
 

References 

1.  WHO | World malaria report 2018. In: WHO. 
http://www.who.int/malaria/publications/world-malaria-report-2018/en/. Accessed 14 
Jan 2019 

2.  Crompton PD, Moebius J, Portugal S, et al (2014) Malaria Immunity in Man and 
Mosquito: Insights into Unsolved Mysteries of a Deadly Infectious Disease. Annu Rev 
Immunol 32:157–187. https://doi.org/10.1146/annurev-immunol-032713-120220 

3.  Hillyer JF (2010) Mosquito immunity. Adv Exp Med Biol 708:218–238 

4.  Castillo JC, Robertson AE, Strand MR (2006) Characterization of hemocytes from the 
mosquitoes Anopheles gambiae and Aedes aegypti. Insect Biochem Mol Biol 36:891–
903. https://doi.org/10.1016/j.ibmb.2006.08.010 

5.  WHO | Malaria. In: WHO. https://www.who.int/ith/diseases/malaria/en/. Accessed 8 Jul 
2019 

6.  Coetzee M, Hunt RH, Wilkerson R, et al (2013) Anopheles coluzzii and Anopheles 
amharicus , new members of the Anopheles gambiae complex. Zootaxa 3619:246–274. 
https://doi.org/10.11646/zootaxa.3619.3.2 

7.  Greenwood B, Marsh K, Snow R (1991) Why do some African children develop severe 
malaria? Parasitol Today 7:277–281. https://doi.org/10.1016/0169-4758(91)90096-7 

8.  Langhorne J, Ndungu FM, Sponaas A-M, Marsh K (2008) Immunity to malaria: more 
questions than answers. Nat Immunol 9:725–732. https://doi.org/10.1038/ni.f.205 

9.  Marsh K, Kinyanjui S (2006) Immune effector mechanisms in malaria. Parasite 
Immunol 28:51–60. https://doi.org/10.1111/j.1365-3024.2006.00808.x 

10.  WHO | World Malaria Report 2014. In: WHO. 
http://www.who.int/malaria/publications/world_malaria_report_2014/report/en/. 
Accessed 2 Sep 2015 

11.  S Clinical Trials Partnership R (2015) Efficacy and safety of RTS,S/AS01 malaria 
vaccine with or without a booster dose in infants and children in Africa: final results of 
a phase 3, individually randomised, controlled trial. The Lancet 386:31–45. 
https://doi.org/10.1016/S0140-6736(15)60721-8 

12.  Miller LH, Ackerman HC, Su X, Wellems TE (2013) Malaria biology and disease 
pathogenesis: insights for new treatments. Nat Med 19:156–167. 
https://doi.org/10.1038/nm.3073 



 

 205 

13.  WHO | Global report on insecticide resistance in malaria vectors: 2010–2016. In: WHO. 
http://www.who.int/malaria/publications/atoz/9789241514057/en/. Accessed 24 Aug 
2019 

14.  Smith DL, McKenzie FE, Snow RW, Hay SI (2007) Revisiting the Basic Reproductive 
Number for Malaria and Its Implications for Malaria Control. PLoS Biol 5:e42. 
https://doi.org/10.1371/journal.pbio.0050042 

15.  Gonçalves D, Hunziker P (2016) Transmission-blocking strategies: the roadmap from 
laboratory bench to the community. Malar J 15:. https://doi.org/10.1186/s12936-016-
1163-3 

16.  Scholte E-J, Knols BGJ, Samson RA, Takken W (2004) Entomopathogenic fungi for 
mosquito control: A review. J Insect Sci 4: 

17.  Ramirez JL, Garver LS, Brayner FA, et al (2014) The role of hemocytes in Anopheles 
gambiae antiplasmodial immunity. J Innate Immun 6:119–128. 
https://doi.org/10.1159/000353765 

18.  Otto TD, Gilabert A, Crellen T, et al (2018) Genomes of all known members of a 
Plasmodium subgenus reveal paths to virulent human malaria. Nat Microbiol 3:687. 
https://doi.org/10.1038/s41564-018-0162-2 

19.  Kwiatkowski DP (2005) How Malaria Has Affected the Human Genome and What 
Human Genetics Can Teach Us about Malaria. Am J Hum Genet 77:171–192 

20.  Elmariah H, Garrett ME, De Castro LM, et al (2014) Factors associated with survival in 
a contemporary adult sickle cell disease cohort. Am J Hematol 89:530–535. 
https://doi.org/10.1002/ajh.23683 

21.  Gardner K, Douiri A, Drasar E, et al (2016) Survival in adults with sickle cell disease in 
a high-income setting. Blood 128:1436–1438. https://doi.org/10.1182/blood-2016-05-
716910 

22.  The impact of parasitic diseases and their control, with an emphasis on malaria and 
Africa | POPLINE.org. https://www.popline.org/node/418298. Accessed 8 Jul 2019 

23.  Molina-Cruz A, Canepa GE, Kamath N, et al (2015) Plasmodium evasion of mosquito 
immunity and global malaria transmission: The lock-and-key theory. Proc Natl Acad 
Sci U S A 112:15178–15183. https://doi.org/10.1073/pnas.1520426112 

24.  Cowman AF, Healer J, Marapana D, Marsh K (2016) Malaria: Biology and Disease. 
Cell 167:610–624. https://doi.org/10.1016/j.cell.2016.07.055 



 
25.  Tavares J, Formaglio P, Thiberge S, et al (2013) Role of host cell traversal by the 

malaria sporozoite during liver infection. J Exp Med 210:905–915. 
https://doi.org/10.1084/jem.20121130 

26.  Ishino T, Yano K, Chinzei Y, Yuda M (2004) Cell-passage activity is required for the 
malarial parasite to cross the liver sinusoidal cell layer. PLoS Biol 2:E4. 
https://doi.org/10.1371/journal.pbio.0020004 

27.  Risco-Castillo V, Topçu S, Marinach C, et al (2015) Malaria Sporozoites Traverse Host 
Cells within  Transient Vacuoles. Cell Host Microbe 18:593–603. 
https://doi.org/10.1016/j.chom.2015.10.006 

28.  Bhanot P, Schauer K, Coppens I, Nussenzweig V (2005) A surface phospholipase is 
involved in the migration of plasmodium sporozoites through cells. J Biol Chem 
280:6752–6760. https://doi.org/10.1074/jbc.M411465200 

29.  Coppi A, Tewari R, Bishop JR, et al (2007) Heparan sulfate proteoglycans provide a 
signal to Plasmodium sporozoites to stop migrating and productively invade host cells. 
Cell Host Microbe 2:316–327. https://doi.org/10.1016/j.chom.2007.10.002 

30.  Rodrigues CD, Hannus M, Prudêncio M, et al (2008) Host scavenger receptor SR-BI 
plays a dual role in the establishment of malaria parasite liver infection. Cell Host 
Microbe 4:271–282. https://doi.org/10.1016/j.chom.2008.07.012 

31.  Herrera R, Anderson C, Kumar K, et al (2015) Reversible Conformational Change in 
the Plasmodium falciparum Circumsporozoite Protein Masks Its Adhesion Domains. 
Infect Immun 83:3771–3780. https://doi.org/10.1128/IAI.02676-14 

32.  Sturm A, Amino R, van de Sand C, et al (2006) Manipulation of host hepatocytes by the 
malaria parasite for delivery into liver sinusoids. Science 313:1287–1290. 
https://doi.org/10.1126/science.1129720 

33.  Weiss GE, Gilson PR, Taechalertpaisarn T, et al (2015) Revealing the sequence and 
resulting cellular morphology of receptor-ligand interactions during Plasmodium 
falciparum invasion of erythrocytes. PLoS Pathog 11:e1004670. 
https://doi.org/10.1371/journal.ppat.1004670 

34.  Holder AA (1994) Proteins on the surface of the malaria parasite and cell invasion. 
Parasitology 108 Suppl:S5-18 

35.  Tham W-H, Healer J, Cowman AF (2012) Erythrocyte and reticulocyte binding-like 
proteins of Plasmodium falciparum. Trends Parasitol 28:23–30. 
https://doi.org/10.1016/j.pt.2011.10.002 



 

 207 

36.  Chen L, Lopaticki S, Riglar DT, et al (2011) An EGF-like protein forms a complex with 
PfRh5 and is required for invasion of human erythrocytes by Plasmodium falciparum. 
PLoS Pathog 7:e1002199. https://doi.org/10.1371/journal.ppat.1002199 

37.  Reddy KS, Amlabu E, Pandey AK, et al (2015) Multiprotein complex between the GPI-
anchored CyRPA with PfRH5 and PfRipr is crucial for Plasmodium falciparum 
erythrocyte invasion. Proc Natl Acad Sci U S A 112:1179–1184. 
https://doi.org/10.1073/pnas.1415466112 

38.  Crosnier C, Bustamante LY, Bartholdson SJ, et al (2011) Basigin is a receptor essential 
for erythrocyte invasion by Plasmodium falciparum. Nature 480:534–537. 
https://doi.org/10.1038/nature10606 

39.  Volz JC, Yap A, Sisquella X, et al (2016) Essential Role of the PfRh5/PfRipr/CyRPA 
Complex during Plasmodium falciparum Invasion of Erythrocytes. Cell Host Microbe 
20:60–71. https://doi.org/10.1016/j.chom.2016.06.004 

40.  Besteiro S, Dubremetz J-F, Lebrun M (2011) The moving junction of apicomplexan 
parasites: a key structure for invasion. Cell Microbiol 13:797–805. 
https://doi.org/10.1111/j.1462-5822.2011.01597.x 

41.  Riglar DT, Richard D, Wilson DW, et al (2011) Super-resolution dissection of 
coordinated events during malaria parasite invasion of the human erythrocyte. Cell Host 
Microbe 9:9–20. https://doi.org/10.1016/j.chom.2010.12.003 

42.  Kafsack BFC, Rovira-Graells N, Clark TG, et al (2014) A transcriptional switch 
underlies commitment to sexual development in malaria parasites. Nature 507:248–252. 
https://doi.org/10.1038/nature12920 

43.  Joice R, Nilsson SK, Montgomery J, et al (2014) Plasmodium falciparum transmission 
stages accumulate in the human bone marrow. Sci Transl Med 6:244re5-244re5. 
https://doi.org/10.1126/scitranslmed.3008882 

44.  Aly ASI, Vaughan AM, Kappe SHI (2009) Malaria Parasite Development in the 
Mosquito and Infection of the Mammalian Host. Annu Rev Microbiol 63:195–221. 
https://doi.org/10.1146/annurev.micro.091208.073403 

45.  Bennink S, Kiesow MJ, Pradel G (2016) The development of malaria parasites in the 
mosquito midgut. Cell Microbiol 18:905–918. https://doi.org/10.1111/cmi.12604 

46.  Kawamoto F, Alejo-Blanco R, Fleck SL, Sinden RE (1991) Plasmodium berghei: ionic 
regulation and the induction of gametogenesis. Exp Parasitol 72:33–42 



 
47.  Billker O, Shaw MK, Margos G, Sinden RE (1997) The roles of temperature, pH and 

mosquito factors as triggers of male and female gametogenesis of Plasmodium berghei 
in vitro. Parasitology 115 ( Pt 1):1–7 

48.  Billker O, Lindo V, Panico M, et al (1998) Identification of xanthurenic acid as the 
putative inducer of malaria development in the mosquito. Nature 392:289–292. 
https://doi.org/10.1038/32667 

49.  Garcia GE, Wirtz RA, Barr JR, et al (1998) Xanthurenic acid induces gametogenesis in 
Plasmodium, the malaria parasite. J Biol Chem 273:12003–12005. 
https://doi.org/10.1074/jbc.273.20.12003 

50.  Sologub L, Kuehn A, Kern S, et al (2011) Malaria proteases mediate inside-out egress 
of gametocytes from red blood cells following parasite transmission to the mosquito. 
Cell Microbiol 13:897–912. https://doi.org/10.1111/j.1462-5822.2011.01588.x 

51.  Muhia DK, Swales CA, Deng W, et al (2001) The gametocyte-activating factor 
xanthurenic acid stimulates an increase in membrane-associated guanylyl cyclase 
activity in the human malaria parasite Plasmodium falciparum. Mol Microbiol 42:553–
560 

