N

A 4@4@@g@*@@4@4@*@4@4Q@Q@@Q@@@Q@@ﬁw

AW

>®C¢C S
E

f ©} "F ¢

E E£Fs”™Kk

NME K

/\|:a}

VAR A\ 0 AN A AN AR 0 A0 A0 AR AN A AN AN
é a
«oFzFY E XAi
W N NN N N N N

VR

S S SN S NN S S SN SN N S S S S

"t



IQKaPLI & IQKaPLI rda :d ., g 41l j» saso

QH361 .E3125 2020 LC :cauwinics,

widho — yugSylo oyl el a3

.Fore Sight. Arabic s ——laa X1 yloinll

jﬂ.na.,." :Q’g_i_i_"

Tl Guba Sgd wofio Ll Sl ple, wn d ooy ] e S)L o At gg—iand) oo
S s

So¥l dz L el

iR
o

Al eh—siull @b A wsalldv wdld el sl L, S U R Y
ByogI 166) / T T+ alawhyadly Grgonad dus s

(o 16 dmdo 1M igala Tl i g i
(188 cdasalf dccud) dcell) e AL
(robalyatly Gigmd die il duipadf ooddiall @snd) SR S e

Ayl SX) Al e @ayio duyell A3l yadll - SR § YN

Gialgd (osiaiy dadlygley Bpuas

£L33,%1g gg-duill icgg0 gellasno

Augad sligusIf (gegd9o pllaiao

Onls dadas (gm0 pllaias

@20~ plepn LS ig—dloal e Ji o

gomas — pdlis LB il ol i 5«

Ainadl pgi—ii]) @sud (Gl—2d) £y S) dwaall du w3l 4 el iplos! di o g

Byssas dg lawlyally digoull des
Eé & DEAET BiaAecb E& 4I1GE & A
sy nle congall 3 ayly pyanl]



; -C; 3+
v

AN

E_1v
b{e@rD CEE-0 AyY ®'£¢i ®f»{§ -
MDD {EB{[ -pt| ZT @71 8- rD E!£]|[T1
®"-gKD ai PDEE-p ®! £¢i ®r EC Ev |
EfT EDE AAK t r )T £¢|rD °U0UOrD ®
Pti I D ®0-0C ®&! Up d-wolL=-jr E-=\
®! O»~Z @gd=-{""A" "D C¢J Ev Edw\wW ai
Eiwr=-Z P»U;j@ D ®' ?D d-gL-jrbD I
)ADK(EC GM £4 riF8 Spept | ZEg ird| 4d 1D °D

I E£E@G| [ T°rD EIlz@re®»ijca D gi° Qo -+
W E-?KD -M Elz@rD TD °!'"~ g plr
®f»{erD hIA~A &= ©wrD E|] =v D°pu
| D h-2?2D ERKECTO® 'BPZ glld4002r D | D
Ax| r-zZ ®ZE-O gEL-elrD [ @wz -¥C
T-qEC ~!OU[T TE=-?KD »j~¢r ®v?! _

) ®TT -¥@ D



s+ iu ?
{ ¢

A@D » £5e D®| G &Edrt Z®O»i @EC| r D ET
Ev 1 9% D d-008qgD W gEvwrD Av DE
lo0E W T1!L-ax_KD CR¢|rD -p=| [T

P-itv [FiijNEF®i EREfc -DiI h-~_KD (
ExY 7°rD gkr ¢HDX Gl -0F - vo Ejt kg Dc rDD
° KD ®!'8-jvD T'i17 @-G-8ljvi ®!
hn_ Eviai$C% eHI[] TEl z@r D P»jo 1D
~Z-\ 1pg Rg g ®' 2D d-wlL-jrD ApDi
5AUELE0 o$d%w ¢gr A£OOv EI]lr e&-@98

g®! whlkrD A Po-! ~ H-aop T1j[ Er ®!v

EiL 1T @rD dDIwe rDi $t!0!'ril ~0~rbD

®x x U@vi Dt | v d-ol[T»Z -¢z@[ d

(W

®TET OrD d-=![Tecr Aax|[ @»p=v T

Ef£fo )YkTI! 2D k! L=!£!ir@® -AMA]@D cEv

-fn@d TTE Evi )-Tn_ #H-op T1 ]
y$C-w}rD dDIlap E!jw

~

®) £¢| r D @eUgkdfzv 4t R @RDICPuaiEv E
Ei —IUbC)"[ T Ci g®' ~ d-nlL-q Ev E



; -C; 3+
o

®}r1 ®| Bl ®f»jol ®'£¢i ®EtA»Z Ci
TD kevida 1Yy vkEvD ErG+x@ KD bn E

)y ®0»} "D E-joKD éDivD E!o d»zy]






: . C 3 %
\%

dDE-f I

O«

GiEli bW, @BA goDBYR OEE &K £3E¢ dl-@riPUEDpZ || e €5
e e WH] T | @2 f vRpd ) {1

AL-ghi Eg¢i W EgZTBEBWVih-§ED»] DI
Xtfcv-g ®| va] WoBLEBElI ar D¥X] T BEY

RB-!'2kD E¢i W t OBr DSEO| ¢ 1

C-9ggT% ~rD W EggzZl § PwuUL-9g&] 17 T1DE
el fcv-qgq ®| v-a]l@WII-T% ~r

kgrcqC EbgdExdipvip@dEg IZ@Pigomwz ST C
h-¢gS 1T gutl @®g!'L-}rD Eg¢i Egi

1 g@rD +gUDPDEI ] ®Glal O=MD A& Bh ETO

T g dZp B wai MonD] K@V d SiCIaviE x Zd i tvd @i b\C

Eg[c_ Ev ®i DczZz krcyC EIqE-v EI |

®§i 1 0@y HIGKEADVBy BYhi T WOEVIN_~ Z1@

TC —-+"gf Egv ®g|0 Vv ®gl’—|’\ :gOi

| DG4+ @ -LREG i ‘0 & e 1r 4+ Ol 1) § Wk I riaf oV



~

W C-ggl! £!'irD W ®Jgn»~0v Dé-ggge
ETfeDcrD W 1 @81 WIEI pu 1 ¢! Z ®of

HaDwmg[ K o®' §gO-"D ®§¢! ¢ rSD T 1 »(
By BLl§@AXcAXN®! £¢| r D - o®Fo »Jzvr D~ pELvE |
W t§g?D Degp | C higc¢lempBiEfHhaneq
C» gC DR G i~ gt B BDOA ®} PP p) ai  krc TC
®gl ' ¢v hD%G[ K ®§]! OzrD TC 19! ¢

RAODI @gr D ai -8cVi ¢nh |

WEWAC-g! £! irD W EgZ1 8§ PUL-¢g]T ¢

W Cg8nz %gq-gv & |G £z~ v »o
1 8-"C @gkr >

YUE-FA DGt MPHOK [L4E) Ty Qi &k E | - @5

~

W-!?2D1 T1jrD Ei E¢|rD Erl



: . C 3 %
q

EgfeDcrD W grtrfgzZérdge @®YgDPEGSURI
?D TKEé d-ZD»zOD1T E~»r D

A

) 91

1T& -~ USRPER SeTEIRZNG'(] *BE A& 7 De-
Do ggp 1 gp k)pagrlc 163 gENI Q GF ¢ &7 (Bpdg2sBiKa
®g H- ¥ )o@ & TG 10-EybvxERRID 0 r D
)¥vigp 1@rD xU?Di ®rEkD ai ® oD
TgirT KRGLINEHyWS-+2Z 71 gesS ESC 11
R-ir Q] BREMBDCGO» p

Wa g ! ¢ TWD»gNeERIGgendhE) R EE| &egb&- 2
®¢g | i ¢ 1Yy RSYAdyaticesDR gREgSE §-Epyviv e Eo>rg o
C-l £l j¢r

EREi-KAJED| B | R Eq ®bHOOW-AERi ¢ »&
C-g'£'q Eg|V 1@rD ®¢tp° "D h»zrD
TC CEM¥VAFRNAPRODFG UL (ONNET DeAD? BE
UdygeDT el gOf»c¢r T gOTI»rD T11gar
T§ggOT»rD T11ggaerD AggeE?D T1U0@¢g¢
Hcgo HIige kgrcyC EIqQE-v d-@q 7T°:
AgeclrDgirho@n ® &®KRgig AJLDE h-gUv T ¢



