
•

January 26, 2021   |   For Informational Purposes Only

This is not a recommendation in relation to any named securities and no warranty or guarantee is provided. Any 
references to particular securities are for illustrative purposes only. There is no assurance that the Adviser will 
make any investments with the same or similar characteristics as any investment presented. The reader should not 
assume that an investment identified was or will be profitable. 

PAST PERFORMANCE IS NOT INDICATIVE OF FUTURE PERFORMANCE, FUTURE RETURNS ARE NOT GUARANTEED.

ARK Investment Management LLC

www.ark-funds.com

Big Ideas 2021



••2 Big Ideas 2021

Introduction ARK aims to identify large-scale investment opportunities by 
focusing on who we believe to be the leaders, enablers, and 
beneficiaries of disruptive innovation. While we believe 
innovation is the key to growth, the opportunities it creates can 
be missed or misunderstood by traditional investment 
managers who are more focused on sectors, indexes, short-term 
earnings, and price movements.

ARK seeks to gain a deeper understanding of the convergence, 
market potential, and long-term impact of disruptive innovation 
by researching a global universe that spans sectors, industries, 
and markets. Today, we are witnessing an acceleration in new 
technological breakthroughs. 

To enlighten investors on the impact of these breakthroughs 
and the opportunities they should create, we began publishing 
Big Ideas in 2017. This annual research report seeks to highlight 
the latest developments in innovation and offers some of our 
most provocative research conclusions for the year. 

We hope you enjoy our “Big Ideas” for 2021.

A
R

K
’S

 B
IG

 I
D

E
A

S

About ARK
Headquartered in New York City, ARK Investment Management LLC 

is a federally registered investment adviser and privately held 

investment firm. ARK specializes in thematic investing in disruptive 
innovation and strives to invest at the pace of innovation.
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Source: ARK Investment Management LLC, 2020

Risks of Investing in Innovation

3

Please note, companies that ARK believes are capitalizing on disruptive innovation and developing technologies to displace
older technologies or create new markets may not in fact do so. ARK aims to educate investors and seeks to size the potential
investment opportunity, noting that risks and uncertainties may impact our projections and research models. Investors should
use the content presented for informational purposes only, and be aware of market risk, disruptive innovation risk, regulatory risk,
and risks related to certain innovation areas. In addition, the potential growth or displacement of market industries discussed herein 
may not translate to favorable investment performance. Please read risk disclosure carefully.

Disruptive 
Innovation

Rapid Pace of Change

Uncertainty and Unknowns 

Exposure Across Sectors and Market Cap

RISK OF INVESTING IN INNOVATION

Regulatory Hurdles

Competitive Landscape

Political or Legal Pressure

à Aim to understand the regulatory, market, sector, 
and company risks. (See Risk and Disclosure Pages)

à Aim for a cross-sector understanding of technology
and combine top-down and bottom-up research.

Big Ideas 2021

DISCLOSURE
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ARK requires a big idea to be investable and long-term. This report 
includes research that has been updated or revised over the years as 

well as completely new sections marked with “    “.
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

5 Deep Learning

Deep Learning Could Be The Most Important Software

Breakthrough Of Our Time

01
• Until recently, humans programmed all software. Deep learning, a 

form of artificial intelligence (AI), uses data to write software. By 
“automating” the creation of software, deep learning could 
turbocharge every industry.

• According to ARK's research, deep learning will add $30 trillion to 
the global equity market capitalization during the next 15-20 years.

•

Deep Learning
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For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020; Based on company derived statistics and data sourced from: Kyle Wiggers, “Waymo’s autonomous cars have driven 20 million miles on public roads”, VentureBeat https://arkinv.st/2N5fC4D.

6 Deep Learning

Deep Learning Is Creating The Next Generation Of Computing Platforms 

Powered by AI, smart speakers 
answered 100 billion voice 

commands in 2020,
75% more than in 2019.

Waymo's autonomous vehicles have collected 
more than 20 million real world driving miles 

across 25 cities, including San Francisco, 
Detroit, and Phoenix.

TikTok, which uses deep learning 
for video recommendations, has 
outgrown Snapchat and Pinterest 

combined.
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*A “Petaflop-Day” is performing a quadrillion operations per second for a day. 
Forecasts are inherently limited and cannot be relied upon.  |  For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from Hernandez, Danny, and Tom Brown. “AI and Efficiency.” OpenAI, OpenAI, May 2020, openai.com/blog/ai-and-efficiency/ .

7 Deep Learning

AI Is Expanding From Vision To Language
2020 was the breakthrough year for conversational AI. For the first time, AI systems could understand and generate language 
with human-like accuracy. Conversational AI requires 10x the computing resources of computer vision and should spur large 
investments in the coming years.

Research 
Organizations

Deployment Year:

Industry Penetration: Most global 2000
companies today

Select technology
companies and startups

AI giants: Google, 
Facebook, Amazon, OpenAI
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Source: ARK Investment Management LLC, 2020; Tefula, Michael (@michaeltefula). “Just taught GPT-3 how to turn legalese into simple plain English…” 7/21/20 Tweet

8 Deep Learning

OpenAI’s GPT-3 Is The First AI That “Understands” Language

“If the startup is 
wound up, the Series A 
investors will be paid 

back at least what they 
invested and they will 

also share any leftover 
assets with ordinary 

shareholders.”

GPT-3 also can:

• Write emails
• Design webpages
• Write code in a dozen

computer languages
• Retrieve historical facts
• Translate languages
• Diagnose diseases
• Converse as a therapist
• And more…

GPT-3 translates “legalese” into plain English:

“Upon liquidation of 
the Company, the Series A 
Shareholders will receive
in preference to all other 
stakeholders an amount in 
respect of each Series A Share 
equal to one times the Original 
Issue Price (the “Liquidation 
Preference”), plus all accrued 
but unpaid dividends. 
To the extent that the Company 
has assets remaining after the 
distribution of that amount, 
the Series A Shareholders will 
participate with the holders of 
Ordinary Shares pro rata to the 
number of shares held on as 
converted basis.”
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Market Cap Creation: Internet vs. Deep Learning

2037

Information Technology Internet Deep Learning
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Forecasts are inherently limited and cannot be relied upon. *CAGR: Compound Annual Growth Rate. Source: ARK Investment Management LLC, 2020 based on data sourced from World Federation of Exchanges, "H1 2020 Market 
Highlights", Aug 2020, https://www.world-exchanges.org/news/articles/h1-2020-market-highlights.

9 Deep Learning

Deep Learning Could Create 
More Economic Value Than 
The Internet Did.

• Over two decades the Internet added $13 trillion
to equity market capitalizations globally. Deep 
learning has created $2 trillion in market 
capitalization as of 2020.

• ARK believes that deep learning will add
$30 trillion to equity market capitalizations 
during the next 15-20 years.

17%
CAGR*

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considere
investment advice, or a recommendation to buy, sell or hold any particular security. [1] An ARM processor is one of a family of CPUs 
based on the RISC (reduced instruction set computer) architecture developed by Advanced RISC Machines (ARM). RISC-V is an open 
standard instruction set architecture (ISA) based on established reduced instruction set computer (RISC) principles.Source: ARK 
Investment Management LLC, 2020 based on data sourced from IDC "IDC Worldwide Quarterly Server Tracker", Dec 2020, 
https://www.idc.com/getdoc.jsp?containerId=prUS47123620.

10 The Re-Invention of the Data Center

02
• Cheaper, faster, and more power efficient processors are starting to 

displace Intel—which traditionally had captured over 90% of all 
processor revenue.

• For cloud computing, we believe ARM, RISC-V, and graphics 
processing units (GPUs) are likely to emerge as the new powerhouse 
processors.1 Together they could scale at a 45% annual rate to $19 
billion in revenue by 2030.

• In the data center, we believe accelerators, dominated by GPUs, will 
become the dominant processors for new workloads, growing 21% at 
an annual rate to $41 billion by 2030.

•

Data Centers—The Power Plants Of Computation—

Are Going Through A Revolution

The Re-Invention 
of the Data Center 
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New Architectures Re-Invent 
The Data Center Every Few Decades

Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: International Data Corporation (IDC) Worldwide Quarterly Server Tracker 2000–2020.

11 The Re-Invention of the Data Center

• The last great migration of the data center
was from RISC processors in the 90s
to Intel’s low cost, PC derived x86 architecture. 
Leveraging the scale of the PC market, Intel 
disrupted high end incumbents. 

• Today, ARM processors are leveraging the scale
of the mobile ecosystem to disrupt Intel. 
Applying open-source principles to hardware,
RISC-V also is emerging as a standard in low-cost 
computing.

• We believe that the combination of ARM and 
RISC-V will move from 0% market share in 2020 
to 71% of the server market by 2030.
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ARM Could Become The New 
Standard In The Cloud

Forecasts are inherently limited and cannot be relied upon.  |  For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. Note for Third Chart: 
Time is implied. The math is: (119/1.2)/(100/1.5)-1. Source: ARK Investment Management LLC, 2020 based on data sourced from: “Global Cloud Services Market Q2 2020.” Canalys, www.canalys.com/newsroom/worldwide-cloud-
infrastructure-services-Q2-2020, Michael Larabel. “Benchmarking Amazon's Graviton2 Performance With 64 Neoverse N1 Cores Against Intel Xeon, AMD EPYC.” Phoronix, May 2020, 
www.phoronix.com/scan.php?page=article&item=amazon-graviton2-benchmarks&num=12, Daly, Donald J., and Donald J. Daly. “Economics 2: EC2.” Amazon, CGA Canada Publications, 1987, aws.amazon.com/ec2/pricing/. 