52.  McRobert L, Taylor CJ, Deng W, et al (2008) Gametogenesis in malaria parasites is 
mediated by the cGMP-dependent protein kinase. PLoS Biol 6:e139. 
https://doi.org/10.1371/journal.pbio.0060139 

53.  Billker O, Dechamps S, Tewari R, et al (2004) Calcium and a calcium-dependent 
protein kinase regulate gamete formation and mosquito transmission in a malaria 
parasite. Cell 117:503–514. https://doi.org/10.1016/s0092-8674(04)00449-0 

54.  Martin SK, Jett M, Schneider I (1994) Correlation of phosphoinositide hydrolysis with 
exflagellation in the malaria microgametocyte. J Parasitol 80:371–378 

55.  Raabe AC, Wengelnik K, Billker O, Vial HJ (2011) Multiple roles for Plasmodium 
berghei phosphoinositide-specific phospholipase C in regulating gametocyte activation 
and differentiation. Cell Microbiol 13:955–966. https://doi.org/10.1111/j.1462-
5822.2011.01591.x 

56.  Sebastian S, Brochet M, Collins MO, et al (2012) A Plasmodium calcium-dependent 
protein kinase controls zygote development and transmission by translationally 
activating repressed mRNAs. Cell Host Microbe 12:9–19. 
https://doi.org/10.1016/j.chom.2012.05.014 

57.  Alano P, Read D, Bruce M, et al (1995) COS cell expression cloning of Pfg377, a 
Plasmodium falciparum gametocyte antigen associated with osmiophilic bodies. Mol 
Biochem Parasitol 74:143–156 



 

 209 

58.  Ponzi M, Sidén-Kiamos I, Bertuccini L, et al (2009) Egress of Plasmodium berghei 
gametes from their host erythrocyte is mediated by the MDV-1/PEG3 protein. Cell 
Microbiol 11:1272–1288. https://doi.org/10.1111/j.1462-5822.2009.01331.x 

59.  Talman AM, Lacroix C, Marques SR, et al (2011) PbGEST mediates malaria 
transmission to both mosquito and vertebrate host. Mol Microbiol 82:462–474. 
https://doi.org/10.1111/j.1365-2958.2011.07823.x 

60.  Wirth CC, Glushakova S, Scheuermayer M, et al (2014) Perforin-like protein PPLP2 
permeabilizes the red blood cell membrane during egress of Plasmodium falciparum 
gametocytes. Cell Microbiol 16:709–733. https://doi.org/10.1111/cmi.12288 

61.  Janse CJ, Ponnudurai T, Lensen AH, et al (1988) DNA synthesis in gametocytes of 
Plasmodium falciparum. Parasitology 96 ( Pt 1):1–7 

62.  van Dijk MR, Janse CJ, Thompson J, et al (2001) A central role for P48/45 in malaria 
parasite male gamete fertility. Cell 104:153–164. https://doi.org/10.1016/s0092-
8674(01)00199-4 

63.  van Schaijk BCL, van Dijk MR, van de Vegte-Bolmer M, et al (2006) Pfs47, paralog of 
the male fertility factor Pfs48/45, is a female specific surface protein in Plasmodium 
falciparum. Mol Biochem Parasitol 149:216–222. 
https://doi.org/10.1016/j.molbiopara.2006.05.015 

64.  Pradel G, Hayton K, Aravind L, et al (2004) A multidomain adhesion protein family 
expressed in Plasmodium falciparum is essential for transmission to the mosquito. J Exp 
Med 199:1533–1544. https://doi.org/10.1084/jem.20031274 

65.  Janse CJ, van der Klooster PF, van der Kaay HJ, et al (1986) DNA synthesis in 
Plasmodium berghei during asexual and sexual development. Mol Biochem Parasitol 
20:173–182 

66.  Reininger L, Billker O, Tewari R, et al (2005) A NIMA-related protein kinase is 
essential for completion of the sexual cycle of malaria parasites. J Biol Chem 
280:31957–31964. https://doi.org/10.1074/jbc.M504523200 

67.  Reininger L, Tewari R, Fennell C, et al (2009) An essential role for the Plasmodium 
Nek-2 Nima-related protein kinase in the sexual development of malaria parasites. J 
Biol Chem 284:20858–20868. https://doi.org/10.1074/jbc.M109.017988 

68.  Ukegbu CV, Cho J-S, Christophides GK, Vlachou D (2015) Transcriptional silencing 
and activation of paternal DNA during Plasmodium berghei zygotic development and 
transformation to oocyst. Cell Microbiol 17:1230–1240. 
https://doi.org/10.1111/cmi.12433 



 
69.  Yuda M, Iwanaga S, Shigenobu S, et al (2009) Identification of a transcription factor in 

the mosquito-invasive stage of malaria parasites. Mol Microbiol 71:1402–1414. 
https://doi.org/10.1111/j.1365-2958.2009.06609.x 

70.  Kaneko I, Iwanaga S, Kato T, et al (2015) Genome-Wide Identification of the Target 
Genes of AP2-O, a Plasmodium AP2-Family Transcription Factor. PLoS Pathog 
11:e1004905. https://doi.org/10.1371/journal.ppat.1004905 

71.  Tomas AM, Margos G, Dimopoulos G, et al (2001) P25 and P28 proteins of the malaria 
ookinete surface have multiple and partially redundant functions. EMBO J 20:3975–
3983. https://doi.org/10.1093/emboj/20.15.3975 

72.  Aikawa M, Carter R, Ito Y, Nijhout MM (1984) New observations on gametogenesis, 
fertilization, and zygote transformation in Plasmodium gallinaceum. J Protozool 
31:403–413 

73.  Sinden RE, Hartley RH, Winger L (1985) The development of Plasmodium ookinetes in 
vitro: an ultrastructural study including a description of meiotic division. Parasitology 
91 ( Pt 2):227–244 

74.  Vlachou D, Zimmermann T, Cantera R, et al (2004) Real-time, in vivo analysis of 
malaria ookinete locomotion and mosquito midgut invasion. Cell Microbiol 6:671–685. 
https://doi.org/10.1111/j.1462-5822.2004.00394.x 

75.  Hirai M, Arai M, Kawai S, Matsuoka H (2006) PbGCbeta is essential for Plasmodium 
ookinete motility to invade midgut cell and for successful completion of parasite life 
cycle in mosquitoes. J Biochem (Tokyo) 140:747–757. 
https://doi.org/10.1093/jb/mvj205 

76.  Moon RW, Taylor CJ, Bex C, et al (2009) A cyclic GMP signalling module that 
regulates gliding motility in a malaria parasite. PLoS Pathog 5:e1000599. 
https://doi.org/10.1371/journal.ppat.1000599 

77.  Ishino T, Orito Y, Chinzei Y, Yuda M (2006) A calcium-dependent protein kinase 
regulates Plasmodium ookinete access to the midgut epithelial cell. Mol Microbiol 
59:1175–1184. https://doi.org/10.1111/j.1365-2958.2005.05014.x 

78.  Siden-Kiamos I, Ecker A, Nybäck S, et al (2006) Plasmodium berghei calcium-
dependent protein kinase 3 is required for ookinete gliding motility and mosquito 
midgut invasion. Mol Microbiol 60:1355–1363. https://doi.org/10.1111/j.1365-
2958.2006.05189.x 

79.  Lehane MJ (1997) Peritrophic matrix structure and function. Annu Rev Entomol 
42:525–550. https://doi.org/10.1146/annurev.ento.42.1.525 



 

 211 

80.  Vinetz JM, Dave SK, Specht CA, et al (1999) The chitinase PfCHT1 from the human 
malaria parasite Plasmodium falciparum lacks proenzyme and chitin-binding domains 
and displays unique substrate preferences. Proc Natl Acad Sci U S A 96:14061–14066. 
https://doi.org/10.1073/pnas.96.24.14061 

81.  Vinetz JM, Valenzuela JG, Specht CA, et al (2000) Chitinases of the avian malaria 
parasite Plasmodium gallinaceum, a class of enzymes necessary for parasite invasion of 
the mosquito midgut. J Biol Chem 275:10331–10341. 
https://doi.org/10.1074/jbc.275.14.10331 

82.  Tsai YL, Hayward RE, Langer RC, et al (2001) Disruption of Plasmodium falciparum 
chitinase markedly impairs parasite invasion of mosquito midgut. Infect Immun 
69:4048–4054. https://doi.org/10.1128/IAI.69.6.4048-4054.2001 

83.  Dessens JT, Beetsma AL, Dimopoulos G, et al (1999) CTRP is essential for mosquito 
infection by malaria ookinetes. EMBO J 18:6221–6227. 
https://doi.org/10.1093/emboj/18.22.6221 

84.  Yuda M, Sakaida H, Chinzei Y (1999) Targeted disruption of the plasmodium berghei 
CTRP gene reveals its essential role in malaria infection of the vector mosquito. J Exp 
Med 190:1711–1716. https://doi.org/10.1084/jem.190.11.1711 

85.  Li F, Templeton TJ, Popov V, et al (2004) Plasmodium ookinete-secreted proteins 
secreted through a common micronemal pathway are targets of blocking malaria 
transmission. J Biol Chem 279:26635–26644. https://doi.org/10.1074/jbc.M401385200 

86.  Wirth CC, Bennink S, Scheuermayer M, et al (2015) Perforin-like protein PPLP4 is 
crucial for mosquito midgut infection by Plasmodium falciparum. Mol Biochem 
Parasitol 201:90–99. https://doi.org/10.1016/j.molbiopara.2015.06.005 

87.  Yuda M, Yano K, Tsuboi T, et al (2001) von Willebrand Factor A domain-related 
protein, a novel microneme protein of the malaria ookinete highly conserved throughout 
Plasmodium parasites. Mol Biochem Parasitol 116:65–72 

88.  Dessens JT, Sidén-Kiamos I, Mendoza J, et al (2003) SOAP, a novel malaria ookinete 
protein involved in mosquito midgut invasion and oocyst development. Mol Microbiol 
49:319–329 

89.  Kadota K, Ishino T, Matsuyama T, et al (2004) Essential role of membrane-attack 
protein in malarial transmission to mosquito host. Proc Natl Acad Sci U S A 
101:16310–16315. https://doi.org/10.1073/pnas.0406187101 

90.  Kariu T, Ishino T, Yano K, et al (2006) CelTOS, a novel malarial protein that mediates 
transmission to mosquito and vertebrate hosts. Mol Microbiol 59:1369–1379. 
https://doi.org/10.1111/j.1365-2958.2005.05024.x 



 
91.  Ecker A, Bushell ESC, Tewari R, Sinden RE (2008) Reverse genetics screen identifies 

six proteins important for malaria development in the mosquito. Mol Microbiol 70:209–
220. https://doi.org/10.1111/j.1365-2958.2008.06407.x 

92.  Adini A, Warburg A (1999) Interaction of Plasmodium gallinaceum ookinetes and 
oocysts with extracellular matrix proteins. Parasitology 119:331–336. 
https://doi.org/10.1017/S0031182099004874 

93.  Mahairaki V, Voyatzi T, Sidén-Kiamos I, Louis C (2005) The Anopheles gambiae 
gamma1 laminin directly binds the Plasmodium berghei circumsporozoite- and TRAP-
related protein (CTRP). Mol Biochem Parasitol 140:119–121. 
https://doi.org/10.1016/j.molbiopara.2004.11.012 

94.  Limviroj W, Yano K, Yuda M, et al (2002) IMMUNO-ELECTRON MICROSCOPIC 
OBSERVATION OF PLASMODIUM BERGHEI CTRP LOCALIZATION IN THE 
MIDGUT OF THE VECTOR MOSQUITO ANOPHELES STEPHENSI. J Parasitol 
88:664–672. https://doi.org/10.1645/0022-3395(2002)088[0664:IEMOOP]2.0.CO;2 

95.  Srinivasan P, Fujioka H, Jacobs-Lorena M (2008) PbCap380, a novel oocyst capsule 
protein, is essential for malaria parasite survival in the mosquito. Cell Microbiol 
10:1304–1312. https://doi.org/10.1111/j.1462-5822.2008.01127.x 

96.  Sasaki H, Sekiguchi H, Sugiyama M, Ikadai H (2017) Plasmodium berghei Cap93, a 
novel oocyst capsule-associated protein, plays a role in sporozoite development. Parasit 
Vectors 10:399. https://doi.org/10.1186/s13071-017-2337-8 