Sk\: ] - G : O
{ \ N

TgOT»rD DNAT gber DDAAE?DBKIENET | ZX
Pbgx OB -@yv &N CB Eq T1 i RNAV?oj
C R (125D | @vai B?Dy Tk cff @hi-Mhix[KEL - o Or ®:
Egv TC *¢g£0| [ K )E@gDzd B @Y yw'OO
EgO¢zg] - ®¢g!Z-éC ®go»| v | C

A

®~r @1 Td@d~+ DUrugq»v W T 1 pC-E!'ve
®TmOr D hl ¢kDi E¢]| rl

wlL Dl g] DB gi adbg xwdi-Dy 290 | ZSEErg O
T Dt U@e-~Z @gb-! 2D EEC hi"r ®E£¥V ®
K gt O] Egi Ad&kwic[f C®GIOI BV @ &r hv? D
e®§g) \ DEI@| D) gBvn« @y vErglgiv - gra@pdur il i }@4n
®gctge d-g[ -Onr DI g®' gO0?2D C-gyi i
@1 | 1 Oz rithA® 150 Eqrde ARV O dDPD | 141 UeD
TTe-ggvC ®§gg|v-Uz C-gg! £!-irD W
EfeDcrD W ET -8-v



O«
ATl
O«

g »gg kKD G-UggfirS etggv
C-gl!£!irh Wr®@grCEED qEGiv ®&EF ) ®
Agro D Egvip T°grDi e@ilgjrDi D-

JE¥~r D ®¢¥el (
W Cag!'£!'irD W @E-Y wikic DB\ e8I
EfeDcr D EWIIEE W ®TE-ZKD

| C e-9g@d EgWw| DY |CiER b x @ CBBY & & Dq |
K DgUBrg D 1T¢g| ! O0zrD EIl gz@rD 1TC
CRge| i DU 8T §POBD» r)DEIE¥eudbé¢ g~ 7
-—oUgx8 Rggqg @EI g [ ~g8§-9g RmgfTC «

¢l g bdo ©°

® ge-ekD C-g!£!irD EOp W-¥%! £0v
O»ZE-~Z -~@8-e - 8EI ~!r -






: . C 3 %
Y ©

hT KBr Px

pb-!'?2D W PbxOrbD

Yd-o0o-w@gKD I N ®¢"x»E
®g! £ETE-gkD 1T @d§be©v g EgTebDcr D
Yy ® zZ-0
CEGHID)&+ EgniT@OR'*® ¢ J; r D Hh OwxV gEe @Ur DE
g®G! OzrD Tl ¢|rDT ®TIr'D2w @4! A'»jor
| C ®99g¢@irD H=dg! i pdl) GHRF [ 7 G
By BF] 2 & §i@akeDu Sp®Tb i Orad | @4 dOn
yCReC hHZ ~ §-
®g!ritrD ®§30e®© D% $ @YD inr-Dg H- ¢
KUA-§OZ h-@ki| KDQPH cOHEHT ERD[ B8 ¢
EgZz AJOEDS -§goq -g eDrf1] d-o-
-ggl!]1¢e; @rDi d-gg! o @r® FHegveo W
W DBl gTt>DIEH deindd|(eEEN giiB dtagh D
I11Tr1 1 0rD

Slosadl dang JSi pudsi sl ds 3ols C)l_B;Sa e d)_w.JJ a_:l:lyc.) a3 9o (Mass spectrometry) 4LSJ) Glha (1)
(oo iale) AiSI Blaa Slaz IS 0o lgtiond ] S s oolds Sbisyl ] LS5 U 0 ciileasS)

(pz bl Ginls) laiilbsg ooanl e Bl Lo dols SLssl glsily Bluol gsd dlelad] duhull 2 Olwsseyd! (V)

Lozl Giola) 5LVl el § dsled] Olaaull SSeidly Ghilud) o gwly Bl e dulys (¥)



¢] GA\ : U; ¢3+e : O
{ )

®g! O0g d-¢g!e [ TC ®ITED | D hlE¢El
T > kO -ow@KD z| [T )4-rT @D B gT o oD DY ZEpEUD § ¢ ]
Yo B/ |2 ey DS WE K2 BLi I BY] B dke!¥D
B GRDE G2 HE WA 'YK 1T §dr D d ®o—vOP KD
) $HA-w@qkD E] D EvCeH-W@obw

T OGS | PD Y -ewekD°UT osMBZE |wid ool Z
gl gt >D d-o0o-gw@gKD gt | Z E! £geC
g®IJTIE-"D -9989 wYIKBE] §digeBDgdi sl
s cirD ®! et aQl
v TD Tpuy ® ! ~ I C bw[ Prft>D d-
Egv %) gri $gH[ODWIEFE e Hir Di Lh-Rygxi ¢
J £i kD BRaUZr ICEEwS RIEI| ai] &

Cgr@-iagDDEll KD GEAEDp DD ah Ri$SC - ' ] » |

YT E¢| rD °0UOsDi - ET T
1 garD g @DIRGRKEZ EFGijrT ) ®Y ~n
Egv $9gt OBr D% E | rD hRA d}Bxifo KE.

(ol i) & il Olelually mlid] § lalasiuly dodl SIS § 8592kl dsill dudnlly duwag)l Slxs a5 (1)
& 85925b! &)luod] duiig)] udliss Ldlpe sk e Blodl OYloe BIS § dewiig)] Sbadly Olgmall e st g (V)
(2l Gtals) & guod! Blonbly 5 dlosl 0dmg duodl LIS



: . C 3 %
\ ©

Eg@p RYUZE% T %g! ¢cUSI D cEBEWioBBBDGI
)GEG TGS - 12| k) of r$@ ihiy ~+D

PbgUqgq $KWD OWE D& ®Di»  ®CUY C -Bvv THD _ K

1§ rD T-g!2zi popiByal PEWET-E)ET > ([

Ellz¢r ®T-e TE£ijrD CZ-wdrdé »d-Q] -

) gEir ajg-=m}" D

Y)Y T uipiget 1 KD @2 11t 0OF

S5E[ Di npi

-gF dt gihD z2iePd ki D HoWkdBed> red ! A] >
Egv o0 E K OBydridir @& ol Il qB&EDi (§ KD

h-U "D E!lOe- Rl o wbi-ll ?D TED uEie£y o

Eif T-p -v fBad@ #edpeiiome k BOgk Do B

g®ygp-z¢r E!gxfq Eg!o EvDrU@GgeD

) DP-!' OkwuOqed EPAWMng r EG8EN] )Ev D

—pC-gwn AEJIWUEDBZ -gufp 1 §gr -§os§l
D@ £S Ak U KDgtoL o7 05 £1@1 B2 G 0¥ B[R EW
Bror # N Guaial 1vil; e )@ » KIBUHE iR Frikv



¢] GA\ ; U: ¢3+e : O
L )

®' ge-ekD Prg”r1rD T gp 190rD ®! ¢
q GE1¢§Z ®§g-T ¢g ®| ! OzrD
) - Q hD1 1

TL-9g) £]

1 gp HivwZ )®@8@'CAv Eqesvp BEOBD ®P ¢ @b 2
gC-gw}rD ci Pb}xrD PLg-0U"D d-]
d 4§ Byt Z REGUe @R @ D RY" c ok |7 10 f LT e §2h s
) ® ¢@D E_DE W ®fI1I ¢@b d-
dDi gep I D ®9] -0z ®g! Kibk D °ug EFU@I
) @1 D Or D ° ®y LDt Ox DD RW+ @ i@b-
dDi g Z ®gCUE" D E_D1 g Dvl DPWITE
Yd-81 kDT ®T1 '8?2W d4|UPLED ®k
"C®8§I Uw D d-81 T«kDi DPrqg-0U"D d-| I
T {ai}x il DzibvDzUBDz_ GEE[@E | BT reA »BH z@w®H oD
) - ¢Cirr L Oal-rzD @B vwy] T°r DI o
Egri [ RgZ ©°_KD TTE hdw TeD U] OGO
®FJEK~D 1CEdL h-!] C ED'v ai ®! éE!
g ®gTITd Hitl-9dr"D ®Gix'xgUd" D @] o |
) ®' ¢ @D Ev DBri ha!]

