 14 123 9.86 60.13 93.28 -0.38
AsCA005 Cluster—22080.157292 229 25 804 8.13 49.16 80.04 -0.15
AsCAO06 Cluster—22080.221807 435 49 134 7.33 37.27 82.92 -0.24

DN, MR EEE Amino acid residue number; MW ; BESAHX} 43§ i &t Theoretical relative molecular mass; pl: PS4 15 Theoretical isoelectric
point; I1; AEEFEEL Instability index; Al: I§¥ R %L Aliphatic index; GRAVY ; B 335K Grand average of hydropathicity.
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Linn.; Bro: %5 Brassica rapa var. oleifera de Candolle; Caa: B Capsicum annuum Linn.; Ce: * Colocasia esculenta (Linn.) Schott.; Cha; %Z
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Beauv.; Ta: /N&Z Triticum aestivum Linn. ; Vp: T2 Vanilla planifolia Andrews; Vv, W Vitis vinifera Linn.
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Fig. 3 Phylogenetic tree of amino acid sequences encoded by unigenes in chlorophyll synthesis gene families of Allium sativum Linn. and
chlorophyll synthesis genes in other plants
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Fig. 4 Conserved motifs in amino acid sequences encoded by unigenes in chlorophyll synthesis gene families of Allium sativum Linn.



62 EIE7/ B R SRS R N e

%31 &

AsCHLI F1 AsCAO FEIGAHXI RS | 3853 S5 W b A7 A
%5 AsHEMB % Ji% b, AsHEMBO1 F1 AsHEMBOS
PILRST I 5 A 6 DA AR 22 5, iX SR g iy ik
A B 23 BTl R AR — 30, ASHEMBO1 1 AsHEMBOS
5% S 5 XP _ 034590070. 1 ( J & 5 )
XP_037445707.1(/NZ2) Fe 5 AE Ak 1 [m] 54 B
AsCHLI % J% 1, AsCHLIOS Fl AsCHLIO6 5 % 5% 5

XP_020273053.1( £ K1) Jp 20 i [R5 e, iiax 2
PN AsCHLEL K5 B 61 P 1) motif1 | motif2 |
motif3 Fl motifd iX 4 MESFIREF , HEMIX 4 ASPRs7 I
FPAEdE Ak A B S B2 AR AsCAO KR,
AsCAO01 Fl1 AsCAO06 )79 i K, & A B R SF 57
B % | 5555 QP014978.1 ( E#) 551 1 [H]

AsHEMA
Motifl F

Motif2 F
Motif3 &
Motif4

Motif5 F

ASHEMB
Motifl &

Motif2 F
Motif3 F

Motif4 F

Motif5 3

AsGSA
Motifl 7

Motif2 5 2

Motif3 & @ 2

AsCHLD
Motifl F

Motif2 5 3

Motif3 Z 2

Motif4 a3

[CNRNE | YVVALSIINR | REVNEWNSKZSE | VSELRE: LFMLRDSDATR:
%N IVN(LLR LQ LRCDESDNRTLEET | ENNI ALNRMFSLDTDKSI IEQ
A | QDELKDMD | VYK VDETFASAAEADV | FTSTSSET LFFKDNVEVL

E QILSQVKQVIRV QDMK L KNIDRLFK AITA KDVRTETNISS
%-KFEAWRDSLETV T | KKLRSYAER | KAAENIEKC | QK I DEALTKKMRRA |

P GOFRLGWR CL | DEVYKARDVGVNSFVLF K | DALKSQT DEAYNDN
%LKDKF DIVIYTDVALD "YNSDG. DG VREDX VIMN)ETV QLCKQAVSQ
%DLE FQDVS | MSYTAKYASSFY FREALDSN RF DKKTYQNIN ANY |E
%T TNV FL KYLQS V LKSMNTWN IAIVIV SSKARSLNV | RASSEN V
0 T KID L IIKR RRI\RKS TLRAAFQETNIT ANFVL VFI E DV

?SMV | SAV SIEMVRFVNS 'TEACMCALRLARAY TNRKKVLKFE! CY
fRRD | MEMVA AGVYOA TLS N LAMTA | TLKRLQEE TYDYLDKVT
VRNFEDAKKSDV KFAKF R NI.EE VYLA SQFEA FTSLA T ED IE

%NIVERE |SFR-~CK"LL|CTYN-DEGSVRELLDR| A NLSADL WNFD
- FKQCKFSTK 00 RAAVATESATNESSNCAARKQT  QDSRKSSNY CROFF:
:FTIMARCL-AIL
:£F|QJ " LCVTEDRL| CSVDVEESVKTCTTVFQ. CLLAEA ROVLYVDE|N

IEVVA SISNAD NV EEWEDKLAEPAKYDSF NVKT

B 5 X7k AsHEMA AsHEMB AsGSA #1 AsCHLD ¥ F % unigenes RS REBRF I HRTEF &Y
Fig. 5 Structures of conserved motifs in amino acid sequences encoded by unigenes in AsSHEMA , AsHEMB, AsGSA , and AsCHLD

gene families of Allium sativum Linn.
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