12 The Re-Invention of the Data Center

• The public cloud, the default platform for 
deploying new applications, generated
$140 billion in global revenues in 2020.

• Amazon Web Services (AWS)—the largest 
public cloud provider in the world—launched 
the Graviton 2 ARM CPU in 2020, reducing its 
need to purchase chips from Intel and AMD.

• AWS Graviton 2 is cheaper and faster than 
Intel CPUs, offering 48% higher performance 
per dollar.

• In the future, AWS is likely to migrate most of 
its servers to ARM based processors. 
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By 2030, The Accelerator Should 
Replace The CPU As The Main 
Server Compute Engine

Forecasts are inherently limited and cannot be relied upon.  
Source: ARK Investment Management LLC, 2020

13 The Re-Invention of the Data Center

• Accelerators, such as GPUs, Tensor 
Processing Units (TPUs), and field 
programmable gate arrays (FPGAs), perform 
the most demanding computing tasks 
including artificial intelligence (AI), 
analytics, drug discovery, and cloud gaming.

• Despite intense competition, ARK believes 
that GPUs will continue to dominate the 
accelerator market during the next five 
years thanks to their unmatched 
programmability and software stack.
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from company quarterly filings by Nvidia, Intel, AMD, and others.

14 The Re-Invention of the Data Center
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• ARM and RISC-V are likely to displace Intel’s 
x86 in the cloud. Together they could grow 
45% per year to reach $19 billion in CPU 
revenue and $100 billion in server revenue 
by 2030.

• We believe accelerators, dominated by 
GPUs, will become the dominant processor 
in the data center, growing 21% at an annual 
rate to $41 billion.

ARK Believes That Server 
Processors Will Transform 
In The Next Decade.

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon.  |   For informational purposes only and should not be considered
investment advice, or a recommendation to buy, sell or hold any particular security. 

15 Virtual Worlds

03

• A virtual world is defined as a computer-simulated environment 
that can be accessed by anyone at any time. Society interacts 
daily with virtual worlds which today are in their infancy.

• According to our research, revenue from virtual worlds will 
compound 17% annually from roughly $180 billion today to 
$390 billion by 2025.

• Today, virtual worlds are independent from each other, but in the 
future they could become interoperable, culminating in what 
futurists have deemed 'The Metaverse.’

•

Virtual Worlds Consist Of Video Games, Augmented 

Reality, And Virtual Reality

Virtual Worlds
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Video Games Are Becoming 
"Third Places“ Away From
Home And Work

Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC based on data sourced from: “Newzoo Global Mobile Market Report 2020: Free Version.” Newzoo, 30 Sept. 2020, 
newzoo.com/insights/trend-reports/newzoo-global-mobile-market-report-2020-free-version/. 

16 Virtual Worlds

• According to our research, the average time 
spent playing video games will increase from 
1.1 hours per person per day to 1.5 hours 
during the next five years.

• If the increasing trend of both monetization 
and time spent remains in place, in-game 
purchase revenue could compound 21% 
annually during the next five years, from 
roughly $130 billion in 2020 to 
nearly $350 billion by 2025.
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Augmented Reality (AR)
Is Primed To Scale

[1] ARK's AR market size estimates consumer-based software revenues and does not include gaming or commercial revenue. AR gaming revenue is captured in our gaming forecast.
Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC based on data sourced from: O'Dea, Published by S., and Aug 20. “Smartphone Users Worldwide 2020.” Statista, 20 Aug. 2020, www.statista.com/statistics/330695/number-of-smartphone-users-
worldwide/;  Boland., Mike. “AR Advertising: $2.6 Billion by 2022.” AR Insider, 6 Sept. 2018, arinsider.co/2018/09/04/ar-advertising-2-6-billion-by-2022/. 

17 Virtual Worlds

• Over the past few years, companies such as 
Snapchat, Facebook, and Apple have 
increased their investment in augmented 
reality, encouraging widespread use of AR 
tools on mobile devices.

• By 2022, consumer-grade AR headsets 
should turbocharge this trend.

• ARK forecasts that by 2030 the AR market 
could scale from under a $1 billion today 
to $130 billion.1
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"Virtual Reality" Could 
Approach Reality By 2030

[1] Unit of Visual Immersion is calculated by taking the harmonic mean of Resolution, Refresh Rate, and Field of View per device divided by estimated max Resolution, Refresh Rate, and Field of View respectfully, with each factor 
weighted differently. [2] Pioneered by Theodore Wright in 1936, Wright’s Law aims to provide a reliable framework for forecasting cost declines as a function of cumulative production. Specifically, it states that for every cumulative 
doubling of units produced, costs will fall by a constant percentage.
Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC based on data sourced from: S&P Global Market Intelligence.

18 Virtual Worlds
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• Based on our proprietary scoring system 
(UVI1), best in class VR headsets today 
achieve only 10% of human visual immersion.

• If consumer VR is limited to the console 
gaming market, we believe VR headsets will 
not scale to human immersion capabilities 
for the mass market.

• Based on Wright’s Law,2 complete visual 
immersion at a price-point comparable to 
that of a PC will require VR headsets to 
follow the adoption curve of smart-phones 
until 2030.

2020:
$20,000

Smartphone-
Like Adoption

2030:
$1,700
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[1] ARK's AR & VR market size is an estimate of consumer-based software revenues.
Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC based on data sourced from: ”O'Dea, Published by S., and Aug 20. “Smartphone Users Worldwide 2020.” Statista, 20 Aug. 2020, 
www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/; Boland., Mike. “AR Advertising: $2.6 Billion by 2022.” AR Insider, 6 Sept. 2018, arinsider.co/2018/09/04/ar-advertising-2-6-billion-by-
2022/. Platform.marketintelligence.spglobal.com, platform.marketintelligence.spglobal.com/web/client?auth=inherit; “Newzoo Global Mobile Market Report 2020: Free Version.” Newzoo, 30 Sept. 2020, 
newzoo.com/insights/trend-reports/newzoo-global-mobile-market-report-2020-free-version/. 
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• Based on our research, the global gaming 
market will increase at a 16% compound annual 
rate during the next five years, from $175 billion 
in 2020 to roughly $365 billion by 2025.

• The AR & VR markets will grow at a 59% 
compound annual rate during the next five 
years, from $3 billion to $28 billion in 2025.
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The Revenue From Virtual 
Worlds Could Approach 
$400 Billion By 2025.

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

20 Digital Wallets

04

• We believe Venmo, Cash App, and venture funded startups are likely 
to upend traditional banking by activating the mobile phones —
the bank branches — in users’ pockets and handbags.

• Today, digital wallets are beginning to penetrate the full traditional 
financial services stack, including brokerage and lending. Digital 
wallets could serve as lead generation platforms for commercial 
activity beyond financial products.

• According to ARK’s research, digital wallets are valued between 
$250 and $1,900 per user today but could scale to $20,000 per 
user, representing a $4.6 trillion opportunity in the US by 2025.

•

Digital Wallets
Digital Wallets Represent A $4.6 Trillion 

Opportunity In Your Pocket
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For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
[1] Refers to number of J.P. Morgan Chase deposit accounts <$100,000 prior to 2010 and number of deposit accounts <$250,000 after 2010 due to changing reporting regulation. Source: ARK Investment Management LLC, 2020 based on 
data sourced from: Federal Deposit Insurance Corporation (FDIC) Statistics on Depository Institutions (SDI) and RIS.

21 Digital Wallets

• Square’s Cash App and PayPal’s Venmo each 
amassed roughly 60 million active users 
organically in the last 7 and 10 years, respectively,
a milestone that took J.P. Morgan more than 30 
years and five acquisitions to reach.

• At the end of 2020, the number of J.P. Morgan 
Chase deposit account holders totaled 
approximately 60 million1 while Cash App’s and 
Venmo’s Annual Active Users (AAUs) scaled to
59 million and 69 million, respectively.

In The US, Digital Wallet Users 
Are Surpassing The Number Of 
Deposit Account Holders At The 
Largest Financial Institutions
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J.P. Morgan Chase Deposit Accounts vs. Cash App and Venmo 
Annual Active Users (AAUs)
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[1] “Cash App vs. Venmo: Research White Paper by ARK Invest.” ARK Invest, 4 May 2020, ark-invest.com/white-papers/cash-app-vs-venmo/. 
Source: ARK Investment Management LLC, 2020

22 Digital Wallets

• A primary driver of the explosive growth 
in digital wallets is lower customer 
acquisition costs.