(WX
QD
W)
-}

®O0e-ov ® wnC d-00Hhp EDOET kD B° |
C®Té-~orbD ®¢t;jwv ai -¢



. C 3 %

HDdi Ar gk@vwug D EIl hOooDr B-D8a A|

AP ¢ R & @7 DO{W || @& _KH D[l @O | x rZ
Eg¥o -¢ ¢y x]r DR'EQYwn i rS g § DL -\ ?
RII ¢ @D b~

E! £gx[ I C ®§] -0z @E§g@~!'hi 1T EOT
v oDbC-3~§E8 ®l pBredda® ¢ @Dr D £&71 §
d-0¢ o@§ MNclADWEDYyP A% > vk UOqk D E
Egiz T-¢g! ¢r §g) ®;, woObo RPRPLBPPEG
- U®ggO] E?D ®9gg] EET PED»§§g?D ®g
)AE; | DALY B} @U@+ GrbeT Ll D (e ze verpi £2

(1) Sheref S. Mansy et al., “Template-Directed Synthesis of a Genetic Polymer in a Model Protocell,” Nature 454
(2008): 122.
SLasSS Jloe § dossitub] LisiSIYI ddgand] dzyds el dzys Olslae adss S5 U (V)



¢] GA\ ; U: ¢3+e : O
L )

Y B r @ 6T >vER)-8%_ AIBT oiRQiET BA8nG ) En Bv
1TgorD dDEt g rDi Pt g | DT DPbgUj
jgékD Ag!'£U@rD W gt O@rD »g¥{v I
nC-w} ¢r
Eligw[ * &ITIC E®yT D@iTOred v- & TEA @OJ |
®| Ogwv bga@®REgQUEVE-NG E¥v -F ®
MgEL£or D PED»g” ®Y]EE §g-g~U8D Agv
Agv Egi -~@[ 190rD ®g71 ¢ @D Ido|ZE-2
*@! | ' Or D PED»

el A L IDrPuEVD A¢c O] C-) KD W ®olL -
C¢Z- | ¢gQan albvi|GebDRuwnmyEyT@ircs C
| D ®0g0ur -z K-¢gT Egs8lqg Egi 11t¢g]
) ®T mOr D
41 )iv: [ @ @6 vI0EVT @ bYZ | ZENKOME] 1Dy 15 @3 D
EigwZ -g¥O\rD|®IEYEBID TYgp ™0
bt gg~"Di ®3ge¢~r»v 1D Cwugg] |1 D d»g
®gg! ¢£| rD Eggv d-n! ggOU0BrD »gg{
gdl glEIgvCMWwgiKk i EOp Ev EI ~rD
JECD WX EH Hz@h-ST G z| K+ BB\ @K

(1) Diego de Mendoza, “Temperature Sensing Membranes,” Annual Review of Microbiology 68, no. 1 (September
2014): 101-16, https://doi.org/10.1146/annurev-micro-091313-103612.



: . C 3 %
\

Agpl [ -9gé EGgS8C @7 kD -aftgr D»ol
-@NrEi £ 1 g@~ E*gU D ~gplrD
) ®!' L-av ®] ' Z W »

Egl> T¢g~iT Rgz *¢g;] C-gwn ET*g
e &b U; r D Bt | "D E[ DiE! @& ZeiplL -
®gl I n agi -gubol MEEM-1DTRER] | ~
P» ~lhd~Papur D a®Jgi 1 »rD AEL-§ggo Ej
JBE; wr D% $ |

®0-0d—R G-eo D Eit¢r ®0Oe-o DDPDEK
Egio RgZ Elgz@v TL-g}£3Q1 GRE &-
) E-nEeKDi C- Or -z

h gt ! 81 %o f-e EUv ®plv»v dnsS W
) g ! spl®@® GEBYMNKD EgU®i Tl ax D AO:
®T1 ¢@D P-!?D E|> ®venrD ®! 0L »i
EE-gp »_¢& 171!~ Ciw 1719 K EsgC
T1Tput gD g-gVBa[ Pirgdrdr D EDT Ek-g
) B» ~0~"

Lozl Giola) Sxa9 pafieg tlin Jis 8,51 Olgol 8,08l BLAYL lad (islsgll Bouscie 10T 5 (8 ] pSud] (1)
(2) Jack W. Szostak, David P. Bartel, and P. Luigi Luisi, “Synthesizing Life,” Nature 409, no. 6818 (2001): 387-90.



ladd Al g

dwiaudl (okes Yl

el Baplsal! !

1 §

Pig | "D ®¢§i| T%yE;aw Do Ol
) P» ~0~"

=

«Q
©
-

GET°ggr DI ED»ggrD -ggeé k@' ggo! L
TC kgnr W b CHpYHVELYOREq: IxPDDEN
K ek DYgYCh D" ex®dr T L-geUrD TegOr BK
- HdZy-€@ 70 {f200ull [CH]T@®AW HSA o®| LDE ¢
AGY E i § g wd DS SERYEHZIED- "@yg] 1 EY%vi D
YT -j2r27Z ®' Oz rD bn hlg°rD b O
@Y prZ @JILGG¥Y g T1 g z —[FD°ig] DL G
®g! \ PUODEMPLULB > g @r BEJ°r D Ev - [ »
E grD g»g| @9 Rmg!z C-g D Ei
E- 1T E_DBRCr ®!' AD0Tr E®@T¢CD2r DI

c »

M



: . C 3 %
Y

S99 hA @ 2D PO~ T @rl pt grD ® gwnc

®!'L-"D

Togu ~glpl[ ¢gtO@drD Agv ®!' 00§Or I
JAURN T EECT @ 2D

$1!'0'ri ~0~r D%

i 1S v V1 G 0 EDS gV ol TIBN@L - wn  ai k|
E g -qiv - PO Ey-EFV E QZYAINE £ JUZL - | £ g1
B¢ Ar@i -V @+ @ BB @4 L@y om@iRadn-O-01 kD
DED»?D ®] EE d-0¢ [
g pE T gEghg@FRO@IDLGEx @PTH°p |
) ED*U¢r ®! | f%>D d-81j D Ev
i) KB Cr-y@KIWEE [ i og Rl 287 ¢ o[ Y-BD O4@7 4836
®| z-G£¢r T ~ij7 -v H-op ¢L
hl ggi Dl gp E!g{e[ hng E@GINTHT K|
Eigw[ TC Egi £ \)n@dr! D p-tp B Chal vii® ¢@
I » kD T1Z»ijrD dDEé Av AzZ
| £ CE™ )@ CEMVDHEXCWWe BT | LT D Ej£1
T1gi] PCOBFwgPI®GgNT EW| YA ZPE » + DD
I £01% -GBG=C®zZDE WiTl BR%i®DOFEv> M|
JRC=G"hT $ ~v' [ dr D kOGLFRCIRIZI+SCMa[ dr D



¢] GA\ ; U: ¢3+e : O
Q)

I gROFCO®GBT » v AGgZDITE agi %! gLE

T1Z»gqTE*gg! QD Eggene W -'U0ggc¢ E
= g B> L= {55 - OEGOBAY (9 GERp» 07 BT | [ Ro)@l ziD
Tk 6®JE¥ "D T°9Q | TKD P¥%UL-g>-2 !

~ ~ ~ A~

®gpTi»~"D TilpurtgrD Egv D" gO| [ Egj
Ev EpC E~BxBD 68§78 ab ®] @wrD 711

)@ AIGEE [ 1 [ Ej £11 @k 31 j [ 53yt TR@D
Ei 0§ ¢rE®g st mOiciEme IU@R
“i'Bbx OBTD' r - OBF  WHE>ZD U °°uQ VB |TLDA
) ®| LDE ®} L~} £}
e-g008g B4 GREEBe-§ D '[dGd ¢ £| rD | C ®
5T ui g WHEED yd DK EL i |
mEaggi 71990z ° g@EauMIie@Eicqd ] g ®¢
EG Hx "B ®T~} $v bn »vC T upu ®o
Egv T1 ¢i Mg\ 0ETEDBRYBBOEYAHOr D 1 °
- g O o r AgiigOpRgAE @ AIDgeEY B EO D
PHPOHPRS d& ~Tgled '~ O T1 ;9 7TC -6éi

(1) David J. Siminovitch, P. T. T. Wong, and Henry H. Mantsch, “Effects of Cis and Trans Unsaturation on the
Structure of Phospholipid Bilayers: A High-Pressure Infrared Spectroscopic Study,” Biochemistry 26, no. 12
(1987): 3277-87.