97.  Moran P, Caras IW (1994) Requirements for glycosylphosphatidylinositol attachment 
are similar but not identical in mammalian cells and parasitic protozoa. J Cell Biol 
125:333–343. https://doi.org/10.1083/jcb.125.2.333 

98.  Trueman HE, Raine JD, Florens L, et al (2004) FUNCTIONAL 
CHARACTERIZATION OF AN LCCL–LECTIN DOMAIN CONTAINING 
PROTEIN FAMILY IN PLASMODIUM BERGHEI. J Parasitol 90:1062–1071. 
https://doi.org/10.1645/GE-3368 

99.  Sinden RE (1974) Excystment by sporozoites of malaria parasites. Nature 252:314. 
https://doi.org/10.1038/252314a0 

100.  Ménard R, Sultan AA, Cortes C, et al (1997) Circumsporozoite protein is required for 
development of malaria sporozoites in mosquitoes. Nature 385:336. 
https://doi.org/10.1038/385336a0 

101.  Aly ASI, Matuschewski K (2005) A malarial cysteine protease is necessary for 
Plasmodium sporozoite egress from oocysts. J Exp Med 202:225–230. 
https://doi.org/10.1084/jem.20050545 



 

 213 

102.  Sultan AA, Thathy V, Frevert U, et al (1997) TRAP Is Necessary for Gliding Motility 
and Infectivity of Plasmodium Sporozoites. Cell 90:511–522. 
https://doi.org/10.1016/S0092-8674(00)80511-5 

103.  Wang Q, Fujioka H, Nussenzweig V (2005) Exit of Plasmodium Sporozoites from 
Oocysts Is an Active Process That Involves the Circumsporozoite Protein. PLOS Pathog 
1:e9. https://doi.org/10.1371/journal.ppat.0010009 

104.  Lasonder E, Janse CJ, Gemert G-J van, et al (2008) Proteomic Profiling of Plasmodium 
Sporozoite Maturation Identifies New Proteins Essential for Parasite Development and 
Infectivity. PLOS Pathog 4:e1000195. https://doi.org/10.1371/journal.ppat.1000195 

105.  Sidjanski SP, Vanderberg JP, Sinnis P (1997) Anopheles stephensi salivary glands bear 
receptors for region I of the circumsporozoite protein of Plasmodium falciparum. Mol 
Biochem Parasitol 90:33–41. https://doi.org/10.1016/S0166-6851(97)00124-2 

106.  Sinden RE, Matuschewski K (2005) The Sporozoite. Mol Approaches Malar 169–190. 
https://doi.org/10.1128/9781555817558.ch9 

107.  Matuschewski K, Nunes AC, Nussenzweig V, Ménard R (2002) Plasmodium sporozoite 
invasion into insect and mammalian cells is directed by the same dual binding system. 
EMBO J 21:1597–1606. https://doi.org/10.1093/emboj/21.7.1597 

108.  Ghosh AK, Devenport M, Jethwaney D, et al (2009) Malaria Parasite Invasion of the 
Mosquito Salivary Gland Requires Interaction between the Plasmodium TRAP and the 
Anopheles Saglin Proteins. PLOS Pathog 5:e1000265. 
https://doi.org/10.1371/journal.ppat.1000265 

109.  Okulate MA, Kalume DE, Reddy R, et al (2007) Identification and molecular 
characterization of a novel protein Saglin as a target of monoclonal antibodies affecting 
salivary gland infectivity of Plasmodium sporozoites. Insect Mol Biol 16:711–722. 
https://doi.org/10.1111/j.1365-2583.2007.00765.x 

110.  Thompson J, Fernandez-Reyes D, Sharling L, et al (2007) Plasmodium cysteine repeat 
modular proteins 1–4: complex proteins with roles throughout the malaria parasite life 
cycle. Cell Microbiol 9:1466–1480. https://doi.org/10.1111/j.1462-5822.2006.00885.x 

111.  Kariu T, Yuda M, Yano K, Chinzei Y (2002) MAEBL Is Essential for Malarial 
Sporozoite Infection of the Mosquito Salivary Gland. J Exp Med 195:1317–1323. 
https://doi.org/10.1084/jem.20011876 

112.  Kappe SHI, Buscaglia CA, Bergman LW, et al (2004) Apicomplexan gliding motility 
and host cell invasion: overhauling the motor model. Trends Parasitol 20:13–16. 
https://doi.org/10.1016/j.pt.2003.10.011 



 
113.  Pimenta PF, Touray M, Miller L (1994) The Journey of Malaria Sporozoites in the 

Mosquito Salivary Gland. J Eukaryot Microbiol 41:608–624. 
https://doi.org/10.1111/j.1550-7408.1994.tb01523.x 

114.  Mahy BWJ (2004) Vector-borne diseases. In: Microbe-Vector Interact. Vector-Borne 
Dis. /core/books/microbevector-interactions-in-vectorborne-diseases/vectorborne-
diseases/91DB7C46CCE13320BBA5CBCC37CDA140. Accessed 11 Jul 2019 

115.  Pennacchio F, Strand MR (2005) Evolution of developmental strategies in parasitic 
hymenoptera. Annu Rev Entomol 51:233–258. 
https://doi.org/10.1146/annurev.ento.51.110104.151029 

116.  Vega FE, Kaya HK (2012) Insect Pathology. Academic Press 

117.  Hillyer JF (2016) Insect immunology and hematopoiesis. Dev Comp Immunol 58:102–
118. https://doi.org/10.1016/j.dci.2015.12.006 

118.  Hillyer JF, Strand MR (2014) Mosquito hemocyte-mediated immune responses. Curr 
Opin Insect Sci 3:14–21. https://doi.org/10.1016/j.cois.2014.07.002 

119.  Publication : USDA ARS. 
https://www.ars.usda.gov/research/publications/publication/?seqNo115=271050. 
Accessed 11 Jul 2019 

120.  Pedrini N, Crespo R, Juárez MP (2007) Biochemistry of insect epicuticle degradation by 
entomopathogenic fungi. Comp Biochem Physiol Part C Toxicol Pharmacol 146:124–
137. https://doi.org/10.1016/j.cbpc.2006.08.003 

121.  Cirimotich CM, Dong Y, Clayton AM, et al (2011) Natural Microbe-Mediated 
Refractoriness to Plasmodium Infection in Anopheles gambiae. Science 332:855–858. 
https://doi.org/10.1126/science.1201618 

122.  McGreevy PB, Bryan JH, Oothuman P, Kolstrup N (1978) The lethal effects of the 
cibarial and pharyngeal armatures of mosquitoes on microfilariae. Trans R Soc Trop 
Med Hyg 72:361–368. https://doi.org/10.1016/0035-9203(78)90128-1 

123.  Siva-Jothy MT, Moret Y, Rolff J (2005) Insect Immunity: An Evolutionary Ecology 
Perspective. In: Simpson SJ (ed) Advances in Insect Physiology. Academic Press, pp 1–
48 

124.  Pinto SB, Kafatos FC, Michel K (2008) The parasite invasion marker SRPN6 reduces 
sporozoite numbers in salivary glands of Anopheles gambiae. Cell Microbiol 10:891–
898. https://doi.org/10.1111/j.1462-5822.2007.01091.x 



 

 215 

125.  Gupta L, Molina-Cruz A, Kumar S, et al (2009) The STAT Pathway Mediates Late-
Phase Immunity against Plasmodium in the Mosquito Anopheles gambiae. Cell Host 
Microbe 5:498–507. https://doi.org/10.1016/j.chom.2009.04.003 

126.  Lim J, Gowda DC, Krishnegowda G, Luckhart S (2005) Induction of Nitric Oxide 
Synthase in Anopheles stephensi by Plasmodium falciparum: Mechanism of Signaling 
and the Role of Parasite Glycosylphosphatidylinositols. Infect Immun 73:2778–2789. 
https://doi.org/10.1128/IAI.73.5.2778-2789.2005 

127.  Luckhart S, Vodovotz Y, Cui L, Rosenberg R (1998) The mosquito Anopheles 
stephensi limits malaria parasite development with inducible synthesis of nitric oxide. 
Proc Natl Acad Sci 95:5700–5705 

128.  Waterhouse RM, Kriventseva EV, Meister S, et al (2007) Evolutionary Dynamics of 
Immune-Related Genes and Pathways in Disease-Vector Mosquitoes. Science 
316:1738–1743. https://doi.org/10.1126/science.1139862 

129.  Lowenberger CA, Smartt CT, Bulet P, et al (1999) Insect immunity: molecular cloning, 
expression, and characterization of cDNAs and genomic DNA encoding three isoforms 
of insect defensin in Aedes aegypti. Insect Mol Biol 8:107–118 

130.  Richman AM, Bulet P, Hetru C, et al (1996) Inducible immune factors of the vector 
mosquito Anopheles gambiae: biochemical purification of a defensin antibacterial 
peptide and molecular cloning of preprodefensin cDNA. Insect Mol Biol 5:203–210 

131.  Warr E, Aguilar R, Dong Y, et al (2007) Spatial and sex-specific dissection of the 
Anopheles gambiae midgut transcriptome. BMC Genomics 8:37. 
https://doi.org/10.1186/1471-2164-8-37 

132.  Kim W, Koo H, Richman AM, et al (2004) Ectopic expression of a cecropin transgene 
in the human malaria vector mosquito Anopheles gambiae (Diptera: Culicidae): effects 
on susceptibility to Plasmodium. J Med Entomol 41:447–455. 
https://doi.org/10.1603/0022-2585-41.3.447 

133.  Christensen BM, Li J, Chen C-C, Nappi AJ (2005) Melanization immune responses in 
mosquito vectors. Trends Parasitol 21:192–199. https://doi.org/10.1016/j.pt.2005.02.007 

134.  Neafsey DE, Waterhouse RM, Abai MR, et al (2015) Mosquito genomics. Highly 
evolvable malaria vectors: the genomes of 16 Anopheles mosquitoes. Science 
347:1258522. https://doi.org/10.1126/science.1258522 

135.  Ahmed A, Martín D, Manetti AGO, et al (1999) Genomic structure and ecdysone 
regulation of the prophenoloxidase 1 gene in the malaria vector Anopheles gambiae. 
Proc Natl Acad Sci 96:14795–14800. https://doi.org/10.1073/pnas.96.26.14795 



 
136.  Müller HM, Dimopoulos G, Blass C, Kafatos FC (1999) A hemocyte-like cell line 

established from the malaria vector Anopheles gambiae expresses six prophenoloxidase 
genes. J Biol Chem 274:11727–11735. https://doi.org/10.1074/jbc.274.17.11727 

137.  Osta MA, Christophides GK, Kafatos FC (2004) Effects of mosquito genes on 
Plasmodium development. Science 303:2030–2032. 
https://doi.org/10.1126/science.1091789 

138.  An C, Budd A, Kanost MR, Michel K (2011) Characterization of a regulatory unit that 
controls melanization and affects longevity of mosquitoes. Cell Mol Life Sci CMLS 
68:1929–1939. https://doi.org/10.1007/s00018-010-0543-z 

139.  Baxter RHG, Chang C-I, Chelliah Y, et al (2007) Structural basis for conserved 
complement factor-like function in the antimalarial protein TEP1. Proc Natl Acad Sci U 
S A 104:11615–11620. https://doi.org/10.1073/pnas.0704967104 

140.  Levashina EA, Moita LF, Blandin S, et al (2001) Conserved Role of a Complement-like 
Protein in Phagocytosis Revealed by dsRNA Knockout in Cultured Cells of the 
Mosquito, Anopheles gambiae. Cell 104:709–718. https://doi.org/10.1016/S0092-
8674(01)00267-7 

141.  Povelones M, Bhagavatula L, Yassine H, et al (2013) The CLIP-Domain Serine 
Protease Homolog SPCLIP1 Regulates Complement Recruitment to Microbial Surfaces 
in the Malaria Mosquito Anopheles gambiae. PLOS Pathog 9:e1003623. 
https://doi.org/10.1371/journal.ppat.1003623 

142.  Yassine H, Kamareddine L, Chamat S, et al (2014) A serine protease homolog 
negatively regulates TEP1 consumption in systemic infections of the malaria vector 
Anopheles gambiae. J Innate Immun 6:806–818. https://doi.org/10.1159/000363296 