• According to ARK’s research, compared 
to the roughly $1,000 that a traditional 
financial institution might pay to acquire 
a new checking account customer, digital 
wallets invest only $20 thanks to viral 
peer-to-peer payment ecosystems, savvy 
marketing strategies, and dramatically 
lower cost structures.1

Digital Wallets Can Acquire 
Customers For A Fraction 
Of Banks' Customer 
Acquisition Costs

Customer Acquisition Costs (CAC) Across Financial Products
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: “US ABS Issuance and Outstanding.” Securities Industry and Financial Markets Association, 6 Nov. 2020, https://www.sifma.org/resources/research/us-abs-
issuance-and-outstanding/; “Board of Governors of the Federal Reserve System.” The Fed - Consumer Credit - G.19, https://www.federalreserve.gov/releases/g19/hist/cc_hist_sa_levels.html; “Consumer Credit Market Withstands 
Challenges as Accounts in Financial Hardship Begin to Decrease.” Transunion.Com, 20 Aug. 2020, newsroom.transunion.com/consumer-credit-market-withstands-challenges--as-accounts-in-financial-hardship-begin-to-decrease.

23 Digital Wallets

• Digital wallets are entering the unsecured 
lending market, suggesting that traditional 
bank lending is unlikely to recover to the 
peak hit in 2019.

• According to ARK estimates, bank interest
income on credit cards fell more than 10%, 
or roughly $16 billion in 2020 and is likely to 
drop more than 25% further, from $130 
billion in 2019 to $95 billion by 2025.

• Digital lenders such as Square, PayPal, 
Affirm, Klarna and LendingClub are likely to 
take share from traditional banks.

Traditional Banks Are Facing 
Potentially Sizeable Risks
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Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: Offline/Online Commerce assumes digital wallet captures 5% lead generation fee for 100% of offline and online average US consumer retail spend. Insurance 
assumes digital wallet captures 10% lead generation fee of average insurance revenue per US consumer. Saving and Spending Account assumes digital wallet captures spread between interest and risk-free rate for average balance of US 
transaction accounts as defined by the Federal Reserve. Offline and Online Payments assumes digital wallet captures fee standard exempt debit interchange revenue of 100% of offline and online average US consumer retail spend. 
Personal credit assumes 6% revenue yield on average consumer debt of US consumer. Mortgage assumes 10% lead generation fee on average revenue per mortgage per average US consumer. Brokerage assumes digital wallet captures 
net interest and fees (excluding commissions) revenue from average US brokerage consumer.

24 Digital Wallets

• If digital wallets were to become 
consumer financial dashboards, ARK 
estimates that the net present value 
associated with their financial service 
revenues will exceed $10,000 per average 
US user.

• Beyond financial services, digital wallets 
could become lead generation platforms 
for offline and online commerce, 
potentially adding another $9,000-$10,000 
to the net present value of their revenues.

At Maturity, Each Digital
Wallet User Could Be Worth 
Roughly $20,000
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020. ARK's estimate of PayPal's and Square's market capitalization is attributable to each estimated monthly active Venmo and Cash App user, respectively. ARK's estimate of Robinhood's and 
Chime's most recent post-money valuation is attributable to each estimated monthly active Robinhood and Chime user, respectively. For $19,900 potential digital wallet value per customer, see sourcing on prior slide. 
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Today, Venmo and Cash App are 
valued at a discount to private 
fintech firms on a per user basis.

According to ARK’s research, if each of the estimated 230 million US 
digital wallet users were valued at $19,900 in 2025, the US digital wallet 
opportunity would be worth $4.6 trillion.

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

26 Electric Vehicles (EVs)

07

• Electric vehicles are approaching sticker price parity with gas-
powered cars. Leaders in the EV market are developing innovative 
battery designs to enable longer range vehicles at lower costs.

• Based on Wright’s Law, ARK forecasts that EV sales should increase 
roughly 20-fold from ~2.2 million in 2020 to 40 million units in 2025.

• We believe the biggest downside risk to our forecast is whether 
traditional automakers can transition successfully to electric and 
autonomous vehicles.

•

Electric Vehicles (EVs)
EV Sales Should Accelerate Significantly



•

Source: ARK Investment Management LLC, 2020, based on data sourced from: “Global Auto Sales Forecasts: Hopes Pinned On China.” Global Auto Sales Forecasts: Hopes Pinned On China, “Global Auto Sales Expected to Gain Momentum 
Next Year; 83.4 Million Light Vehicles to Be Sold In 2021, According to IHS Markit.” Business Wire, 17 Dec. 2020, www.businesswire.com/news/home/20201217005798/en/Global-Auto-Sales-Expected-to-Gain-Momentum-Next-Year-83.4-
Million-Light-Vehicles-to-Be-Sold-In-2021-According-to-IHS-Markit; Bekker, Henk. “2019 (Full Year) International: Worldwide Car Sales.” Car Sales Statistics, 16 Jan. 2020, www.best-selling-cars.com/international/2019-full-year-
international-worldwide-car-sales/. 
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While sales of gas-powered vehicles decreased during the recent COVID-19 pandemic, EV sales continued to increase globally.

Electric Vehicle Sales Have Taken Share In Good Times And Tough Times
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*A MWh is 1,000 kWh.
Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC, 2020, based on data sourced from: Avicenne Energy, International Energy Agency (IEA), and Bloomberg New Energy Finance (BNEF). 
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Wright’s Law Has Modeled The Decline In Battery Costs Successfully
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According to Wright’s Law, for every cumulative doubling of units produced, battery cell costs will fall by 28%. The largest cost 
component of an EV is its battery so these cost declines are critical to reaching price parity with gas-powered vehicles.



•

*MSRP stands for the Manufacturer Suggested Retail Price
[1] Total cost of ownership includes savings from gas, maintenance, insurance, and resale value.
Forecasts are inherently limited and cannot be relied upon.  For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020
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Electric Vehicles Are Approaching Sticker Price Parity
With Gas-Powered Cars
The total cost of ownership for a like-for-like EV dropped below that of a Toyota Camry in 2019.1
Soon, sticker prices likely will do the same.
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Source: ARK Investment Management LLC, 2020, based on data sourced from: Lima, Pedro. “BYD Blade Prismatic Battery Cell Specs and Possibilities (Update).” 
PushEVs, 13 June 2020, pushevs.com/2020/05/26/byd-blade-prismatic-battery-cell-specs-possibilities/; THRON, tesla-share.thron.com/content/?id=96ea71cf-8fda-4648-a62c-753af436c3b6. 

30 Electric Vehicles (EVs)

• Cell-to-vehicle designs increase the 
volumetric density of batteries by 50% 
relative to battery cells integrated into 
modules and packs.

• In the mass market segment, cell-to-
vehicle technology should enable EV 
makers to lower energy density and cost 
cells, producing more kilowatt hours to 
increase the range of vehicles.

• At a given battery pack size, cell-to-
vehicle technology should enable longer-
range vehicles at lower price points.

At Today’s Battery Prices, 
Cell-To-Vehicle Technology 
Enables Longer Range EVs 
At Lower Prices

How most EVs are manufactured today:

How leaders in the space 
are manufacturing EVs:
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: EV-volumes.com

31 Electric Vehicles (EVs)

• ARK expects that sales of smaller, cheaper, 
“neighborhood electric vehicles” will rise 
dramatically as a share of total EV sales.

If Traditional Automakers 
Overcome Obstacles, 
Global EV Sales Could Scale 
Roughly 20-Fold From 
~2.2 Million In 2020 To 
40 Million By 2025.

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

32 Automation

08

• Fears abound that automation will destroy jobs, but ARK believes   
it will empower humans, increasing both productivity and wage 
growth.

• Automation has the potential to shift unpaid labor to paid labor. 
For example, as food services automate, they will transform food 
prep, cleanup, and grocery shopping into market activities including 
food delivery.

• ARK believes automation will add 5%, or $1.2 trillion to US GDP 
during the next five years.

•

Automation
The Robots Are Coming…To Help You And Create Jobs



•

Source: ARK Investment Management LLC, 2020 based on data sourced from: “World Robotics.” IFR International Federation of Robotics 

33 Automation

• Following the great recession in 2008/2009, 
perhaps in response to it, industrial robot 
demand hit an inflection point.

• Trade tensions between the US and China 
may have added to the momentum before 
COVID-19 created a headwind in 2020.

• According to ARK’s research, short-term 
obstacles will not prevent a rebound in 
industrial robot sales and could encourage 
companies to automate and cut costs more 
aggressively.

Industrial Robot Demand Seems
To Have Hit An Inflection Point
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Note: Each purple dot represents a year from 1991 – 2015.
*Labor share is employee wages as a percent of income.
Source: ARK Investment Management LLC, 2020 based on data sourced from: Bureau of Labor Statistics (BLS), EU KLEMS Database September 2017 release, July 2018 revision.
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A drop in labor relative to capital does not suggest 
necessarily that wages are falling. Instead, output 
can grow faster than wages. Thanks to increased 
productivity and automation, ARK expects a 
combination of the following four outcomes: 

• Higher wages: benefiting employees

• Lower prices: benefiting consumers

• Higher margins: benefiting companies

• Higher investments: creating virtuous cycles

Increased Automation And Productivity 
Can Provide Many Economic Benefits
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Note: Chart time period is 1993-2015 the forecast is for 2025. 
Labor share is employee wages as a percent of income.
Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: EU KLEMS Database September 2017 release, July 2018 revision, Yardeni.
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• According to ARK’s research, for every 
percentage drop in labor share in the 
industrial and agricultural sectors, 
operating margins increased 30 basis 
points and 280 basis points, respectively. 
We would not be surprised to see a 
similar relationship in all industries.

• If labor share were to fall 15%, in line 
with manufacturing, operating margins 
could double to more than 20%.