: . C 3 %
Y Y

®¢gxBv T1gi[ 71 kkidpgtil @idi sdg» B8O W
JBE; wr D% T1v4sD¥ A r} D! ¢l éD ¢
) b DMGELE) il Bu| V@O UE@D s £KA L ~ | £ q 1 O~
® g g dh-T§ Oe o aoeE 7V 1 g x UAD dgTy g
@ - @ e g EveB0e B] ®ly vbn@t Bd 4-Ovd BGIPZ® ! Wwn ™ Z
YL De@F>Dr O ¥ 107D CMPXID o EE?D Ep!

~

) GEKD ai B-! 2D
T&OWh &9 qvid | @89 Wesg ghe-Sagoivirs vW Al gag gy ver
DI g81 ' rggOtygndzdrygPEHS>CT EfbyyUq |
S5kfe-" Ef»v Z TH ¢l [-+«D DO u®! Bwr
T TGO\ &2 00 HUZA~2 1 @WQMBLABA Lo nx 17 Ejw—+IK C
) Db }e®dr DB riD
TD T LD g OHED DU o8 ® dafie [ [B-Q q- Dx

~

Fg! ¢ UBr ®gvenrD ®¢g! K
cgi Hg. Do GEPV CrGgOBOE-g @D Ev

(1) Sheref S. Mansy et al., “Template-Directed Synthesis,” 122-5. See also Charles L. Apel, David W. Deamer, and
Michael N. Mautner, “Self-Assembled Vesicles of Monocarboxylic Acids and Alcohols: Conditions for Stability
and for the Encapsulation of Biopolymers,” Biochimica et Biophysica Acta (BBA) - Biomembranes 1559, no. 1
(2002): 1-9.



¢] GA\ : U; ¢3+e : O
LY

K gEdg ~D 1 JE-®&(!gl00DOEDW - % @B

Cigmig D Ev E Qo[ TD ® ' o!vkD §-N

B - Ei w8 IDARIwK 0° T D@D )G@E B Gi¢I¢EDET L D Or L

)YHEqE U@ Eg D oY di¢ - G@k; £TK Gk Nk B {idflq

Egr C-g§g OrD TTE Egfo0o )bgxp ~pi
)ElZ[ K1 »\ =

T 1 pl w»vEDOEC&VI-vr T avD ol »

EE} £gx[T T»9*¢g [ EG[ *gp T1gif
C-gw}rD @®gE£Y|rD ®g'¢c@d g ¢[ |
@WE-[ »\-gij @rDi E-guEeKDi C-¢g Or |
C-gw}rD Doegu 7TC +0e@g08 7TC ®! £
d@p THyad A ¢ 0YEDwA )EM® 2 vl Tk CH UGDWVE] T v IH@BKD

) ®EEXx " D Db
®¢tp° > D T5ETED rd-
GERYG® g | BE@BYT ¢ @D W B-gl ?D d-| ! Bge
o EGalyE T )eEq@DE BiFv@eek D [ ad Dpl Gy 1824 Hze
I §~gor D gewr Do By 0d) xI @) {OPY¥IBEG¥® p

(o2l ghala) late cllasl JY1 dodl &l Ol (gl ool I GBI b &S5y (V)



; -C; 3+
Y ¢

T1i8 E¢o o®! £! £x@r DI ®! et aQD -
) *tL-QGor =-Z

gE| @r E-g| ZxkD ®¢g!\n\ ®F! ol [1»Z
YTE-|] ZC -¢é =v t| O] 1dEIZa ERDGeqDOD

hl1 g¢C hi-gu@z EgU¥ov W EIgz@rD
®gT1 ! ?D ®9p-zrDi BO-fwhpOF E@DH A (
~§g+D G-g 6¢ §OF PV PEWOzg rD- }@ AT~ wPr
EgEC T6qd9seld OBV +EYHdaiBDD? ®F -~ |

) Cr é ai =HyvaiBrGnpishivZ Ggd

Cgre TEOG[ T ghigapC-E0D W&y -EET:
"ETEI'r DEGKkD®@éG - @I 2 ®! wnkD CI

®gg) e IrD ®gg|r-i dKk-9¢gzZ ®ggl |
®YT1 §-ofr Dyi®gr HdB] N IR BFU | BL| EZ
E-guEeKDT C-¢g OrD dEDZFbD--&p W2 C
HEO% Eggl T%UZ o®ggTl ¢@ AL-gghlr L
1 90 B3| G W»zZ1T @-9gg¥ev &7 »dg
®zgebDl zZ ®tgx@v C-¢g D d-¢gl T%] 711
"¢l g[T"»@yT<4WeZz EGE| T C-"D E|V ®!
d-Ogdelk gEIFPi¥riTr D E- gy% @ -Dy gi 8L -{gigc
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A Fortunate Universe: Life in a Finely Tuned Cosmos (Cambridge, England: Cambridge University Press, 2016).
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The Wonder of Water: Water’s Profound Fitness for Life on Earth and Mankind (Seattle, WA: Discovery

Institute Press, 2017).
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“Anomalous Properties of Water,” Water Structure and Science,
http://wwwl.Isbu.ac.uk/water/water_anomalies.html.
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(1) Dutch, “Ice Floats.”
(2) Sand to M. Charles Poncy, September 12, 1844, in Letters of George Sand: Vol. 1, trans. Raphaél Ledo de
Beaufort (London: Ward and Downey, 1886), 355.



: . C 3 %
¢y

Y-U"D I
Ax rD Ev -o@f MO -E¥®TZ YA VEITV G DX
GET »@ yorgl CIEgwer ERGOrD Agv %Egw
) EkKD DPED»" ®

aggi D-g¢gg!?D Elgg]T ®§gIRPDO®DHG
TIg O-yPg GNP EPE ANk g9 ] AA@PE k & 9§ OFEFE VD
Agv ®¢g¢ci v KgnCOmB&bgpr b ¢ 1 O
)EizD i B BKDEUBRGAVHCr & A 1OrDl - ¥

®Yg! PBpl-2r DrB-281 WF k@OD kB] D CEE ¢
CRTET A I » kD dDe-}rD C

+| -9 Qod De 3§ groDAFERGHG kDT Z EAJ G£ G
T19ggZ»irD *1d90qC ¢c-gg\ -9g9¢z0d]
g T HYE!¢i D»z Erdwd@eif ) K- ek Wz
N kg]T1d!arD ):LD%rD kUOgqkD Ev
Y P-! U¢trORREUBOgk POOBEECEV A~061T -v
EggUv ol »ipgEivado D@ 9001} o0 Egyg >@
dag®! g CHC D- EWY!VUCT Sk g DraAid D21 F GRox@
GWBH\VGE GG BYUC @A o &KCAGoD}E d 4Ei ZpH] T EvEmD

) ® ®pgg ai ExZ1 ®| oDE DB-] ?D



o]

T T@\ : CECEAN: d] O
{ ¢

TG00 lryh- ewivony Bini BH0G T G4 enNFk Jiighd

~N VA~

- g i ELOTEED @DA Uo@H oz |fe )] AD & o8P a D
Y460 EgVv - TNETKEGd | @O+ Olc-iz\r D Ax r
gV »>o1 99§ NRNZ klg@ ] §aly B¢ KEE Egg
CDI g4 ¥ ¢g ¢ GAHEN0 WPPIHDG °POF k Ugg Oqi
Rgqg )C-gy~rD Ev T-27?2®0 £yijrvDibvAl}
®) g9 e -e®PIgded@oNa D ¢ rkBFg Tk @@l 1o d JDg i1 E
aggi ®ggT11 @0 D T »giahedT egdshgeDd
yk]1d! ar
4 [BEJ@8 Ev EPRKIUOgMFDRZ T d! oe Or Ev  Eq
WEKD ai D-! 7D)EIPDr HHW
I YED>»r ik @7k DT ®k b #jav kDIPTCt T v |
A£G @dg !Riergd) ZCRge W T 1 @uuddDil £ P b O]
G- gf I D - gUd )dgeug)dr DT E Ev MR
d-]1v h-0 @eDi h-eECi @C-y~rD I
"ALDE 7TeDI[ E
E-gO@ KD T gui osAYBLrDKkGrDID®E | K
@FaHgg] kd'ggORT AN YB@GGEPV-'99Dr DI o (
NED»?D E-00"K-Z 1K D [h -t !f@q E &



: . C 3 %
¢ 0

logui @d-gz T ®§zdrD W Egr
gd-Q99Z1 »j b} DT MG AN EBHODH Y E[D J@
yd - § Dol Al - DO T 1