143.  Riehle MM, Xu J, Lazzaro BP, et al (2008) Anopheles gambiae APL1 Is a Family of 
Variable LRR Proteins Required for Rel1-Mediated Protection from the Malaria 
Parasite, Plasmodium berghei. PLOS ONE 3:e3672. 
https://doi.org/10.1371/journal.pone.0003672 

144.  Fraiture M, Baxter RHG, Steinert S, et al (2009) Two Mosquito LRR Proteins Function 
as Complement Control Factors in the TEP1-Mediated Killing of Plasmodium. Cell 
Host Microbe 5:273–284. https://doi.org/10.1016/j.chom.2009.01.005 

145.  Bartholomay LC, Michel K (2018) Mosquito Immunobiology: The Intersection of 
Vector Health and Vector Competence. Annu Rev Entomol 63:145–167. 
https://doi.org/10.1146/annurev-ento-010715-023530 



 

 217 

146.  King JG, Hillyer JF (2013) Spatial and temporal in vivo analysis of circulating and 
sessile immune cells in mosquitoes: hemocyte mitosis following infection. BMC Biol 
11:55. https://doi.org/10.1186/1741-7007-11-55 

147.  Bryant WB, Michel K (2014) Blood feeding induces hemocyte proliferation and 
activation in the African malaria mosquito, Anopheles gambiae Giles. J Exp Biol 
217:1238–1245. https://doi.org/10.1242/jeb.094573 

148.  Castillo J, Brown MR, Strand MR (2011) Blood Feeding and Insulin-like Peptide 3 
Stimulate Proliferation of Hemocytes in the Mosquito Aedes aegypti. PLOS Pathog 
7:e1002274. https://doi.org/10.1371/journal.ppat.1002274 

149.  Bryant WB, Michel K (2016) Anopheles gambiae hemocytes exhibit transient states of 
activation. Dev Comp Immunol 55:119–129. https://doi.org/10.1016/j.dci.2015.10.020 

150.  King JG, Hillyer JF (2012) Infection-Induced Interaction between the Mosquito 
Circulatory and Immune Systems. PLoS Pathog 8:e1003058. 
https://doi.org/10.1371/journal.ppat.1003058 

151.  Michel K, Suwanchaichinda C, Morlais I, et al (2006) Increased melanizing activity in 
Anopheles gambiae does not affect development of Plasmodium falciparum. Proc Natl 
Acad Sci U S A 103:16858–16863. https://doi.org/10.1073/pnas.0608033103 

152.  Christensen BM, Forton KF (1986) Hemocyte-mediated melanization of microfilariae in 
Aedes aegypti. J Parasitol 72:220–225 

153.  Yassine H, Kamareddine L, Osta MA (2012) The Mosquito Melanization Response Is 
Implicated in Defense against the Entomopathogenic Fungus Beauveria bassiana. PLOS 
Pathog 8:e1003029. https://doi.org/10.1371/journal.ppat.1003029 

154.  Cheng G, Liu Y, Wang P, Xiao X (2016) Mosquito Defense Strategies against Viral 
Infection. Trends Parasitol 32:177–186. https://doi.org/10.1016/j.pt.2015.09.009 

155.  Parikh GR, Oliver JD, Bartholomay LC (2009) A haemocyte tropism for an arbovirus. J 
Gen Virol 90:292–296. https://doi.org/10.1099/vir.0.005116-0 

156.  Castillo JC, Ferreira ABB, Trisnadi N, Barillas-Mury C (2017) Activation of mosquito 
complement antiplasmodial response requires cellular immunity. Sci Immunol 
2:eaal1505. https://doi.org/10.1126/sciimmunol.aal1505 

157.  Vlisidou I, Wood W (2015) Drosophila blood cells and their role in immune responses. 
FEBS J 282:1368–1382. https://doi.org/10.1111/febs.13235 

158.  Shen Z, Jacobs-Lorena M (1998) A Type I Peritrophic Matrix Protein from the Malaria 
VectorAnopheles gambiae Binds to Chitin CLONING, EXPRESSION, AND 



 
CHARACTERIZATION. J Biol Chem 273:17665–17670. 
https://doi.org/10.1074/jbc.273.28.17665 

159.  Kumar S, Molina-Cruz A, Gupta L, et al (2010) A Peroxidase/Dual Oxidase System 
Modulates Midgut Epithelial Immunity in Anopheles gambiae. Science 327:1644–1648. 
https://doi.org/10.1126/science.1184008 

160.  Shen Z, Dimopoulos G, Kafatos FC, Jacobs-Lorena M (1999) A cell surface mucin 
specifically expressed in the midgut of the malaria mosquito Anopheles gambiae. Proc 
Natl Acad Sci 96:5610–5615. https://doi.org/10.1073/pnas.96.10.5610 

161.  Kumar S, Gupta L, Han YS, Barillas-Mury C (2004) Inducible Peroxidases Mediate 
Nitration of Anopheles Midgut Cells Undergoing Apoptosis in Response to Plasmodium 
Invasion. J Biol Chem 279:53475–53482. https://doi.org/10.1074/jbc.M409905200 

162.  Oliveira G de A, Lieberman J, Barillas-Mury C (2012) Epithelial Nitration by a 
Peroxidase/NOX5 System Mediates Mosquito Antiplasmodial Immunity. Science 
335:856–859. https://doi.org/10.1126/science.1209678 

163.  Ramphul UN, Garver LS, Molina-Cruz A, et al (2015) Plasmodium falciparum evades 
mosquito immunity by disrupting JNK-mediated apoptosis of invaded midgut cells. 
Proc Natl Acad Sci 112:1273–1280. https://doi.org/10.1073/pnas.1423586112 

164.  Han YS, Barillas-Mury C (2002) Implications of Time Bomb model of ookinete 
invasion of midgut cells. Insect Biochem Mol Biol 32:1311–1316. 
https://doi.org/10.1016/S0965-1748(02)00093-0 

165.  Blandin S, Shiao S-H, Moita LF, et al (2004) Complement-Like Protein TEP1 Is a 
Determinant of Vectorial Capacity in the Malaria Vector Anopheles gambiae. Cell 
116:661–670. https://doi.org/10.1016/S0092-8674(04)00173-4 

166.  Blandin SA, Marois E, Levashina EA (2008) Antimalarial Responses in Anopheles 
gambiae: From a Complement-like Protein to a Complement-like Pathway. Cell Host 
Microbe 3:364–374. https://doi.org/10.1016/j.chom.2008.05.007 

167.  Povelones M, Waterhouse RM, Kafatos FC, Christophides GK (2009) Leucine-Rich 
Repeat Protein Complex Activates Mosquito Complement in Defense Against 
Plasmodium Parasites. Science 324:258–261. https://doi.org/10.1126/science.1171400 

168.  Jaramillo-Gutierrez G, Rodrigues J, Ndikuyeze G, et al (2009) Mosquito immune 
responses and compatibility between Plasmodium parasites and anopheline mosquitoes. 
BMC Microbiol 9:154. https://doi.org/10.1186/1471-2180-9-154 



 

 219 

169.  Blandin SA, Wang-Sattler R, Lamacchia M, et al (2009) Dissecting the Genetic Basis of 
Resistance to Malaria Parasites in Anopheles gambiae. Science 326:147–150. 
https://doi.org/10.1126/science.1175241 

170.  Garver LS, de Almeida Oliveira G, Barillas-Mury C (2013) The JNK Pathway Is a Key 
Mediator of Anopheles gambiae Antiplasmodial Immunity. PLoS Pathog 9:e1003622. 
https://doi.org/10.1371/journal.ppat.1003622 

171.  Molina-Cruz A, DeJong RJ, Charles B, et al (2008) Reactive Oxygen Species Modulate 
Anopheles gambiae Immunity against Bacteria and Plasmodium. J Biol Chem 
283:3217–3223. https://doi.org/10.1074/jbc.M705873200 

172.  Kumar S, Christophides GK, Cantera R, et al (2003) The role of reactive oxygen species 
on Plasmodium melanotic encapsulation in Anopheles gambiae. Proc Natl Acad Sci 
100:14139–14144. https://doi.org/10.1073/pnas.2036262100 

173.  Oliveira JHM, Gonçalves RLS, Oliveira GA, et al (2011) Energy metabolism affects 
susceptibility of Anopheles gambiae mosquitoes to Plasmodium infection. Insect 
Biochem Mol Biol 41:349–355. https://doi.org/10.1016/j.ibmb.2011.02.001 

174.  Mitri C, Jacques J-C, Thiery I, et al (2009) Fine Pathogen Discrimination within the 
APL1 Gene Family Protects Anopheles gambiae against Human and Rodent Malaria 
Species. PLoS Pathog 5:e1000576. https://doi.org/10.1371/journal.ppat.1000576 

175.  Garver LS, Dong Y, Dimopoulos G (2009) Caspar Controls Resistance to Plasmodium 
falciparum in Diverse Anopheline Species. PLoS Pathog 5:e1000335. 
https://doi.org/10.1371/journal.ppat.1000335 

176.  Cohuet A, Osta MA, Morlais I, et al (2006) Anopheles and Plasmodium: from 
laboratory models to natural systems in the field. EMBO Rep 7:1285–1289. 
https://doi.org/10.1038/sj.embor.7400831 

177.  Molina-Cruz A, Garver LS, Alabaster A, et al (2013) The Human Malaria Parasite 
Pfs47 Gene Mediates Evasion of the Mosquito Immune System. Science 340:984–987. 
https://doi.org/10.1126/science.1235264 

178.  Molina-Cruz A, DeJong RJ, Ortega C, et al (2012) Some strains of Plasmodium 
falciparum, a human malaria parasite, evade the complement-like system of Anopheles 
gambiae mosquitoes. Proc Natl Acad Sci 109:E1957–E1962. 
https://doi.org/10.1073/pnas.1121183109 

179.  Manske M, Miotto O, Campino S, et al (2012) Analysis of Plasmodium falciparum 
diversity in natural infections by deep sequencing. Nature 487:375–379. 
https://doi.org/10.1038/nature11174 



 
180.  Anthony TG, Polley SD, Vogler AP, Conway DJ (2007) Evidence of non-neutral 

polymorphism in Plasmodium falciparum gamete surface protein genes Pfs47 and 
Pfs48/45. Mol Biochem Parasitol 156:117–123. 
https://doi.org/10.1016/j.molbiopara.2007.07.008 

181.  Molina-Cruz A, Canepa GE, Barillas-Mury C (2017) Plasmodium P47: a key gene for 
malaria transmission by mosquito vectors. Curr Opin Microbiol 40:168–174. 
https://doi.org/10.1016/j.mib.2017.11.029 

182.  Dong Y, Dimopoulos G (2009) Anopheles Fibrinogen-related Proteins Provide 
Expanded Pattern Recognition Capacity against Bacteria and Malaria Parasites. J Biol 
Chem 284:9835–9844. https://doi.org/10.1074/jbc.M807084200 

183.  Ukegbu CV, Giorgalli M, Yassine H, et al (2017) Plasmodium berghei P47 is essential 
for ookinete protection from the Anopheles gambiae complement-like response. Sci Rep 
7:6026. https://doi.org/10.1038/s41598-017-05917-6 

184.  Smith RC, Jacobs-Lorena M (2015) Malaria parasite Pfs47 disrupts JNK signaling to 
escape mosquito immunity. Proc Natl Acad Sci 112:1250–1251. 
https://doi.org/10.1073/pnas.1424227112 

185.  Smith RC, Barillas-Mury C, Jacobs-Lorena M (2015) Hemocyte differentiation 
mediates the mosquito late-phase immune response against Plasmodium in Anopheles 
gambiae. Proc Natl Acad Sci U S A 112:E3412-3420. 
https://doi.org/10.1073/pnas.1420078112 

186.  Smith RC, Eappen AG, Radtke AJ, Jacobs-Lorena M (2012) Regulation of Anti-
Plasmodium Immunity by a LITAF-like Transcription Factor in the Malaria Vector 
Anopheles gambiae. PLoS Pathog 8:e1002965. 
https://doi.org/10.1371/journal.ppat.1002965 

187.  Nsango SE, Pompon J, Xie T, et al (2013) AP-1/Fos-TGase2 Axis Mediates Wounding-
induced Plasmodium falciparum Killing in Anopheles gambiae. J Biol Chem 
288:16145–16154. https://doi.org/10.1074/jbc.M112.443267 