Historically, When Labor Share Has 
Declined, Operating Margins 
Have Increased
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Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: “The Future of Employment: How Susceptible Are Jobs to Computerization?” Oxford Martin School, https://arkinv.st/2rFJJYW, 
Bureau of Labor Statistics (BLS), International Monetary Fund (IMF) World Economic Outlook.
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Automation could add 5%, or $1.2 trillion, to US GDP during the next five 
years. ARK believes automation will boost US real GDP growth by 100 
basis points on average per year to 3.4%.
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

37 Autonomous Ride-Hailing

09
• We believe autonomous ride-hailing will reduce the cost of mobility 

to one tenth the average cost of a taxi today, spurring widespread 
adoption.

• ARK’s research suggests that autonomous ride-hailing platforms
will generate more than $1 trillion in profits per year by 2030. In 
addition, automakers and fleet owners could enjoy profits of $250 
billion and $70 billion, respectively.

•

Autonomous Ride-Hailing
Autonomous Ride-Hailing Is Likely To Dominate 

Urban Transport
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Autonomous Ride-Hailing Is Likely To Be Affordable
Adjusted for inflation, the cost to own and operate a personal car has not changed since the Model T rolled off the first assembly 
line. ARK estimates that, at scale, autonomous taxis will cost consumers $0.25 per mile, spurring widespread adoption. 

Autonomous Ride-Hailing

Forecasts are inherently limited and cannot be relied upon. 
Note: ARK had estimated previously that an autonomous taxi could price at $0.35 per mile. We have refined our estimates and believe that autonomous taxis could be even cheaper, at only $0.25 per mile.
Source: ARK Investment Management LLC, 2020; Morton Salt Company Records, American Automobile Association (AAA).

38

2025
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on ARK estimates and available financials for Uber, Lyft, and Didi.

39 Autonomous Ride-Hailing

• According to ARK’s research, the ride-
hailing market today generates roughly $150 
billion in revenues globally with take rates 
of 10-30% and profit margins as high as 50%
in high performing cities.

• Likewise, autonomous ride-hailing could
generate 50% margins, but its lower price 
point should expand the total market from 
$150 billion in revenues with take rates up 
to 60%, to $6-7 trillion by 2030.

Robotaxis Should Expand The 
Ride-Hailing Market

Note: Price for autonomous ride-hailing shown above would be in the early years of 
commercialization. ARK expects prices to drop as low as $0.25 per mile as the market scales. 
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Economics of
Ride-Hailing vs. Autonomous Ride-Hailing
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Forecasts are inherently limited and cannot be relied upon.
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: Tesla, Alphabet, and Baidu

40 Autonomous Ride-Hailing

• Tesla’s approach is camera-based. With less 
accurate sensors than LiDAR, making the path  
to full autonomy a more difficult problem to 
solve, cameras do not rely on HD maps and 
should enable a much more scalable 
service. Tesla's could be the first autonomous 
taxi network to scale nationally.

• Alphabet's Waymo is using LiDAR and HD 
mapping. Waymo launched its autonomous 
network in Arizona but probably will need time 
and significant resources to scale nationally.

• Many Chinese players, including Baidu’s Apollo,
are building out infrastructure sensors to help 
vehicles identify road signs and traffic. Requiring 
large infrastructure investments, this approach 
to autonomous ride-hailing seems to be the 
most rigid and least scalable of the three.

Three Autonomous
Strategies Are Evolving
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Scalability
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Forecasts are inherently limited and cannot be relied upon.  |  For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 
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• Auto manufacturers with successful electric vehicle 
platforms, partnered with autonomous technology 
providers, could generate roughly $250 billion in 
earnings annually by 2030.

• Fleet owners that own, house, and maintain autonomous 
ride-hailing vehicles could generate roughly $70 billion 
in earnings annually by 2030.

• Enterprise value for autonomous platform operators 
could scale to 3.8T by 2025.

ARK Believes That Autonomous 
Ride-Hailing Platforms Could 
Generate More Than $1 Trillion In 
Operating Earnings Annually by 2030.

S I Z I N G  T H E  O P P O R T U N I T Y
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Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
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Drone Delivery
Drones Should Reduce The Cost To Transport Goods 

And People Dramatically

10

• Lower battery costs and autonomous technology should 
power aerial drones. 

• ARK believes that in the not-too-distant future drones will deliver 
our packages, food, and even people quicker and more 
conveniently than ever before. Drones are likely to transform 
shopping behavior, reduce travel time, and save lives.

• ARK believes that drone delivery platforms will generate roughly 
$275 billion in delivery revenues, $50 billion in hardware sales, 
and $12 billion in mapping revenue by 2030.

•



•

Autonomous Air Travel Has Become Possible And Affordable
Battery technology is improving, enough so that flight energy reserves can meet regulations, enabling air taxis and air ambulances
to take to the skies safely. In addition, machine learning improvements have enabled autonomous flight, reducing costs dramatically.

Drone Delivery

*JFK – John F. Kennedy International Airport. **Note: Prices shown for drone technology are in the future when each technology reaches scale. While ARK estimates drone delivery services will commercialize in the next 5-10 years, exact 
dates will be dependent on regulatory approval. Forecasts are inherently limited and cannot be relied upon. | Source: ARK Investment Management LLC, 2020 based on data sourced from “Menu.” FAR/AIM: PART 91-GENERAL OPERATING 
AND FLIGHT RULES, www.gleim.com/aviation/faraim/index.php?fullTextNum=91&amp;terms%5B%5D=SFAR. 
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[1] Vertiport is an airport for aircrafts which take off and land vertically. [2] eVTOL: electric vertical takeoff and landing. Forecasts are inherently limited and cannot be relied upon.  For informational purposes only and should not be 
considered investment advice, or a recommendation to buy, sell or hold any particular security. Source: ARK Investment Management LLC, 2020 based on data sourced from Are you Ready for Take Off? - Presentation by Remo Gerber, 
CCO of Lilium at the NOAH Conference London 2017, Old Billingsgate on the 3rd of November 2017, Kelling SE. Exploring Accessibility of Community Pharmacy Services. Inov Pharm. 2015;6(3):Article 201. 
http://pubs.lib.umn.edu/innovations/vol6/iss3/6, Carey, Liz. “North Carolina DOT Approved to Inspect Bridges with Drones.” Transportation Today, 6 Oct. 2020, transportationtodaynews.com/featured/19901-north-carolina-dot-approved-
to-inspect-bridges-with-drones/.  “FedEx Ground® Shipping.” FedEx, www.fedex.com/en-us/shipping/ground.html. “Mail & Shipping Services.” USPS, www.usps.com/ship/mail-shipping-services.htm.   Report • By Elise Gould • February 20. 
“State of Working America Wages 2019: A Story of Slow, Uneven, and Unequal Wage Growth over the Last 40 Years.” Economic Policy Institute, www.epi.org/publication/swa-wages-2019/. 

44 Drone Delivery

• In the past two years, the Federal 
Aviation Authority (FAA) has 
kickstarted the commercial drone 
industry by allowing companies to
operate drones beyond line of 
sight and, in some cases, to 
operate drone airlines.

• Florida is building the first US 
passenger drone vertiport,1 with 
plans to operate in 2025.

Drones Enable Cost Savings
And Convenience Drone Delivery Costs At Scale Relative to Competitor Costs Today
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Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020
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While not yet commercialized, ARK estimates that drone delivery 
platforms will generate nearly $50 billion in revenues, $14 billion 
in hardware sales, and $3 billion in mapping revenues by 2025. 

By 2030, drone delivery platforms could scale another four-fold, generating ~$275 billion in revenues, while hardware sales grow
nearly three-fold to almost $50 billion, and mapping revenues nearly four-fold to $12 billion.
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

46 Orbital Aerospace

Orbital Aerospace
The Space Industry Is Taking Off

11

• Rocket and satellite cost declines are upending what once 
seemed a monopolistic and bureaucratic industry.

• Thanks to advancements in deep learning, mobile connectivity, 
sensors, 3D printing, and robotics, costs that have been 
ballooning for decades are beginning to decline. As a result,
the number of satellite launches and rocket landings is 
proliferating.

• According to ARK's research, the orbital aerospace opportunity 
– including satellite connectivity and hypersonic flight – will 
exceed $370 billion annually.

•



•

Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: Union of Concerned Scientists Satellite Database.

47 Orbital Aerospace

Satellites could bolster GDP growth as their networks launch and leverage data for terrestrial businesses. 

Thanks To Lower Launch Costs, 
The Number Of Satellites Scheduled For Orbit Has Increased Significantly
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Roughly 50% of the global population lacks 
internet connectivity, but with more 

satellites, cloud computing will go global. 

Global Connectivity

Orbital Aerospace Is A Big Idea

Orbital Aerospace

Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: Global connectivity source: https://www.bondcap.com/pdf/Internet_Trends_2019.pdf, ISS source: https://www.nationalgeographic.com/science/2020/10/hum
ans-have-lived-on-international-space-station-20-years-straight/. 
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As long-haul flight times collapse
from 10+ hours to 2-3 hours, the global 

economy could transform.

Hypersonic Point-to-Point Travel
Humans have been living on the 

International Space Station for 20 years. 
Within a decade, humans could inhabit the 

moon and Mars.