¥ O

kgl]T1daerD e-gn Agf»g Egi -g¥~] ~"
I ! O1O4 rD W DR ED A! ~UGvdH]I&! ¢ £
T g ®) gEQY)Li»br_0D] GiDeg-vi) Zbk; v@ O pde §
C- g CTO% ET-Ig@)zZzy i 3D t ! g OqiCE Z»yD E9Q
-99ggabDl j¢r 11 g&9>DI eHE 00-HEHH UW ¢
by LO0UBge @®!kUQaib -dGDOY °gf»q EE5 |r
) PED» ? D
P-A2® EjwZ DPED»?D A~~~ ai ®! ¢Z-
o - Yo @IBo @EE-zi EUv ohwdgiERiDai 1
-gD@GEKkD TaC P-LEV I C TEOY -1 gE! ¢
- g i 108 reiEg T E62EiMTEY forvelr] YoaBirhy @ w i ryeed
T19gZ»irDE®, 906+ CI®EYrDagovinm{ Bk\
y Vo3 A OT DED»A ht| vt T TbROIEAHIC &1
Arngn T19giY RoBEZz) PETcLygDDAAYE D
Yewillen Ce¢L 1 @rD Dr!i* BPe R Y%r [

a9 Skl 2o il] 390" Grakez ihles 3yl e Camy 181 (algll s pasmy e LiBlis dmz ik (V)
“The Microbial Nitrogen Cycle,” Frontiers in Microbiology 5 (2014): 553.
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(1) Asta Juzeniene and Johan Moan, “Beneficial Effects of UV Radiation Other Than via Vitamin D Production,”
Dermato-Endocrinology 4, no. 2 (2014): 109-117.
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(1) “Ozone: Good Up High, Bad Nearby,” Office of Air and Radiation, U.S. Environmental Protection Agency,
June 2003, https://www3.epa.gov/airnow/gooduphigh/ozone.pdf.
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(1) Fakhra Anwar et al, “Causes of Ozone Layer Depletion and Its Effects on Human [Health]: Review,”

Atmospheric and Climate Sciences 6 (2016): 129-134.

(2) David L. Drapcho, Douglas Sisterson, and Romesh Kumar, “Nitrogen Fixation by Lightning Activity in a

Thunderstorm,” Atmospheric Environment 17, no. 4 (1983): 729-734.

(3) Martin A. Uman, “Natural Lightning,” IEEE Transactions on Industry Applications 30, no. 3 (1994): 785e90.



: . C 3 %
oYy

LEUACID CHi £ T PIHI o hc ©r | p ! r-RIOYVARKPr DI
Ei ®N I@WWgBER§ 1 |&wp RVYVEET Dd[ DED»~ d
®81 Uggwv ®gg! UcUrdD»HPET g d Orzly § x

d [ $aEY ) e 71 Ogw i c gOEATED + ddv- IBWD @ T ddiv
Al g ¢ @ U@&Ev r-aRr E&pIvaOwDss A kEUED

@& Ogv B DG + § )GoriEvd » r-ade TTOWDIST ED ISDT U¢ Ur D

YT |} Og o A dEWEHv@N k1239 § E khD o
EGnNnE gEKD I C ®Z-U§gOr PHE@®DI+C WB .
¥ 1 >D HAG il UOK DBk ] AckeDAle H] 1

T ONGNIDG o1 d ! dyrOD r B@urepdivaproi® »Toizfr D

Pt gt gf bE¥H-Yy> Dk DN\ S \ & 0REzEZ[Drkz T B

® VOF® d!ST EEl Cfp [@@X ] Tdjpll 49 H0UP - ) |EZT-~ O
I I >DWree@iiDT d

O kUOqgD OBk EGdk @rCY %] Av D! rir
T LI-Q NODKEG [ Tgdz! o r Dt O NOx@Ni@ g EEBMEC! O q
@FIuTesY BIGGH e T hcr D A!NOFk ]TTQ@ !I1eG Dd D

)T D»nil ¢! gNOK | NAE KDIid!ie¢ D ¢

OFTOTNFINT T1 g>D HAG}rD W-@: gprZL »

& - HOKGWODSI] T d | alr @ 9&igo OF §RBYG 9 B

(1) V. A. Rakov, “The Physics of Lightning,” Surv Geophys 34 (2013): 701-729.
(2) Donald E. Canfield, Alexander Glazer, and Paul G. Falkowski, “The Evolution and Future of Earth’s Nitrogen
Cycle,” Science 330, no. 6001 (2010): 193.
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(1) E. E. Ferguson and W. F. Libby, “Mechanism for the Fixation of Nitrogen by Lightning,” Nature 229 (1971):
37.
(2) David Fowler et al.,, “The Global Nitrogen Cycle in the Twenty-First Century,” Philosophical Transactions of
the Royal Society B: Biological Sciences 368, no. 1621 (2013): 1.
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(1) Fowler, “The Global Nitrogen Cycle,” 1-2. As they further note, NOx molecules also play key roles “in the
photochemical production of ozone and other key oxidants and radical species.” See also J. N. Galloway et al.,
“Nitrogen Cycles: Past, Present, and Future,” Biogeochemistry 70, no. 2 (2007): 153-226; Richard P. 124 Wayne,
Chemistry of Atmospheres (Oxford: Clarendon Press, 1991); 1. S. A. Isaksen, et al., “Atmospheric Composition
Change: Climate-Chemistry Interactions,” Atmosphere Environment 43, no. 33 (2009): 5138-5192.

(2) Fowler, “The Global Nitrogen Cycle,” 2.
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(1) Nancy R. Pearcey and Charles B. Thaxton, The Soul of Science: Christian Faith and Natural Philosophy
(Wheaton, IL: Crossway Books, 1994).
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(1) Kansas State Department of Education, Standards Development Committee, Kansas Science Education
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(1) Feng Yue et al,, “A Comparative Encyclopedia of DNA Elements in the Mouse Genome,” Nature 515 (2014):

355-364.

‘Qp,ea_w&f_‘.dpl;%maIngsse.@.olemt_gpwgesoﬁz A9 %Y u hdd Ologusd! Calisd «(Olypaddl jasy s

ey Sl e Jadd AWV 3)line 02561 ¢ JELI dorwr o « LS QLI e pasd (S 5,5V glgiW deadly g S5

B o Oslay elodsll” (o putio R,531 880 umYl 151 mune o dmilad] deSLAII &3 § WYY+ Jlse gls Il s )
VooV sedg Vdowall dabgll ualehl "daS18 LY pos de

https://www.nih.gov/news-events/newsreleases/ scientists-compare-twelve-fruit-fly-genomes.

(2) There are widely varying estimates for the percentage of genetic information shared in common between

humans and bananas. For the 60% figure, see Lydia Ramsey and Samantha Lee, “Our DNA is 99.9% the Same as

the Person Next to Us—and We’re Surprisingly Similar to a Lot of Other Living Things,” Business Insider, April

3, 2018, http://www.businessinsider.com/comparing-genetic-similaritybetween- humans-and-other-things-2016-5.



: . C 3 %
1Y

~

| g?D EL-gijrD W ZE£¢r DP¥%u-] ®!\ DI

) hT kD
Egv d@ONAk BOyk BeBT »ueD DI 1l ar D Af?
dDEd AE@PPEH -0~ el ~ar D T1!'8C T pu | 1K
®o Uf Ewoi +@aoqf -1 GEI~el~rD DPEE€
el(Og»yDC ®00 Ev T1ji " D 1T ¢2D »j (
Ag£?D (QH) EGPO@RB E} | QD CT %g] AZ»g
el gOT»r D T1 g08 1wiBr@of KIDD GT %G o |

k] TE* g u OH°HIZOEIgRY | QD | @eWw] ai
gl gL%u] EijgwzZz kUgOgkD GiHuga D el
DD Egv ®gUr -Ur D ®Jlgwrel rE foGgv|
Egv ka\D g®08-U@ D bni ®a! @ DI
cgi el Of»r-zZ PU-29TEYyMEONEHIOr DE !
'‘®' o! | T EGEHD B¥BIi»i D kol D ci Al ¢
) @£ Uy wDdD ®! |