188.  Lemaitre B, Hoffmann J (2007) The Host Defense of Drosophila melanogaster. Annu 
Rev Immunol 25:697–743. https://doi.org/10.1146/annurev.immunol.25.022106.141615 

189.  Imler J-L (2014) Overview of Drosophila immunity: A historical perspective. Dev 
Comp Immunol 42:3–15. https://doi.org/10.1016/j.dci.2013.08.018 

190.  Lawrence PO (2008) Hemocytes of Insects: Their Morphology and Function. In: 
Capinera JL (ed) Encyclopedia of Entomology. Springer Netherlands, pp 1787–1790 



 

 221 

191.  Severo MS, Landry JJM, Lindquist RL, et al (2018) Unbiased classification of mosquito 
blood cells by single-cell genomics and high-content imaging. Proc Natl Acad Sci 
115:E7568–E7577. https://doi.org/10.1073/pnas.1803062115 

192.  Kwon H, Smith RC (2019) Chemical depletion of phagocytic immune cells in 
Anopheles gambiae reveals dual roles of mosquito hemocytes in anti-Plasmodium 
immunity. Proc Natl Acad Sci 116:14119–14128. 
https://doi.org/10.1073/pnas.1900147116 

193.  Rodrigues J, Brayner FA, Alves LC, et al (2010) Hemocyte Differentiation Mediates 
Innate Immune Memory in Anopheles gambiae Mosquitoes. Science 329:1353–1355. 
https://doi.org/10.1126/science.1190689 

194.  Ramirez JL, de Almeida Oliveira G, Calvo E, et al (2015) A mosquito lipoxin/lipocalin 
complex mediates innate immune priming in Anopheles gambiae. Nat Commun 6:. 
https://doi.org/10.1038/ncomms8403 

195.  Simões ML, Dimopoulos G A mosquito mediator of parasite-induced immune priming. 
Trends Parasitol. https://doi.org/10.1016/j.pt.2015.07.004 

196.  Stanley D (2006) PROSTAGLANDINS AND OTHER EICOSANOIDS IN INSECTS: 
Biological Significance. Annu Rev Entomol 51:25–44. 
https://doi.org/10.1146/annurev.ento.51.110104.151021 

197.  Hoxmeier JC, Thompson BD, Broeckling CD, et al (2015) Analysis of the metabolome 
of Anopheles gambiae mosquito after exposure to Mycobacterium ulcerans. Sci Rep 
5:9242. https://doi.org/10.1038/srep09242 

198.  Hwang J, Park Y, Kim Y, et al (2013) AN ENTOMOPATHOGENIC BACTERIUM, 
Xenorhabdus nematophila, SUPPRESSES EXPRESSION OF ANTIMICROBIAL 
PEPTIDES CONTROLLED BY TOLL AND IMD PATHWAYS BY BLOCKING 
EICOSANOID BIOSYNTHESIS. Arch Insect Biochem Physiol 83:151–169. 
https://doi.org/10.1002/arch.21103 

199.  Moreno-García M, Recio-Tótoro B, Claudio-Piedras F, Lanz-Mendoza H (2014) Injury 
and immune response: applying the danger theory to mosquitoes. Plant Biot Interact 
5:451. https://doi.org/10.3389/fpls.2014.00451 

200.  Choi Y-J, Fuchs JF, Mayhew GF, et al (2012) Tissue-enriched expression profiles in 
Aedes aegypti identify hemocyte-specific transcriptome responses to infection. Insect 
Biochem Mol Biol 42:729–738. https://doi.org/10.1016/j.ibmb.2012.06.005 

201.  Mestas J, Hughes CCW (2004) Of Mice and Not Men: Differences between Mouse and 
Human Immunology. J Immunol 172:2731–2738. 
https://doi.org/10.4049/jimmunol.172.5.2731 



 
202.  Pinto SB, Lombardo F, Koutsos AC, et al (2009) Discovery of Plasmodium modulators 

by genome-wide analysis of circulating hemocytes in Anopheles gambiae. Proc Natl 
Acad Sci 106:21270–21275. https://doi.org/10.1073/pnas.0909463106 

203.  Baton LA, Robertson A, Warr E, et al (2009) Genome-wide transcriptomic profiling of 
Anopheles gambiae hemocytes reveals pathogen-specific signatures upon bacterial 
challenge and Plasmodium berghei infection. BMC Genomics 10:257. 
https://doi.org/10.1186/1471-2164-10-257 

204.  Thomas T, De TD, Sharma P, et al (2016) Hemocytome: deep sequencing analysis of 
mosquito blood cells in Indian malarial vector Anopheles stephensi. Gene 585:177–190. 
https://doi.org/10.1016/j.gene.2016.02.031 

205.  Lombardo F, Ghani Y, Kafatos FC, Christophides GK (2013) Comprehensive Genetic 
Dissection of the Hemocyte Immune Response in the Malaria Mosquito Anopheles 
gambiae. PLoS Pathog 9:e1003145. https://doi.org/10.1371/journal.ppat.1003145 

206.  Guttman M, Garber M, Levin JZ, et al (2010) Ab initio reconstruction of cell type-
specific transcriptomes in mouse reveals the conserved multi-exonic structure of 
lincRNAs. Nat Biotechnol 28:503–510. https://doi.org/10.1038/nbt.1633 

207.  Treutlein B, Brownfield DG, Wu AR, et al (2014) Reconstructing lineage hierarchies of 
the distal lung epithelium using single-cell RNA-seq. Nature 509:371–375. 
https://doi.org/10.1038/nature13173 

208.  Shalek AK, Satija R, Shuga J, et al (2014) Single-cell RNA-seq reveals dynamic 
paracrine control of cellular variation. Nature 510:363–369. 
https://doi.org/10.1038/nature13437 

209.  Kolodziejczyk AA, Kim JK, Svensson V, et al (2015) The Technology and Biology of 
Single-Cell RNA Sequencing. Mol Cell 58:610–620. 
https://doi.org/10.1016/j.molcel.2015.04.005 

210.  Stegle O, Teichmann SA, Marioni JC (2015) Computational and analytical challenges in 
single-cell transcriptomics. Nat Rev Genet 16:133–145. https://doi.org/10.1038/nrg3833 

211.  Trapnell C, Cacchiarelli D, Grimsby J, et al (2014) The dynamics and regulators of cell 
fate decisions are revealed by pseudotemporal ordering of single cells. Nat Biotechnol 
32:381–386. https://doi.org/10.1038/nbt.2859 

212.  Bengtsson M, Ståhlberg A, Rorsman P, Kubista M (2005) Gene expression profiling in 
single cells from the pancreatic islets of Langerhans reveals lognormal distribution of 
mRNA levels. Genome Res 15:1388–1392. https://doi.org/10.1101/gr.3820805 



 

 223 

213.  Chang HH, Hemberg M, Barahona M, et al (2008) Transcriptome-wide noise controls 
lineage choice in mammalian progenitor cells. Nature 453:544–547. 
https://doi.org/10.1038/nature06965 

214.  Chen X, Teichmann SA, Meyer KB (2018) From Tissues to Cell Types and Back: 
Single-Cell Gene Expression Analysis of Tissue Architecture. Annu Rev Biomed Data 
Sci 1:29–51. https://doi.org/10.1146/annurev-biodatasci-080917-013452 

215.  Picelli S (2017) Single-cell RNA-sequencing: The future of genome biology is now. 
RNA Biol 14:637–650. https://doi.org/10.1080/15476286.2016.1201618 

216.  Tang F, Barbacioru C, Wang Y, et al (2009) mRNA-Seq whole-transcriptome analysis 
of a single cell. Nat Methods 6:377–382. https://doi.org/10.1038/nmeth.1315 

217.  Svensson V, Vento-Tormo R, Teichmann SA (2018) Exponential scaling of single-cell 
RNA-seq in the past decade. Nat Protoc 13:599–604. 
https://doi.org/10.1038/nprot.2017.149 

218.  Eberwine J, Kim J (2015) Cellular Deconstruction: Finding Meaning in Individual Cell 
Variation. Trends Cell Biol 25:569–578. https://doi.org/10.1016/j.tcb.2015.07.004 

219.  Islam S, Zeisel A, Joost S, et al (2014) Quantitative single-cell RNA-seq with unique 
molecular identifiers. Nat Methods 11:163–166. https://doi.org/10.1038/nmeth.2772 

220.  Depledge DP, Srinivas KP, Sadaoka T, et al (2019) Direct RNA sequencing on 
nanopore arrays redefines the transcriptional complexity of a viral pathogen. Nat 
Commun 10:754. https://doi.org/10.1038/s41467-019-08734-9 

221.  Islam S, Kjällquist U, Moliner A, et al (2011) Characterization of the single-cell 
transcriptional landscape by highly multiplex RNA-seq. Genome Res 21:1160–1167. 
https://doi.org/10.1101/gr.110882.110 

222.  Brennecke P, Anders S, Kim JK, et al (2013) Accounting for technical noise in single-
cell RNA-seq experiments. Nat Methods 10:1093–1095. 
https://doi.org/10.1038/nmeth.2645 

223.  Jaitin DA, Kenigsberg E, Keren-Shaul H, et al (2014) Massively Parallel Single-Cell 
RNA-Seq for Marker-Free Decomposition of Tissues into Cell Types. Science 343:776–
779. https://doi.org/10.1126/science.1247651 

224.  Klein AM, Mazutis L, Akartuna I, et al (2015) Droplet Barcoding for Single-Cell 
Transcriptomics Applied to Embryonic Stem Cells. Cell 161:1187–1201. 
https://doi.org/10.1016/j.cell.2015.04.044 



 
225.  Macosko EZ, Basu A, Satija R, et al (2015) Highly Parallel Genome-wide Expression 

Profiling of Individual Cells Using Nanoliter Droplets. Cell 161:1202–1214. 
https://doi.org/10.1016/j.cell.2015.05.002 

226.  Bose S, Wan Z, Carr A, et al (2015) Scalable microfluidics for single-cell RNA printing 
and sequencing. Genome Biol 16:120. https://doi.org/10.1186/s13059-015-0684-3 

227.  Cao J, Packer JS, Ramani V, et al (2017) Comprehensive single-cell transcriptional 
profiling of a multicellular organism. Science 357:661–667. 
https://doi.org/10.1126/science.aam8940 

228.  Rosenberg AB, Roco CM, Muscat RA, et al (2018) Single-cell profiling of the 
developing mouse brain and spinal cord with split-pool barcoding. Science 360:176–
182. https://doi.org/10.1126/science.aam8999 

229.  Gross A, Schoendube J, Zimmermann S, et al (2015) Technologies for Single-Cell 
Isolation. Int J Mol Sci 16:16897–16919. https://doi.org/10.3390/ijms160816897 

230.  Hwang B, Lee JH, Bang D (2018) Single-cell RNA sequencing technologies and 
bioinformatics pipelines. Exp Mol Med 50:96. https://doi.org/10.1038/s12276-018-
0071-8 

231.  Chen G, Ning B, Shi T (2019) Single-Cell RNA-Seq Technologies and Related 
Computational Data Analysis. Front Genet 10:. 
https://doi.org/10.3389/fgene.2019.00317 

232.  Nguyen QH, Pervolarakis N, Nee K, Kessenbrock K (2018) Experimental 
Considerations for Single-Cell RNA Sequencing Approaches. Front Cell Dev Biol 6:. 
https://doi.org/10.3389/fcell.2018.00108 

233.  Tung P-Y, Blischak JD, Hsiao CJ, et al (2017) Batch effects and the effective design of 
single-cell gene expression studies. Sci Rep 7:. https://doi.org/10.1038/srep39921 

234.  van den Brink SC, Sage F, Vértesy Á, et al (2017) Single-cell sequencing reveals 
dissociation-induced gene expression in tissue subpopulations. Nat Methods 14:935–
936. https://doi.org/10.1038/nmeth.4437 

235.  Attar M, Sharma E, Li S, et al (2018) A practical solution for preserving single cells for 
RNA sequencing. Sci Rep 8:2151. https://doi.org/10.1038/s41598-018-20372-7 

236.  Chen J, Cheung F, Shi R, et al (2018) PBMC fixation and processing for Chromium 
single-cell RNA sequencing. J Transl Med 16:. https://doi.org/10.1186/s12967-018-
1578-4 