Multiplanetary Species 



•

Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: Dreyfuss, Emily. “Global Internet Access Is Even Worse Than Dire Reports Suggest.” Wired, Conde Nast, www.wired.com/story/global-internet-access-dire-
reports/, “FCC Underestimates Americans Unserved by Broadband Internet by 50%.” BroadbandNow, broadbandnow.com/research/fcc-underestimates-unserved-by-50-percent, “Worldwide Broadband Price Research 2020.” Cable, 
www.cable.co.uk/broadband/pricing/worldwide-comparison/, “Global On-Board Connectivity Market Expected to Reach $36,842.3 Million by 2025.” Allied Market Research, www.alliedmarketresearch.com/press-release/on-board-
connectivity-market.html, “Space: Investing in the Final Frontier.” Morgan Stanley, www.morganstanley.com/ideas/investing-in-space. 
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S I Z I N G  T H E  O P P O R T U N I T Y

Satellite Broadband Revenues Could Approach $10 Billion Per Year 
In The US And $40 Billion Globally During The Next 5-10 Years.

• According to ARK’s research, the $40 billion 
opportunity to serve populations without access is a 
fraction of the total addressable market for satellite 
broadband.

• The market for connected planes, trains, and motor 
vehicles is likely to reach $36 billion in 2025.

• Governments globally are likely to add further to the 
demand for space services.

• In total, the satellite connectivity market could 
approach $100 billion annually over the medium term.

42 Million
Americans 
without 
access 
to broadband

2.6
People Per
Household

$50
Average 
Monthly 
Broadband
Bill

~$10 Billion 
Annual 
Addressable 
Market

12
Months 
Per Year

3 Billion
People 
globally
without access 
to broadband

5
People Per
Household

$5
Monthly 
Broadband
Bill

~$40 Billion 
Annual 
Addressable 
Market

12
Months
Per Year
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Forecasts are inherently limited and cannot be relied upon.   
Source: ARK Investment Management LLC, 2020 based on data sourced from Gollan, Doug. “Why, When And Where The Super Rich Fly Their Private Jets.” Forbes, Forbes Magazine, 10 Oct. 2018, www.forbes.com/sites/
douggollan/2018/10/10/why-when-and-where-the-super-rich-fly-their-private-jets/?sh=215c29c822e1, Charter Market Report 2018, The Federal Aviation Administration, the Bureau of Transportation Statistics, and Flight Aware. 
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~4.5 Billion Passengers Flew in 2018

~680 Million Passengers Flew 
on Flights Longer Than 7 Hours

~2.7 Million Person Potential Annual 
Hypersonic Flight Addressable Market

15% 
of flights were > 7 hours

0.4% 
of passengers flew private

$270 Billion 
Annual Revenues

$100,000 
per hypersonic flight

S I Z I N G  T H E  O P P O R T U N I T Y

• According to our research, passengers on short-haul 
flights are willing to pay roughly $15,000 for every two 
hours saved on private planes.

• Based on the economics of the short-haul flight market, 
ARK estimates that passengers and businesses will be 
willing to pay $100,000 to save 13 hours on a 2–3 hour 
private hypersonic flight from New York City to Japan.

• If 2.7 million passengers were to pay ~$100,000 for long-
haul hypersonic flights, the market would scale to $270 
billion in revenues annually.

ARK Expects The Demand For 
Hypersonic Flight To Skyrocket.



••

Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 
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3D Printing
3D Printing Saves Time, Cost, And Waste While 

Creating Radically New Part Architectures

12

• 3D printing is a form of additive manufacturing that builds 
objects layer-by-layer, as opposed to traditional subtractive 
manufacturing that removes material from larger blocks.

• 3D printing collapses the time between design and production, 
shifts power to designers, and reduces supply chain 
complexity, at a fraction of the cost of traditional manufacturing.

• ARK believes 3D printing will revolutionize manufacturing, 
growing at an annual rate of roughly 60% from $12 billion last 
year to $120 billion in 2025.

•



•

*Note: Includes publicly traded 3D printing companies that report separate 3D printing revenue lines and have sales data dating back to 2015. **LTM: Last Twelve Months
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020 based on data sourced from: CapitalIQ, Choong, Yu Ying Clarrisa, et al. “The Global Rise of 3D Printing during the COVID-19 Pandemic.” Nature News, Nature Publishing Group, 12 Aug. 2020, 
www.nature.com/articles/s41578-020-00234-3. 
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Applications during the COVID-19 crisis:

3D Printing Revenues Declined 
In 2020, But New Users Leveraged
The Technology During The Pandemic

Personal Protective 
Equipment (PPE)
• Face Shield
• Respirators
• Metal Respirator 

Filters

Personal Accessories
• Face Masks
• Mask Filters
• Mask Adjusters
• Door Openers

Emergency Dwellings
• Isolation Wards

Medical Devices
• Ventilator Valves
• Mask Connectors for CPAP 

and BiPAP
• Emergency Respiration Device
• Non-Invasive PEEP Mask

Testing Devices
• Nasopharyngeal (NP) 

Swabs

Training and Visualization Aids
• Medical Manikins
• Bio-Models
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3D Printing Is in Its Infancy

3D Printing

Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management LLC, 2020 data sourced from; McKinsey; Stratasys; “3D Printing History.” AV Plastics, 14 June 2018, https://arkinv.st/2TC57H1
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$12.5 Billion $30 Billion $490 BillionMarket Potential:

Current Penetration 40-50% 4% 1%
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ARK’s research indicates that 3D printing for end-use parts is the next frontier.



•

*Note that industries often span multiple categories
Source: ARK Investment Management LLC, 2020 based on data sourced from CapitalIQ.
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Example applications by category:*

3D Printing Applications Vary By 
Industry, Volumes, And Complexity

Prototyping

Molds & Tools

End Use Parts

• All Industries

• Automobiles, Auto Parts, and Equipment
• Machinery
• Foundries and Metal Products
• Industrial Manufacturing
• Die Sets, Jigs, and Industrial Molds

• Aerospace
• Health Care Equipment and Supplies
• Plastic Products
• Footwear
• Semiconductors and Equipment
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security.   Source: ARK Investment 
Management LLC, 2020 based on data sourced from 3D Printing Trends 2020: Industry Highlights and Market Trends. 3D Hubs Manufacturing LLC, 2020, www.3dhubs.com. “EY's Global 3D Printing Report 2019.” Ey.com/De, Ernst & Young 
GmbH, Oct. 2019. McCue, TJ. “Significant 3D Printing Forecast Surges To $35.6 Billion.” Forbes, Forbes Magazine, 3 Apr. 2019, www.forbes.com/sites/tjmccue/2019/03/27/wohlers-report-2019-forecasts-35-6-billion-in-3d-printing-industry-
growth-by-2024/#121d7a9d7d8a, The 3D printing market will quadruple to US$12 billion by 2025. “3D Printing Market to Quadruple to $12 Billion in 2025” [press release], Lux Research, April 29, 2014, http://www.luxresearchinc.com/news-
and-events/press-releases/read/3d-printing-market-quadruple-12-billion-2025 “SmarTech Analysis Annual Additive Manufacturing Market Summary Report Says AM Market Grew to Over $10B Worldwide in 2019.” Attachment,
www.globenewswire.com/NewsRoom/AttachmentNg/2bfad03b-3edd-4c69-b0a5-e83ca835ea6e/en. Küpper, Daniel, et al. “Get Ready for Industrialized Additive Manufacturing.” BCG Global, BCG Global, 8 Jan. 2021, 
www.bcg.com/publications/2017/lean-manufacturing-industry-4.0-get-ready-for-industrialized-additive-manufacturing. Manyika, James, et al. “Disruptive Technologies: Advances That Will Transform Life, Business, and the Global 
Economy.” McKinsey & Company, McKinsey & Company, 1 Mar. 2013, www.mckinsey.com/insights/business_technology/disruptive_technologies. 
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S I Z I N G  T H E  O P P O R T U N I T Y

ARK believes that the global 3D printing market will scale at a compound annual rate 
of 60% during the next five years, from $12 billion to roughly $120 billion by 2025.



••

Forecasts are inherently limited and cannot be relied upon. 
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
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Long-Read Sequencing
Long-Read Sequencing (LRS) Could Provide A More 

Complete Picture Of The Human Genome

13

• Next-generation DNA sequencing (NGS) is the driving force behind 
the genomic revolution. Though historically dominated by short-
read sequencing (SRS), we believe long-read sequencing will gain 
share at a rapid rate.

• ARK believes long-read technology offers superior accuracy, more 
comprehensive variant detection, and a richer set of features than 
short-read platforms. By the end of 2025, highly-accurate long and 
short-read sequencing should approach cost-parity.

• We estimate that long-read revenues will grow 82% at an annual 
rate, from $250 million in 2020 to roughly $5 billion in 2025.