Eg &8 W ®&4dDF - D Bi-pbigk @& & oD% u 1
Cbe-" ) d-

ag 1A gZzgef @ /e Ex BV dH A |JE Bvai »[Bu°

6- afDhbpubPgy Vo tEXr D 1 JT»[ ~—oqg DE

~

Egv kg[b_«kD k[»g ~rD BCD»gpi T,



¢] CA\ ; c¥&-; Und]r O
&

~

®' 0! Ol @dr D Tile»rD Ev 181/ rD =y§
) Ex~r D D°u d

d-~el ~rD

E¢UBr -o KCi gCxD DAW fFEBE Zdaie J-++47°?
®JE\ T D h-g?Di @C-9g D WESgNKE ZDI
YEpueov Ytouy GDr'Z-Z BA@rD »z_ 1711
d--50€t 60 OTESE | by DOV GG e ODELS
D@Dt ! [1 ¢qgl OTE Ec¢ ¢ (DDWP gP@deondy W
el A gavAEUEr ELf&r D

k U§DE® R@zEHG ~AeY ~8r E-g| ZkD T ¢
Tegpy Egv kge\D TD®I@e - dY%adDL ERN

) @a Uwr D (@ Ew~ \b ! @Da-DE° D D
JRIO)(R20)P(=0}O §q -¥@Z-@q"RE| £8/-0q dré!C

I ooy KUy GRHYép nA ¢ vdRl é~ ¥Talri®wliiet D OB°
Egv $1L-¢g D E¢cUQr D% C#HaD @ pn |EriD
Ev-agwrD TL-gZ»¥ijrD Eg ?D D°gp )
d»3QD E¢gv k¢4 ®d§Es Bbiyd g2DPTESDg £ 2D
AgN C] wAuEsd@ECR ]I ~r D E| V ZL-x@



. C 3 %

L Dhetr PiDAAT» g HOABLAGX
Eg - BEY V- Uve (EG rgin ZE v® ~1ey} §i
I 11 arD

Y Xr D

S @
—
(W

iorDi oALDE TEj WZDEEZKX

g1 1 IAZDDIT £06
TBESEB-)Ec®r 1@K »vC

Yy dl v

decilypd) 5 0!

) eT E%GVI Wy cECge Ejf GRIEjiWriDar |
®| ZEkD dDBJ{|'E® gdé& Be+@D THv EB Gr§ -
dD»gi O0qG €184 g O QI

Age?D ®§]| O| Br
E| | ax|

)dﬂvie‘IvT»ir[‘) Ev

(1) F. H. Westheimer, “Why Nature Chose Phosphates,” Science 235, no. 4793 (1987): 1173-1178. 125
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(1) Gerald F. Joyce, “The Antiquity of RNA-Based Evolution,” Nature 418 (2002): 214-221. How does the
apparently “silent” 2’-OH group help RNA undergo hydrolysis about one hundred times faster than DNA? It’s a
marvel of engineering. Via a cyclic intermediate, with intramolecular assistance from the OH group at the 2’
position of the ribose cycle (nanometrically calibrated to be there), a sixmembered transition state is formed when
a base, in an alkaline medium, attacks it, removing its acidic proton. This forms an alkoxy anion intermediate,
which then intramolecularly attacks the phosphate wire in a well-coordinated SN2 mechanism, breaking the wire
and therefore “digesting” RNA.
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(1) “Why Did Mother Nature Use Uracil to Replace Thymine in mRNA (Messenger Ribonucleic Acid)? What Is
the Advantage of Using U Instead of T in the RNA?” NSTA WebNews Digest, National Science Teachers
Association, September 16, 2006, http://www.nsta.org/publications/news/story.aspx?id=52606.

(2) A. M. Lesk, “Why Does DNA Contain Thymine and RNA Uracil?” Journal of Theoretical Biology 22, no. 3
(1969): 537-40; Greg A. Freyer and Michael Sturr, “Why Did Mother Nature Use Uracil to Replace Thymine.”
(Note that the citation of this article in the previous endnote (sans Freyer and Sturr) is to a statement from the

digest editors further setting up the question that Freyer and Sturr answer in their responses.)
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(1) Michael Onken, “Why Does Uracil Replace Thymine in RNA?” MadSci Network, November 11, 1997,

http://www.madsci.org/posts/archives/dec97/879354206.Bc.r.html.

(2) Jérgen Jonsson, Maria Sandberg, and Svante Wold, “The Evolutionary Transition from Uracil to Thymine

Balances the Genetic Code,” Journal of Chemometrics 10, 126 no. 2 (1996): 163.
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(2) Freyer, answer to “Why Did Mother Nature Use Uracil?” (cited above).

(3) Walter Gilbert, “Origin of Life: The RNA World,” Nature 319 (1986): 618.
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(1) F. Ulrich Hartl, Andreas Bracher, and Manajit Hayer-Hartl, “Molecular Chaperones in Protein Folding and
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(1) Koji Yonekura, Saori Maki-Yonekura, and Keiichi Namba, “Building the Atomic Model for the Bacterial

Flagellar Filament by Electron Cryomicroscopy and Image Analysis,” Structure 13, no. 3 (2005): 407-12. For

more information on the exquisite structure of the flagellar filament, see also Saori Maki-Yonekura, Koji

Yonekura, and Keiichi Namba, “Domain Movements of HAP2 in the Cap- Filament Complex Formation and

Growth Process of the Bacterial Flagellum,” Proceedings of the National Academy of Science 100, no. 26 (2003):

15528-33.

(2) For more on the flagellar cap and how it suggests intelligent design, including an animated video, see

Jonathan M.,
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“The Flagellar Filament Cap: One of the Most Dynamic Movements in Protein Structures,” Evolution News &

Science Today, 128 August 3, 2013, https://evolutionnews.org/2013/08/the_flagellar_f/.

(3) Jonathan M., “The Flagellar Filament Cap.”
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(1) D. F. Blair and K. T. Hughes, “Irreducible Complexity? Not!” in Microbes and Evolution: The World That
Darwin Never Saw, eds. R. Kolter and S. Maloy (Washington, DC: ASM Press, 2012), 275-80; W. Ford Doolittle

and Olga Zhaxybayeva, “Evolution: Reducible Complexity—The Case for Bacterial Flagella,” Current Biology 17,
no. 13 (2007): R510-2.

(2) Jonathan M., “The Flagellar Filament Cap.”

(3) Kenneth R. Miller, “The Flaw in the Mousetrap: Intelligent Design Fails the Biochemistry Test,” Natural
History 75 (2002).
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(2) Shin-Ichi Aizawa, “What is Essential for Flagellar Assembly,” Pili and Flagella: Current Research and Future
Trends (Norfolk, UK: Caister Academic Press, 2009), 91.
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(1) J. Gijs Kuenen, “Anammox Bacteria: From Discovery to Application,” Nature Reviews Microbiology 6, no. 4
(2008): 320-6. See also Andreas Dietl et al, “The Inner Workings of the Hydrazine Synthase Multiprotein
Complex,” Nature 527, no. 7578 (2015): 394, https://www.nature.com/articles/naturel5517.

(2) Laura van Niftrik and Mike S. M. Jetten, “Anaerobic Ammonium-Oxidizing Bacteria: Unique
Microorganisms with Exceptional Properties,” Microbiology Molecular Biology Reviews 76, no. 3 (2012): 586,
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(6 6\ ; CoRA : k] h]ebd O
(\.

K %ql v 9 €xkBadgphNb Qg s & 1er-Gay kED |
Pb-¢g!?D dK-9gS Ag!H Agv dD¥%g'v W
El gg{=av Eggv D! ggwZELTFRGUHNE0 Y Db
®YITE-| rD bEih]h ieE@se £vD - Mb@; 10 D
YT EIl z[ EIl {ev Ev 1

Ck]id!earD TtV W ®CUEL£Q DI -¥a&n

) ®gT-}¢r PEI z@ D Tiy|rD Alrl @rl
hngl Cag i@n%ir ®QIETENGCMZ z}vj _[BZ1i1d - 1 bp@ jQxrLD °T}°
g E_)HD OB gW Eg_DE *¢g]T -gv Tgu
Egv @od-vD:*U@geKD Egv ®Jilo@v ®
Ef%ggYT AcggxZ -+g9EDDBYIGERR]DIIHR
) ®TE-U~8KDi ®r -qgkDTi

W C-!gfkD T°ogu Efw%U@z T1¢g 1 D>
Egr ) -BEHbdz @D1ID &Z»U@Br D Af»g Ei |1
Aggiri [ hilggql [ 1 9@ T 9@ - 991
Egv Egu CEfeDE!g! QD TD*rU@geDT I
Egv »U~@vi T-e1 1T & EfeDE*! pu T

(1) Marcel M. M. Kuypers et al.,, “Anaerobic Ammonium Oxidation by Anammox Bacteria in the Black Sea,”
Nature 422 (2003): 608-611. See also Laura van Niftrik and Mike S. M. Jetten, “Anaerobic Ammonium-Oxidizing
Bacteria: Unique Microorganisms with Exceptional Properties,” Microbiology Molecular Biology Reviews 76, no.
3 (2012): 585-596.
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(1) Laura A. van Niftrik et al., “The Anammoxosome: An Intracytoplasmic Compartment in Anammox Bacteria,”
FEMS Microbiology Letters 233, no. 1 (2004): 7-13.