 

 225 

237.  Ziegenhain C, Vieth B, Parekh S, et al (2017) Comparative Analysis of Single-Cell 
RNA Sequencing Methods. Mol Cell 65:631-643.e4. 
https://doi.org/10.1016/j.molcel.2017.01.023 

238.  Sasagawa Y, Nikaido I, Hayashi T, et al (2013) Quartz-Seq: a highly reproducible and 
sensitive single-cell RNA sequencing method, reveals non-genetic gene-expression 
heterogeneity. Genome Biol 14:R31. https://doi.org/10.1186/gb-2013-14-4-r31 

239.  Picelli S, Faridani OR, Björklund ÅK, et al (2014) Full-length RNA-seq from single 
cells using Smart-seq2. Nat Protoc 9:171–181. https://doi.org/10.1038/nprot.2014.006 

240.  Picelli S, Björklund ÅK, Faridani OR, et al (2013) Smart-seq2 for sensitive full-length 
transcriptome profiling in single cells. Nat Methods 10:1096–1098. 
https://doi.org/10.1038/nmeth.2639 

241.  Hashimshony T, Wagner F, Sher N, Yanai I (2012) CEL-Seq: single-cell RNA-Seq by 
multiplexed linear amplification. Cell Rep 2:666–673. 
https://doi.org/10.1016/j.celrep.2012.08.003 

242.  Kivioja T, Vähärautio A, Karlsson K, et al (2012) Counting absolute numbers of 
molecules using unique molecular identifiers. Nat Methods 9:72–74. 
https://doi.org/10.1038/nmeth.1778 

243.  Hashimshony T, Senderovich N, Avital G, et al (2016) CEL-Seq2: sensitive highly-
multiplexed single-cell RNA-Seq. Genome Biol 17:77. https://doi.org/10.1186/s13059-
016-0938-8 

244.  Islam S, Kjällquist U, Moliner A, et al (2012) Highly multiplexed and strand-specific 
single-cell RNA 5’ end sequencing. Nat Protoc 7:813–828. 
https://doi.org/10.1038/nprot.2012.022 

245.  Zhang X, Li T, Liu F, et al (2019) Comparative Analysis of Droplet-Based Ultra-High-
Throughput Single-Cell RNA-Seq Systems. Mol Cell 73:130-142.e5. 
https://doi.org/10.1016/j.molcel.2018.10.020 

246.  Zheng GXY, Terry JM, Belgrader P, et al (2017) Massively parallel digital 
transcriptional profiling of single cells. Nat Commun 8:14049. 
https://doi.org/10.1038/ncomms14049 

247.  Single-Cell RNA Sequencing with Drop-Seq | Springer Nature Experiments. 
https://experiments.springernature.com/articles/10.1007/978-1-4939-9240-9_6. 
Accessed 12 Jul 2019 



 
248.  Gierahn TM, Ii MHW, Hughes TK, et al (2017) Seq-Well: portable, low-cost RNA 

sequencing of single cells at high throughput. Nat Methods 14:395–398. 
https://doi.org/10.1038/nmeth.4179 

249.  Seq-Well: A Sample-Efficient, Portable Picowell Platform for Massively Parallel 
Single-Cell RNA Sequencing | Springer Nature Experiments. 
https://experiments.springernature.com/articles/10.1007/978-1-4939-9240-9_8. 
Accessed 12 Jul 2019 

250.  Cao J, Spielmann M, Qiu X, et al (2019) The single-cell transcriptional landscape of 
mammalian organogenesis. Nature 566:496–502. https://doi.org/10.1038/s41586-019-
0969-x 

251.  Cusanovich DA, Daza R, Adey A, et al (2015) Multiplex single-cell profiling of 
chromatin accessibility by combinatorial cellular indexing. Science 348:910–914. 
https://doi.org/10.1126/science.aab1601 

252.  Vitak SA, Torkenczy KA, Rosenkrantz JL, et al (2017) Sequencing thousands of single-
cell genomes with combinatorial indexing. Nat Methods 14:302–308. 
https://doi.org/10.1038/nmeth.4154 

253.  Ramani V, Deng X, Qiu R, et al (2017) Massively multiplex single-cell Hi-C. Nat 
Methods 14:263–266. https://doi.org/10.1038/nmeth.4155 

254.  Mulqueen RM, Pokholok D, Norberg SJ, et al (2018) Highly scalable generation of 
DNA methylation profiles in single cells. Nat Biotechnol 36:428–431. 
https://doi.org/10.1038/nbt.4112 

255.  Pollen AA, Nowakowski TJ, Shuga J, et al (2014) Low-coverage single-cell mRNA 
sequencing reveals cellular heterogeneity and activated signaling pathways in 
developing cerebral cortex. Nat Biotechnol 32:1053–1058. 
https://doi.org/10.1038/nbt.2967 

256.  Satija R, Farrell JA, Gennert D, et al (2015) Spatial reconstruction of single-cell gene 
expression data. Nat Biotechnol 33:495–502. https://doi.org/10.1038/nbt.3192 

257.  Wolf FA, Angerer P, Theis FJ (2018) SCANPY: large-scale single-cell gene expression 
data analysis. Genome Biol 19:15. https://doi.org/10.1186/s13059-017-1382-0 

258.  McCarthy DJ, Campbell KR, Lun ATL, Wills QF (2017) Scater: pre-processing, quality 
control, normalization and visualization of single-cell RNA-seq data in R. Bioinforma 
Oxf Engl 33:1179–1186. https://doi.org/10.1093/bioinformatics/btw777 

259.  Bray NL, Pimentel H, Melsted P, Pachter L (2016) Near-optimal probabilistic RNA-seq 
quantification. Nat Biotechnol 34:525–527. https://doi.org/10.1038/nbt.3519 



 

 227 

260.  Patro R, Duggal G, Love MI, et al (2017) Salmon provides fast and bias-aware 
quantification of transcript expression. Nat Methods 14:417–419. 
https://doi.org/10.1038/nmeth.4197 

261.  Kim D, Pertea G, Trapnell C, et al (2013) TopHat2: accurate alignment of 
transcriptomes in the presence of insertions, deletions and gene fusions. Genome Biol 
14:R36. https://doi.org/10.1186/gb-2013-14-4-r36 

262.  Dobin A, Gingeras TR (2015) Mapping RNA-seq Reads with STAR. Curr Protoc 
Bioinforma 51:11.14.1-19. https://doi.org/10.1002/0471250953.bi1114s51 

263.  Kim D, Langmead B, Salzberg SL (2015) HISAT: a fast spliced aligner with low 
memory requirements. Nat Methods 12:357–360. https://doi.org/10.1038/nmeth.3317 

264.  Engström PG, Steijger T, Sipos B, et al (2013) Systematic evaluation of spliced 
alignment programs for RNA-seq data. Nat Methods 10:1185–1191. 
https://doi.org/10.1038/nmeth.2722 

265.  Everaert C, Luypaert M, Maag JLV, et al (2017) Benchmarking of RNA-sequencing 
analysis workflows using whole-transcriptome RT-qPCR expression data. Sci Rep 
7:1559. https://doi.org/10.1038/s41598-017-01617-3 

266.  Teng M, Love MI, Davis CA, et al (2016) A benchmark for RNA-seq quantification 
pipelines. Genome Biol 17:74. https://doi.org/10.1186/s13059-016-0940-1 

267.  Huang M, Wang J, Torre E, et al (2018) SAVER: gene expression recovery for single-
cell RNA sequencing. Nat Methods 15:539. https://doi.org/10.1038/s41592-018-0033-z 

268.  Jiang L, Schlesinger F, Davis CA, et al (2011) Synthetic spike-in standards for RNA-seq 
experiments. Genome Res 21:1543–1551. https://doi.org/10.1101/gr.121095.111 

269.  Ilicic T, Kim JK, Kolodziejczyk AA, et al (2016) Classification of low quality cells 
from single-cell RNA-seq data. Genome Biol 17:. https://doi.org/10.1186/s13059-016-
0888-1 

270.  Vallejos CA, Risso D, Scialdone A, et al (2017) Normalizing single-cell RNA 
sequencing data: challenges and opportunities. Nat Methods 14:565–571. 
https://doi.org/10.1038/nmeth.4292 

271.  Bacher R, Kendziorski C (2016) Design and computational analysis of single-cell RNA-
sequencing experiments. Genome Biol 17:63. https://doi.org/10.1186/s13059-016-0927-
y 



 
272.  Katayama S, Töhönen V, Linnarsson S, Kere J (2013) SAMstrt: statistical test for 

differential expression in single-cell transcriptome with spike-in normalization. 
Bioinforma Oxf Engl 29:2943–2945. https://doi.org/10.1093/bioinformatics/btt511 

273.  Buettner F, Natarajan KN, Casale FP, et al (2015) Computational analysis of cell-to-cell 
heterogeneity in single-cell RNA-sequencing data reveals hidden subpopulations of 
cells. Nat Biotechnol 33:155–160. https://doi.org/10.1038/nbt.3102 

274.  Bacher R, Chu L-F, Leng N, et al (2017) SCnorm: robust normalization of single-cell 
RNA-seq data. Nat Methods 14:584–586. https://doi.org/10.1038/nmeth.4263 

275.  Hafemeister C, Satija R (2019) Normalization and variance stabilization of single-cell 
RNA-seq data using regularized negative binomial regression. bioRxiv 576827. 
https://doi.org/10.1101/576827 

276.  Johnson WE, Li C, Rabinovic A (2007) Adjusting batch effects in microarray 
expression data using empirical Bayes methods. Biostatistics 8:118–127. 
https://doi.org/10.1093/biostatistics/kxj037 

277.  Butler A, Hoffman P, Smibert P, et al (2018) Integrating single-cell transcriptomic data 
across different conditions, technologies, and species. Nat Biotechnol 36:411–420. 
https://doi.org/10.1038/nbt.4096 

278.  Haghverdi L, Lun ATL, Morgan MD, Marioni JC (2018) Batch effects in single-cell 
RNA-sequencing data are corrected by matching mutual nearest neighbors. Nat 
Biotechnol 36:421–427. https://doi.org/10.1038/nbt.4091 

279.  Finak G, McDavid A, Yajima M, et al (2015) MAST: a flexible statistical framework 
for assessing transcriptional changes and characterizing heterogeneity in single-cell 
RNA sequencing data. Genome Biol 16:278. https://doi.org/10.1186/s13059-015-0844-
5 

280.  Love MI, Huber W, Anders S (2014) Moderated estimation of fold change and 
dispersion for RNA-seq data with DESeq2. Genome Biol 15:550. 
https://doi.org/10.1186/s13059-014-0550-8 

281.  Ritchie ME, Phipson B, Wu D, et al (2015) limma powers differential expression 
analyses for RNA-sequencing and microarray studies. Nucleic Acids Res 43:e47–e47. 
https://doi.org/10.1093/nar/gkv007 

282.  Büttner M, Miao Z, Wolf FA, et al (2019) A test metric for assessing single-cell RNA-
seq batch correction. Nat Methods 16:43. https://doi.org/10.1038/s41592-018-0254-1 

283.  Maaten L van der, Hinton G (2008) Visualizing Data using t-SNE. J Mach Learn Res 
9:2579–2605 



 

 229 

284.  Becht E, McInnes L, Healy J, et al (2018) Dimensionality reduction for visualizing 
single-cell data using UMAP. Nat Biotechnol. https://doi.org/10.1038/nbt.4314 

285.  Ding J, Condon A, Shah SP (2018) Interpretable dimensionality reduction of single cell 
transcriptome data with deep generative models. Nat Commun 9:2002. 
https://doi.org/10.1038/s41467-018-04368-5 

286.  Andrews TS, Hemberg M (2018) M3Drop: Dropout-based feature selection for 
scRNASeq. Bioinforma Oxf Engl. https://doi.org/10.1093/bioinformatics/bty1044 

287.  Andrews TS, Hemberg M (2018) Identifying cell populations with scRNASeq. Mol 
Aspects Med 59:114–122. https://doi.org/10.1016/j.mam.2017.07.002 

288.  Soneson C, Robinson MD (2018) Bias, robustness and scalability in single-cell 
differential expression analysis. Nat Methods 15:255–261. 
https://doi.org/10.1038/nmeth.4612 