•



•

*Applies to Pacific Biosciences of California (PACB) and Bionano Genomics (BNGO). Oxford Nanopore Technologies calls bases using fluctuations in electric voltage/current across a nanopore channel. **BP: Base Pairs. Next-generation 
sequencing (NGS) read length refers to the number of base pairs (bp) sequenced from a DNA fragment. For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any 
particular security. Source: ARK Investment Management LLC, 2020. [1] Pollard, Martin O, et al. “Long Reads: Their Purpose and Place.” Human Molecular Genetics, vol. 27, no. R2, 2018, doi:10.1093/hmg/ddy177. 
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• Both LRS and SRS systems (a) break the genome into 
smaller fragments, (b) analyze the fragments with 
high-resolution optics,* and (c) reassemble the 
genome with efficient computer algorithms.1

• SRS blends many small (150-bp**) fragments, called 
reads, into a consensus sequence. This method 
captures small mutations but does not detect larger 
reshufflings, called structural variants, or mutations 
hidden in repetitive genomic regions (e.g. AAAA).1

• Older LRS systems measured larger (>10,000-bp) 
reads and, while less accurate on a per-base level, 
provided a more complete picture of the genome.1

Historically, Researchers Had To Choose Between 
Accuracy With SRS Or Comprehensiveness With LRS

Gene (CYP2D6 as an example)

Sequence Reads

Consensus

Base-Accuracy Completeness Base-Accuracy Completeness

SRS LRS



•

*Specifically, Pacific Bioscience’s HiFi chemistry, which sits on top of the company’s SMRT (Single Molecule Real Time) platform. Assumes equivalent variant calling performance as measured by precision and recall (F1); 30X coverage 
for Illumina (2010-2025); 30X coverage for PacBio (2010-2015) and 20X coverage for PacBio (2020-2025). For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any 
particular security. Source: ARK Investment Management LLC, 2020. [1] Baid, Gunjan, et al. “An Extensive Sequence Dataset of Gold-Standard Samples for Benchmarking and Development.” BioRxiv, Cold Spring Harbor Laboratory, 1 Jan. 
2020, www.biorxiv.org/content/10.1101/2020.12.11.422022v1. [2] “Product Comparison.” Oxford Nanopore Technologies, 2 Dec. 2020, nanoporetech.com/products/comparison. [3] “PrecisionFDA Truth Challenge V2: Calling Variants from 
Short and Long Reads in Difficult-to-Map Regions.” Truth Challenge V2: Calling Variants from Short and Long Reads in Difficult-to-Map Regions – PrecisionFDA, precision.fda.gov/challenges/10/view/results. 
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• Catalyzed by deep learning algorithms, such as 
Google’s (GOOGL) DeepVariant, both synthesis and 
nanopore-based LRS methods rapidly could 
improve in performance.1

• Though less accurate on a per-base level currently, 
nanopore-based LRS can generate whole human 
genome sequences for ~$500—more cost effectively 
than SRS.2

• Though more expensive, according to results 
obtained from the PrecisionFDA Truth Challenge V2, 
synthesis-based LRS is 2.5X more accurate than SRS 
and 30X more accurate than nanopore-based LRS.3

As Costs For LRS Converge With 
SRS, Many Clinical Applications 
Could Shift To LRS
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Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security.
*DNA methylation is a type of chemical modification made to the outside of a DNA molecule. In human, methylation happens when a methyl group (-CH3) is added to a cytosine (C) base. 
Source: ARK Investment Management LLC, 2020. [1] SW. Cho, S. Kim, et al. “Amplification-Free Long-Read Sequencing Reveals Unforeseen CRISPR-Cas9 off-Target Activity.” Genome Biology, BioMed Central, 1 Jan. 1970, 
genomebiology.biomedcentral.com/articles/10.1186/s13059-020-02206-w. [2] D. Gordon, J. Huddleston, et al. “Accurate Targeted Long-Read DNA Methylation and Hydroxymethylation Sequencing with TAPS.” Genome Biology, BioMed 
Central, 1 Jan. 1970, genomebiology.biomedcentral.com/articles/10.1186/s13059-020-01969-6. [3] Uapinyoying, Prech, et al. “A New Long-Read RNA-Seq Analysis Approach Identifies and Quantifies Novel Transcripts of Very Large Genes.” 
BioRxiv, Cold Spring Harbor Laboratory, 1 Jan. 2020, www.biorxiv.org/content/10.1101/2020.01.08.898627v1.full#:~:text=Long%2Dread%20sequencing%20technologies%20such,2017).
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• Driven primarily by improvements in cost and 
throughput, LRS’s unique capabilities should 
galvanize broader adoption.1,2,3 LRS (a) does not 
require amplification, (b) will detect methylation* 
natively, and (c) will span full RNA molecules.

• According to ARK’s estimates, the cost to sequence 
a whole human genome with long-read 
technology will drop to $100-$200, its accuracy 
superior to SRS across all variant types by the end 
of 2025.

According To Wright’s Law, For 
Every Cumulative Doubling In 
Data Produced On Its Installed 
Base, The Cost Of Synthesis-
Based LRS Has Declined And 
Will Continue To Decline By 28%
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The Long-Read Sequencing Market (SMRT) Follows Wright’s Law

Released in 2020, the Sequel IIe
enables a ~$3,500 genome—which 
we believe is sufficient to drive an 
additional 80,000 human 
genome equivalents
of demand.

<$1,000 Estimated 
by 2023

The Synthesis-Based LRS Market (SMRT) 
Follows Wright’s Law
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82% 
CAGR1

*Inclusive of all third-generation sequencing providers. [1] CAGR: Compound Annual Growth Rate.
Forecasts are inherently limited and cannot be relied upon.
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
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S I Z I N G  T H E  O P P O R T U N I T Y

ARK Expects The LRS Market* To 
Grow At An Annual Rate Of 82% 
Through 2025.

• ARK believes that the demand for LRS is reaching 
an inflection point, driven by lower sequencing 
costs and the need for highly-accurate and 
complete results.

• Including sequencing consumables, instruments, 
and services, LRS revenues could expand from 
$250 million to $5 billion by 2025.

• SRS will continue to dominate the sequencing 
market, especially as liquid biopsy becomes a 
standard of care in oncology.



••

Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 
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Multi-Cancer Screening
Liquid Biopsies Could Prevent More Cancer Deaths 

Than Any Medical Intervention in History

14
• According to ARK’s research, the convergence of 

innovative technologies has pushed the cost of multi-cancer 
screening down by 20-fold from $30,000 in 2015 to $1,500 today 
and it should drop another 80%+ to $250 in 2025. 

• As a result, the multi-cancer screening market should scale 
to $150 billion in the US. A multi-cancer screening protocol could 
avert 66,000 cancer deaths per year in the US, saving 1.4 million 
human life years.

•

“An ounce of prevention is worth a pound of cure.” 
Benjamin Franklin



•

Forecasts are inherently limited and cannot be relied upon.
For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. 
Source: ARK Investment Management LLC, 2020. [1] Liu, M.c., et al. “Sensitive and Specific Multi-Cancer Detection and Localization Using Methylation Signatures in Cell-Free DNA.” Annals of Oncology, vol. 31, no. 6, 2020, pp. 745–759., 
doi:10.1016/j.annonc.2020.02.011. [2] Illumina. “Illumina Announces the NovaSeqTM 6000 v1.5 Reagent Kit Unlocking Deeper Discoveries with the $600 Genome.” Illumina, 2020, www.illumina.com/company/news-center/press-
releases/2020/9c48adf5-5b78-4e18-8116-3c7c8b3ad79f.html. [3] Twist Bioscience. “Targeted Methylation Sequencing.” Twist Bioscience, 2020, www.twistbioscience.com/resources/application-note/targeted-methylation-sequencing.
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• Along with somatic mutations, circulating 
proteins, and immune signatures, machine 
learning algorithms have surfaced DNA 
methylation as a novel and highly sensitive 
biomarker for earlier cancer detection.1

• The rapid cost decline of next-generation DNA 
sequencing (NGS) is enabling liquid biopsies.2

• Advancements in synthetic biology are helping 
clinicians to find faint signals of cancer in high-
noise environments like the bloodstream.3

Based On A Single Blood Test, 
Multi-Cancer Screening 
Can Detect Dozens Of 
Early-Stage Cancers
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*Life Years gained is a modified mortality measure where remaining life expectancy is considered.
Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC., 2020
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• As population-scale clinical utility 
data proliferates, ARK believes a 
$1,500 price tag will unlock the 
multi-cancer screening market for 
those aged 65 to 80—the age range in 
which the incidence of cancer peaks.

• As prices drop below $1,000, nearly 
all age groups above 40 years could 
be screened for cancer cost-
effectively, potentially saving up to 
1.4 million human life years in the US 
alone.

Thanks To Rapidly Declining 
Costs, Multi-Cancer Screening 
Is Approaching A 
Reimbursable Price Point
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The Multi-Cancer Screening Market: 
Costs and Reimbursement
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•

Note: Narrow panels seek to detect a limited number of cancers, typically about a dozen (12). Broad panels, or pan-cancer panels, aim to find as many as fifty different cancers. 
Forecasts are inherently limited and cannot be relied upon.  |   Source: ARK Investment Management LLC., 2020
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• Routine blood-based, multi-
cancer screening combined with 
improvements in single-cancer 
screening could prevent 40% of 
metastatic diagnoses and 
increase loco-regional 
diagnoses by 10%.

• Even without improvements in 
cancer therapy, ARK estimates 
that earlier intervention could 
prevent 66,000 cancer deaths 
per year in the US alone.