(2) Jaap S. Sinninghe Damsté et al, “Linearly Concatenated Cyclobutane Lipids Form a Dense Bacterial
Membrane,” Nature 419 (2002): 708-712.
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(1) Jack van de Vossenberg et al.,, “Enrichment and Characterization of Marine Anammox Bacteria Associated
with Global Nitrogen Gas Production,” Environmental Microbiology 10, no. 11 (2008): 3120.

(2) “Rocket Science in a Microbe Saves the Planet,” Evolution News & Science Today, November 23, 2015,
https://evolutionnews.org/2015/11/rocket_science_1/; “Tagish Lake Meteorite Does Not Solve Homochirality
Problem,” Evolution News & Science Today, July 30, 2012, https://evolutionnews.org/2015/11/rocket_science_1/t.
(3) Andreas Dietl et al.,, “The Inner Workings of the Hydrazine Synthase Multiprotein Complex,” Nature 527
(November 2015), 394.

(4) “Rocket Science in a Microbe.”
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(1) Holger Daims et al., “Complete Nitrification by Nitrospira Bacteria,” Nature 528 (2015): 504-509.
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(1) Joseph Stromberg, “This Insect Has the Only Mechanical Gears Ever Found in Nature,” Smithsonian
Magazine,  September 12, 2013, https://www.smithsonianmag.com/science-nature/this-insect-has-the-
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(2) Malcolm Burrows and Gregory Sutton, “Interacting Gears Synchronize Propulsive Leg Movements in a

Jumping Insect,” Science, 341, no. 6151 (September 2013), 1254.



Q6 6\; CoRA° ; k] h]ebpd O
(\.

hD: O@geD EQ@gT[ & sjgl@gly YO gl |°rglu ba}gy
) ED: A~k D DMEDWE && §1% D
B §1-{Gy&I gld 1 ki 1 R)¢ T [ieT g Aip QU2
Pbxp bd~r gk daf®EW @ G £8P0 WY k | O
r -[ bn I @®2] e
Ey? @wBpH&e B CYETIIDGEGe E g ok N rk-Dyg O¢r <
) H-i @~ KD ai (®AL-pPr ODE
WwbxOr D | C -y¢
hiT®dcOgp drgrkD di o>Dg YWAeAPIGEVD dW
Eg -4+ o CivE. @ AR [ 18 |0 1d g0 U@ gD ¢ 11D
d-g»U0zZ ERO¢r B widsg kDI Bvie a® T £} rl
1! ge®@ZQDUi kKD T°ogu -gv ®g T»zZ
) P ADT D»v
-1 0g ¢ Ejaydnze W [difsy] EXdeDeERpar G
PE1g rD (I Cz@p E-1 @BUEDL ELRYT @DE | I
EQUIET §®E £xG! r Hlipd-r@; d °)p®ZI1 Ui k D
Ty EUv »RADI E20| PBil W BgDw@ge¢r -
agi EL-¢g rD %y~ rD T -{ 8%dPCr[i EX

(1) University of Cambridge, “Functioning ‘Mechanical Gears’ Seen in Nature for the First Time,” September 12,

2013, https://www.cam.ac.uk/research/news/functioning-mechanical-gears-seen-innature- for-the-first-time.
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(1) “T'yson Shrimp on TV,” July 2, 1999, Great Yarmouth News, Town Centre Partnership,
http://gytcp.co.uk/news/tyson-shrimp-on-tv-710.html.

(2) S. N. Patek, W. L. Korff, and R. L. Caldwell, “Biomechanics: Deadly Strike Mechanism of a Mantis Shrimp,”
Nature 428 (2004): 819-820.

(3) Ella Davies, “The Most Powerful Punches and Kicks of All Time,” Earth, BBC, 130 June 6, 2017,
http://www.bbc.com/earth/story/20170605-the-most-powerfulpunches- and-kicks-of-all-time.
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(1) Ed Yong, “How Mantis Shrimps Deliver Armour-Shattering Punches without Breaking Their Fists,” Discover,
June 7, 2012, http://blogs.discovermagazine.com/notrocketscience/2012/06/07/how-mantisshrimps- deliver-
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(2) T. I. Zack, T. Claverie, S. N. Patek, “Elastic Energy Storage in the Mantis Shrimp’s Fast Predatory Strike,”
Journal of Experimental Biology 212 (2009): 4002-4009.

(3) Ella Davies, “The Most Powerful Punches.”
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(5) Zack, “Elastic Energy Storage in the Mantis Shrimp’s Fast Predatory Strike.”
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(1) Yong, “The Mantis Shrimp Has the World’s Fastest Punch.”
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(1) James C. Weaver et al.,, “The Stomatopod Dactyl Club: A Formidable Damage- Tolerant Biological Hammer,”
Science 336, no. 6086 (2012): 1275-80.
(2) Yong, “How Mantis Shrimps Deliver Armour-Shattering Punches.”
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(1) Ed Yong, “The Mantis Shrimp Has the World’s Fastest Punch.”
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(1) John Brittnacher, “What are Carnivorous Plants?” International Carnivorous Plant Society, January 2010,
http://www.carnivorousplants.org/cp/carnivory/what. For an encyclopedic work that covers the ecology, diversity,
and natural history of carnivorous plants see Stewart McPherson, Carnivorous Plants and Their Habitats, vols. 1
and 2, eds. Andreas Fleischmann and Alastair Robinson (Dorset, UK: Redfern Natural History Productions Ltd.,
2010).

(2) Aaron M. Ellison and Nicholas J. Gotelli, “Energetics and the Evolution of Carnivorous Plants—Darwin’s

‘Most Wonderful Plants in the World,” Journal of Experimental Botany 60, no. 1 (2009): 21.
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(1) Brittnacher, “What are Carnivorous Plants?”
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“Dionaea muscipula—The Venus Flytrap,” Botanical Society of America,
https://botany.org/Carnivorous_Plants/venus_flytrap.php.
(3) R. Hedrich and E. Neher, “Venus Flytrap: How an Excitable, Carnivorous Plant Works,” Trends in Plant
Science, 23, no 3 (2018): 220.
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(1) The Figure 5.4 cycle scheme was adapted from Hedrich and Erwin, “Venus Flytrap,” 220-234.
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(1) Aaron M. Ellison and Nicholas J. Gotelli, “Energetics and the Evolution of Carnivorous Plants—Darwin’s

‘Most Wonderful Plants in the World,” Journal of Experimental Botany 60, no. 1 (2009): 19. 131

(2) Brittnacher, “What are Carnivorous Plants?”
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Darwin Devolves: The New Science about DNA That Challenges Evolution (San Francisco: HarperOne, 2019).
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(1) Anders Hedenstrom et al.,, “Annual 10-Month Aerial Life Phase in the Common Swift Apus apus,” Current
Biology 26, no. 22 (2016): 3066-3070.
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(1) Wolfgang Wiltschko and Roswitha Wiltschko, “Magnetic Orientation in Birds,” Journal of Experimental
Biology 199, pt. 1 (1996): 29-38.
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(1) David Kaiser, “Is Quantum Entanglement Real?” New York Times, Nov. 14, 2014,
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(1) Albert Einstein, Boris Podolsky, and Nathan Rosen, “Can Quantum-Mechanical Description of Physical
Reality be Considered Complete?” Physical Review 47 (1935): 777.

(2) Juan Yin et al,, “Lower Bound on the Speed of Nonlocal Correlations without Locality and Measurement
Choice Loopholes,” Physical Review Letters 110 (2013): 260407.

(3) Klaus Schulten and Albert Weller, “Exploring Fast Electron Transfer Processes by Magnetic Fields,”
Biophysical Journal 24 (1978): 295-305.

(4) Brian Brocklehurst and Keith Alan McLauchlan, “Free Radical Mechanism for the Effects of Environmental
Electromagnetic Fields on Biological Systems,” International Journal of Radiation Biology 69 (1996): 3-24.