289.  Kiselev VY, Kirschner K, Schaub MT, et al (2016) SC3 - consensus clustering of 
single-cell RNA-Seq data. bioRxiv 036558. https://doi.org/10.1101/036558 

290.  Seyednasrollah F, Rantanen K, Jaakkola P, Elo LL (2016) ROTS: reproducible RNA-
seq biomarker detector-prognostic markers for clear cell renal cell cancer. Nucleic Acids 
Res 44:e1. https://doi.org/10.1093/nar/gkv806 

291.  Angerer P, Haghverdi L, Büttner M, et al (2016) destiny: diffusion maps for large-scale 
single-cell data in R. Bioinforma Oxf Engl 32:1241–1243. 
https://doi.org/10.1093/bioinformatics/btv715 

292.  Chen L, Zheng S (2018) BCseq: accurate single cell RNA-seq quantification with bias 
correction. Nucleic Acids Res 46:e82. https://doi.org/10.1093/nar/gky308 

293.  Xu C, Su Z (2015) Identification of cell types from single-cell transcriptomes using a 
novel clustering method. Bioinforma Oxf Engl 31:1974–1980. 
https://doi.org/10.1093/bioinformatics/btv088 

294.  Kharchenko PV, Silberstein L, Scadden DT (2014) Bayesian approach to single-cell 
differential expression analysis. Nat Methods 11:740–742. 
https://doi.org/10.1038/nmeth.2967 

295.  Grün D, Lyubimova A, Kester L, et al (2015) Single-cell messenger RNA sequencing 
reveals rare intestinal cell types. Nature 525:251–255. 
https://doi.org/10.1038/nature14966 



 
296.  Miao Z, Deng K, Wang X, Zhang X (2018) DEsingle for detecting three types of 

differential expression in single-cell RNA-seq data. Bioinforma Oxf Engl 34:3223–
3224. https://doi.org/10.1093/bioinformatics/bty332 

297.  Marco E, Karp RL, Guo G, et al (2014) Bifurcation analysis of single-cell gene 
expression data reveals epigenetic landscape. Proc Natl Acad Sci U S A 111:E5643-
5650. https://doi.org/10.1073/pnas.1408993111 

298.  Qiu X, Hill A, Packer J, et al (2017) Single-cell mRNA quantification and differential 
analysis with Census. Nat Methods 14:309–315. https://doi.org/10.1038/nmeth.4150 

299.  Zeisel A, Muñoz-Manchado AB, Codeluppi S, et al (2015) Brain structure. Cell types in 
the mouse cortex and hippocampus revealed by single-cell RNA-seq. Science 
347:1138–1142. https://doi.org/10.1126/science.aaa1934 

300.  Delmans M, Hemberg M (2016) Discrete distributional differential expression (D3E)--a 
tool for gene expression analysis of single-cell RNA-seq data. BMC Bioinformatics 
17:110. https://doi.org/10.1186/s12859-016-0944-6 

301.  Fan J, Salathia N, Liu R, et al (2016) Characterizing transcriptional heterogeneity 
through pathway and gene set overdispersion analysis. Nat Methods 13:241–244. 
https://doi.org/10.1038/nmeth.3734 

302.  Vu TN, Wills QF, Kalari KR, et al (2016) Beta-Poisson model for single-cell RNA-seq 
data analyses. Bioinforma Oxf Engl 32:2128–2135. 
https://doi.org/10.1093/bioinformatics/btw202 

303.  Lin P, Troup M, Ho JWK (2017) CIDR: Ultrafast and accurate clustering through 
imputation for single-cell RNA-seq data. Genome Biol 18:59. 
https://doi.org/10.1186/s13059-017-1188-0 

304.  Žurauskienė J, Yau C (2016) pcaReduce: hierarchical clustering of single cell 
transcriptional profiles. BMC Bioinformatics 17:140. https://doi.org/10.1186/s12859-
016-0984-y 

305.  Robinson MD, McCarthy DJ, Smyth GK (2010) edgeR: a Bioconductor package for 
differential expression analysis of digital gene expression data. Bioinforma Oxf Engl 
26:139–140. https://doi.org/10.1093/bioinformatics/btp616 

306.  Ji Z, Ji H (2016) TSCAN: Pseudo-time reconstruction and evaluation in single-cell 
RNA-seq analysis. Nucleic Acids Res 44:e117. https://doi.org/10.1093/nar/gkw430 

307.  Pierson E, Yau C (2015) ZIFA: Dimensionality reduction for zero-inflated single-cell 
gene expression analysis. Genome Biol 16:241. https://doi.org/10.1186/s13059-015-
0805-z 



 

 231 

308.  Frazee AC, Pertea G, Jaffe AE, et al (2015) Ballgown bridges the gap between 
transcriptome assembly and expression analysis. Nat Biotechnol 33:243–246. 
https://doi.org/10.1038/nbt.3172 

309.  Street K, Risso D, Fletcher RB, et al (2018) Slingshot: cell lineage and pseudotime 
inference for single-cell transcriptomics. BMC Genomics 19:477. 
https://doi.org/10.1186/s12864-018-4772-0 

310.  Lummertz da Rocha E, Rowe RG, Lundin V, et al (2018) Reconstruction of complex 
single-cell trajectories using CellRouter. Nat Commun 9:892. 
https://doi.org/10.1038/s41467-018-03214-y 

311.  Saelens W, Cannoodt R, Todorov H, Saeys Y (2019) A comparison of single-cell 
trajectory inference methods. Nat Biotechnol 37:547–554. 
https://doi.org/10.1038/s41587-019-0071-9 

312.  Aibar S, González-Blas CB, Moerman T, et al (2017) SCENIC: single-cell regulatory 
network inference and clustering. Nat Methods 14:1083–1086. 
https://doi.org/10.1038/nmeth.4463 

313.  Chan TE, Stumpf MPH, Babtie AC (2017) Gene Regulatory Network Inference from 
Single-Cell Data Using Multivariate Information Measures. Cell Syst 5:251-267.e3. 
https://doi.org/10.1016/j.cels.2017.08.014 

314.  Wang ET, Sandberg R, Luo S, et al (2008) Alternative isoform regulation in human 
tissue transcriptomes. Nature 456:470–476. https://doi.org/10.1038/nature07509 

315.  Welch JD, Hu Y, Prins JF (2016) Robust detection of alternative splicing in a 
population of single cells. Nucleic Acids Res 44:e73. 
https://doi.org/10.1093/nar/gkv1525 

316.  Huang Y, Sanguinetti G (2017) BRIE: transcriptome-wide splicing quantification in 
single cells. Genome Biol 18:123. https://doi.org/10.1186/s13059-017-1248-5 

317.  Song Y, Botvinnik OB, Lovci MT, et al (2017) Single-Cell Alternative Splicing 
Analysis with Expedition Reveals Splicing Dynamics during Neuron Differentiation. 
Mol Cell 67:148-161.e5. https://doi.org/10.1016/j.molcel.2017.06.003 

318.  See P, Lum J, Chen J, Ginhoux F (2018) A Single-Cell Sequencing Guide for 
Immunologists. Front Immunol 9:. https://doi.org/10.3389/fimmu.2018.02425 

319.  Franke-Fayard B, Trueman H, Ramesar J, et al (2004) A Plasmodium berghei reference 
line that constitutively expresses GFP at a high level throughout the complete life cycle. 
Mol Biochem Parasitol 137:23–33. https://doi.org/10.1016/j.molbiopara.2004.04.007 



 
320.  McCarthy D, Wills Q, Campbell K scater: Single-cell analysis toolkit for gene 

expression data in R. In: R Package Version 1113. https://github.com/davismcc/scater. 
Accessed 8 Sep 2016 

321.  Hartigan JA, Wong MA (1979) Algorithm AS 136: A K-Means Clustering Algorithm. J 
R Stat Soc Ser C Appl Stat 28:100–108. https://doi.org/10.2307/2346830 

322.  Volohonsky G, Terenzi O, Soichot J, et al (2015) Tools for Anopheles gambiae 
Transgenesis. G3 GenesGenomesGenetics 5:1151–1163. 
https://doi.org/10.1534/g3.115.016808 

323.  Sandiford SL, Dong Y, Pike A, et al (2015) Cytoplasmic Actin Is an Extracellular Insect 
Immune Factor which Is Secreted upon Immune Challenge and Mediates Phagocytosis 
and Direct Killing of Bacteria, and Is a Plasmodium Antagonist. PLOS Pathog 
11:e1004631. https://doi.org/10.1371/journal.ppat.1004631 

324.  Lombardo F, Christophides GK (2016) Novel factors of Anopheles gambiae haemocyte 
immune response to Plasmodium berghei infection. Parasit Vectors 9:. 
https://doi.org/10.1186/s13071-016-1359-y 

325.  Robert Hooke (1665) Micrographia, or some physiological descriptions of minute 
bodies made by magnifying glasses, with observations and inquiries thereupon. By R. 
Hooke. Printed by JoMartyn, and JaAllestry, printers to the Royal Society, London 

326.  Hyman AH, Simons K (2011) The new cell biology: Beyond HeLa cells. Nature 480:34. 
https://doi.org/10.1038/480034a 

327.  Reynolds A (2008) Amoebae as Exemplary Cells: The Protean Nature of an Elementary 
Organism. J Hist Biol 41:307–337. https://doi.org/10.1007/s10739-007-9142-8 

328.  Fontana F (1781) Traité sur le vénin de la vipère, sur les poisons américaines 

329.  Schleiden: Arch Anat Physiol - Google Scholar. 
https://scholar.google.com/scholar_lookup?title=&journal=Arch.%20Anat.%20Physiol.
%20Wiss.%20Med.&volume=13&pages=137-
176&publication_year=1838&author=Schleiden%2CMJ. Accessed 24 Jul 2019 

330.  Harris H (2000) The Birth of the Cell. Yale University Press 

331.  Brown R (1833) XXXV. On the Organs and Mode of Fecundation in Orchideæ and 
Asclepiadeæ. Trans Linn Soc Lond 16:685–738. https://doi.org/10.1111/j.1095-
8339.1829.tb00158.x 

332.  Russell RJ (1984) The growth of biological thought: Diversity, evolution, and 
inheritance. Ethol Sociobiol 5:63–64. https://doi.org/10.1016/0162-3095(84)90038-4 



 

 233 

333.  Mazzarello P (1999) A unifying concept: the history of cell theory. Nat Cell Biol 1:E13. 
https://doi.org/10.1038/8964 

334.  GOLGI C (1898) Intorno all struttura delle cellule nervose. Arch Ital Biol 30:60–71 

335.  Ramón y Cajal S (1909) Histologie du système nerveux de l’homme & des vertébrés. 
Paris : Maloine 

336.  Mazzarello P (1996) La struttura nascosta: La vita di Camillo Golgi. Cisalpino, Bologna 

337.  Trapnell C (2015) Defining cell types and states with single-cell genomics. Genome Res 
25:1491–1498. https://doi.org/10.1101/gr.190595.115 

338.  Giraldo-Calderón GI, Emrich SJ, MacCallum RM, et al (2015) VectorBase: an updated 
bioinformatics resource for invertebrate vectors and other organisms related with human 
diseases. Nucleic Acids Res 43:D707-713. https://doi.org/10.1093/nar/gku1117 

339.  Stuart T, Butler A, Hoffman P, et al (2019) Comprehensive Integration of Single-Cell 
Data. Cell 177:1888-1902.e21. https://doi.org/10.1016/j.cell.2019.05.031 

340.  Haghverdi L, Büttner M, Wolf FA, et al (2016) Diffusion pseudotime robustly 
reconstructs lineage branching. Nat Methods 13:845–848. 
https://doi.org/10.1038/nmeth.3971 

341.  Qiu X, Mao Q, Tang Y, et al (2017) Reversed graph embedding resolves complex 
single-cell trajectories. Nat Methods 14:979–982. https://doi.org/10.1038/nmeth.4402 

342.  Manno GL, Soldatov R, Zeisel A, et al (2018) RNA velocity of single cells. Nature 
560:494. https://doi.org/10.1038/s41586-018-0414-6 

343.  (2019) Stochastic Single Cell RNA Velocity. Contribute to theislab/scvelo development 
by creating an account on GitHub. Theis Lab 