Multi-Cancer Screening Could Prevent Roughly 
66,000 Cancer Deaths Annually In The US
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*A $150 billion market opportunity is dependent upon high patient adherence to all screening guidelines inclusive of multi- and single-cancer screening modalities. Screening providers likely will price lower than the top of the 
reimbursement envelope to accelerate system adoption and enable other payment options—such as patient pay. Finally, we expect that comprehensive germline testing is a prerequisite to screening persons younger than age 40. 
**COGS: Cost of Goods Sold. *** USPSTF: A volunteer group of health experts who review published research and make recommendations about prevention health care methods such as screening tests, counseling, immunizations, and 
medicines. Forecasts are inherently limited and cannot be relied upon.
Source: ARK Investment Management LLC, 2020 based on data sourced from https://www.medpagetoday.com/hematologyoncology/coloncancer/89352. [1] United States Preventive Services Task Force (USPSTF).
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S I Z I N G  T H E  O P P O R T U N I T Y

While a $1,500 unit price could 
unlock the market, a $1,000 unit 
price could transform the 
cancer mortality curve.

• The convergence between and among innovative 
technologies has pushed the cost of multi-cancer 
screening down by 20-fold from $30,000 in 2015 to 
$1,500 today and, according to ARK’s research, by 
another 80% to $250 in 2025. 

• If fully adopted, multi-cancer screening should 
scale to a $150 billion market* in the US alone.



••

Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered 
investment advice, or a recommendation to buy, sell or hold any particular security. 

[1] Autologous cell therapy is a novel therapeutic intervention that uses an individual's cells, which are cultured and expanded
outside the body, and reintroduced into the donor. Allogeneic cell therapy relies on donor cells to treat many patients. [2] Ex vivo 
gene therapy means that the targeted cells are removed from the patient and gene therapy is administered to the cells in vitro 
before they are returned to the patient's body. In vivo gene therapy means that therapy is administered directly to the patient. The 
targeted cells remain in the body of the patient.
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Cell and Gene Therapy: 
Generation 2
Cell And Gene Therapies Are In Early Days

15

•

• The second generation of cell and gene therapies should shift from:

• liquid to solid tumors
• autologous to allogeneic cell therapy1

• ex vivo to in vivo gene editing2

• New cell and gene therapy innovations could increase the total 
addressable market for oncology therapeutics by more than 20-fold.



•67 Cell and Gene Therapy: Generation 2

• Typically, cancer therapies are tested on 
liquid tumors first. Solid tumors, however, 
comprise 88%1 of diagnosed cancers.

• The US Food and Drug Administration (FDA) 
approved Gleevec, an oral chemotherapy, 
after ten years of trials, seven years of which 
were in solid tumors. This timeline suggests 
that the FDA could approve the first CAR-T 
therapy for solid tumors in 2025.

• Because of artificial intelligence (AI), gene-
editing, and next generation sequencing 
(NGS), failure rates and time-to-market 
should fall, accelerating approval rates.

Cancer Therapies Are Shifting From Liquid To Solid Tumors

Forecasts are inherently limited and cannot be relied upon.  For informational purposes only and should not be considered investment advice, or a recommendation to buy, sell or hold any particular security. |  [1] Dunn, Barbara. 
“Cancer: Solving an Age-Old Problem.” Nature News, Nature Publishing Group, 29 Feb. 2012, www.nature.com/articles/483S2a. Source: ARK Investment Management LLC, 2020 based on data sourced from: The US National Library of 
Medicine ClinicalTrials.gov; Nature News, Nature Publishing Group, www.nature.com/scitable/topicpage/gleevec-the-breakthrough-in-cancer-treatment-565/; A Brief History of CAR-T Cells: From Laboratory To The Bedside, Styczyński, 
Jan. " A brief history of CAR-T cells: from laboratory to the bedside". Acta Haematologica Polonica 51.1 (2020): 2-5. https://doi.org/10.2478/ahp-2020-0002, Imatinib In Chronic Myeloid Leukemia: An Overview; Sacha, Tomasz. “Imatinib in 
Chronic Myeloid Leukemia: an Overview.” Mediterranean Journal of Hematology and Infectious Diseases, Università Cattolica Del Sacro Cuore, 2 Jan. 2014, www.ncbi.nlm.nih.gov/pmc/articles/PMC3894842/; Cancer Facts & Figures 2020, 
American Cancer Society, https://www.cancer.org/research/cancer-facts-statistics/all-cancer-facts-figures/cancer-facts-figures-2020.html. 
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Source: ARK Investment Management LLC, 2020 based on data sourced from: The U.S. National Library of Medicine ClinicalTrials.gov.
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• Allogeneic cell therapy involves cells 'off the shelf’, 
or donated, whereas autologous cell 
therapy modifies the patient's own cells.

• One risk of allogeneic therapies is graft vs. host 
disease, causing a patient's immune system to 
attack the newly engineered cells. Despite this risk, 
allogeneic cells can facilitate therapies at earlier 
stages of cancer and reduce costs by an order of 
magnitude.

• Among gene therapy trials today, 40% of those 
completed and 47% in the patient recruitment 
phase were allogeneic. In ARK’s view, the shift to 
allogeneic trials will continue.

Oncology Trials Are Shifting From Autologous
To Allogeneic Cell Therapies
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Source: ARK Investment Management LLC, 2020 based on data sourced from: The U.S. National Library of Medicine ClinicalTrials.gov; Hirakawa, Matthew P et al. “Gene editing and CRISPR in the clinic: current and future perspectives.” 
Bioscience reports vol. 40,4 (2020): BSR20200127. doi:10.1042/BSR20200127, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7146048/
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• Ex vivo modifies a patient's cells outside the
body and then transplants them back into
the patient. In vivo gene therapy modifies a 
patient’s cells inside the body.

• Unlike ex vivo, in vivo therapies cannot check 
edited cells before transduction. That said, in 
vivo gene therapy is more cost effective and 
easier to manufacture and scale. It also enables 
more access to the liver, eye, central nervous 
system (CNS), and muscles.

Gene Therapies Could Shift From Ex Vivo To In Vivo Editing
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Forecasts are inherently limited and cannot be relied upon.  |  [1] Number of expected commercializations include expectations of increased success. At historical fail rates, 134 commercializations are expected.  Source: ARK Investment 
Management 2021, FDA Approved Cellular and Gene Therapy Products, https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/approved-cellular-and-gene-therapy-products and https://clinicaltrials.gov/ 
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To date, the FDA has approved only 10 gene therapies. As of year-end 2020, 712 active gene therapy clinical trials were underway, 
238 of them initiated in 2020. Adjusting for the typical trial fail-rate, roughly 170 gene therapies are likely to be approved and 
commercialized1 during the next decade.

Gene Therapy And Editing Trials Have Increased Five-Fold Since 2010
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Forecasts are inherently limited and cannot be relied upon. 
Source: ARK Investment Management 2021, BCC Research Blood Cancer Therapeutics, https://www.bccresearch.com/market-research/pharmaceuticals/blood-cancer-therapeutics-markets-report.html, 
Global Solid Tumor Therapeutics Market Size 2020, https://www.marketgrowthreports.com/global-solid-tumor-therapeutics-market-16188814 
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Liquid and Solid Tumor Therapies: Total Addressable Market
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S I Z I N G  T H E  O P P O R T U N I T Y

ARK Estimates That Allogeneic. 
Cells And Cellular Immunotherapies Could 
Create $250 Billion In Incremental Revenues.

• Innovation in cellular immunotherapies, including TILs, TCRs 
and CAR T cell therapies could increase the addressable market 
by nearly three-fold, adding $30 billion to the current $13 billion 
total addressable market (TAM).

• Allogeneic therapies enable easier applications in earlier stages 
of cancer, potentially increasing the TAM by $70 billion.

• The combination of cell therapy innovation and allogeneic cells 
could add an additional $150 billion and increase the overall 
TAM for oncology gene therapy by roughly 20-fold to more 
than $260 billion.

• In vivo gene therapy could enable gene-editing to cure 
thousands of rare diseases over time.
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Risk & Disclosure

For more research on disruptive innovation visit www.ark-funds.com

©2021-2025, ARK Investment Management LLC. No part of this material may be reproduced in any form, or referred to in any other publication, without the express written
permission of ARK Investment Management LLC (“ARK”).

Please note, companies that ARK believes are capitalizing on disruptive innovation and developing technologies to displace older technologies or create new markets may not in fact do so and/or may face political
or legal attacks from competitors, industry groups, or local and national governments.

ARK aims to educate investors and to size the potential opportunity of Disruptive Innovation, noting that risks and uncertainties may impact our projections and research models. Investors should use the content
presented for informational purposes only, and be aware of market risk, disruptive innovation risk, regulatory risk, and risks related to Deep Learning, Digital Wallets, Battery Technology, Autonomous Technologies,
Drones, DNA Sequencing, CRISPR, Robotics, 3D Printing, Bitcoin, Blockchain Technology, etc.