(5) Thorsten Ritz, Salih Adem, and Klaus Schulten, “A Model for Photoreceptor- Based Magnetoreception in
Birds,” Biophysical Journal 78 (2000): 707-718.
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(1) Erik M. Gauger et al., “Sustained Quantum Coherence Entanglement in the Avian Compass,” Physical Review
Letters 106 (2011): 040503.

(2) Lisa Grossman, “In the Blink of Bird’s Eye, A Model for Quantum Navigation,” Wired, January 27, 2011,
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(1) Fred Hoyle, “The Universe: Past and Present Reflections,” Annual Review of Astronomy and Astrophysics 20
(1982): 16.

(2) P. Hunton, “Research on Eggshell Structure and Quality: An Historical 132 Overview,” Revista Brasileira de
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(1) “How Birds Get Oxygen Inside Their Eggs,” NPR’s Skunk Bear, April 17, 2018, https://youtu.be/w-
M33PtwtM4.
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(1) Gail Damerow, “What is an Egg Tooth?” Cackle Hatchery, August 26, 2016,
https://blog.cacklehatchery.com/what-is-an-egg-tooth/.

(2) Damerow, “What is an Egg Tooth?”

(3) Damerow, “What is an Egg Tooth?”
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(1) Damerow, “What is an Egg Tooth?” Once the chick has broken free of the shell, its beak will continue to
strengthen and grow. However, the egg tooth stops growing after hatching, drying up and falling off a few days

later.
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Tim Birkhead, The Most Perfect Thing: Inside (and Outside) a Bird’s Egg (New York: Bloomsbury, 2016),
preface.
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Mary C. Stoddard et al.,, “Avian Egg Shape: Form, Function, and Evolution,” Science 356, no. 6344 (2017): 1249-
54; David J. Varricchio and Frankie D. Jackson, “Reproduction in Mesozoic Birds and Evolution of the Modern
Avian Reproductive Mode,” The Auk 133, no. 4 (10 August 2016): 654-84.
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Sperm Chemoattraction,” Proceedings of the National Academy of Science 101, no. 13 (2004): 4501-6.
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(1) Janice P. Evans and Harvey M. Florman, “The State of the Union: The Cell Biology of Fertilization,” Nature
Cell Biology & Nature Medicine 8, S1 (2002): S57-S63.

(2) Michael J. Seckl, Neil J. Sebire, and Ross S. Berkowitz, “Gestational Trophoblastic Disease,” The Lancet 376,
no. 9742 (2010): 717-29.

(3) Sarah Knapton, “Fertility Breakthrough: Scientists Discover How Sperm and Egg Bind,” The Telegraph, April
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discover-how-sperm-and-egg-bind.html.
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(1) “Your Guide to Pregnancy Hormones: What to Expect,” What to Expect, September 15, 2016,

https://www.whattoexpect.com/pregnancy/pregnancyhealth/ pregnancy-hormones.aspx.
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Mollie Ferris et al., “The Global Incidence of Appendicitis: A Systematic Review of Population-Based Studies,”
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(1) Aristotle, On the Soul, trans. J. A. Smith, book 2, The Internet Classics Archive,
http://classics.mit.edu//Aristotle/soul.html.

(2) Charles Darwin, The Descent of Man, and Selection in Relation to Sex (London: John Murray, 1871), 17.
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(1) McGann, “Poor Human Olfaction.”

(2) Trina J. Lapis, Michael H. Penner, and Juyun Lim, “Humans Can Taste Glucose Oligomers Independent of
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(1) Karl P. N. Shuker, The Hidden Powers of Animals: Uncovering the Secrets of Nature (London: Marshall,
2001).
(2) Monika Stengl, “Pheromone Transduction in Moths,” Frontiers in Cellular Neuroscience 4 (2010): 133.
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(1) Stengl, “Pheromone Transduction in Moths,” 133.
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(1) Steven Linton, Understanding Pain for Better Clinical Practice: A Psychological Perspective (New York:
Elsevier Health Sciences, 2005).

(2) Jennifer L. Hellier, ed., The Five Senses and Beyond: The Encyclopedia of Perception (Santa Barbara:
Greenwood, 2016).
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(1) Steven Pete, “Congenital Analgesia: The Agony of Feeling No Pain,” BBC News, July 17, 2012,
http://www.bbc.com/news/magazine-18713585; Rogene Fisher, “Does Pain Serve a Purpose?” ABC News, May 13,
2005, http://abcnews.go.com/Health/PainManagement/story?id=741257&page=1.

(2) Ya-Chun Chen et al., “Transcriptional Regulator PRDM12 is Essential for Human Pain Perception,” Nature
Genetics 47 (2015): 803-8.
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(1) Mo Costandi, “Uncomfortably Numb: The People Who Feel No Pain,” The Guardian, May 25, 2015,
https://www.theguardian.com/science/neurophilosophy/2015/may/25/thepeople- ~who-feel-no-pain. See also
Mazen Kurban et al, “A Nonsense Mutation in the SCN9A Gene in Congenital Insensitivity to Pain,”
Dermatology 221 (2010): 179-83.

(2) Mehran Karimi and Razieh Fa Llah, “A Case Report of Congenital Insensitivity to Pain and Anhidrosis
(CIPA),” Iranian Journal of Child Neurology 6, no. 43 (2012): 45.

(3) Karimi and Llah, “A Case Report,” 45-48; Mukund D. Rahalkar, Anand M. Rahalkar, and S. K. Joshi, “Case
Series: Congenital Insensitivity to Pain and Anhidrosis,” Indian Journal of Radiology and Imaging 18, no. 2
(2008): 132-34; Leema R. Peddareddygari, Kinsi Oberoi, and Raji P. Grewal, “Congenital Insensitivity to Pain: A
Case Report and Review of the Literature Case,” Reports in Neurological Medicine 141953 (2014).
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(1) See Sarah Novotny and Len Kravitz, “The Science of Breathing,” available on Kravitz’s University of New
Mexico page https://www.unm.edu/~lkravitz/Article%20folder/Breathing.html; see also Neil 135 S. Cherniack et
al, “The Mechanics of Breathing,” Encyclopaedia Britannica, https://www.britannica.com/science/human-
respiratory-system/The-mechanicsof- breathing; “IAQUK Resources - Respiratory System,” IAQUK,
http://www.iaquk.org.uk/ResourcesRespiratory.html.
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(1) “TAQUK Resources — Respiratory System.”

(2) Novotny and Kravitz, “The Science of Breathing.”

(3) Novotny and Kravitz, “The Science of Breathing”; Jorge Gallego, Elise Nsegbe, and Estelle Durand, “Learning
in Respiratory Control,” Behavior Modification 25, no. 4 (2001): 495-512.
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(1) Adam E. Ziemann et al,, “The Amygdala Is a Chemosensor that Detects Carbon Dioxide and Acidosis to
Elicit Fear Behavior,” Cell 139, no. 5 (2009): 1012-21, https://doi.org/10.1016/j.cell.2009.10.029.

(2) Cell Press, “Brain’s Fear Center is Equipped with Built-in Suffocation Sensor,” ScienceDaily, November 26,
2009, http://www.sciencedaily.com/releases/2009/11/091125134651.htm.

(3) Jordan W. Smoller et al., “The Human Ortholog of Acid-Sensing Ion Channel Gene ASICla Is Associated
with Panic Disorder and Amygdala Structure and Function,” Biological Psychiatry 76, no. 11 (2014), 902-10.

(4) Cell Press, “Brain’s Fear Center.”
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(1) Vladimir Matveev, “Development of a Chicken Embryo,” YouTube video, 2:06, May 25, 2008,
https://www.youtube.com/watch?v=LKvez9duEHQ; Yusaku Watanabe, “Observation of the Development of
Chick Embryo,” YouTube video, 9:45, November 26, 2017, https://www.youtube.com/watch?v=uEOuKvUbcfw.
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(1) Stephen C. Meyer, Darwin’s Doubt: The Explosive Origin of Animal Life and the Case for Intelligent Design

(San Francisco: HarperOne, 2013), 328-9.

(2) Michael Behe, Darwin Devolves: The New Science about DNA That Challenges Evolution (San Francisco:

HarperOne, 2019).

(3) For more on the problems facing the various post-Neo-Darwinian models, and why most of them are not

really post-Neo-Darwinian models, see chapters 4 and 5 of Behe, Darwin Devolves, 93-137, and chapters 15 and

16 of Meyer, Darwin’s Doubt, 291-335.
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(1) J. J. Thomson, “Inaugural Address,” The British Association at Winnipeg, Nature 81 (August 26, 1909), 257.
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