344.  Wolf FA, Hamey FK, Plass M, et al (2019) PAGA: graph abstraction reconciles 
clustering with trajectory inference through a topology preserving map of single cells. 
Genome Biol 20:59. https://doi.org/10.1186/s13059-019-1663-x 

345.  trajectory-based differential expression analysis for sequencing data. 
https://statomics.github.io/tradeSeq/index.html. Accessed 7 Sep 2019 

346.  Raudvere U, Kolberg L, Kuzmin I, et al (2019) g:Profiler: a web server for functional 
enrichment analysis and conversions of gene lists (2019 update). Nucleic Acids Res 
47:W191–W198. https://doi.org/10.1093/nar/gkz369 



 
347.  Ribeiro JMC, Topalis P, Louis C (2004) AnoXcel: an Anopheles gambiae protein 

database. Insect Mol Biol 13:449–457. https://doi.org/10.1111/j.0962-
1075.2004.00503.x 

348.  Smith RC, King JG, Tao D, et al (2016) Molecular Profiling of Phagocytic Immune 
Cells in Anopheles gambiae Reveals Integral Roles for Hemocytes in Mosquito Innate 
Immunity. Mol Cell Proteomics MCP 15:3373–3387. 
https://doi.org/10.1074/mcp.M116.060723 

349.  Zhao YO, Kurscheid S, Zhang Y, et al (2012) Enhanced survival of Plasmodium-
infected mosquitoes during starvation. PloS One 7:e40556. 
https://doi.org/10.1371/journal.pone.0040556 

350.  Kramerova IA, Kramerov AA (1999) Mucinoprotein is a universal constituent of stable 
intercellular bridges in Drosophila melanogaster germ line and somatic cells. Dev Dyn 
Off Publ Am Assoc Anat 216:349–360. https://doi.org/10.1002/(SICI)1097-
0177(199912)216:4/5<349::AID-DVDY4>3.0.CO;2-X 

351.  Smiley ST, King JA, Hancock WW (2001) Fibrinogen stimulates macrophage 
chemokine secretion through toll-like receptor 4. J Immunol Baltim Md 1950 
167:2887–2894. https://doi.org/10.4049/jimmunol.167.5.2887 

352.  Dong Y, Manfredini F, Dimopoulos G (2009) Implication of the Mosquito Midgut 
Microbiota in the Defense against Malaria Parasites. PLOS Pathog 5:e1000423. 
https://doi.org/10.1371/journal.ppat.1000423 

353.  Volz J, Müller H-M, Zdanowicz A, et al (2006) A genetic module regulates the 
melanization response of Anopheles to Plasmodium. Cell Microbiol 8:1392–1405. 
https://doi.org/10.1111/j.1462-5822.2006.00718.x 

354.  Dong Y, Aguilar R, Xi Z, et al (2006) Anopheles gambiae Immune Responses to 
Human and Rodent Plasmodium Parasite Species. PLOS Pathog 2:e52. 
https://doi.org/10.1371/journal.ppat.0020052 

355.  Kajla MK, Shi L, Li B, et al (2011) A New Role for an Old Antimicrobial: Lysozyme c-
1 Can Function to Protect Malaria Parasites in Anopheles Mosquitoes. PLoS ONE 6:. 
https://doi.org/10.1371/journal.pone.0019649 

356.  Nakhleh J, Christophides GK, Osta MA (2017) The serine protease homolog CLIPA14 
modulates the intensity of the immune response in the mosquito Anopheles gambiae. J 
Biol Chem 292:18217–18226. https://doi.org/10.1074/jbc.M117.797787 

357.  Michel K, Budd A, Pinto S, et al (2005) Anopheles gambiae SRPN2 facilitates midgut 
invasion by the malaria parasite Plasmodium berghei. EMBO Rep 6:891–897. 
https://doi.org/10.1038/sj.embor.7400478 



 

 235 

358.  Ramirez JL, Garver LS, Dimopoulos G (2009) Challenges and approaches for mosquito 
targeted malaria control. Curr Mol Med 9:116–130 

359.  Zieler H, Keister DB, Dvorak JA, Ribeiro JM (2001) A snake venom phospholipase 
A(2) blocks malaria parasite development in the mosquito midgut by inhibiting ookinete 
association with the midgut surface. J Exp Biol 204:4157–4167 

360.  Ito J, Ghosh A, Moreira LA, et al (2002) Transgenic anopheline mosquitoes impaired in 
transmission of a malaria parasite. Nature 417:452–455. 
https://doi.org/10.1038/417452a 

361.  Hammond A, Galizi R, Kyrou K, et al (2016) A CRISPR-Cas9 Gene Drive System 
Targeting Female Reproduction in the Malaria Mosquito vector Anopheles gambiae. 
Nat Biotechnol 34:78–83. https://doi.org/10.1038/nbt.3439 

362.  Yoshida S, Ioka D, Matsuoka H, et al (2001) Bacteria expressing single-chain 
immunotoxin inhibit malaria parasite development in mosquitoes. Mol Biochem 
Parasitol 113:89–96 

363.  Gomes FM, Barillas-Mury C (2018) Infection of anopheline mosquitoes with 
Wolbachia: Implications for malaria control. PLoS Pathog 14:. 
https://doi.org/10.1371/journal.ppat.1007333 

364.  Luckhart S, Vodovotz Y, Cui L, Rosenberg R (1998) The mosquito Anopheles 
stephensi limits malaria parasite development with inducible synthesis of nitric oxide. 
Proc Natl Acad Sci U S A 95:5700–5705. https://doi.org/10.1073/pnas.95.10.5700 

365.  Blandin S, Shiao S-H, Moita LF, et al (2004) Complement-like protein TEP1 is a 
determinant of vectorial capacity in the malaria vector Anopheles gambiae. Cell 
116:661–670. https://doi.org/10.1016/s0092-8674(04)00173-4 

366.  Ramirez JL, Garver LS, Brayner FA, et al (2014) The role of hemocytes in Anopheles 
gambiae antiplasmodial immunity. J Innate Immun 6:119–128. 
https://doi.org/10.1159/000353765 

367.  Castillo JC, Ferreira ABB, Trisnadi N, Barillas-Mury C (2017) Activation of mosquito 
complement antiplasmodial response requires cellular immunity. Sci Immunol 2:. 
https://doi.org/10.1126/sciimmunol.aal1505 

368.  Kumar S, Gupta L, Han YS, Barillas-Mury C (2004) Inducible peroxidases mediate 
nitration of anopheles midgut cells undergoing apoptosis in response to Plasmodium 
invasion. J Biol Chem 279:53475–53482. https://doi.org/10.1074/jbc.M409905200 



 
369.  Oliveira G de A, Lieberman J, Barillas-Mury C (2012) Epithelial nitration by a 

peroxidase/NOX5 system mediates mosquito antiplasmodial immunity. Science 
335:856–859. https://doi.org/10.1126/science.1209678 

370.  Rodrigues J, Brayner FA, Alves LC, et al (2010) Hemocyte differentiation mediates 
innate immune memory in Anopheles gambiae mosquitoes. Science 329:1353–1355. 
https://doi.org/10.1126/science.1190689 

371.  Ramirez JL, de Almeida Oliveira G, Calvo E, et al (2015) A mosquito lipoxin/lipocalin 
complex mediates innate immune priming in Anopheles gambiae. Nat Commun 6:7403. 
https://doi.org/10.1038/ncomms8403 

372.  Smith RC, Barillas-Mury C, Jacobs-Lorena M (2015) Hemocyte differentiation 
mediates the mosquito late-phase immune response against Plasmodium in Anopheles 
gambiae. Proc Natl Acad Sci U S A 112:E3412-3420. 
https://doi.org/10.1073/pnas.1420078112 

373.  Blighe K (2019) Publication-ready volcano plots with enhanced colouring and labeling: 
kevinblighe/EnhancedVolcano 

374.  Gendrin M, Turlure F, Rodgers FH, et al (2017) The Peptidoglycan Recognition 
Proteins PGRPLA and PGRPLB Regulate Anopheles Immunity to Bacteria and Affect 
Infection by Plasmodium. J Innate Immun 9:333–342. 
https://doi.org/10.1159/000452797 

375.  Zhang X, An C, Sprigg K, Michel K (2016) CLIPB8 is part of the prophenoloxidase 
activation system in Anopheles gambiae mosquitoes. Insect Biochem Mol Biol 71:106–
115. https://doi.org/10.1016/j.ibmb.2016.02.008 

376.  Wang F, Hu C, Hua X, et al (2013) Translationally Controlled Tumor Protein, a Dual 
Functional Protein Involved in the Immune Response of the Silkworm, Bombyx mori. 
PLoS ONE 8:. https://doi.org/10.1371/journal.pone.0069284 

377.  Sung EJ, Ryuda M, Matsumoto H, et al (2017) Cytokine signaling through Drosophila 
Mthl10 ties lifespan to environmental stress. Proc Natl Acad Sci U S A 114:13786–
13791. https://doi.org/10.1073/pnas.1712453115 

378.  Ghartey-Kwansah G, Li Z, Feng R, et al (2018) Comparative analysis of FKBP family 
protein: evaluation, structure, and function in mammals and Drosophila melanogaster. 
BMC Dev Biol 18:7. https://doi.org/10.1186/s12861-018-0167-3 

379.  Rodríguez M del C, Martínez-Barnetche J, Alvarado-Delgado A, et al (2007) The 
surface protein Pvs25 of Plasmodium vivax ookinetes interacts with calreticulin on the 
midgut apical surface of the malaria vector Anopheles albimanus. Mol Biochem 
Parasitol 153:167–177. https://doi.org/10.1016/j.molbiopara.2007.03.002 



 

 237 

380.  Zhang G, Schmidt O, Asgari S (2006) A calreticulin-like protein from endoparasitoid 
venom fluid is involved in host hemocyte inactivation. Dev Comp Immunol 30:756–
764. https://doi.org/10.1016/j.dci.2005.11.001 

381.  Markesich DC, Gajewski KM, Nazimiec ME, Beckingham K (2000) bicaudal encodes 
the Drosophila beta NAC homolog, a component of the ribosomal translational 
machinery*. Dev Camb Engl 127:559–572 

382.  Duvic B, Hoffmann JA, Meister M, Royet J (2002) Notch Signaling Controls Lineage 
Specification during Drosophila Larval Hematopoiesis. Curr Biol 12:1923–1927. 
https://doi.org/10.1016/S0960-9822(02)01297-6 

383.  Zakovic S, Levashina EA (2017) NF-κB-Like Signaling Pathway REL2 in Immune 
Defenses of the Malaria Vector Anopheles gambiae. Front Cell Infect Microbiol 7:. 
https://doi.org/10.3389/fcimb.2017.00258 

384.  Hardbower DM, Asim M, Luis PB, et al (2017) Ornithine decarboxylase regulates M1 
macrophage activation and mucosal inflammation via histone modifications. Proc Natl 
Acad Sci U S A 114:E751–E760. https://doi.org/10.1073/pnas.1614958114 

385.  Walsh MC, Lee J, Choi Y (2015) Tumor necrosis factor receptor associated factor 6 
(TRAF6) regulation of development, function, and homeostasis of the immune system. 
Immunol Rev 266:72–92. https://doi.org/10.1111/imr.12302 

386.  Perišić Nanut M, Sabotič J, Jewett A, Kos J (2014) Cysteine Cathepsins as Regulators 
of the Cytotoxicity of NK and T Cells. Front Immunol 5:. 
https://doi.org/10.3389/fimmu.2014.00616 

387.  Beers C, Honey K, Fink S, et al (2003) Differential Regulation of Cathepsin S and 
Cathepsin L in Interferon γ–treated Macrophages. J Exp Med 197:169–179. 
https://doi.org/10.1084/jem.20020978 

388.  WHO World malaria report 2019 

389.  Castillo JC, Robertson AE, Strand MR (2006) Characterization of hemocytes from the 
mosquitoes Anopheles gambiae and Aedes aegypti. Insect Biochem Mol Biol 36:891–
903. https://doi.org/10.1016/j.ibmb.2006.08.010 

390.  Attardo GM, Hansen IA, Raikhel AS (2005) Nutritional regulation of vitellogenesis in 
mosquitoes: implications for anautogeny. Insect Biochem Mol Biol 35:661–675. 
https://doi.org/10.1016/j.ibmb.2005.02.013 

 

 