The content of this presentation is for informational purposes only and is subject to change without notice. This presentation does not constitute, either explicitly or implicitly, any provision of services or products
by ARK and investors are encouraged to consult counsel and/or other investment professionals as to whether a particular investment management service is suitable for their investment needs. All statements
made regarding companies or securities are strictly beliefs and points of view held by ARK and are not endorsements by ARK of any company or security or recommendations by ARK to buy, sell or hold any
security. Historical results are not indications of future results. Certain of the statements contained in this presentation may be statements of future expectations and other forward-looking statements that are
based on ARK's current views and assumptions and involve known and unknown risks and uncertainties that could cause actual results, performance or events to differ materially from those expressed or implied in
such statements. The matters discussed in this presentation may also involve risks and uncertainties described from time to time in ARK's filings with the U.S. Securities and Exchange Commission. ARK assumes no
obligation to update any forward-looking information contained in this presentation. Certain information was obtained from sources that ARK believes to be reliable; however, ARK does not guarantee the accuracy
or completeness of any information obtained from any third party. ARK and its clients as well as its related persons may (but do not necessarily) have financial interests in securities or issuers that are discussed.

ARK aims to educate investors and to size the potential opportunity of Disruptive Innovation, noting that risks and uncertainties may impact our projections and research models. Investors should use the content
presented for informational purposes only, and be aware of market risk, disruptive innovation risk, regulatory risk, and risks related to Deep Learning, Digital Wallets, Battery Technology, Autonomous Technologies,
Drones, DNA Sequencing, CRISPR, Robotics, 3D Printing, Bitcoin, Blockchain Technology, etc.
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Risk & Disclosure
Software Industry Risk. The software industry can be significantly affected by intense competition, aggressive pricing, technological innovations, and product obsolescence. Companies in the software industry are
subject to significant competitive pressures, such as aggressive pricing, new market entrants, competition for market share, short product cycles due to an accelerated rate of technological developments and the
potential for limited earnings and/or falling profit margins. These companies also face the risks that new services, equipment or technologies will not be accepted by consumers and businesses or will become
rapidly obsolete. These factors can affect the profitability of these companies and, as a result, the value of their securities. Also, patent protection is integral to the success of many companies in this industry, and
profitability can be affected materially by, among other things, the cost of obtaining (or failing to obtain) patent approvals, the cost of litigating patent infringement and the loss of patent protection for products
(which significantly increases pricing pressures and can materially reduce profitability with respect to such products). In addition, many software companies have limited operating histories. Prices of these
companies’ securities historically have been more volatile than other securities, especially over the short term.

Internet Company Risk. Many Internet-related companies have incurred large losses since their inception and may continue to incur large losses in the hope of capturing market share and generating future
revenues. Accordingly, many such companies expect to incur significant operating losses for the foreseeable future and may never be profitable. The markets in which many Internet companies compete face
rapidly evolving industry standards, frequent new service and product announcements, introductions and enhancements, and changing customer demands. The failure of an Internet company to adapt to such
changes could have a material adverse effect on the company’s business.

Semiconductor Company Risk. Competitive pressures may have a significant effect on the financial condition of semiconductor companies and, as product cycles shorten and manufacturing capacity increases,
these companies may become increasingly subject to aggressive pricing, which hampers profitability. Reduced demand for end-user products, under-utilization of manufacturing capacity, and other factors could
adversely impact the operating results of companies in the semiconductor sector. Semiconductor companies typically face high capital costs and may be heavily dependent on intellectual property rights. The
semiconductor sector is highly cyclical, which may cause the operating results of many semiconductor companies to vary significantly. The stock prices of companies in the semiconductor sector have been and
likely will continue to be extremely volatile.

Industrials Sector Risk. The industrials sector includes companies engaged in the aerospace and defense industry, electrical engineering, machinery, and professional services. Companies in the industrials sector
may be adversely affected by changes in government regulation, world events and economic conditions. In addition, companies in the industrials sector may be adversely affected by environmental damages,
product liability claims and exchange rates. Aerospace and Defense Company Risk. Companies in the aerospace and defense industry rely to a large extent on U.S. (and other) Government demand for their
products and services and may be significantly affected by changes in government regulations and spending, as well as economic conditions and industry consolidation. Professional Services Company Risk.
Professional services companies may be materially impacted by economic conditions and related fluctuations in client demand for marketing, business, technology and other consulting services. Professional
services companies’ success depends in large part on attracting and retaining key employees and a failure to do so could adversely affect a company’s business. There are relatively few barriers to entry into the
professional services market, and new competitors could readily seek to compete in one or more market segments, which could adversely affect a professional services company’s operating results through pricing
pressure and loss of market share.

Information Technology Sector Risk. The information technology sector includes companies engaged in internet software and services, technology hardware and storage peripherals, electronic equipment
instruments and components, and semiconductors and semiconductor equipment. Information technology companies face intense competition, both domestically and internationally, which may have an adverse
effect on profit margins. These companies may have limited product lines, markets, financial resources or personnel. The products of information technology companies may face rapid product obsolescence due to
technological developments and frequent new product introduction, unpredictable changes in growth rates and competition for the services of qualified personnel. Failure to introduce new products, develop and
maintain a loyal customer base, or achieve general market acceptance for their products could have a material adverse effect on a company’s business. Companies in the information technology sector are heavily
dependent on intellectual property and the loss of patent, copyright and trademark protections may adversely affect the profitability of these companies.

Machinery Industry Risk. The machinery industry can be significantly affected by general economic trends, including employment, economic growth, and interest rates; changes in consumer sentiment and
spending; overall capital spending levels, which are influenced by an individual company’s profitability and broader factors such as interest rates and foreign competition; commodity prices; technical obsolescence;
labor relations legislation; government regulation and spending; import controls; and worldwide competition. Companies in this industry also can be adversely affected by liability for environmental damage,
depletion of resources, and mandated expenditures for safety and pollution control.
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Health Care Sector Risk. The health care sector may be affected by government regulations and government health care programs, restrictions on government reimbursement for medical expenses, increases or
decreases in the cost of medical products and services and product liability claims, among other factors. Many health care companies are: (i) heavily dependent on patent protection and intellectual property rights
and the expiration of a patent may adversely affect their profitability; (ii) subject to extensive litigation based on product liability and similar claims; and (iii) subject to competitive forces that may make it difficult
to raise prices and, in fact, may result in price discounting. Many health care products and services may be subject to regulatory approvals. The process of obtaining such approvals may be long and costly, and
delays or failure to receive such approvals may negatively impact the business of such companies. Additional or more stringent laws and regulations enacted in the future could have a material adverse effect on
such companies in the health care sector. In addition, issuers in the health care sector include issuers having their principal activities in the biotechnology industry, medical laboratories and research, drug
laboratories and research and drug manufacturers, which have the additional risks described below.

Biotechnology Company Risk. A biotechnology company’s valuation can often be based largely on the potential or actual performance of a limited number of products and can accordingly be greatly affected if
one of its products proves, among other things, unsafe, ineffective or unprofitable. Biotechnology companies are subject to regulation by, and the restrictions of, the U.S. Food and Drug Administration, the U.S.
Environmental Protection Agency, state and local governments, and foreign regulatory authorities.

Pharmaceutical Company Risk. Companies in the pharmaceutical industry can be significantly affected by, among other things, government approval of products and services, government regulation and
reimbursement rates, product liability claims, patent expirations and protection and intense competition.

Investors should carefully consider the investment objectives and risks as well as charges and expenses of an ARK ETF before investing. This and other information are contained in the ARK ETFs’
prospectuses, which may be obtained by visiting www.ark-funds.com. The prospectus should be read carefully before investing.

An investment in an ARK ETF is subject to risks and you can lose money on your investment in an ARK ETF. There can be no assurance that the ARK ETFs will achieve their investment objectives. The ARK ETFs’
portfolios are more volatile than broad market averages. The ARK ETFs also have specific risks, which are described below. More detailed information regarding these risks can be found in the ARK ETFs’
prospectuses. The principal risks of investing in the ARK ETFs include: Equity Securities Risk. The value of the equity securities the ARK ETF holds may fall due to general market and economic conditions.
Concentration Risk: The Fund's assets may be concentrated in a particular industry or group of industries to the extent the Index concentrates in a particular industry or group of industries. Foreign Securities Risk.
Investments in the securities of foreign issuers involve risks beyond those associated with investments in U.S. securities. Health Care Sector Risk. The health care sector may be affected by government regulations
and government health care programs. Industrials Sector Risk. Companies in the industrials sector may be adversely affected by changes in government regulation, world events, economic conditions,
environmental damages, product liability claims and exchange rates.. Information Technology Sector Risk. Information technology companies face intense competition, both domestically and internationally, which
may have an adverse effect on profit margins. Detailed information regarding the specific risks of the ARK ETFs can be found in the ARK ETFs’ prospectuses.

Additional risks of investing in ARK ETFs include market, management, concentration and non-diversification risks, as well as fluctuations in market value and net asset value (“NAV”). Shares of ETFs are bought and
sold at market price (not NAV) and are not individually redeemed from the ETF. ETF shares may only be redeemed directly with the ETF at NAV by Authorized Participants, in very large creation units. There can be
no guarantee that an active trading market for ETF shares will develop or be maintained, or that their listing will continue or remain unchanged. Buying or selling ETF shares on an exchange may require the
payment of brokerage commissions and frequent trading may incur brokerage costs that detract significantly from investment returns.

The information herein is general in nature and should not be considered financial, legal or tax advice. An investor should consult a financial professional, an attorney or tax professional regarding the investor’s
specific situation.

ARK Investment Management LLC is the investment adviser to the ARK ETFs.

Foreside Fund Services, LLC, distributor.
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